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SERIES PREFACE 
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t h e  r e v i s e d  series i n  handbook form. The s p e c i f i c  volumes which are in 
p r e p a r a t i o n  are l i s t e d  below, wi th  t h e i r  expec ted  complet ion d a t e s .  
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Ga l l aghe r ,  J o i n t  I n s t i t u t e  f o r  Labora tory  As t rophys ic s ;  and 
C .  F. B a r n e t t ,  ORNL (October  1985). 

Vol. 3,  "Particle I n t e r a c t i o n s  wi th  S u r f a c e s , "  E .  W. Thomas, Georgia 
I n s t i t u t e  of Technology (January  1985).  

Vol. 4 ,  "Spec t roscop ic  Data f o r  I r o n , "  W. L. Wiese, Na t iona l  Bureau of 
S tanda rds  (March 1985). 
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H e , "  R. A. Phaneuf,  OWL; R. K. Janev ,  I n s t i t u t e  of Phys ic s ,  
Yugos lav ia ;  and M. S.  Pindzola ,  Auburn U n i v e r s i t y  (March 1986). 
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ABSTRACT 

Comprehensive s p e c t r o s c o p i c  d a t a  t a b l e s  are p resen ted  f o r  a l l  i o n s  
o f  Fe. Tables  of i o n i z a t i o n  p o t e n t i a l s ,  wave l e n g t h s  of spectral l i n e s ,  
a tomic  energy l e v e l s ,  and t r a n s i t i o n  p r o b a b i l i t i e s  are g iven  which were 
e x c e r p t e d  f r o m  g e n e r a l  cr i t ical  compi l a t ions .  A l l  u t i l i z e d  compi l a t ions  
are less than  f i v e  y e a r s  o ld  and i n c l u d e  d a t a  on e lec t r ic  d i p o l e  as w e l l  
as magnet ic  d i p o l e  t r a n s i t i o n s .  

. . .L ... 





.... ... .- A. Introduction 

This compendium contains a collection of recent 
spectroscopic data tables for iron, which-as a widely used 
fir..;t-wall material for magnetic fusion devices-has become of 
great importance for the assessment of the effects of plasma 
impurities and plasma-wall interactions as well as  fur the appli- 
cation of several plasma diagnostic techniques. 

Numerical data are tabulated for spectroscopic quantities 
which are of principal importance for such irtipurity studies and 
plasma diagnostics, specifically: 

Ionization energies, 
Wavelengths, 
Atomic energy levels, and 
Atomic transition probabilities. 

The majority of the critical evaluation and compilation work for 
these data has been done at the National Bureau of Standards. 
Most tables are parts of larger containing inany 
other chemical elements besides iron. Excerpting the iron data 
from these larger compilations required some modifications in 
the reprinted material, especially the modification of the intro- 
ductory material with comments and explanations that specifi- 
cally pertain to the iron spectra. All of the material is of very 
recent vintage, less than four years old, and one tabulation is 
still in the process of being published, all under the spon- 
sorship of the National Standard Reference Data System 
(NSRDS). 

However, the different tabulations have been completed at 

different times. Thus where data overlap, mainly on energy 
levels and wavelengths, they are sometimes based on different 
material. Also, there may occasiorially be different judgments, 
by independent evalnators, 011 the quality of the source mate- 

rial. 'Thus, snme inconsistencies in this overlapping material 
are found. For example, wavelengths which may bt- derived 
from the atomic energy levels of Section E may not always be 

fully consistent with directly observed line wavelengths in the 
wavelength tables of Sections C and D. Also, there may be 
slight inconsistencies in the energy level data contained in the 
wavelength and transition probability tables as compared with 
the eiiergy level table itself. But these differences are so miall 
that they should not matter for any plasma applications, and 
therefore the use of any of th nt tabulations is appropri- 
ate. However, we generally end using the primmy ta- 

Eric quantity. bles to obtain data on a spec 
1 his compendium is divicled into six sections-A through 

F-each having its own pagination. Since the book is prepared 
in a looseleaf format, it is possible to exchange each section 
separately with a new tabulation if one should become available 
in the future. It is our intention to provide such updates infre- 
quently when this is warranted'rhe editor acknowledges the 
roopcration of the data compilers and the NSKDS editing staff, 
which has provided the lists of vaciintn ultraviolet lines prior to 

publication. Also, the permission of NSRDS, as well as that o f  
the American Institute of Physics and the American Chemical 
Society, to reprint excerpts of these tables is gratefully ac- 
knowledged. 

? >  
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_ _ _ _ _  
€3. Ionization Energy of Iron tone 

[Source: C. Corliss and J .  Siigar, J .  Phys. Chem. Ref. Data 11, 13.5 (1982)] 

Spectrum Ground State 
Configuration 

Gronnd Ixvel Ionization Energy 
(eV 1 

7.870 
16.1879 
30.652 
54.8 
75.0 
99.1 

124.98 
151.061 
233.6 
262.1 
290.3 
330.8 
361.0 
392.2 
457.0 
189.264 

1262.2 
1362 
1469 
1582.0 
1689 
1709 
1958.6 
2045.8 
8828.14 
9277.65 
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C. Prominent Spectral Lines for Fe I to Fe v 
(Vacuum Ultraviolet to Near Infrared Regions) 

These lists were recently prepared under the anspices of the 
Committee on Line Spectra of the Elements of the National 
Academy of Sciences-National Research Conncil as part of a 

general wavelength table."' The tables contain the outstanding 
spectral lines-from the far nltraviolet to the far infrared-of 
neutral (I), singly ionized (II), doubly ionized (HI), triply ionized 
(Iv), and quadrnply ionized (V) iron atoms. 'The lines are se- 
lected from larger lists (see references) in such a way as to 
include the stronger observed lines in each spectral region. 

The data were compiled by Henry M. and Hannah 
Crosswhite, hrgonne National Laboratory (Fe I and Fe I[), and 
Joseph Reader, NBS (F'e I I I -F~ v). For Fe I and 11, the follow- 
ing six literature references were used as the principal sonrces 
of data: 

H. M. Crosswhite, J. Res. Nat. Bur. Stand. 
(U. S.) 79A, 17 (1975). 

J. C. Dobbie, Ann. Sol. Phys. Obs. 
Cambridge 5, 1 (1938). 

L. C. Green, Phys. Rev. 55, 1209 (1939). 

S. Johansson and U.  Litzen, Phys. Scr. 10, 
121 (1974). 

U. Litzm and J. Verges, Phys. Scr. 13, 240 
(1976). 

H. N.  Russell, C. E. Moore, and D. W. 
Weeks, Trans. Ani. Philos. Soc. 34 (Part 
2), 111 (1944). 

For Fe 111, Iv and 17, the following references were used: 

B. Edlen and P. Swings, Astrophys. J. 95, 
532 (1942). 

S. Glad, Ark. Fys. 10, 291 (1956). 

J .  0. Ekberg and B. Edlen, Phys. Scr. 18, 
107 (1978). 

J. 0. Ekherg, Phys. Scr. 12, 42 (1075). 

All wavelengths are given in Angstrom nnits (A). Below 
2000 8,, the wavelengths are in vacuum; above 2000 A, the 
wavelengths are in air. Wavelengths given to three decimal 
places have an uncertainty of less than 0.001 8, and are there- 
fore suitable for the calibration of most spectrometers. The line 
intensities are estimates of the relative strengths of lines which 
are not greatly separated in wavelength. Since the intensity 
scale is in general different for each data mim:c, even within a 
fairly narrow wavelength range, the intensities tabulated here 
are usefnl only as a rough indication of the appearance of a 
spectrum. Furthermore, in the tables of first and second spectra 
the intensities of the lines of the singly ionized atom relative to 
those of the neutral atom should be used with caution, inas- 
much as the concentration of the ions in the light source de- 
pends greatly on the excitation conditions. 

The descriptive symbols used in the tables have the follow- 
ing meaning: 

H - hazy 
L - shaded to longer wavelengths 
S - shaded to shorter wavelengths 
P - perturbed by a close line 
W - wide 
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Iron We) 

2 = 2 6  

Intensity Wavelength (A) Spectrum 

12 
15 
15 
15 
12 
18 
12 
12 
12 
12 
15 
12 
12 
12 
12 
18 
12 
15 
12 
12 
12 
12 
12 
12 
18 
12 
15 
15 
15 
18 
15 
15 
12 
12 
12 
12 
12 
20 
20 
18 
30 
25 
50 
25 

Fe I and 11 

Vacuum 

1055.27 
1068.36 
107 1.60 
1096.89 
1099.12 
11 12.09 
1121.99 
1122.86 
1128.07 
11 30.43 
1133.41 
1133.68 
1138.64 
1142.33 
1143.23 
1144.95 
1147.41 
1148.29 
1151.16 
1267.44 
1272.00 
137 1.02 
1563.79 
1580.62 
1608.46 
1618.47 
162 1.68 
1629.15 
1631.12 
1635.40 
1636.32 
1639.40 
1641.76 
1647.16 
1610.74 
1702.04 
1761.38 
1785.26 
1786.74 
1788.07 
1934.538 
1937.269 
1946.988 
195 1.571 

I1 
I1 
I1  
I1  
I1  
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1  
I1  
I1  
I1 
I1 
I1 
I1 
I1 
I1 
I1  
I1 
I1 
I1 
I1  
I1  
I1  
I1  
I1  
XI 
I1 
I1  
I1 
I1  
I1 
I 
I 
I 
I 

Intensity Wavelength (A) Spectrum 

30 
30 
60 
60 
30 
50 
12 

100 
50 
15 
40 

300 
250 
60 

120 
250 
150 
80 
80 
15 
20 
12 
20 
25 
50 
60 
25 

300 
60 
80 
80 
50 

150 
150 
80 

150 
150 
300 

80 
200 
600 

80 
300 

50 
100 

1952.59 
1953.005 
1957.823 
1960.144 
1961.25 
1962.1 11  
1963.1 1 

Air 

2084.122 
2157.194 
2 162.02 
2166.773 
2178.1 18 
2186.486 
2186.892 
2 187.195 
2191.839 
2 196.043 
2200.390 
2200.724 
2208.41 
2213.65 
2218.26 
2220.38 
2245.58 
2250.790 
225 1.874 
2255.77 
2259.51 1 
2264.389 
2267.085 
2267.469 
2270.862 
2272.070 
2276.026 
22 79.937 
2284.086 
2287.250 
2292.524 
2294.41 
2297.187 
2298.169 
2299.220 
2300.142 
2301.684 
2303.424 

I 
I 
I 
I 
I 
I 

I1 

I 
I 

I1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I1 
I1 
I1 
I1  
I1  

I 
I 

I1  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Intensity Wavelength (A) Spectrum 

150 
120 
150 
200 
100 

15 
100 
15 

300 
200 
600 

80 
150 
25 
50 

200 
250 

50 
15 
25 
30 
15 
50 
40 

200 
15 

150 
120 
30 
40 
60 

200 
80 
25 
80 
80 
80 
25 

120 
300 
150 
120 
60 

120 
20 
80 
20 
40 

120 
150 

1000 
20 
20 
60 
50 

2303.58 1 
2308.999 
2313.104 
2320.3 5 8 
2327.40 
2327.88 
2331.31 
2331.97 
2332.80 
2338.01 
2343.49 
2343.96 
2344.28 
2344.98 
2345.34 
2348.11 
2348.30 
2351.20 
2351.67 
2352.31 
2353.47 
2353.68 
2354.48 
2354.89 
2359.12 
2359.59 
2360.00 
2360.29 
2360.51 
2362.02 
2363.86 
2364.83 
2365.76 
2366.59 
2368.59 
2369.456 
2369.95 
2370.50 
237 1.430 
2373.624 
2373.74 
2374.5 18 
2375.19 
2376.43 
2378.13 
2379.27 
2379.41 
2 3 80.20 
2380.76 
2381.835 
2382.04 
2382.90 
2383.06 
2383.25 
2384.39 

I 
I 
I 
I 

I1  
I1  
11 
I1 
I1 
I1 
I1 
I1 
I1  
I1  
I1  
I1  
I1  
I1  
I1 
I1  
I1  
I1  
I1  
I1  
I1  
I1  
I1  
I1  
I1  
I1  
I1  
I1  
I1 
I1 
I1 
I 

I1  
I1  

I 
I 

I1  
I 

I1  
I1 
11 
I1 
I1 
I1 
I1 

I 
I1  
I1  
I1  
I1  
I1  

Intensity Wavelength (A) Spectrum 

40 
300 
200 

30 
20 
15 
20 
40 

loo0 
15 

300 
20 
15 
50 

800 
250 

80 
300 
200 

50 
150 
20 
80 
15 
60 
60 
60 
40 

150 
15 
30 
30 

120 
25 
25 
20 
30 

120 
25 
80 
60 
25 
20 
20 
50 
50 
25 
60 

150 
150 
80 
40 
30 

100 
60 

2388.37 
2388.63 
2389.973 
2390.10 
2390.77 
239 1.48 
2392.58 
2395.42 
2395.62 
2394.72 
2399.24 
2400.05 
2401.29 
2404.43 
2404.88 
2406.66 
2406.97 
2410.52 
241 1.07 
241 1.81 
2413.31 
2416.45 
2417.87 
2418.44 
2420.396 
2422.69 
2423.089 
2423.2 1 
2424.14 
2424.3 9 
2424.59 
2428.29 
2428.36 
2428.80 
2429.03 
2429.39 
2429.86 
2430.08 
243 1.02 
2432.26 
2432.87 
2434.06 
2434.24 
2434.65 
2434.73 
2434.95 
2436.62 
2438.182 
2439.30 
2439.74 
2440.11 
2440.42 
2442.37 
2442.57 
2443.71 

i1 
i1 
1 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
1 

11 
1 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
1 

11 
1 
1 

11 
11 
1 

I1 
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Intensity Wavelength (A) Spectrum 

250 
100 
50 
50 

100 
40 
50 
30 
40 
25 
60 
30 
25 
25 

100 
20 
30 
15 
15 
15 

1500 
150 
40 
60 
80 

100 
100 

1500 
50 
50 
40 
40 

800 
50 
15 
60 
60 
60 
15 

600 
60 
2s 
80 
80 

800 
40 
40 

1000 
200 

50 
30 

600 
50 
40 
15 

2443.872 
2444.5 1 
2445.1 1 
2445.2 12 
2445.57 
2445.80 
2446.1 1 
2446.41 
2447.20 
2441.3 3 
2441.709 
2447.75 
2449.96 
2450.20 
2453.476 
2453.98 
2454.58 
2455.11 
2455.90 
2457.09 
2457.598 
2458.78 
2458.91 
2460.44 
2461.28 
246 1.86 
2462.18 1 
2462.641 
2463.29 
2463.730 
2464.01 
2464.90 
2465.149 
2465.9 1 
2466.50 
2466.67 
2466.82 
2467.732 
2468.29 
2465.879 
2469.5 1 
2470.41 
2470.67 
2470.965 
2472.336 
2472.43 
2412.60 
2412.895 
2413.16 
2413.32 
2414.05 
2414.814 
2475.12 
2475.54 
2476.26 

I 
I1 
I1 
I 

I1 
I1 
I1 
I1 
I1 
I1 
I 

I1 
I1 
I1 
I 

I1 
I1 
I1 
I1 
I1 

I 
I1 
I1 
I1 
I1 
I1 
I 
I 

I1 
I 

I1 
I1 
I 

I1 
I1 
I1 
I1 
I 

I1 
I 

I1 
I1 
I1 
I 
I 

I1 
I1 
I 
I 

I1 
I1 
I 

I1 
I1 
I1 

Intensity Wavelength (A) Spectrum 

60 
25 
60 

120 
1200 
100 

15 
80 
25 

100 
15 

loo00 
300 

15 
lo00 

60 
30 
50 

800 
100 
100 
120 

4000 
100 
80 

1000 
50 
50 

3000 
100 
60 

2000 
100 
25 

100 
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427 1.759 
1282.402 
429 1.462 
4299.234 
4307.901 
43 15.084 
4325.761 
4352.734 
4369.77 1 
4375.929 
4383.544 
4404.750 
4415.122 
4427.299 
4461.652 
4466.55 1 
4476.017 
4482.169 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Intensity Wavelength (Ai) Spectrum 

200 
50 
50 
11 
30 
30 
50 

120 
60 
30 

100 
250 

30 
150 
500  

12 
1500 

11 
80 
18 
11 
30 

100 
60 
30 
12 
11  
25 
12 

150 
30 
30 
25 
18 
15 

150 
40 
40 

100 
11 
12 
25 
30 
80 

2500 
80 
12 

500 
50 
80 

200 
30 
25 

150 
18 

4482.252 
4489.739 
4528.613 
4583.83 
4647.433 
4736.11 1 
4859.74 1 
487 1.3 17 
4872.136 
4878.208 
4890.754 
4891.492 
4903.309 
4918.992 
4920.502 
4923.92 
4957.591 
4990.50 
5001.862 
5001.91 
5004.20 
5005.71 1 
5006.117 
5012.067 
50 14.94 1 
5018.43 
5030.64 
5030.77 
5035.71 
5041.755 
5049.819 
5051.634 
5074.748 
5100.73 
5100.95 
51 10.357 
5133.69 
5 139.25 1 
5 139.462 
5 144.34 
5 149.46 
5 15 1.910 
5 162.27 
5166.281 
5 167.487 
5 168.897 
5 169.03 
5 17 1.595 
5 19 1.454 
5 192.343 
5 194.941 
5204.582 
5215.179 
52 16.274 
5216.85 

I 
I 
I 

I1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I1 
I 

I1 
I 

I1 
I1 
I 
I 
I 
I 

I1 
I1 
I 

I1 
I 
I 
I 
I 

I1 
I1 
I 
I 
I 
I 

I1 
I1 
I 
I 
I 
I 
I 

I1 
I 
I 
I 
I 
I 
I 
I 

I1 
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Intensity Wavelength (A) Spectrum 

60 
lo00 

13 
250 

13 
13 
18 
11 

100 
1200 
800 
30 
60 
25 
11 
13 

150 
800 
300 
100 
14 
80 

500 
25 
40 
50 

400 
60 
14 
40 
12 

300 
15 
60 

250 
30 
60 
60 
30 

2 50 
13 

100 
200 

25 
120 

16 
20 
16 
14 
25 
20 
18 
30 
12 
12 

5226.862 
5227.150 
5227.49 
5232.939 
5247.95 
5251.23 
5260.26 
5264.18 
5266.555 
5269.537 
5270.357 
5281.789 
5283.621 
5302.299 
5306.18 
5316.23 
5324.178 
5328.038 
5328.531 
5332.899 
5339.59 
5339.928 
5341.023 
5364.87 
5367.47 
5369.96 
537 1.489 
5383.37 
5387.06 
5393.167 
5395.86 
5397.127 
5402.06 
5404.12 
5405.774 
5410.91 
5415.20 
5424.07 
5427.83 
5429.69 5 
5429.99 
5434.523 
5446.87 1 
5455.45 
545 5.609 
5465.93 
5466.94 
5482.31 
5493.83 
549 7.5 16 
5501.464 
5506.20 
5506.778 
5510.78 
5529.06 

I 
I 

I1 
I 

I1 
I1 
I1 
I1 
I 
I 
I 
I 
I 
I 

I1 
I1 
I 
I 
I 
I 

I1 
I 
I 
I 
I 
I 
I 
I 

I1 
I 

I1 
I 

I1 
I 
I 
I 
I 
I 

I1 
I 

I1 
I 
I 
I 
I 

I1 
I1 
I1 
I1 
I 
I 

I1 
I 

I1 
I1 

Intensity Wavelength (A) Spectrum 

13 
30 
60 

120 
200 

20 
12 
50 
20 
11 
30 
13 
16 
30 
14 
30 
18 
30 
13 
40 
30 
40 
40 
30 
20 
1 5  
40 
30 
30 
40 
20 
20 
80 
30 
15 
12 
15 
20 
30 
20 
20 
20 
30 
20 

200 
60 
20 
20 
20 
40 
15 
15 
20 
15 
25 

5544.76 
5569.618 
5572.841 
5586.755 
56 15.644 
5624.54 1 
5645.40 
5662.515 
5762.990 
5783.63 
5862.353 
58 8 5.02 
5902.82 
5914.114 
5955.70 
5986.956 
5961.71 
5962.4 
5965.63 
6065.482 
6102.159 
6136.614 
61 37.694 
6147.73 
6 149.24 
61175.16 
6191.558 
62 13.429 
6219.279 
6230.726 
6238.37 
6246.3 17 
6247.56 
6252.554 
6305.32 
6331.97 
6383.75 
6393.602 
6399.999 
641 1.647 
6416.90 
642 1.349 
6430.844 
6446.43 
6456.3 8 
6494.981 
6516.05 
6546.239 
6592.9 13 
6677.989 
6855.18 
6945.21 
7067.44 
7130.94 
7164.443 

I1 
I 
I 
I 
I 
I 

I1 
I 
I 

I1 
I 

I1 
I1 
I 

I1 
I 

I1 
I1 
I1 
I 
I 
I 
I 

I1 
I1 
I1 
I 
I 
I 
I 

I1 
I 

I1 
I 

I1 
I1 
I1 
I 
I 
I 

I1 
I 
I 

I1 
I1 
I 

I1 
I 
I 
I 
I 
I 

I1 
I 
I 
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Intensity Wavelength (A) Spectrum 

80 
30 
12 
50 
40 
20 
30 
20 
40 
60 
15 
15 
30 
40 
80 
60 
80 
60 
50 

150 
120 
20 

120 
30 
15 
40 

150 
12 
12 
20 
15 
15 
13 
21 
14 
52 
87 
91 

255 
160 
230 
160 
5 80 
225 

1030 
15 
14 
17 
30 
24 
14 
16 
96 
20 
72 

7 187.3 13 
7207.38 1 
7224.5 1 
7307.97 
7320.70 
7376.46 
7445.746 
7462.38 
7495.059 
75 1 1.045 
7586.04 
7711.71 
7780.59 
7832.22 
7937.131 
7945.984 
7998.939 
8046.047 
8085.176 
8220.4 1 
8327.053 
833 1.908 
838 7.770 
8468.404 
85 14.069 
8661.898 
8688.621 
8793.38 
8824.23 
8866.96 
8999.56 

102 16.32 
10469.65 
11 119.80 
11374.08 
11422.32 
11439.12 
11593.59 
11607.57 
11638.26 
11689.98 
11783.26 
1 1882.84 
11884.08 
11973.05 
12638.71 
12879.76 
13565.04 
14236.25 
14285.11 
14292.38 
14308.69 
14400.56 
14442.28 
14512.23 

I 
I 

I1 
I1 
I1 
I1  

I 
I1 
I 
I 
I 

I1  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Intensity Wavelength (A) Spectrum 

50 
14 
40 
37 
28 
94 
16 
30 
25 
14 
41 
28 
13 
20 

105 
47 
25 
22 
14 
21 
38 
17 

6 
5 
5 
5 
9 
8 
8 
8 P  

10 
8 

I O  
9 
8 W  
8 
8 P  

10 P 
8 
9 

10 
8 
8 

10 
10 
10 w 
8 
9 
9 

14555.06 
14565.95 
14826.43 
1505 1.77 
15207.55 
15294.58 
1533 5.40 
1562 1.67 
1563 1.97 
15723.59 
15769.42 
1581 3.13 
16444.82 
16486.69 
18856.65 
18987.01 
191 13.68 
1979 1.88 
22380.82 
22419.85 
26222.04 
26659.22 

Fe I I I  

Vacuum 

728.8 I 
730.00 
737.71 
739.26 
807.55 
807.86 
808.84 
81 1.28 
813.38 
838.05 
844.28 
845.41 
847.42 
859.72 
861.76 
861.83 
873.46 
890.76 
891.17 
89 1.44 
899.42 
950.33 
981.37 
983.88 
985.82 
991.23 

1017.25 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I11 
111 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
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Intensity Wavelength (A) Spectrum 

....... . 

8 
8 
8 
8 
9 
9 
8 

10 H 
10 H 
12 H 
10 H 
10 
12 
10 
12 
13 
11 
20 
10 s 
19 
15 
15 
10 P 
18 
15 
14 
14 
10 I, 
14 S 
12 
10 
12 
11 
13 
10 
10 w 
11 
13 
15 
14 
13 
12 
12 

10 
12 
14 
10 
12 
15 
12 
12 
10 

10 17.74 
1018.29 
1032.12 
1063.87 
1122.53 
1124.88 
1128.02 
1505.17 
1538.63 
1550.20 
1601.21 
1869.83 
1877.99 
1882.05 
1886.76 
1890.67 
1893.98 
1895.46 
1907.58 
1914.06 
1915.08 
1922.79 
1926.01 
1926.30 
1930.39 
1931.51 
1937.34 
1938.90 
1943.48 
1945.34 
1950.33 
1951.01 
1952.65 
1953.32 
19 53.49 
1954.22 
1958.58 
1960.32 
1987.50 
1991.61 
1994.07 
1995.56 
1996.42 

Air 

2061.55 
2068.24 
207 8.99 
2084.35 
2090.14 
2097.48 
2097.69 
2103.80 
2 107.32 

I11 
I11 
I11 
I11 
111 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
111 
I11 
I11 
I11 
I 1 1  
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
111 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 

I11 
I11 
111 
I11 
I11 
I11 
I11 
I11 
I11 

Intensity Wavelength [A) SDectrum 

15 
12 
12 
10 
12 
12 
15 
12 
10 P 
10 
10 
10 
10 
10 
10 
12 P 
12 
10 
10 
15 
10 P 
10 
10 P 
10 
10 P 
10 
8 
8 
8 P  
8 
8 
9 P  

10 H 
9 H  
8 H  
8 H  
8 

10 P 
8 P  
9 t’ 

8 P  
12 

10 
12 
8 
8 
8 

12 
12 H 
15 
10 P 
10 
10 
10 
13 

2 15 1.78 
2157.71 
2158.47 
2 16 1.27 
2166.95 
2171.04 
2174.66 
2180 41 
2208.85 
2221.83 
2229.27 
2232.43 
2232.69 
2235.91 
2238.16 
224 1.54 
2261.59 
2267.42 
2293.06 
2295.86 
2317.70 
23 19.22 
2321.71 
2326.95 
2336.77 
2338.96 
2389.53 
2438.17 
2582.37 
2595.62 
2617.15 
2645.39 
2695.13 
2695.34 
2700.02 
2701.13 
2773.3 1 
2813.24 
2395.08 
2902.47 
2904.43 
2905.80 
2907.50 
2907.70 
2923.90 
2948.39 
2963.23 
3001.62 
3007.28 
3013.17 
3 136.43 
3 174.09 
3175.99 
3178.01 
3266.88 



C-14  

Intensity Wavelength (A) Spectrum 

11 3276.08 
10 3288.81 
9 3305.22 
9 3339.39 
9 3499.59 
9 3500.28 

10 3501.76 
10 3586.04 
11 3600.94 
11 3 603.88 
16 3954.33 
11 3968.72 
9 3969.49 

10 W 3979.42 
10 4Q35.42 
11 4053.11 
12 408 1 .00 
10 4120.90 
11 4122.02 
1 1  4122.78 
15 4137.76 
13 4 139.35 
9 4140.48 
9 4154.96 

18 4164.73 
9 4164.92 

13 4 166.84 
13 4 174.26 
9 4210.67 

11 4222.27 
13 4235.56 
9 423 8.62 

12 4243.75 
12 H 4273.40 
12 4279.72 
14 H 4286.16 
16 H 4296.85 
18 H 4304.78 
20 I3 4310.36 
9 4323.68 
9 H 4372.04 
9 H 4372.14 

1 1  H 4372.31 
14 H 4372.53 
18 M 4372.81 
9 4395.76 

12 4419.60 
9 4431.02 
9 5111.07 
9 5127.35 

12 5156.12 
10 5 199.08 
10 5235.66 
18 5243.31 
13 L 5260.34 

I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
IIK 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 
I11 

Intensity Wavelength (A) Spectrum 

9 
14 
15 
16 
12 
11  
12 
14 W 
10 
9 

10 
11 
12 
12 
10 
11 L 
11 
9 

10 
18 
9 

10 
9 

15 
9 
9 

10 P 
18 I’ 
10 
14 
9 

12 
9 H  

12 H 
18 
9 

16 
13 
11 
11 
9 
9 
9 
9 
7 
7 
6 
6 
5 s  
5 
6 P  
5 
5 I1 
6 H 

5272.37 
5272.98 
5276.48 
5282.30 
5284.83 
5298.12 
5299.93 
5302.60 
5306.76 
5310.88 
5322.74 
5346.88 
5353.77 
5363.76 
5368.06 
5375.47 
5719.88 
5744.19 
5756.38 
5833.93 
5848.76 
5854.62 
5876.26 
5891.91 
5898.68 
5918.96 
5920.13 
5929.69 
5952.31 
5953.62 
5968.48 
5979.32 
5981.01 
5989.08 
5999.54 
603 1.02 
6032.59 
6036.56 
6048.72 
6054.18 
6056.36 
6149.99 
6 169.74 
6185.26 
6186.56 
6194.79 
6195.43 
6201.37 
6203.04 
6259.81 
6294.50 
6357.81 
73 17.63 
7320.14 

5 W 7921.17 
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Intensity Wavelength (A) Spectrum 

5 
5 
9 
8 
6 
5 

10 
11 
11 
17 
15 
10 
13 
10 
10 
10 
14 
10 
15 
13 
14 
13 
10 
10 
10 
10 
11 
10 
13 
11 
10 
10 
10 
10 
10 
14 
13 
10 
12 
13 
12 
12 
12 
13 
13 
14 
13 
15 
13 

W 8230.88 
W 8231.74 
W 8235.45 
W 8236.75 
W 8238.98 

8563.49 

Fe IV 

Vacuum 

502.42 
506.69 
505.35 
525.69 
526.29 
526.57 
526.63 
530.91 
531.78 
535.55 
536.61 
536.74 
537.10 
537.26 
537.79 
537.94 
538.44 
544.20 
546.22 
548.80 
550.32 
551.77 
552.14 
552.74 
554.26 
555.66 
572.88 
576.76 
579.76 
607.53 
608.80 
609.65 

1425.73 
143 1.43 
1473.20 
1489.53 
1495.18 
1526.60 
1530.26 
1532.63 
1532.91 
1533.86 
1533.95 

I11 
I11 
I11 
I11 
I11 
I11 

IV 
IV 
IV 
IV 
IV  
IV 
I V  
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV  
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
I t '  
IV 
IV 
IV 
IV 

Intensity Wavelength (A) Spectrum 

14 
12 
13 
14 
12 
12 
12 
12 
13 
14 
12 
12 
12 
12 
12 
12 
13 
13 
12 
13 
12 
13 
13 
12 
13 
13 
13 
13 
15 
13 
17 
14 
13 
13 
13 
15 
13 
13 
12 
16 
14 
14 
12 
13 
14 
13 
13 
15 
14 
13 
13 
17 
12 
14 
13 

1536.58 
1538.29 
1542.16 
1542.70 
1546.40 
1552.35 
1552.71 
1562.46 
1566.26 
1568.27 
1 570.1 8 
1570.42 
1 57 1.24 
1577.20 
1577.76 
1590.62 
1591.51 
1592.05 
1596.67 
1598.01 
1600.50 
1600.58 
1601.67 
1602.08 
1603.18 
1603.73 
1604.88 
1605.68 
1605.97 
1606.98 
1609.10 
1609.83 
1610.47 
1611.20 
1 6 1 3.64 
1614.02 
1614.64 
1615.00 
1615.61 
1616.68 
16 17.68 
1 6 1 9.02 
1620.9 1 
1621.16 
1621.57 
1623.38 
1623.53 
1626.47 
1626.90 
1628.54 
1630.18 
1631.08 
1632.08 
1632.40 
1634.01 

IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV  
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV  
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
iv 
IV 
IV 
IV 
IV 
I V  
IV 
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Intensity Wavelength (A) Spectrum 

12 
12 
14 
16 
14 
15 
12 
15 
15 
15 
13 
13 
15 
12 
12 
14 
12 
13 
13 
13 
13 
12 
14 
12 
13 
14 
12 
12 
13 
12 
15 
15 
12 
12 
13 
15 
14 
12 
14 
14 
12 
14 
14 
14 
12 
16 
13 
12 
12 
13 
13 
12 
12 
13 
12 

1638.07 
1638.30 
1639.40 
1640.04 
1640.16 
1 64 1.87 
1642.88 
1647.09 
1651.58 
1652.90 
1653.41 
1656.11 
1656.65 
1657.82 
1658.43 
1660.10 
1661.57 
1662.32 
1662.52 
1663.54 
1668.09 
1669.61 
1671.04 
1672.86 
1673.68 
1675.64 
1676.78 
1677.12 
1681.36 
1681.95 
1687.69 
1698.88 
1700.40 
1704.93 
1709.8 1 
1711.41 
1712.76 
1717.11 
1717.90 
1718.16 
17 18.42 
1719.46 
1722.71 
1724.06 
1724.26 
1725.63 
1761.08 
1744.92 
1767.36 
1792.10 
1796.93 
1805.32 
1820.42 
1827.98 
1840.24 

I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
IV 
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  
I V  

Intensity Wavelength (A) Spectrum 

12 
12 
12 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
350 
300 
300 
300 
300 
350 
400 
400 
300 
400 
400 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

1860.42 
1869.64 
1874.23 

Fe V 

Vacuum 

361.28 
365.43 
365.86 
374.24 
374.87 
375.98 
379.59 
380.31 
381.27 
384.96 
384.97 
385.03 
385.11 
385.25 
385.26 
385.30 
385.75 
385.88 
386.14 
386.74 
386.78 
386.85 
386.88 
386.88 
387.20 
387.50 
387.62 
387.76 
387.78 
387.98 
388.61 
388.82 
390.1 1 
390.19 
390.78 
391.94 
392.06 
392.38 
392.50 
392.51 
392.70 
392.91 
393.27 
393.72 
393.73 
393.91 

I V  
IV 
IV 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
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Intensity Wavelength (A) Spectrum 

393 97 
394 04 
354 54 
395 15 
395 19 
39S.W 
399.84 
400 1 1  
400 51 

400 63 
401 04 
401 64 
401 56 
402 87 
403 06 
404 62 
405 50 
407 42 
407.44 
407 49 
401.75 
409 71 

411.55 

400 52 

410 20 

V 
V 
V 
V 
V 
V 
V 
V 
V 
v 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
v 
V 
V 
V 

Intensity Wavelength (-6.) Spectrum 

300 
300 
300 
700 
lo0 
500  
300 
700 
500 
300 
500 
300 
500 
500 
300 
350 
300 
300 
300 
3m 
300 
300 
3 < .  
400 
3m 

415.01 
416.66 
416.84 
417.39 
418.04 
418.47 
420.56 
421.06 
421.78 
422.28 
422.31 
423.23 
426.06 
426.11 
126.83 
426.97 
434.42 
439.22 
444.70 
445.44 
446.04 
458.16 
486.17 

1317.86 
13 18.35 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
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‘The following tables; including the introductory comments, 
are excerpted from a new tabulatinn by K. L. Kelly,’ which 
supersedes and revises his previous tables published with 
I’alumbo in 1973.’ 

The listed wavelength data are generally from observations, 
with lines of the helium-like and hydrogen-like ions ( re  xxv 
and Fe XxVr) as notable exceptions. But also in many cases 
where linea have been observed, wavelengths given here are 
those resulting from a comprehensive analysis of the spectrim 
rather than the measured values. A few lines have been pre- 
dicted from unpublished extrapolations along isoelectronic se- 
quences, and some unobserved weak lines in multiplets have 
been included for completeness. Such predicted values of wave- 
length are tnarked by the synibol P in the column labeled 
“Notes.” 

I he lines are arranged in order of increasing wavelength 
within each spectrnm, and the vacnuni wavelengths are given 
a s  they are reported in the reference listed first for each line. 
A complete listing of these references is given at the end of 
these introductory comments. 

With respect to the accuracy of the wavelength data, it is 
conservatively estimated that all wavelengths reported should 
have uncertainties of ten to twenty in the last digit given. 

The listed intensities have been normalized to a maximum of 
1000 for convenience in comparing the different references. 
‘The normalization procedure used was generally a linear or 
logarithmic transformation of the intensities reported by the 
original authors, depending on the particular case. Intensities 
giveu by different observers have seldom been found com- 
patible, however, and the tabulated intensities should be used 
only a s  a rough estimate. 

The transitions are shown in standard spectroscopic notation 
with the lower level given first, and the energy levels, ix., 
energies above the ground state, are presented in units of 
1000 ern-.', each value being rounded off to conserve space. 
Additive uncertainties are indicated by B, C, K, etc. which may 
be thousands of cm-I. The energy level data are taken from the 
files of the Naval Postgradutate School Spectroscopic Data 
Center (and thus do not necessarily agree with those tabulated 
in Srction E of this book). 

The multiplet numbers assigned by C. E. Moore3 are given 
in a separate column. The classifications of the transitions are 
given in the accepted form, the primary referelices being the 
NRS spectroscopy tables.”.” For convenience, separate columns 
are nsed for showing the configurations, terms, and J-values. 
In the term column, the symbol g is used to denote the ground 
term. Otherwise, the term designation follows that of Cowan 
and Andrew.‘ 

The parent terms are given where they are known and where 
they are not immediately obvious. The older practice of using 
primes, double primes, etc. to indicate that the parent term of 
a configuration is an excited state of the next higher ion has 
been abandoned. But the notation of a: b, c, . . . (for even terms) 
and e, y ,  x, . . . (for odd terms) to indicate the order of appear- 
ance of terms of the same multiplicity and same type has been 
continued. 

r .  

A few descriptive symbols are nsed in the “Notes” column 
which have the following meanings: 

F -- line is forbidden by electric dipole selection 

A - line observed in absorption 
Q - uncertain classification 
P --- predicted value of wavelength 

There are three classes of predicted lines: 

rules 

(a) lines that have heen observed but for which calculations 
of wavelengths from energy levels are superior to the 
observations as in hydrogenic apectra and in other spe- 
cific transitions. 

(b) lines which have not bee11 observed but for which Ritz 
calculations between known levels can be made, as in 
many of the forbidden lines. 

(c) lines for which oiie or both of the energy levels have 
been found by Hartree-Fock type calculations, by inter- 
polation, or by extrapolation. 

These three classes are not separately distinguished in thr 
“Notes” column. 
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1.5 I 
19 
15 
28 

27 :: 1 
14 
15 

1.5 I 

20 
21 
14 

17 

17 
29 
23 

23 1 

26 I 

10 ~ 

16 
20 
18 
16 

15 
22 I 
16 
19 
21 

17 I 
28 
24 
40 
31 

34 
18 

2 ’ 
22 I 

31 
0 1  
0 

11 
28 

32 
12 

85 1 
36 

5 1  

~ ~~ 

~~ 

La, (in 
~ ~~ 
~~~ ~~ 

1.8283 
1.8309 
1.8344 
1.8389 
1.8424 

1.9360 
6.725 
7.106 
7.143 
7.210 

7.230 
7.277 
7.355 
7.612 
7.901 

8.082 
8.118 
8.167 
8.240 
8.334 

8.348 
8.406 
8.439 
8.452 
8.494 

8.510 
8.543 
8.563 
8.583 
8.714 

8.797 
8.807 
8.823 
8.850 
8.900 

8.908 
8.915 
8.921 
8.946 
9.022 

9.042 
9.120 
9.129 
9.145 
9.155 

9.248 
9.271 

9.380 
9.401 

9.486 
9.507 
9.568 
9.619 
9.644 

9.817 
9.882 
9.936 

10.065 
10.07 1 

9.287 

IRON, Z = 26 

Unclassified Lines 

~ 

~ 

Refermres 
~ 

~~ 

1059 
1059 
1059 
1059 
1059 

90 1 
643 
04.1 
643 
649 

643 
643 
643 
643 
643 

643 
<A3 
6A3 
643 
643 

643 
643 
643 
643 
643 

633 
643  
643 
643 
64’3 

643 
643 
6%1 
613 
643 

643 
64.3 
64 3 
643 
647 

643 
643 
643 
613 
641 

6 A  3 
643 
63.3 
M 3  
643 

64 5 
64J 
64.3 
643 
641 

643 I 643 
I 945 1 643 
I 643 
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........ ~ .~ 

Multipl~ 
. . 

.. . 

__ 

;el Int - 

21 
15 
19 
19 
1 

1 
15 
12 

1 
21 

5 
61 
15 
18 

12s 

86 
47 

128 
24 

2 

25 
130 
70 
2 

33 

42 
7 

29 
0 

36 

0 
16 
20 

1 

30 
69 

1 
34 
28 

58 
14 
14 
77 

1 

75 
77 

120 
140 

0 

2 
2 
1 
9 
8 

8 
8 
6 

13 
245 

10 
20 

90 
I O  

( i t1  A) 
~ 

10.205 
10.253 
10.4008 
10.586 
10.516 

10.762 
10.877 
10.964 
10.987 
11.090 

11.113 
11.166 
11.lFJ 
11.233 
11.333 

11 .485 
11.632 
11.94.8 
11.953 
12.016 

12.158 
12.297 
13.030 
13.307 
13.614 

13.719 
13.829 
14.041 
14.053 
14.750 

14.812 
14.833 
14.908 
14.942 
15.070 

15.075 
15.091 
15.222 
15.237 
15.289 

15.294 
15.339 
15.360 
15..585 
15.598 

15.635 
15.686 
15.806 
15.918 
15.979 

16.236 
16.336 
16.506 
16.819 
17.734 

17.787 
17.821 

17.944 
24.55 

83.94 
99.05 

101.43s 
108.45 
115.46 

17.901 

Configurations 
~. . . . . . . . . . . . . . . . . . . 
~ .. . .. .. . . . . .. . . 

Terms 

. .  . . . . . . . 

votes 
. . . . . . . . . . . . . . 

References 
. . . . . . . . . . . . . . 

643 
643 
643 
643 
643 

643 
945 
643 
1089 
94.5 

643 
643 
643 
643 
643 

643 
643 
643 
945 
643 

643 
M3 
643 
643 
643 

94-5 
643 
945 
643 
945 

643 
945 
146 
643 
643 

945 
643 
643 
945 
945 

643 
945 
945 
643 
643 

643 
643 
643 
643 
643 

643 
643 
643 
979 
979 

979 
9 79 
979 
979 
736 

868 
393 
241 
393 
729 



680 
680 
630 
680 
680 

680 
918 
680 
680 
680 

680 
680 
E6S 

YS8 

9S8 
9S8 
S9E 
S9F 
9S8 

9sz 
9sz 
9sz 
958 
958 

9S8 
958 
PI8 
9S2 
9S8 

9SZ 
9sz 
9S2 
S9E 
S9E 

S9E 
$18 
66 I 
9SZ 
9SZ 

958 
9% 
9S8 
9sz 
9271 

958 
958 
9sz 
9s z 
9% 

9% 
9sz 
9S8 
9SZ 
YSZ 

PI8 
F6E 
2.18 
PI8 
PI8 

E6F 
898 
6ZL 
06s 
E6E 

9sn 

PI'OVLI 
68'LELI 
PS"b6L I 
LL'IELI 
SO' 1891 

S6L991 
ZI'PLSI 
LL'ESSI 
06WS 1 
F9'0PPI 

P8'8ZP I 
I ['OLE1 
02'6%ZI 

616'9CZ 
68€'6%2 

LTO'8ZZ 
L98'SZZ 
OL8'FZZ 

288'022 

L9-0 12 
09'012 
EWOIZ 

SE6.LOZ 
%Zl.LOZ 

VYZ'YOZ 
081'902 

It"S0Z 
LL'POZ 

6EL'FOZ 

26'202 
69'102 
08'002 

980'961 
OLP'S61 

29L'P61 
lE'P6I 
Ob'161 
0S.681 
98'881 

865'88 1 
LZ'L8I 

836'98 1 
00'6Ll 
S1'8LI 

L6S'iLI 
Z86'9Ll 
PL'9Ll 
ZWLI 

€€S' I L 1 

S16'691 
88'69 I 

9 19'691 
SF'991 
LP'S91 

ZS'19 1 
P8'9Sl 
18'SSI 
8L'SSI 
OS'% I 

Z8'6El 
2.E'YEI 

EEL'PEI 
9L'FZl 
68'LI I 

681'222 

~ ~~~~~ 

cy U!) '"'Y 
. ~~ 

~~ 

02 I 0z I 02 1 
00 I 
00 I 

01 
0 
01 
09 
1 

1 
P 

0P 
0P 

OF 
06 
00z 
002 
06 

002 
OOF 
OOF 
OF 
0P 

OF 
OF 

00c 
OS 

00 1 
005 
00 I 
051 
0001 

osz 

00Z 
OOt 
005 

0% 
009 
02 
OOS 
009 

OE 
0P 
001 
009 
OF 

06 
009 
02 

~ 009 
nos 

0I: 1 

of' 
oc) I 

9 

9-a 
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20 17b6.36 

40 1 1842.97 
2 1072.65 
0 1875 1.1 

I 1 1878.06 1 
0 1 7 ;  
2 

150 
150 =I 

1878 211 1 

1878 31 
1873 86 

816 

089 
816 
816 

089 

816 

o w  
1884.73 
1888.03 
1901.71 

IRON I (Fe'"), Z = 26 

Ground State ls22&p63s23p63d'&'4A2 ( 'D4) (26 electrons) 

Ionization Potential 63 480 crn.'; 7.870 eV 

~. . . . . . . . . .......... 

Terms 
~. . . . . . . . . . . ~. 

- 
~ 

Jotps - 

Q 
Q 
Q 

Q 

(2 

P 
Q 

P 
P 

P 

KPferenreT 
~ 

~ 

816,375 
816.775 
81 6,J 7 5 
605 
816,375 

378 
292 
605 
378 
603 

292 
816,375 
2'?2 
292 
292 

292 
292 
60.5 
378 
292 

w3 
378 
378 
605 
816,375 

292 
292 
292 
292 
292 

292 
795,292 
292 
292 
272 

LckrIi (in I @  LIII. ' )  1 
~ ~~~~ 2 . ~~ 

0. - 57.55(JOOO 
0. - 56.7833 L 7  ~ 

0. - 54.01 3747 
0. - 33.891520 ~ 

,415932 - i4.28909 ~ 

0. - 53.78474 ' 
.415Y32 - 54.112218 ' 

0. - 53 6610c) 
0. - 53.6ll)M 

,415932 - 54..00478 

,704004 - 54.271057 
,415932 - 53.881'91 
.704004 - 54.112218 1 

J - J  

4 - 4  
4 - 3  

4 - 3  
3 - 3  

4 - 3  
3 - 2  
4 - 3  
4 - 4  
3 . 3  

2 - 1  
3 - 4  
2 - 2  
4 - 3  
1 . 1  

0 - 1  
1 - 2  
2 - 3  
2 - 3  
3 - 3 

2 - 3  
1 - 2  
2 - 3  
3 - 3  
1 - 1  

4 - 3  
4 - 3  
3 - 2  
3 - 2  
2 - 1  

4 . 4  
4 - 3  
3 - 3  
2 - 2  
1 - 1  

..... ~ .- 

a - 5  

~ 

~ 

1. 

39. 
40. 

42. 

39. 

39. 

39. 

39. 
39. 
4,l.  

40. 

38. 

37. 
35. 
37. 
.h. 
37. 

35.  
36. 
37. 
35. 
37. 

. r  

0 

I 1 :  ion 
1737.63 
1761.08 
1851 39 
1855.3 I 
1850.21 

4: ~ 1859.26 
100 ' 3802.318 

I0 186.3.54 
3110 1865.30 
80 1866.07 

I 
186681.7 1 

1870.36 
40 

0 

I60 
1872.359 
1873.052 
1873.259 1 0. - 53.38868 

,888129 - 34.27 I057 

40 1876.419 
20 18711.849 
X5 1880 14 
40 1883.91 

,978072 - 3.271057 ~ 

,888129. 54.1 12218 
.704uo4 . 53.8')1520 
.7o.u)04 - 53.78474 
.4l5032 - 53.38868 

.70.1004 - 53.66109 

.888129. 53.74939 
.704ol)4 . 53.35753 
.~%15932 - 52.9.318 
,838129 - .5:$.22994&! 

0. - 51.69LY:$5 
0. - 51.019069 

700 

20 
20 
0 

500 
5w 
5CJO 
200 
1.00 

40 

ion 
l 5w 

500 

1887.761 

1888.32 
18'2 1.74 
1899.21 
l903.:io 
1910.53 

1934..528 
1937.274 
1340.649 
1945.090 
1945.274 

1946.2 19 
1946.983 
1950.223 
19.51..571 
1952.262 

,415932 - 31.944774 
,415932 - 51.827401 ~ 

.704004. 52.110587 i 
0 . .  51.381455 
0. . 51 361344 

.415'9.32 - 51.631935 
,704004 - .5l .9+&774 
.888120 - 52.110587 

... . .  
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1 

Moltiplrt Re1 I n t  

~~ ~ 

A,,, (in A) 

1952.579 
1953.001 
1955.600 
1956.052 
1957.838 

1958.598 
1958.724 
I960.130 
1961.2:36 
1962.0:31 

1962. 107 
1962.7 16 
1962.:%71 
1'>63.110 
1903.62!, 

1964.043 
1970.771 
1973.911 
1974059 

~~ 

~~~~~ 

896.504 
898.776 
900.360 
918.118 
91 9.095 

923.880 
924.970 
926.215 
926.618 
926.900 

027.178 
927.632 
928.107 
928.470 
929.538 

O2O.6 12 
930.030 
930.165 
930.219 
930.558 

931,142 
93 I .709 
932.244 
932.687 
933.783 

936.484 
'138.967 
939.154 
941.660 
942.589 

i)1,3.267 
943.91 0 
945.095 
946.05 1 
947.564 

~~ ~ ~ ~~~~~ . 
I 

~~~~~~ ~~~ ~ 

,415932 - 51.63007 
,415932 - 51.619069 
,704001. - 5 1.83687 
.704004 - 51.827401 

0 . .  51.076626 

.888129 - 31.941774 ! 

.888129 - 51.941786 
0. - 31.0366S8 1 

500 
500 
11)O 
500 
hO0 

600 
~ 300 

600 
500 
500 

600 
10 

300 
LO0 

400 
10 
20 
20 

1 500 

I 

3d"4s' - 3d"(a5D)4s(a"D)5p 
3d"45' - 3dh(as1))4s(a"D)5p 
3d"45' - 3d'(a'D)4s(af'D)5p 
3d"4tL - 3d"(a'U)4s(a6DD)Sp 
3d"4sL - Sd"(a'D).ls(a"D).jp 

795,292 
795,292 
292 
292 
795 292 

292 
292 
795,292 
292 
292 

292 
292 
292 
292 
292 

292 
292 
292 
292 

- - 

~ 

References ~- - _ _ _  

292 
292 
292 
292 
292 

749 
292 
749 
292 
292 

36. 
35. 
36. 
ri5. 
30. 

.I I .  

:3f>. 
35. 
37. 
,35. 

S S .  
36. 
3 6 .  
35. 
3.5. 

35. 
:36. 
3 0.  
30. 

. -  3d"4s2 ~ 3d"(asD)4i(ahD)5p 
3d1'?.5' - 3d"(a5D)4s(a"D)5p 
3d"4s2 - 3d"(aiD)4s(a"D)5p 
3d"4s2 - 3d"(aiD)4s(af'D)5p 
3d"4s2 . 3d"(aiD)4s(a"D)5p 

,704004. 51.691935 ~ 

,978072 . 51.9.1.5805 
2 - 3  
0 -  I 

3 - 4  

3 - 3  
1 . 1 )  

2 - 3  
1 - 2  

_ _  - 

$1.5932 
888129 
41i912. 
888129. 
7nztoo4 

704004 
888129. 
415932 
704004 

~ ~ 

3d"4<' - 3J"(alD)4s(ahD)5p 
3d"4s2 . 3d"(a'D)4s(ahD)5p 
3d"4x2 - 3d"(a7D)4s(s"D)5p 
3d"4s2 - 3d"(a5D)4s(a"D)5p 
3d"4i2 3d"(a5D)4s(a6D)5p 

3d"4s2 - 3d"(a5D)4s(a"D)5p i a S D  . tiD" 
3d"4s2 . 3d"(aiD)4s(a"D)5p I gaSD - t5D" 
3d"4s2 - 3d"(a5D)4s(a"D)3p ' gasD - t"D" 

IRON I1 (FeL'j, Z = 26 

Ground State ls22s22p63s23p63d642.s (6D9,2) (25 electrons) 

Ionization Potcntid 130 563 cm.'; 16.188 eV 

_____ 
~ 

Tqrms -~ 
~ -~ 

ga"D - 29' 

p 6 D  - 29" 
ga"D - 28" 
ga"D - 28" 

ga"D . 24" 
ga"D . 2 7 ' 
ga"D - 21" 
gahD - 27" 
p " D .  20" 

ga"D . 24 '  

ga"D - 2 2 '  
ga"D - 25" 
ga"1) - 21" 

gahD - 24" 
ga"D - 23" 
ga"D . 25" 
ga"D . 20" 
ga"D. 2Y 

ga"D - 2Y' 
ga"D - 23" 
ga"D - 2 2  
ga"D - 23" 
ga"D - 1 6  

ga"D - 17" 
ga"D - 17" 
ga"D . 1 6  
ga"D - 1 6  

aJE' - 21" 

a'F - 20" 
aiF. 27" 
a4F - 2 4 '  
a'F - 22" 
a'F. 21" 

gab11 - 2 9  

ga"D . 27" 

Configurations 
-~ ~ ~ 

~~ ~~~ ~. 

3df'(a:D)4s - 
3d"(aJD)4s - 
3d"(a7D)4s - 

3d"(aiD)4s - 

3d"(a5U)4.s - 
3d"(a5D)4s - 
3d1'(a'1))4s 
3d6(a'D)4s. 
3d"(oJI))4s - 

3d"(a'D)4s - 
3dh(o'D)4s 
3d"(aiD)4s - 
3d"(a5D)4b . 
3d6ia51))4s . 

3d"(a5D)4s - 
3d"(aiD)4s - 
3df'(a:DI4s - 
3d"(a'D)4s - 
3d"a'D)Bs - 

3d"(a"))41 . 

31 
:I 1 
3 I 

28 
50 
25 
3 0  
24 

28 
30 
26 
29 
25 

28 
27 
29 
%4 
26 

29 
27 
26 
27 
22 

2.3 
23 
22 
22 
56 

5s 
58 
57 

~ 

384790 - 111.9290 
,667683 - 1 1  1.9290 
,862613 - 11 1.9290 
,862613 - 109.7800 
,977053 . 109.7800 

0. . 108.2392 
,667683. 108.7800 

0. . 107.9647 
.862613. 108.7800 

0. - 107.8866 

,384790 - 108.2392 
,977053 - 108.7800 
,384790 - 108.1306 
,667683. 108.3717 
384790. 107.9647 

,667603 - 108.2392 
,667683 - 108.1916 
.062C,13. 108.3717 
,384790 - 107.8866 
,667683. 108.1306 

,977053 - 108.3717 
,862613 - 108.1916 

,977053 - 108.1916 
0. - 106.8632 

,384790. 107.1656 
,667683. 107.1656 
,384790 - 106.8632 
,667683 - 106.8632 

1.872567 - 107.9647 

.862613 - 108.i306 

1.872567 - 107.8866 
2.837950 - 108.7800 
2.430097 - 108.2392 
2.430097 - 108.1306 
2.430097 - 107.9647 

749 
292 
292 1 292 
292 

2 92 

292 
292 

292 
292 
292 i 292 
292 

3d"(aiDp%s - 
3d"(aSD)4s . 
3d"(a5D)4s - 
3d"(aiD)4s . 
3d"(a5D)4e - 

292 I 292 
292 
292 

1 
3d6(a'D)4s - 
3d"(a'D)4s - 
3d"(aiD)4s - 
3d"(a5D)4s - 

3d: - 

3d' - 
3d' . 
3d' - 
3d' - 
3d' - 

292 

I 292 
292 1 292 

I 292 1 292 
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~ 

~ 

Multiplt 

53 

~ - 

77 

77 

76 
75 

74 
76 
75 
76 
74 

18 
18 
18 

18 

18 

18 
18 
18 

~ 

<el In! 
- 

1 
0 
0 
1 
0 

0 
0 
0 
2 
3 

3 
2 

25 
1 
2 

1 
5 
5 
5 
2 

2 
2 
5 
1 
1 

1 
0 
2 
5 
5 

5 
1 
2 
S 
2 

2 
0 
2 
1 

30 

1 
0 

10 
5 
1 

1 
2 
2 
1 
1 

5 
1 

30 
1 
4 

1 
2 
0 
0 
5 

1 
1 
2 
0 
0 

L, (in A) 

952.470 
954.496 
954.786 
995.829 
999.003 

1000.183 
1000.663 
1005.082 
1007.557 
1007.975 

101 1.037 
1012.088 
1012.417 
1015.08.3 
1015.520 

1038.370 
1055.262 
1059.564 
1060.442 
1062.152 

~. . . . . . . . ~. . . . . . . 

loa. 7 50 
1063.021 
1063.1 76 
1063.625 
1U63.633 

1063.972 
10i54.921 
1065.843 
1066.529 
1067.544 

1068.346 
1070.135 
1071.247 
1071.584 
1073.321 

1073.384. 
1074.641 
1075.635 
1076.852 
1081.875 

1083.420 
1086.458 
1087.956 
1089.688 
1091.523 

1091.561, 
1093.058 
1094.678 
1095.802 
1095.91 1 

1096.607 
1096.782 
1096.877 
1097.019 
1098.244 

1098.257 
11199.132 
1099.321 
1099.639 
1100.020 

1100.429 
1100.517 
1 10 1.526 
1102.384 
1102538 

.... ~___ ~ 

~ 

Levels: (in IO3 cm I )  
..___ __ 
~ ~~ 

1.872567 - 106.8632 
2.430097 - 107.1962 
2.430097 - 107.1656 
7.955299 - 108.3738 
8.6804.54 - 1108.7800 

8.391938 - 108.3738 
8.846768 - 108.7800 
8.391938 - 107.8866 
7,955299 - 107.1962 
7.955299. 107.1656 

7.955299 - 106.8632 
8.391938. 107.1962 
8.391938 - 107.1656 

,384790 - 98.89871 
8.391938 - 106.8632 

13.474411 - 109.7800 
0. - 94.763219 

.384790 - 94.763219 
,384790 - 94.68509 

0. - '94.148518 

,667683.94.763219 
,667683 . 94.73917 

0. . 94.057773 
.862613 - 94.88074 
.667683 - 94.68509 

0. - 93.987457 
,977053 - 94.88074 
.862613 . 94.68509 
,977053 - 94.73917 
.385790. 94.057773 

,384790 - 93.987457 
,384790 - 93.830979 
,862613. 94.211739 
.467683 .93.987457 
m261.3 - 94.031378 

567683 - 93.830979 
,977053 - 94.031378 
.E762613 - 93.830979 
,977053 - 93.840.34 

0. - 92.432136 

0. - 92.300277 
,384790. 92.42698 
384790. 92.300277 
.384790 - 92.154165 

1.872567 - 93.48765 

1.872567 - 99.48458 
,667683 - 92.154165 
667683 - 92.018729 

.667683 - 91.91.5950 

,384790 - 91.575139 
,667683 - 91.84.3470 

0. - 91.167937 
,862613 - 92.018729 

1.872567 - 93.12990 

2.433097. 93.484511 

.862613 - 91.915950 

.M2613. 91.843470 

,977053 - 91.915950 
,667683.91.575139 

,977053 - 91.850722 
,977053 - 91.843470 

362613 - 91.S7.5139 

2.430097 . 9.339536 

,384790. 91.167937 

2.430097 - 93.12'9Y0 

_____ 

~ 

3dI . 
3d' - 
Ud' . 

3d6((aD)4s. 
3d"(a'D)4s . 

3d"(as1))4s - 
3d"(a5D)4s . 
3d6(a5D)4s - 
3d'(a51))4s . 
3d"(a5D)4s 

3d'(a5U)4s - 
3d6(a5D)45 . 
3d6(asD)4a - 
3d6(a511))4e . 3d6(b'G)4p 
3d6(a'D)4s. 

3d7 - 
3d6(a'D)4s - 3d5(a4D)4s4p('P) 
3d6(a51))4s . 3d5(a4D)64p('P) 
3d5(aiD)4s . 3d"(a4DD)C4p('P) 
3d"(a5Jl)4s . 3ds(a'G)4s4p('P) 

3d6(a'D)4s - 3d~(a"D)4~4p('P") 
3d'(a5D)45 . 9d'(a'PP)4~4p(~P") 
3d6(a'D)4s - 3&7(a4D)4s4p("P") 
3d'(aSD)4s - 3d'(a4P)4s4p(~l'~ 
3d6(aSD)4s - 9~~(a"D)44p( 'P) 

3d6(a5D)4s - 3d5(aJD)4~Sp(3P") 
3d6(a5D)4s . 3d"(a'P)4s4p('P") 
3d'(asD)4s . 3d5(n41~)1s4p(3f"') 
3d6(a5D)4s - 3dj(a4P).k4p(jP') 
3d6(asD)4s . 3d"(a4D)4s4p('P') 

3d6(a"D)4s - 3d'(a'D)454p(3P") 
3d6(a5D)4s - 3d'(a"D)4~4p(~P") 
3d'h5D145 - 3J"la'P14s4013Pi 

3d' - 3d6(h3F)4.p 
3d6(a5D)4s - 3d'(a"D)4~4p(~P") 
3d6(a5D)4a - 3d"(d'D)4s4p('PP") 

Rd' . 3d'(b3F)4v 
3db(a5D)4s - 3d"(a'D)4b4p(3P) 

3d6(a5D)4s - 3d'(asD)5p 
:3d6(a"D)46 - 3d6(a50)5r, 
3db(a5D)4s - 3d'(asD)5p 
3d6(a5D)4s . 3dF(a'%)4s4p('P) 

3d' . .3d6(b3F)4p 

3d"(aSL))4s . 3&'(a"D)4~4p(~P") 
3d'(a5D)42 - 3d"(a5D)5p 

3d' - 3d"(b'F)4p 
3d6(aSD)4s - 3d"(a'D)4s4p(sP") 
3d"(asD)4s - 3d5(asD)5p 

3d61a"D)4s - 3d'((a'D)4~$p(~P) 
3dh(asD)4s - 3d6(a5D)5p 
3d6(a5D)45 . 3d'(a5D)5p 
3d0(a5D)4s - 3d6(a5D)5p 

3d' - 3d5(hRF)4p 

Terms Vote' - 

P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
1' 
P 
P 
P 

P 
P 
P 
P 
P 

References 

292 
2Y2 
292 
292 
292 

292 
292 
292 
292 
292 

292 
292 
292 
292 
292 

292 
749 
749 
749 
749 

749 
749 
749 
7 49 
749 

7 1.9 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
719 



D-10 

1 1102.71 
1 1104.272 
0 1104.969 
0 3105.350 
2 1105.754 

2 1106.203 
5 1106.302 
I 1107.430 
1 1108.512 
I 1109.716 

0 ' 11 10.005 
1 1111.119 

30 , 1112.058 
35 1112.086 

0 1112.937 

0 ~ 1113.467 
0 '  1115.04.4 
0 I I  15.349 
0 ~ 1115.661 
0 1118.116 

0 1119.204 
1 11 19.370 
1 1120.559 

4Q 1121 975 
30 , 1122.843 

10 1124.123 
30 1125.448 

20 1126.591 
20 I 1126.840 

20 ! 1126.421 

I 
20 1126.955 

5 ~ 1127.098 
10 1127.860 
40 1128.046 
5 1128.180 

1 1 1128557 
20 1128899 

5 1129621 
1 I 1129.765 

30 1130443  

0 1130.560 
0 1130863 
2 1 1131 594 
1 1132001 

40 I 1133s05 
5 1133.654 

70 1133.665 
15 1 1133.675 

1134.170 7 ~ 1135.302 

1135.548 

0 , 1136.700 
7 ~ 1135.577 

1137.258 ' 1137.681 

0 1 1138.038 
40 1138.632 

1 1 1138941 
20 I 1142.312 
20 I 1142.366 

90 1143226 
5 1144.052 

40 114.4.273 
110 1144.939 

2 1 1145.515 

(1.. 90.386528 
1.872567. 92.171716 
3.117461 . 93.32848 , 
8 391938. 98.50510 1 
8.680454 98.77014 
8.391938 - 98.39133 I 

2 

2.837950. 92,64751 
.384790 - 90.067347 
,384790 90.042779 
,667683. 90.300625 

2.837950 - 92.2741% 

8.84.6768 . 98.19600 
3 117461 .92.45346 
3.117461 . 92.35861 i 0. .89.128561 , 

384790 . 89.444458 

,667683 . 89.625940 
0. . 88.853533 

,667683 - 89.4444,58 
,862613 . 89.625910 
,384790 . 89.128551 

,384790 . 89.1 19457 
0. - 88.723400 

,667683 - 59.331195 
,977053 - 89.625940 

2.430097 - 91.070547 

,862613 - 89.471365 

1.872567 - 90.397868 
1.872567 - 90,386528 
,667683 - 89.128561 

,667683 - 89.119457 
3.872567 - 90.300625 

.n62013.89.444458 

2.837950.91.208887 
1.872567 - 90.211700 
,384790. 88.61452 

2.837950 - 91.0.28256 
0. . 88.20945 

2.430097 - 90.638822 
1.872567 . 90.042779 
3.117461 - 91.19974,6 

2.837950 - 90.901124 
2.837950 - 90.898873 
2.430097 - 90.397868 
3.1 17461 - 91.048256 

21.251608 - 109.14958 

2.430097 - 90.300625 
.384790.88.20945 

2.837950. 90.638822 
,667683 - 88.20945 

0. - 87.537652 

0. - 87.471765 
20.830582 - 108.2392 

,667683 - 88.05938 

.667683 - 87.96465 
0. . 87.340983 

3d"(aiD)4s - 3d"(a'D)5p 
3d' - 3dh(h'1;)4p 

3d"(a'D)4s - 3df'(a"D)5p 
3d' - 3d"(biF14p 

3d"(a'D)4s - 3d5(a"D)4>4p("P) 

3d"(a5D)4. - 3d5((aJD)454p('PI 
3d"(d5D)40 - 3d6(asD)4p 

3dI . 3d"(h'F)4p 
3d - 3d6(h'F)4p 

3d"(a'D).k - 3d5((a'D)4s4p("t") 

3d"(aiD)4s - 3d'(a4D)4j4p(.'P) 
3d"(a5D)4s - 3d'(azDJ4s4p( 'Y") 
3d"(a5D)4s - 3d"(aiD)5p 
3d"(asD)4~ . 3d"(biP)4p 

3d' - 3ds((a'6)4s4p('P) 

3d' - 3d"(b'F)4p 
3d"(a5DD).?s - 3d6(a5D)5p 
3d"(a5Dj4s . 3dh(b'1;)4p 
3dh(asD)4.r - 3d"(a'D)5p 

3d' - .3d6((h"P)4p 

3d"(a5D)4s - 3d5(a4P)4s4p(JP) 
3d6(asD)4e - 3dh(a5D)5p 
3d"(aiD)4a - 3ds(a4Pj4s4p( 'P) 
3d6(a?D)4s - 3di(aiP)4s4p("P') 
3d"(a'D)4.s - 3d5(a"P)4s4pt3P) 

3d"(a5D)4s ~ 3dh(asD)5p 
3d"(a5D)4s - 3d6(a;D)5p 
3d"(asD)45 - 3d"(a"D)Sp 
3d"(a5D)4s . 3ds(a"P)4s4p('P) 

3d' - 3d"(aSD)5p 

3d"(a5D)4s - 3d"(a'D)Sp 
3d6(asD)4s ~ 3ds(a'P)4s4p(.'P.') 

3d'. 3d6(a5D)5p 
3d' - 3d"(a5D)4p 

3d6(a5D)45 . 3d5(a'P)4s4~("P") 

3d6(aiD)4s . 3d6(a5D)5p 
3d7 - 3d"(a5D)5p 
3d' - 3d6(a5D)5p 
3d' - 3db(biF)4p 

3d"(a5D)4s - 3d5(a"P)4s4p("P) 

3d' . 3d"(a5D)Sp 
3db(a5DJ4s . 3ds(a'P)4s4p('P") 

3d' . 3d6(aSD)Sp 
3d' - 3d"(h'E)4p 
3d' .  3dh(a5D)5p 

3d'. 3d'(a5D)5p 
3d'. 3d6(b'P)4p 
3d' . 3d"(a5D)5p 
3d' . 3d"(a'D)5p 

3d6(a.'H)4s , 3d5(a21)4s4p(3PJ 

I 

3d7 - 3d"(asD)5p 
3d6(a5D)l,s - 3d5(azP)4s4p('P) 

3d'. 3dh(aSD)5p 
3d"(a5D)4s 3d'(a''P)4~4p(~P) 
3d6(a5D)45 . 3d'(a4G)4s4p("P) 

3db(aSD)4s - 3d5(a4G)4s4pt'P) 
3do(a'P)4s - 
3d"(a5D)4s - 3d5(a4P)4s4p("P) 
3db(a5D)4s - 3d5((a'G)4s4p("P) 
3dh(a"D)4s - 3d'(a4P)4s4p('1'',j 

a"D - 'D" ~ g .  f P 
a 4 D - ' D  X - f i  P 

1 - 1  

b 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 

749 
749 
749 
488 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
292 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 





u-12 

MoltipIet R ~ I  int A (In A) 
-~ J ' 0 1198660 

1 55 1198931 
40 1199 716 
20 1199671 
20 120021-0 

I 
1 1201 415 

3.1 17461 . 86.543978 
21.251608 104.65926 
21.430359 - 104.81680 
21..581638 - 104.93780 
21.711917 - 105.02860 

21.581638 - 104.81680 
21.430359 - 104.65926 
21.711917 - 104.93780 

15.84465 - 98.89871 

26.170181 - 109.14968 
26.352766. 109.27171 
7.955299 . 90.780621 

25.805328 . 108.r)7056 

7.955299 - 90.638822 
25.Y81629 - 108.63109 

8.391938 - 90.901124 
7.955299 - 90.397868 
7.955299 - 90.386528 1 

I 1201 506 
0 1201 549 
2 1202 591 , 5 1204.035 

I 
2 1205 117 1 2 1205.997 
1 1207360 

1 2 1207 898 
1 1208 237 

1 1209.431 
~ 1 1209.Y20 

2 1211.986 
~ 2 1212.966 

20 1 I213.l4'1 

2 1213.738 
3 1213.759 

I 1214.398 I 2 1217.848 

2 1218.231 
~ 30 1219.802 

1 1220.872 
40 ~ 1224.132 

1 20 1225.497 
20 I 1228.521 

1 1230.597 
10 , 1230.927 
10 ' 1233.661 

5 1 1234.386 1 0 ~ 1236.34 
0 I 1237.93 
2 , 1238.257 

1 5 1 1239.871 

~ 5 1241.928 
I 1242.046 

~ ; ~ 1245.340 
1246.760 

~ 1 1214.150 

0 1 1218.088 

i 1244.750 

749 
749 
749 
749 
749 

749 
749 
749 

8.68015~4 - 91.070547 
8.391938 - 90.780621 
8.846768 - 91.208887 
7.955299.90.300625 
7.955299 - 90.067347 

8.391938 - 90.487810 
7.955299 - 90.0427 7 0  

8.391938 - 90.300625 
21.2.51608- 103.2321 

21.430353 - 103.1209 
749 
749 

21.251608 - 102.8512 
21 581638 - 102.9803 
25 428784 - 106.69017 
21.711917~102.9515 
21.430359. 102.4899 

749 
749 
749 
749 
749 

13.673185. 94.68509 
25,805328 - 106.69017 

21.581638. 102.3403 
8.846768 .89.625940 

26.352766 . io7.00635 

26.170181 - 106.69017 
15.84465 - 96.35696 

26.352766. 106.69037 

749 
749 
749 
74.9 
749 

2 ' 1247.816 
2 1249.798 i 22.810357 - 102.9515 

26.170181 - 106.1831 

13.47441 1 - 93.12990 
27.620412 - 107.1656 

13.47441 1 .92.89950 
20.34030 . 99.75712 

25.428784 - 104.81680 
0. . 79.33150 

20.34030 - 09.65322 

25.428784 - 104.65926 

3d"(a3F)45 - 3d"(a"D)4s4p('P') 
3dh(a"Hj4s - 3ds(aYI)454p(.'P') 

5 1250.597 
20 1255.406 

0 j 1257.18 

3d'. 3df'(b'I.)4p 
3d' . 3d"(b1G)4p 

3d"(a,"(;)4s 3d5(a'l)4~s4p('P) 
3d"(ai0)4s - 3di(a"S)4s+p('P) 

3d' . 3ds(a*G)4s4p('P") 

3d'YaiG)4s - 3d5(a21)4a4p('P) 
3d' - 3df'(b'F)4rr 

749 
749 
749 
749 
749 

1259.053 i: 1259.179 
0 1259636 

9 110 ~ 1260.533 
5 1260829 

10 1262.141 
13.673185 - 92.89950 
l3.471411 - 92.64751 
22.409852 . 101.57390 I 2.5.805328 - 104.93780 

15.981629 - 105.02860 
25,805328 - 104.81680 
20.80577 .99.80840 
7.955299 - 86.929649 

26.055423 - 105.02860 

1262.212 

0 1263.200 
1 ~ 1263.704 

I 1265.071 3dh(a'G)ils - 3ds(a'1)4s4p(.'P) 
3d"(a'G)4s - 3ds(a'1)454p(.'P.') 

3d' - 3d"(biG)4p 
3d"la'D)Ss - 3d"(b3P)4p 
3d"(aiGj4s - 3d5(a21)4s4p(.'P) 

749 
749 
74') 
749 
749 

10 1265639 
10 1265.781 
5 1266.234 

15 1266.253 



D-13 

5 
30 
55 
5 
1 

2 
1 
1 
1 
2 

1 
1 
55 

5 
35 

5 
2 
5 
2 

20 

2 
55 
60 
10 
10 

60 

5 
5 

i n  

2n 

1 
1 
1 
5 

40 

20 

1 
2 

30 

n 

30 
1 

40 
1 

10 

2 
5 

0 
1 

2 
5 
2 
5 
1 

0 
20 

2 
2 

30 

n 
30 
10 
1 
1 
1 

. . .......... ~ -. . . . . . . . . . . . . ............ . 

M u l t i p l c t j R e l . I n t .  A,,, (in A) 
.... ~ A. ........ ~~ 

~ 

1266.525 
1266.677 
1267.422 
12133.143 
1268.557 

1269.040 
1269,353 
1269.823 
l26Y.959 
1271 2 3 2  

1271.347 
127 1.592 
1271.98.3 
1272 250 
1272.613 

1272.655 
1273.036 

1274.063 
1275.184 

E9S.349 
1275.778 
1273.807 
127.5.820 
1276.801 

1277.643 

1279.101 
1280.526 
1283.063 

1286.9 I4 
1287.423 
1289.094 
1289.312 
12!100.1V4 

1290.772 
1291.581 
1202.406 
1293.044 
1293.543 

1294.906 
12!>5.903 
1296.084 
12Yfj.287 
1297.933 

1298.1 16 

12Y9.432 
1299.804 
1299.994 

1273.097 

1277.685 

1298.802 

1303.030 
1303.053 
1303.893 
1304.436 
1305.520 

130.5.784 
1306.7Q 
1306.830 
1:307.2h3 
1308.968 

1309.555 
1309.581 
130.929 
1310.151 
1310.588 

25.981629 - 104.93780 
.384790 - 79331.50 
,384790 - 79.28511 

13.4744.1 1 - 92.32989 
20.80.577 - 99.63552 

13.474411 . 92.27412 
13,673185 - 92.45346 
13.474411 - 92.225538 
13.904824 - 92.65731 

,667683 - 79.33 150 

13.673185 - 92.32989 
13.673185 .92.314758 

,667683 - 79.28511 
13.673185 . 02.2741 2 

.667683. 79.24617 

,667683. 79.24360 
13.673185 - 92.225538 
13.904%24 - Y2.45346 
26.170181 - 104,65926 

862613. 79.28511 

13.904824 - 02.314758 
362613 - 79.24617 

20..516960 - 98.89871 
"862613. 79.24360 

13.904824 . 92.225538 

,077053 - 79.24617 
.977053 - 79.24960 

25.787598 - 103.96749 
20.80577 - 98.89871 
20.34030 - 98.27877 

20.830582 - 98.53585 
20.830582 - 98.50510 
13.474411 - 91.048256 
20.830582 - 98.3'9133 
20.830502 - 98.33828 

20.80577 - 98.27877 
13.474411 - 90.898873 
13.673185 - 91.048256 
26.055423 . 103.39129 
13,47441 I . C ) ~ . ~ R O ~ Z I  

13.673185 - 90.898873 
21.430350 - 98.5966S 
13.474411 - 90.629902 
13.904.824 - 91.048256 
20.80577 - 97.85135 

26.932748 - 103.96749 
13.904324 - 90.898873 
13.673185 - 90.629902 
13.904824 - 90.83948 
13.474411 - 90.397868 

26.932748 - 103.67622 
13.904824 - 90.629902 
21.812055 - 98.50510 
25.787598 - 102.449L0 
22.409852 - 99.00770 

15.84465 - 92.42698 
21.8120.3 . 98.33828 
18.360646 - 94.88074 
20.830.582 - 97.32627 
32.875646 - 109.27171 

32.909905 - 109.27171 
22.409852 - Y8.77014 
18.360646 - 94.70066 

I.5.844b5 - 92.171716 
30.388542 - 106.6~90.1 7 

....... ~ ... ~ . .  ~ ................ 

Configurations 
~. . . . . . . . . . . . . . . . . . . . 

~~~ .......... 

3d6(a"C)4s . 3d'(az1)4s4p(3P') 
3d'(asD)4s - 3dS(ahS)4s4p(lP') 
3d"(ahI1))4a - 3d'(af5)h4p(jP) 

3d' - :'di(a%)4&p(jl'") 
4d' - 3d"(a+C)4s4p("P) 

3cl' - :3d'(h3Y)4p 
3d' - 3de((13F)4p 
3d' - 3d'(a51))5p 
3d' - 3dr(bLE)4p 

3du(asD)4s - 3d'(a'S)ls4p('Y") 

' 3d' - 3d6(b'P)4p ' ' ' 

3d6(a5D)4s . 3d5(a"S)4s4p(' P )  

3d' . :$d'(a'l))iip 
3dh(aSDj4s - 3d5(a"S)4s4pi'P") 

3d' - 3dh(b'C)4p 
3d6(a'DU)4s . 3dG(alD)4p 

9d' - 3d'(a"D)5p 

3d:(aiD)4s - 3d5(a"S)4s4p('P) 
:3d'(a51))4s . 3d6(a'D)4p 
Bd'(a'Pj45 - 3d'(a"P)4s4pCiP") 

.%I' - 3d6(b'G)4p 
3d' - :3d6(b'G)4p 

3df'(a3P)4s - 3d5(a"D)4s4p('P) 
3db(a3P)4s - 3ds(a4D)454p('P") 

3d' - 3d'(aiD)5p 
3d6(a3P)4s - 3ds(a"D)4s4p("P") 
3d'(a'P)4s - 3dS(a4P)4d4p("Y") 

36' - 3d"(b'G)4p 
3d' - 3d'(h3PMo i 

~ 

dotes 
~ 

~ 

P 
P 
I' 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
Y 
P 
Y 
P 

P 
Y 
P 
I' 
P 

P 
P 
P 
P 
P 

P 
1' 
P 
P 
P 

P 
P 
Y 
Q 

I' 
P 
P 
P 
P 

P 
P 
Y 
P 
1' 

s 
P 
P 
P 

P 
Y 

9 
Y 

1' 
P 
P 
P 
P 

K~ferences 
~ 

~ 

749 
749 
749 
749 
749 

749 
74.9 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
789 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
292 

749 
740 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
719 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

.... ...... 
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~~ 
~~ 

~~ - 

I ebeii  ( in  1 0 '  cm 1 )  j 
~~ 

32875646 10914968 
1636936 92602703 

22 ~ 2 0 5  98 59665 
22409852 9871828 
27677205 9853585 

I 

~- Configuration, 
~ ~ 

References 
~. .- 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
816 
749 

749 
816 
749 

, ~~~~ 

30 13 1 1.062 
2 I3ll.762 
.i 1316.492 
.5 , 1317.030 
.5 1317.545 

I 1318.065 
0 1318.565 

3d"(ai1)4s . 3d5(a'1)4s4p('P") 
3d' - 3d61b"Fi40 

3d"(a'L.?4s - 3d5(a'D)4s4p( ' P )  
3d"(a3P)41 . 3d'(a'P)4~4p(~P) 
3d0(a.'F)4s . 3dS(a4D)4s4p('P") 

27 314922 - I03 1837 
20 516960.96.35696 

3d6(a'Fj4s - 3dS(a4D)4s4p('P) 
3d' - 3dS(anC)4s4p(JP) 

3d6(a'Ft.ls - 3d5(a4D)4s4p("P"j 
3d"(a.'F)4s - 3d5((a*D)4z4p("F") 
3d"(aJF)4s - 3d5(a'D)4a4p(3P") 

3d"(a3F)4s - 3d5(a4D)4s4p("P) 
3d"(a.'F)4s - 3d5(a4D)4s4p(JP") 
3d6(a"f)4s . 3d5(a'D)4.s4p('PP'') 
3d"(a3F)4s - 3d5(a'D)4s4p('P") 
3d6(a"P)4s . 3d5(aZD)4s4p('P) 

3d6(a3F)4s - 3d'(a'D)4~4p(~P") 
3db(a'P)4s - 3d'(a'P)4~4p(~P") 
3dh(aJF)4s - 3d'(a'D)4~4p(~P"J 
3d"(aiD)4, . 3db(alF)4p 
3dh(a3FJ4s - 3d5(aJD)4s4p('P) 

0 1318.726 
2 1320.060 
0 1320.327 

22.9:39:358 . 98.7014 
22.637205.98.39133 
23 0:31300 - 98.77014 

I 
I 
I 
1 
1 

0 
5 
0 
0 
0 

1320.559 
1320.765 
1321.096 
1323.084. 
1 32.3.2 i 8  

1323.351 
1324.254 
1325.991 
1327.14 
1328.786 

22.810357 - 98.53585 
27.620412 . 103.3341 
22.810357 - 98..50510 
22.810.3.i7 - 98.39133 
26.932748 - 102.50381 

22.939358 . 98.50510 
21.812055 - 97.32627 
22.939358 - 98.3s.m 

7.955299 - 83.305251 
22.939358 - 98.19600 

20.80577 - 96.06206 
23.317633 - 98.50510 

20.830582 - 95.99569 
23.031300 - 98.19600 

27.314922 - 102.44910 
27.620412 - 102.50381 
27.620412 . 102.44910 
21.251608 .96.06206 
25.787598 - 100.40036 

25.428784 - 99.75712 
25.428784 - 99.65322 
20.516960. 94.70066 
32.909905 . 107.00635 
20.830582 - 94.73917 

1 1328.793 
1 1730.01 

3d' - 3dS((a4G)4s4p('P) 
3d54s2 - 3dS(aiD)4s4p("P") 

2 1310052 
1 1330405 
0 1330412 

3d"(a'PJ4s - 3d5(a"P)4s4p('P") 
3d6(a'F)4s - 3ds(a4D)4s4p(3P') 

3d6(a3b )4s - 3d5(a4D)4s4p('P") 
3d6(a3F)4s - 3d5(a'D)4s4p(3P") 
3df'(a3F)4s . 3di(a'D)4s4p('P) 
3d"(aJH)4s . 3d?(a'G)4~4p('P") 
3db(a.'P)4s . 3d"(azP)4s4p('P) 

3d"(a3G)4s - 3dh(blC)4p 
3d6(a%)4s - 3 d ' ( a % % s + ~ ( ~ P " )  

3 - 5  
8 - 4  

P , 749 
P 749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
816 
749 

749 
749 
749 
749 
439 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

10 
2 
1 
I 
1 

2 

1330.952 
1335.410 
1336.386 
1336.712 
1340.260 

1345.382 
1347.265 
1348,005 
1349.592 
1353.023 

1354.013 
1354.459 
1354.747 
1354.87 
1356.483 

1357.796 
1358.788 
1358.937 
1359.063 
1360.16 

1360.450 
1360.858 
1361.366 
1361.373 
1361.504 

1362.267 
1362.535 
1362.718 
1364.384 
1364.578 

1364.736 
3365.678 
1366.394 
1366.720 
1367.161 

1367.050 
1368.094 

i - 3  
5 - 4  
5 - 5  

Y - Y  
1-3 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 

$ 
P 

P 
P 
Q 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 

10 
5 
5 
2 

I 
1 
2 
0 
0 

20 
2 

20 
20 
12 

5 
20 
25 
30 

1 

2 
1 

IO 
20 
,I0 

20 
10 
20 
30 

2 

2 
10 

3d- - 3d6(b'F)4p ' 
3do(a'1)4s 3di(a'l)4s4p(JF'"J 
3d6(a'P)4s 3d'(a'P)4~4p(~P") 

3dh(a'P)4s - 3d5(a4D)4s4p('P'') 
3d"(a'G)4s - 3d5(a'G)4s4p('P) 
3d6(a11)4s - 3d5(aZt)4s4p("P") 

3d' - 3ds(a4G)4s4p(3P") 
3d6(a'F)4s - 3d'(a%)4~4p(~P) 

20.830582 - 94.68509 
25.805328 - 99.63552 
32.875646. 106.69017 
20.34030 - 94.148518 

22.637205 .96.35696 

32.875646 - 106.5244 

26.170181 - 99.75712 
22.637205 - 76.21742 

.977053 - 74.498057 

33.501253 - 107.00635 
26.170181 . 99.65322 
26.3.52766 - 99.80840 
13.474411 - 86.929649 
22.409852 - 9.5.85805 

22.810357 - 96.21742 
21.308040 - 94.70066 
20.830582 - 94.21 1739 
13.474411 - 86.767577 
26.352766 - 99.63552 

32.909905 - 106.1831 
33.466463 . 106.69017 
22.810357 .95.97569 
25.428784 - 98.59665 
20.34030 . 93.48458 

3d"(a11)4s - 3d5(a21)4s4p('F'") 

3d"(a3H)4s - 3d"(b1G)4p 
3d6(a'F)4a - 3d5(a"P)4s4p(3P) 
3d"(a5D)4s - 3d6(a3D)4p 

3d'(aiG)4s - 3d'(a'1)4~4p(~) 
3dh(a3H)4s . 3d'(a'G)4~4p(~P") 
3dhla"H)45 - 3d6(biG)4p 

3d' . 3d"(bsP)4p 
3d"(a3P)4s - 3d5(a4P)4s4p(3P) 

3d6(aJF)4s - 3di(a4P)4s4p('I'") 
3d' .  3d6(b3F)4p 

3dh(a'P)4s . 3ds(a'P)4s4p("P) 
3d'. 3d6(b'P)4p 

3d6(a"H)4s - 3ds(a'G)4s4p("P"j 

3d"(a11)4s - 3d5ia'I)4s4pi'P") 
3dh(a'G)4a . 3d'(a21)4s4p('P") 
3dh(a3F)4s - 3d?(a"P)4~4p(~P") 
3db(a%)4s - 3d"(anD)4s4p('P) 

3 8  . 3A"lh"F'lb" 
\-  - I  ., - I- 

13.673185 - 86.767577 
27.314922 - 100.40036 
13.47441 1 - 86.54749 
21.812055 - 94.88074 

3d'. 3d"(b3P)4p 

3d' - 3d6(a'F)4p 
3d6(a'F)4s 3d5(a4P)4s4p( ' P )  1 2 1368 262 

1 11f8493 
2 1368575 3d"(a 'P)& 3d5(a4P)4k4p('P) 
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... . 

. . . . . . . . . . . . . . . . . . . . . . . 

Multiple 
. . . . . . . . . . . . . . . . . . . . . . . . . . 

[el. Int.' A,,, (in A) 

10 
2 
0 

55 
0 
5 
0 

40 

5 
30 
0 
1 
5 

10 
55 

1 
1 0 
0 

2 
30 

2 
2 

55 

5 
IO 
2 

10 
20 

1 
2 
1 
1 
2 

7 0  
5 
2 
1 

20 

1 
1 

55 
1 
0 

10 

5 
2 
5 

1 
70 
90 

2 
1 

1 
2 
5 

3 

5 1368807 
20 1369.707 

1.369 .8.% 
1.370 191 
1370.532 

1371.022 
1371.2:32 
1371.390 
1372.226 
1372.292 

1373.122 
1373.718 
1374.005 
1.3 74.39:l 
1374.827 

1374.999 
1375.172 
1375.859 
1376.668 
1377.676 

1377.99 
1378.036 
1378.280 
1378.347 
1379.470 

1379.615 
1380.41 1 
1380.7 11 
1.381 2 2  I 
1:3x1.730 

1381.954 
1382394 
1382.565 
1382.732 
1383.139 

I :11%3.580 
1384.67 I 
138.5.272 
1385.456 
1386.1 82 

1386.442 
1386.797 
1387.219 
138'7.445 
1387.87 

1387.94 
1388.524 
13811.597 
1:IXY.660 
1390.318 

1391.309 
1392.1 49 
1392.817 
I 3'93.2 14 
1:193.49 

1394.713 
1396.228 
1396.234 

~ ... .. 

. ... ...... 
1.evrls (in 10' rm ' j  

22.939358 . 95.99569 
13.474411 - 86.48275 
20.830582 - 93.830979 
25.787598 . 98.77014 
23.031300 - 95.99569 

21.251608 - 94.189888 
21.812055 - 94.73917 
22.939358 . 95.85805 

13.673185 - 86.543974 

...................... ~ ....... ...................... ~~~ ~~ ... 

13.6731 8.5 . 06.54749 

23.031300. 95.85805 
30.388S42 - 103.1837 
27.620412 . Il)O.40036 
21.4:50359 - 04.189888 
23.031300 - 95.76770 

25.805321% - 08.53585 
21.430359 - 34.148518 

20.80577 - 93.48765 
13.904824 . 86.543974 
25.8U5328 . 9R.:39133 

30,764485 . 103.3341 
25.71175l)8 . 98.3.-rl.A(, 
2.5.981h29 . 98..53585 
25.787598 . 98.33828 
21.381638 - 94.073248 

13.904824 . 86.388820 
27.314922 . 99.75712 
26.170181 98.59665 
21.8121)55 q4.211739 
25.981629 . 98.35466 

21.711917 . 94.073248 
27.314922 - 99.63322 
22.409852 - 94.73917 
27.314922 - 99.63552 
20.890582 - 93.12990 

21.711917 -93.98817 
21.812055 - 94.031378 
27.62041 2 - 99.80840 
20.5 16WN - Y2.695374 
26.055423 - 98.1'9600 

22.637205 . 94.763219 
26.170181 - 98.27877 

20.34030 - 92.4'2698 
26.932748 . 89.110770 
31.364440 - 103.41808 

31.999048 . 104.W635 
21.8120.55 - Y3.830979 
27.620412 - 99.63552 

20.34011) - 92.31)0277 
26,352766 - 98.27877 

22.810357 - 94.68509 
20.34.030 - 92.171716 
20.80577 - 92.M12703 
20.34030 - 92.11678 

22.930358 - 94.70066 

20.516960 - 92.216320 
22.409852 . 94.03 13711 

20.80577 - 92.42698 
27.314922 - 98.139871 
21.812055 . 93.39536 

22.637205 - '44.189888 ' 
25.787598 - 97.32627 
22.637205 . 95.148518 
26..152766 - 97.85135 
20.80577 - 92.28246 

- 

vote:. 

P 
P 
P 
P 
P 

P 
P 
P 
P 
1' 

P 
P 
P 
P 
P 

P 
P 
P 
I' 
P 

8 
P 
P 
1' 

P 
P 
P 

References 
. . -. . . . . . . . 

744 
749 
7 49 
749 
749 

749 
749 
749 
749 
749 

749 
7 1.9 
74'9 
740 
749 

749 
749 
749 
749 
749 

816 
749 
740 
749 
749 

749 
740 
749 

P 749 
P 749 

P 749 
P ~ 749 
P 743 
P 749 
P 7.60 

P 
P 
P 
P 
F 

P 
P 
k' 
F 
Q 

$ 
I' 

k' 

P 
Y 
1' 
1' 
(2 

P 
P 
P 
P 
I' 

P 
P 
I' 
P 
P 

749 
749 
7 $9 
749 
749 

749 
749 
749 
749 
816 

436 
749 
749 
749 
749 

749 
749 
749 
749 
81 6 

749 
749 
749 
749 
749 

749 
719 
749 
749 
749 
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~_____ 

Levels (in 10' rin I )  

22.400852 - 93.84034 
20.932748 - 98.33828 

20.80577 - 92.171716 
22.810357 . 94.148518 

1.872567 - 73.143288 

22.8103.57 . 94.073248 
1.872567 . 73.091590 
1.872567 . 73.016147 

22.939:358 . 94.073248 
21.812055 . 92.89950 

22.939358 - 93.98817 
21.251608. 92.25021 
23.031300 - 93.98817 
21.251608. 92.16660 
21.308040 - 92.216320 

21.711917 - 92.602703 
22.637205. 93.48765 
22.637205 - 93.484.58 

21.430359. 92.16660 

21.430359 - 92.11678 
22.810357 - 93.18765 
22.810357 . 93.48458 
25.428784 - 96.06206 

~ ~~~ 

~~~ ~ 

1.872567. 72.651876 

2.4.30097 - 73.054881 

311 
1 P i49 

P 749 
P 749 
P 749 

P 749 
I' 749 
P 749 
P 749 
P 749 

P 749 
P 749 
P 749 
P 749 
P 749 

P i 749 
P 749 
P 749 

749 
P I 749 

I O  , 1503.255 
1 ' 1404.1 19 

1.0 1405.0OH 
:<I) 1405.800 

I 1406.718 

5 3407.483 
1 1 0  , 1408.478 

3db(a"F)4s . 
3d6(a3H)4s . 
3d'(aJF)4r . 
3dh(a3H)4p - 

3d'. 

3db(a3H)4s - 
3d6(aJF)4s . 
3dh(aiF)Ss - 

3d ' .  
3d4(a3H)4s - 

3d5(a4G)4i4p(3P") 
3d5(a"G)4c4p('P") 
3dS(a4G)4s4p(3P") 
3d5(a4C)4s4p(3P") 
3d6(b'P)4p 

3d6(biF)4p 
3db(b3F)4p 
3d"(b3F)4p 
3d6(a3D)4p 
3d'(d4"4v''.p(3P") 

0 
I 5 
2.5 
7 0  
io 

2 
2 
1 
2 
I 

141 0.62 1 
141 1.424 
11.1 1.485 
1412.842 
1413.7ll2 

141 4.699 
I41 4.882 
1414.943 
14 15.763 
1415.9:34 

3d6(a3H)4s . 3d51a4G)4s4p(3P") 
3d6(a3F)4s - 3d'ib'kMu 
3d"(a3F)4s . 3d6(b3F)4b 
3d6(a3G)4s . 3dS(a"G)4s4p('P"J 

3d' . 3dh(alG)4p P 

749 
759 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
149 

749 
749 
749 
488 
749 

749 
749 
749 
749 
436 

13D.40 
l3D.49 
749 
740 
740 

749 
740 
749 
749 
i $0 

1 I l4lO.630 
o 1416.710 
5 ' 1416.732 

21.581638 - 92.171716 
2.410097 . 73.016147 

22.810357 . 93.39536 

3d6(a3H)4s . 3d6(h"F)4p 
3d' - 3dh(alG).ip 

3d0(a3F)45 - 3db(b3F)4p 
3d6(a3E')4s . 3d6(h3F)4p 
3d6(aJH)4s - 3d5(a4G)4s4p(3P") 

3d'(a3H)4s . 3d5(a'G)4s4p(.'P") 
3d'(a3F)4s . 3d6(b3F)4p 

3d'. 3d6(a3D)4p 
3d'(a"F)Ss - 3dh(b'F)4p 

3d' - 3dS(a'U)4s4p('PP") 

3d6(a3H)4s - 3d~(a4D)4s4p('P) 
3db(a3G)4s - 3d"(a4C)4s4p("P") 
3d'(a3H)4s - 3di(a4G)4s4p("P) 
3d"(a3P)41 . 3d'(b3P)4p 

3d'. 3db(a'F)4p 

I4 17.469 
1517.733 

1518.286 
I41 8.587 
14 18.853 
1419.325 
14lO.445 

1 4 10.003 
1419.771 
1420.356 
1420.368 
1421)..575 

1420..585 
1420,674 
1420.9 12 
142 1.180 

22.939iZ58 - 93.48765 
21.581638.92.11678 

21.581638 . 92.08926 

2 
40 

1 
1 

21) 
l(1 

1 

1 
0 
1 
Ii 
I 

I 
I 

40 
1 

22.6:37205 . 93.12990 

22.939358 - 93.39536 
I 372.567 - 72.352024 

31.999048 - 102.44910 

21.711917 - 92.154165 
2.5.80.7328 - 96.23920 
21.711917 -92.11678 
21.812055 - 92.216320 
13.47441 1 . 83.86845 

26.032748 - 07.32627 
22.939358 . 93..32848 
21.711917 - 92.08926 
23.031 300 . 93.39336 

2 .8379~1 . 73.1891 10 

22.8111357 . 93.129YO 
23.031:100 . 93.32848 

2.430007 - 72.6.50658 
31.304440 - 101.57390 

13.673185 - 83.86845 
2.430097 - 72.619490 

31.387918 - 101.57390 
38.660043 - 308.804667 

P 
P 
P 

P 
P 
P 
P 
P 

P 
P 

P 
P 

P 
P 
P 
Q 
Q 

P 
P 
1' 

P 

$ 
P 
P 

3d6(a"P)4s . 3d5(a4P)4s4p("P) 
3d'((a3F)4-. - 3d6(b3F)4p 
3d6(a'H)4s . 3dS(a4G)4s4p("P"i 
3d"(a3F)4r . 3d6(h'F)4p 

3d7 - 3d'(a3D)4p 

3db(a3F)4s - 3d6(b3F)4p 
3d"(a'F)4s - 3d6(bJF)4p 

3d' - 3dh(a3D)4p 
3d6(a'D)4s - 3d5(anD)3k&p(JP") 

3di - 3d"(a1F)4p 
3 d '  - 3d'(a3L))4p 

3dh(aJD)4s - 3di(a'D)4j4p(3P'') 
3d"(ail))4p - 3d6(a3D)5s 

I ' 1421.441 

5 1422.080 
I O  1422 532 
5 1423,922 
8 1424.08 
2 1424.309 

1424.597 
1424.717 
142;t.786 
142.5.6 I O  
1426.21 

1426.21 
14'6.21 
1426.761 
1427.1.1.8 
1427.798 

1427.870 
1528.688 
1429.270 
1429.301 
1430. I67 

22.810357 - Y2.89950 
3.1 17461 . 73.187280 

3 I .364440 - I0 I ,40238 

31.368450 . 101.40238 
8.846768 - 78.84196 

22.637205 - 92.602703 
22.939358 - 92.89950 

2.430097 - 72.352024 
I 
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....x ... 

-. . . . . . . . . . . . . . . 

Mirltiple 
. . . . . . . . . . . . . . . . . . . . . . . . 

47 

47 

47 

(1.7 

93 

93 

~ ................. ~ _ _  

...... ___ 

15 

5 
0 
2 
1 

55 

1 
2 
1 
2 
n 

m 
i n  
5 

30 
2 

1 
1 
5 
2 
5 

5 
2 
2 
2 
5 

20 
1 
1 

20 
1 

i n  
2 
0 

10 
1 

40 

i n  
40 

2 
1 

1 
2 

20 
n 

40 

n 

40 

1 
2 

1 

1 
40 

2 
2 

30 

n 
5 

2 
1 
1 

1432.875 

Iw3.nM 
1433.568 
1434.145 
14,34669 
1434.996 

1435.475 
143.5.848 
1436.041 
1436.438 
1436,447 

1438.133 
1438.135 
1438.445 
1439.427 
1439.Cfi0 

1440.510 
1 .L'L0.523 
1440.775 

1441.119 

1441.575 
1441.725 
1442.104 
1442.278 
1442.433 

1442.746 
1443.031 
1443.481 
1443.737 
1444.19 3 

1444.981 

1446.737 
1447.272 
1448.394 

1448.193 
1450.020 
1451.616 
1451.989 
1454.311 

iun .910  

i+i,s.m 

1 ~ 4 . 8 3 0  
1455.186 
1456.472 
14a57.43 1 
1459.304. 

1461.145 

14fj2.318 

1463.592 

1464.817 

1466.220 
1466.988 
1468.610 

1469.383 
1469.68 
1470.015 
1470.162 

1.m .84n 

1 ~ 3 . 2 0 4  

1465.040 

1m.m 

26.1701~1. 96.062116 
26.352766 . 9623920 I 

2.430097 - 72.248513 
22.810357 - 92.602703 
22.b.77205 .92.42698 

2.837950 - 72.619490 

2.837950 . 72.524566 

22.939358 - 92.602703 

30.764485 - 100.40036 

23.031300 - 92.64751 

22.637205 - w 2 w ~  

22.810357 - 92.42698 

2.430097 .71.96~710 
22.637205. 92.171716 
22.810357 - 92.32989 

22.939358 - 92.35861 
3.117461 - 72.524566 
2.837950 - 72.138513 

22.939358 . 92.32989 

3n.38854~ . 99.75712 

22.939358 - 92.27412 

22.810357 . 92.17 1716 
22.939358 . 92.28246 

23.031300.92.35861 

3.117461 - 72.429711 

22.939358 . 92.2 16320 

23.031300 - 92.27412 

23.031300 - 9 2 . ~ ~ 9 8 ~  

30.388542 - 99.05322 

I 
2 . 8 : n m  . 72.04~126 

23.031300 - 92.216320 
3.117461 - 72.238513 
.?.I1 7461 . 72.212978 
3.117461 . 72.16R998 

27.314422 - 96.35696 
27.314922 . 96.27949 
30.764485 . 99.65322 

25.428784 - 94.189888 
30.764ai5 - 99.63552 ~ 

27.620412 - 96.35696 
25.428784 - 94.148518 
27.620412 . 96.27949 
20.830582 - 89.4444633 
23.317633 - 91.843470 

,862613 .69.30209 

25.805328 .94.148518 

18.360646 - 86.767577 
25.805328 - 94.189888 

.977053 - 69.30209 

25.R05328 - 94.073248 
23.317633 .91.575139 
25.787598 - 93.98817 
25.981629 - 94.148518 
25.981629 - 94.073248 

25.428784 - 03.48458 
22.939358.90.98i5 

2 6 . 0 5 . ~ 3  - 94.073248 

15.84465 - 83.871184 
26.170181 - 94.189888 

3d' . 3d"(aiD)4p 
3d6(a'F)4h . 3d"(b3FI.'14n 
3d'la"FMs 

3d'(s3G)4s - 3dh(b'C)4p 
3d6(a3f')4s . 3d"(a4G)ils4p(?P') 

3d7 - 3do(a'1))4p 
3d7 - :Id6(a3D)4p 

3dh(a3F)4s - 3d5(a'G)4s4p("P) 

3dt(asD)4s - 3d'[a'5)4s4p('P') 
3d' - 3d6(biP)4p 

3d6((a3G)4s . 3e(anG)4s4p(3P) 
3d6((asG)4s - 3d~(a%)4~&p(%'~) 
3d6(asD)4s - 3d'(a6S)4s4p('Po) 

P ' 749 
P 1 749 
P 
P 
P 

P 
r 
$ 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
IJ 

P 
P 
P 
P 
P 

P 

P 
P 
P 

P 
I' 
P 

P 

P 
P 

P 
P 

P 
P 
P 
1' 
P 

P 
P 
P 
P 
P 

P 
P 
1' 
P 
P 

I' 
P 

P 
P 

P 

r 

r 

r 

s 
P 
I' 

749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
7 49 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
74Y 
749 
749 
749 

749 
749 
74.9 
749 
749 

749 
749 
749 
749 
7 49 

749 
749 
749 
749 
7'29 

749 
749 
749 
749 
749 

749 
816 
749 
749 
749 

,.... -.-.. 
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I l470.447 
3 1470.662 

20 1472.044 
0 1472.966 
1 1473.090 

40 1473.833 
0 1474.033 
1 1474723 
1 1475.019 

10 1475.694 

5 1475.839 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
292 
749 
749 
749 

25.981629 . 93.98817 
31.81 1822 - 99.80840 
26.055423 . 93.98817 
30 .33mz - 98.2787; 

2 430097 - 70.314604 

P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 

23.317633 - 91.167937 
36.126387 - 103.96749 
31.999018 - 99.30840 
26.352766 - 94.148518 
27.314.922 . 95.07964 

3d"(a'H)4s - 3d5(a"G&lp('P) 1 
3rl"la'F)4s - 3di(b'P)4p 

3d- - 3d"(b1G)4p 
3d0(a'F)4s . 3d"(aiD)4p 
3do(a'G)4s - 3d"(b"F)4p 
3d"(a'G)4s . 3d"(b3b))4p 

3d' - 3d5(a4G)4s4,p('P') 

3d"(a'U)4s - 3di(d'D)4s4p("P) , 
3d"(a.'l))4s - 3di(a"D)4s4p("P') 

' 
3d"(a"F)4s - 3dh(b'F)4p 
3d"(a3F)4s - 3d"(a5D)5p 
3d"(a.'G)4s - M"(b'F)Sp 

3d"(a.'G)4s . 3d"(b'F)Sp 
3d' - 3db(alF)4p 

3d"(a"F)4s . 3d"(aiD)5p 
3d"(a.'C,)4s . 3dh(b"F)4p 
3df'(a.'D)4s - 3d5(a4D)4s4p('P") 

3dh(a"E')4s - 3d"(b'iF)4p 
3d"(aiD)4s . 3d5(a41))4s4p( 'P) 
3d6(a3D)4s - 3d5(aJD)4s4p('P") 
3d6(a'G)4s - 3d6(b't.')4p 
3dh(a"G)4s - 3d"(b3F)4p 

i 

31.Y99048 - 99.75712 
22 637205 - 90.386528 
25.805328 - 93.48765 
25.805328 - 93.48458 
31.999048 - 99.65322 

I O  1476.030 
5 1477.491 
2 1477.558 

I O  1478.105 

I 
I 
2 
0 
2 

1 
1 
0 
2 
3 

5 
1 
2 
5 
2 

1 

1478.344 
1478.43 I 
1479.848 
1480.42 
1481.349 

148 1.417 
1 48 1 . 4 4 1  
1482.393 
1483.377 
1483.554 

1483.556 
1483.642 
1484.072 
1485.003 
1.485.342 

1485.566 
1486.479 
1486.834 
1487.377 
1489.250 

31.364410 - 99.00770 
31.368450 . 99.00770 
22.637205 - 90.211700 
22.939358 . 90.487810 
25 981629 - 93.48765 

, 749 
P 749 
P 749 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 

645 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

7 49 
749 

25.981629 - 93.48458 
16.36936.83.871184 

22.939358 - 90.397868 
25.981629 - 93.39536 
31.364440 - 98.77014 

22.637205 - 90.042779 
31.368450 - 98.77014 
31.387948 - 98.77014 
26.0.55423 . 93.39536 
25.805328 - 93.12990 

3d"(a'H)45 - 3d6(b'F)4p 
3df'(a'(;)4s - 3d"(b3F)4p 
3dh(a'F)4s - 3d6(a'D)5p 
3dh(a"F)4s - 3d"(b3F)4p 
3d"(a3D)4s - 3d5(a4D)4s4p('P) 

26.170181 - 93.48458 
26.055523 . 93.3284.8 

22.810357 - 90.0.12779 
31.387948 - 98.53585 

22.810357 - 90.067347 

3d"(a'D)Ss - 3d5(a"D)4s4p('P) 
3c16(a'D)4s - 3d5(a*D)4s4p('P") 
3dh(a'6)4s - 3d6(b'G)4p 
3d"(a,'E')4s - 3d6(b3F)4p 
3tl"(a'D)4s - 3ds(a"D)ls4p('P') 

2 1489.410 
30 1489.932 

5 1490.605 

31.364440 - 98.50510 
31.387948.98.50510 
30.764485 97.85135 
22.810357 .89.890373 
31.483176.98.53585 

31.483176 - 98.50510 
31.387948. 98.39133 
25.428784 - 92.42698 
31.387948.98.35466 

P 749 
P 749 1 

5 

2 
2 

20 
1 
5 

2 
0 
1 

10 
20 

10 
0 

40 
2 

20 

1 
5 
1 

20 
0 

0 
10 

1 
2 0 
5 

1490.757 
1491.365 

1492.049 
1492.462 
1492.577 
1493.279 
1493.629 

1493.967 
1494 0x1 
1494.376 
1494.586 
1494.595 

1zt94.776 
1496.01 9 
1496.526 
1497.065 
1498.287 

1499.339 
1501.027 
1501.680 
1504.277 
1504.996 

1505.37 
1506.539 
1506.787 
1506.903 
1507.198 

P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

816 
749 
749 
749 
i J 9  

3d"(aiD)4s - 3ds(ail))4s4p("P) 
3d"(a'D)Ss - 3d5(a4D)4s4p(31>") 
3d"(a3G)4s - 3d5(a*T,)4=,4pt'P) 
3db(aJD)4.5 - 3ds((a4D)4i4p(.'P") 
3d"(a'F)4s - 3d"(b'F)4p 22.939358 - 89.890373 

16.36936 - 83.305251 
36.252918 - 103.1837 
25.981629.92.89950 

25.787598 . 92.695374 

31.999048 - 98.89871 
20.055423 . 92.89950 

25.805328 - 92.602703 
25.428784 - 92.171716 

23.031300 - 89.723342 
2.5.981629 - 92.602703 
26.055423 ~ 92.64751 
25.805328 - 92.28246 
25.981629 - 92.42698 

25.787598 - 92.216320 
0. - 66.377283 

25.805328 - 92.171716 
25.805328 - 92.16660 
2.5.081629 - 92.32989 

31.483176 - 9a.39133 

25.428784 - 92.25021 

3d' - 3d6(alF)4p 
3d"(aiD)4s - 3d'(a2D)4s4p( 'P") 
3df'(a%)4s - 3d"(h'F)J.p 
3dh(a.'D)4s - 3d"(a'D).4~4p(~P) 
3dh(a.'P)4s - 3dh(bJP)4p 

3d' - 3d"(h1G)4p 
3d6(a"G)4s ~ 3dh(h'F)4p 
3d"(adG)4s . 3d'(a4G)4s4p('P) , 
3dfi((a"(;)4s - 3d6(bJF)Jp 
3dh(aSG)4s - 3dh(b.'F)5p 

3d"(a3F)4s - 3d"(biF)4p 
3d"(aJG)4s - Ddh(b'F)4p 
3df'(a'G)4s - 3dh(b3F)4p 
3d"(a 'G)4s . 3d5(aJG)4s4p('P') 
3d"(a'G)4s - 3I"aJG)4s4p('I''') 

3d"(aiP)4s . .3d"(b'P).Ep 
3d"(aiD)4s - Yd"(a'C)i.p 
3d"(a'G)4s - 3d"(h3F)4p 
3dh(a'G)4s 3d5(a4C)4s4p('P) 
3dh(a"G)4s - 3di(aJG)*!s4p('I"') 
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. ... . 

~ .- . . . . . . . 

Multiple 
. . . . .~ ........ 

. . . . . . . . . . . . . . . . . - 

el. Int 
. . . . . . . . .. . . . . - 

1 
1 
5 
2 
2 

2 
0 
1 
1 
1 

20 
1 
1 

L ~ , .  (in A) 
~~ - 

1507.779 
1508.107 
1508.223 
1508277 
1508.467 

1508.877 

ITW9.414 
1509.435 
1SIO.148 

1510.661 
lX0.80 I 
151 1.46'7 

I 509.279 

30 1512.055 
1 , 1.512.214 

1 I 1512.246 
1513.316 

1; ~ 1514.375 
2 1515.117 
2 ~ 1515.171 

5 1 1515877 
5 
0 
1 
1 

1 
1 
5 
1 

10 

1 
20 

2 
2 
5 

2 
5 

30 
10 
20 

40 
5 
0 
0 
1 

5 
1 

10 
0 

10 

0 
2 
0 
5 
0 

1 
0 
1 
2 

10 

0 
0 
0 
2 
2 

1515.937 
151 6.569 
1.518.685 
1519.437 

1519,504 
1520.416 
1.520.874 
1521.586 
1522.684 

1523.280 
1523.374 
1523.990 
1525.072 
1525.743 

1526.205 
1526.369 
1526.536 
i526.913 
1527.239 

1527.347 
1527.64S 
1528.742 
1528.979 
1529.509 

1530.438 
1530.680 
1531.615 
1532.3101 
1532.815 

1534.838 
1538.044 
1539.046 
1539.4452 
1541.026 

I 542 x r B  
1543.234. 
1543.277 
1 W . 6 1 7  
1544.777 

1545.202 
154.5.677 
1545.706 
1545.808 
1546.451 

~ ................... ~ ~. . . . . . . ~ 

Levels (in 10' CIU ' )  
~ ..... ~ 

36.12b.387. 102.44910 
23.317633 . 89.625940 
26.055423 - 92.3.5861 
25.U81629 ~ 92.28246 
25.981629 - 92.27412 

26.055423 . 92.32989 
26.170181 . 92.42698 
36.252918 . 102..50:381 
26.352766 - 92.642703 
26.055423 - '42.27412 

36 252918. 302.44910 
25,9816W - 92.171716 
26.05%23 - 92.216320 
25.981629. 92.11678 

1.872567 - 68.000788 

23.317f33 . 89.446458 
26.170181 . 92.25021 
26.05.5423 - 92.08926 
26.170181 - 02.171716 
18.360646 . 84.35980 

30.388542 . 96.35096 
20..5lh96,0 . 86.48275 
31.387948 - 97.32627 
38.858958 . 104.70542 
263S2766 - 92.16660 

23.317633 - 89.128561 
38.858958 - 104.63043 
38.660043 - 104.4,1169 
38.660044 . 1 0  4.381194 
30.388542 - 96.06206 

39.109307 . 104.7571 1 
1.872567 - 67.515532 

39.013206 - 104.63U43 
2.530097 . 68.0007118 

:18.458981 . 104.00081 

38.858958 - 104.380U.I 
: 3 0 . 7 M  - 96.27949 
18.360646 - 83.86845 
98.458981 - 103.9505'1 
38.458981 - lIX1.93hbO 

18.886780 - 84,35980 
38.660043 . 104.12027 
39.013206, - 104.42646 
32.875646 - 98.27877 
27.314922 - 92.695374 

38.660043 - 104.00081 
38.858958 - 104.18938 
38.660043 - 103.9505D 
38.858958 . 11)4.120%7 
21.308040 .86.54749 

26.055423 - 91.208887 
13.673185 - 78.600846 
25.805328 - 90.780621 

23.317633 - 88.20945 

31.387948 - 96.21742 

2.i..m784 - 90.386328 

25.981629 . 90.780621 
8.3'41'438 - 73.1m110 

25.428784 - 00.211700 
31.483176 - 96.21742 

1.872507 - 66,.58WKk? 
7.!455299 - 72.651876 
7.955299 ~ 72.650658 

7.955200 - 72.619490 
30.388542 - 9.5.1)79@4 

~ . . . ...... ~. -. . . . . . . . . . . . . . . . .. . . . . 

Terms I J - J G a  
~ . ..~ -. . . . . . . . . . . . . .. ,- 

P 
P 
P 
P 
P 

P 
1' 
P 
P 740 

Hrizrenres -~ 
~ 

749 
749 
749 
7 49 
749 

749 
74') 
749 
749 
719 

749 
749 
7.19 
744 

:: ~ :::; 
P 749 

P 
P 
P 
P 
1' 

P 
P 
P 
P 
f' 

1' 
P 

P 
P 

P 
P 
P 

P 

1' 
P 
P 
P 
1' 

TJ 
P 
P 
P 
P 

P 
P 
P 
1' 
P 

P 
P 
P 
P 

r' 

r' 

P 
P 
P 
P 
P 

749 
749 
749 
7 2.9 
749 

749 
7 $9 
749 
74') 
749 

749 
7 49 
749 
749 
719 

749 
749 
749 
749 
749 

749 
749 
749 
7 49 
749 

749 
7 49 
749 
749 
749 

749 
749 
749 
749 
292 

719 
749 
749 
749 
740 

749 
749 
749 
749 
749 



I 1547.239 
1 1547.802 
2 151.8.204 
1 1548.438 

30 1548697 

4s 

40 

46 
4.6 
45 

45 
44 

45 

34 
4.5 

44 

45 

44 

45 

45 

4 4  
45 

4.5 

44 
44 

10 1549.593 
00 1 550.274 

I 1550.52 
I 1550.638 
0 1551.17 

20 iss1.9:in 
1 1552.677 
0 1552.716 
1 , 1552813 

I O  1553.810 

I 1554.08 
1 1554.751 
0 1554.843 
2 1555 655 
1 1556.129 

1 1556 608 
70 1558521 
5 5  1558692 

110 1559085 
5 1559269 

90 3560252 
20 1561 067 
20 1562270 

160 1563790 
30 1565,360 

2 15663.16 
1 IO 1566.822 

2 1 1568.646 
110 ~ 1569674 

110 1 1570.244 
I 1 1570.498 

I 57 1.137 
1572.21 

i n  , 1571.06; 

2y ' 
5 I 1572.749 
5 1572.756 
5 1573.000 

55 ~ 1574.038 
5s i 1573.828 

1 I 1574.399 
30 I 1574.772 
70 1574.922 
0 1575.420 
1 1 1575.80 

1 1576.433 
55 ~ 1577.167 

1 i 1578.012 
2 1578.12R 
5 , 1578.219 

20 ~ 1578.495 
20 1578.501 

2 , 1579.257 

11: 
~ 1580.629 

2 1581.290 
5 1581.421 

1582.372 ' 1582.981 

1 58 1.270 

0 1584.417 

Levels ( in  10' r m  ' )  
~~ 

7 
~~~ ~~~~ 

31.364440 . 95.99569 
31.387948 - 95.99569 

1.872567 - 66.463528 
25.805328 - 90.386528 
2.430097 . 67.000517 

27.620412 . 92.154165 
1,872,567 - 66.377283 

3 1.364.440 . 95.85805 
3 1.368450 - 95.85805 
31.811822 - 96.27949 

2.8379.50 - 67.273826 
25.981629 - 90.386528 
31.364440 - 95.76770 
31.368450. 95.76770 
31 .Y99048 - 96.35696 

37.227326 - 101.57390 

30.764485 .95.07964 
30.764585 - 95.04610 
25.805328 . 90.067347 

2.430097 - 66,672334 

3.117161 - 67.273826 
1.872567 - 66.012750 
8.391938 - 72.524566 

25.981629 . 90..3noms 

2.8370~0 .6:.ooo517 

2.43009: - 66.52230.~ 
1.872567 - 65.931334 
7.955299 - 71.964710 
2.430097 - 66.37728.3 
3.117461 .67.000517 

zo.si69m - 84.35980 
1.872567 - 6.5.696038 
2.837950. 66.612656 
8.680454, - 72.4297 I I 
1.872567 - 65.580041 

2.837950- 66.5223n4 
38.660043 - 102.334112 
8.391938 - 72.043026 
2.430097 - 66.078269 

22.939358 .86.543974 

8.846768 . 72.42971 1 
2.430097 - 66.012750 
8.391938 - 71.964710 
2.837950 - 66.377283 
20.34030 . 83.871184 

3 1.364440 - 94.88074 
2.430097 - 65.931334 
3.117461 .66.612656 

38.858938. 102.334112 
44.915046. 108.3738 

39.109307 . 102.543648 
3.117461 - 66.522304 

8.84.67hR - 72.212978 
8.680451 - 72.043026 

38.660043 - 102.n30~1z 

20.516Y60 - 83.86845 
31.38794?, . 9473917 
39.013206 - 102.334112 
2.430097 - 65.696038 
2.837950 - 66.078269 

38.458981 - 101.698489 
31.811822 - 95.04610 
8.846768 - 72.043026 

38.858958 - 102.030912 
4 2 . : m 8 z  - I 05.41954 

Configurations 
~~ 

~ 

3d"(a'D)4s - 3dI(a4P)4s4p(:'P) 
3d"(a.'1))4s - 3d'(a'P)4s4p( ' P )  

3d' - 3J"(a'G)4p 
3d"(a.'G)I.s - 3df'(a'D)4p 

3d' - 3d"(a"F)4p 

3d"(a3F)4s - 3d5(a4D)4.s4d'P) 
3d' - 3d"(a.'G)4p ' 

3d"(a.'D)4s . 3di(a'P)4s4p('P) 
3d"la 'D)45 - 3d'(azP14s4nl'P") 

i d 7  . 3d5ia'G)4s$p?P';) 

3d' - 3d6(a'F)4p 
3d"(a:'C,)4; - %jf((a'D)4.p 
3d"(aJI))4s - 3d'(a*P)4s4p('P) 
3df'(a.'D)4s - 3diia"Pi4s4p('Pi 

3d' . 3d5(a'G)4s4p('P') 

3df'(a'S)4s - 3di(a"D)4s4p("P) 
3d"(n'G)4s - 3d"(a5D)5p 
3d"(a"G)4s . 3di(b'P)4p 
3d"(n''G)l,s ~ 3d'(b'P).lp 
3d"(aiG)4s - 3df'(a'1))5p 

3dI . 3d6(a'G)4p 
3d '  - 3d"la.'F)4p 
3d' - 3d"(a"F)4p 
3d' - 3d"(a"G)4p 

3d"(a5Dl4s - 3d"ia"D)ilp 

3d' - 3db(a'G)4p 
3d' . 3dh(a'G)4p 

3d"(a'D)4s ~ 3d"(a'D)4p 
3d' . 3dh(a'G)4p 
3d' . Sd"(a'f'i4p 

3d' - 3d"(a'F)4p 
3d' - 3d"ia'G)4p 
3d ' .  3df'(a'G)4p 

3d"(a5D)4i - 3d"(a'D)4p 
3d' - 3d"(a.'G)4p 

3d' - 3df'(aiGj4p 
3d"(asD)4p - 3d"(a51))6s 
3d"(a5D)4s - 3dC(a"D)4p 

3d' - 3df'(a':C,l4p 
3d"(aiF)4s - 3df'(b'l')4p 

3d"(a"D)4s - 3d'(a4F'P"s4p(''P") 
3d' - 3d"(a'G)4p 
3d' - 3d"(alGl4p 

3d"(aiD)4p - 3d"(a'1))6s 
3d"(a'F)4s - 

3d"(a'D)4p 3d"(a5D)6s 
3d' . 3d"(a3G)4p 

3d"(a'D)4p - 3d"(aiD)hs 
3d"(a'D)4s . 3d0ia.'D)4,p 
3dh(aiD)S? - 3d"(aiD)4p 

3d' - 3d3(a1F)4p 
3d6(a.'D)4s . 3d7(a'P)4s4p(''P) 
3d"(a5D)4p - 3d"(aiD)6s 

3d' - 3df'(a'C;)4p 
3d' - 3d"ia'G)4p 

3d"(aiD)4p . :3d"ia'D)6s 
3d' . 3dr(b"P)4p 

3d"(aiD)& - 3d"(aLD)4p 
3d"(a'1))4p - 3d"(a"D)hs 
3d"(a'D)Sp . 3d"(a'D)511 

- 4  
.f 
- 1  
- 1  
- 1  

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
I' 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
0 

P 
P 
Y 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

~ ~~ 

Heferenres 

749 
749 
749 
749 
749 

749 
749 
816 
749 
816 

749 
749 
749 
749 
749 

816 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
816 

749 
749 
749 
749 
749 

7 49 
749 
749 
749 
816 

749 
7 49 
749 
749 
749 

749 
749 
7 49 
749 
749 

749 
749 
749 
7 19 
749 



D-2 1 

I .  

44 

.I4 

I 
I 

8 

43 

43 

8 

8 

1 10 
5 
2 

36) 
3 

2 
110 

5 
2 
1 

2 
2 
0 
5 
1 

5 
2 

10 
1 

10 

1 
1 

55 
5 

20 

5 
1 

20 
10 
40 

5 
70 

1 
1 
1 

1 
0 

160 
2 
2 

90 
40 

2 
2 

135 

2 
1 
1 
2 
1 

1 
20 

1 
160 

0 

2 
2 
0 
0 
2 

1 
10 

160 
5 
1 

1584.952 
1585.274 
1585.655 
1 5 n . i . 9 ~  
1536.288 

15n8.290 
1586.333 

1588.688 
15'$0.124 
1590.559 

1541.122 
1591 ,622 
1591.632 
1592.243 
1592.909 

I . W ~  5 : ~  
1593.661 
1594.1 13 
1595.416 
15'?6.641 

15Yb.82 
1598.455 
1600.01 3 
1600.552 
1600.7 I4 

1601.220 
1601.460 
1601.66Y 
1fj2.210 
lfN2.596 

1604.583 
1605.324 
1605.41 
1605.865 
1606.010 

1607.960 
I607 .990 
1608.451 
1609.168 
l610.314 

1611).923 
161 1.201 
161 1.540 
1612.099 
1612.806 

1613.183 
1613.29 
1613.357 
161 3.722 
1613.941 

1616.326 
161 6.652 
1617.187 
1918.4fJ8 
I 61 8.9.55 

1618.961 
1619.342 
I61 9.526 
1619.h44 
l620.06I 

1620.149 
1621.252 
162 I .686 
1621 ,867 
1622.146 

Levels (in 10" rill I) 
_____ ~. _____ _____ 

2.837950 - 65.931334 
3l.'JWO48 - 95.07964 
20.80577 . 83.871184 

21.308040 - 84.35080 
42.1 14.818 - 11)5.15509 

38.660043 - 101.698489 
3 . 1 1 7 ~ 1  - 66.07n269 

0. - fJ2.9.15038 
.38479ll - 6.3272976 

42.334822 - 105.20575, 

42.439822 - 10.5.28853 
42.401302 - 105.29029 
G.237033 . 105.06563 
42.401302 . 105.20579 
33.501253 . 96.27949 

42.114818 . 104.86850 
42.1148J8 - 104.86343 
42.335822 - 105.06.563 

2.430097 - 65.100679 
42.237033 - 104.86850 

41.968046 - 104.59327 
2 1.308040 . 83.8684.5 

20.80577 - 83.305251 
42.114818. 104.59327 
31 ,368450 . w.rnn:s4 

3 1 . 3 8 7 ~  - 9 3 . n 4 0 ~  
31.387948 . Y3.830Y79 

1.872567 - 64.286345 
41.968046. 104.36682 

16.36936 - 78.m0846 
15.84,465 - 78.137364 

21.581638 - 83.8711M 
2,837950 - 65.109679 

42.1 14818 . 104.380!!4 

42.439822 - 104.63U43 
42.237033 - 1M.42646 

0 . .  62.171615 
42.237033 - 104.38094 
31.387948 . 93.48765 

1.872567 . 6.3.948790 
0. . 62.065521 

43.238586 - 105.29101 
31.364440 - 93.39536 

1.872567 . 6 3 . n m i 7  

31.999048 - 93.98817 
97705.3 . 62.962205 

41.968046 103.0.5059 
41.968046 . 103.93660 
31.368450 . 93.32848 

42.114818 . 103.98.351 
2.490097 - G4.286345 

42.114818 - 103.95059 
,385790 - 62.171615 

42.658224 - 104.42646 

16.36936 - 78.137364 
42.658224 - 1M.41169 
42,237033 . 103.98351 
31.387948 - 93.12990 

0. . 61.726077 

4,2.658224 . 104,38094 
,385790. 62.065521 
.184790 - 62.049025 

2.430097 - 64.087418 
31.4831 76 .  93.129W) 

3d7 . 3d"(a1D)4p 

3dh(aSlI)4s . 3d"(a1F)4p 
3d' . 3d'((a3F)4p 

3db(asD)4p . 3d4(a'D)5d 

3d7 . 3d"(a'D)4p 

3d' . 3d'(a3F')4p 
3dh(a'D)4p . 3d!(a'1))5d 
3d6(a5L))4s - 3d'(d6S) 
3d'(aiD)4p . 3d6(a'D)5d 

3d' - 3d6(a'D)4p 
3d'(aFLJ)4p . 3d'((asD)5d 
3d6(a'D)4p . 3d6(a"G)5s 

3d'(as11))4s - :$db(a"P)4p 

3dh(a'1))4p - 3d6(a'D)5d 
3d6((a5D)4s - 3d6(aJF)4p 
3d"(a5D)4s - 3d5(a'SS)&4p(P) 

3d' . 3d"(a3Y)4p 
3d6($U)4s - 3do(b.'F')4p 

3d"(a'D)%e - 3d6(h3F)4p 

J<JtPb 
___ 

P 
P 
P 
P 
I' 

P 
1' 
P 
P 
Y 

P 
P 
P 
P 
P 

P 
P 
P 
P 
I' 

s 
P 
P 
Q 
P 
P 

P 
P 

P 
P 
P 
P 
P 

P 
I' 
P 
P 
P 

P 
P 
P 
P 
P 

r 
P 
P 
P 

P 
P 
P 
P 
P 

I' 
P 
P 
Y 
P 

P 
P 
P 
P 
P 

References - ~ - - 

749 
749 
749 
7 49 
749 

749 
749 
749 
749 
7 49 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

816 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
816 
749 
749 

749 
749 
749 
749 
749 

749 
749 
721.9 
74Y 
749 

816 
816 
749 
749 
749 

749 
749 
749 
749 
74-9 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

*.-..., . ... 



D-22 

-~ ~ ~~~ 

--1 Levels (in 10' cm ' )  
~~ ~ 

~~~ ~ 

T 
43.238586 - 104.8732.3 ~ 

2.430097 - 64.040886 
2.837950 - 64.425408 
2.430097 - 63.948790 

3 1  387948 ~ 92.89950 

.667683 - 62.171615 

.667683 - 62.1.51561 
43.218586 - 104.70542 
42.658224 - 104.12027 

,667683 - 62.125600 

2.837950 - 64.286345 
,667683 - 62.065521 

43.238586 - 104.63043 
,667683 - 62.049025 

16.36936 . 77.742730 

42.658224 - 104.00081 
.667683 - 61.974933 
362613. 62.125600 

2.H37950. 64.087418 
2.837950 - 64.040886 

,862613 . 62.049025 
7.955299. 69.10238 

13.474411 - 74.606841 
,862613 - 61.974933 

1.872567 - 62.945038 

.977053. 61.974933 
31.368450 - 92.35861 

3.1174.61 64.08741 8 
31.483176. 92.42698 
8.391938.69.30209 

18.360646 - 79.24617 
18.360646 - 79.24360 
48.039090 - 108.90664 
2.430097 . 63.272976 

31:483176. 92.28246 

1,872567 - 62.662244 
44.446878 - 105.21 114 

8.680454.69.42698 
38.164194 - 98.89871 
8.391938. 69.10238 

31.999048 - 92.695374 
31.483176.92.171716 
41.784761 . 105.44954 

44.212512 . 104.86343 

2.837950 - 63.465109 
8.680454 - 69.30209 

31.999048 - 92.602703 
8.846768. 69.42698 

31.811822 .92.35861 

47.674721 - 108.1916 
2.430097 - 62.945038 

43.620957 104.12027 
18.360646 ~ 78.84196 
44.753799 - 105.21114 

8.846768 - 69.30209 
1.872567 - 62.322431 
3.117461 - 63.559488 
2.837950 - 63.272976 

.667683. 61.093413 

8.680454 - 69.10238 

Configurations 

43 

4.3 

8 

8 

8 

43 
43 

68 

8 
42 

8 

43 

68 

42 

68 

42 
68 

68 

68 

42 
42 

68 

3df'(a'U)4p - 3d"(aiD)5d 
3d' .- 3d"(a"F)4p 
3dI . 3d"(a.'F)4p 
3d . 3d6(a"F)4p 

3d'((ai0)4s - 3dh(b'F)4p 

3d'Ya"DHs - 3d'fa"Si 

P 749 
P 
P 
P 
P 

1 1622.464 
I Ill 162:1.092 
10 1623.707 
135 1625.522 

0 1625.71 I 

749 
149 
749 
749 

149 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
7 49 
749 

749 
7 49 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
743 
749 

749 
749 
749 
749 
749 

P 
P 
? 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 

; 
P 

P 
P 
P 
P 
P 

P 
P 

! 
P 

P 
P 
P 
P 
P 

P 
P 

70 1625,912 
1626.443 
1626,894 
1627.020 
1627.130 

3d"(aJDj4s . Jd('(alFj4.p 
3dh(a51))4p . 3d"(a'D)Sd 
3d6(d5D)4p - 3d'(aiD)5d 
3d"(a5Dj4s . 3d"(aJP)4p 

3d' . 3d"(a'F)4p 
3d'(a5D)4s - 3d"(aJF)4p 
3d"(aiD)4p - 3d"(a5D)5d 
3d"(aiD)4a - 3d5(a"S)4s4p("P) 

3d'  - 3d"(a1D)4p 

3dh(aSD)4p - 3d:(a5D)5d 
3dh(aiD)4s - 3d'(a6S).bs4p(.'P) 
3d"(asD)4s - 3d"(aJP)4p 

3d' - 3d"(a3F)4p 
3d' - 3dh(a'F)4p 

3d"(ain)4s - 3ds(a"S)4s4p(T") 
3d0(a'Il))As - 3ds(aoS)4s4p('P") 

3d' - 3d'(aJD)4p 
3dh(asD)4s - 3d5(a"S)4s4p("P) 

3d' - 3d'(a3F)4p 

3df'(a'D)4s - 3ds(a"S)4s4p('P) 
3d6(a.'D)-ls - 3ds(a'G)4s4p("P") 

3d' - 3dh(a3FF'4 
3d"(a.'D)4s . 3d5(a444!&('P) 
3d"(aiD)4s . 3d'(a'S)4~4p(~P') 

3d' - 3dh(a3H)4p 
3d"(aiD)4p - 3d"(aSD)5d 
3d"(a5D)4s - 3dC'(a"S)4s4p( 'P") 
3d"(a1D)4s - 3dh(blG)4p 
3d6(asD)4s - 3ds(ahS)4s4p(3P") 

3d' - 3d6(bJP)4p 
3d'(a3D)4s - 3d"(bdF)4p 
3d6(aSD)4p . 3d6(asD)5d 

3d"(aSD)4p . 3d"(aiD)5d 

2 

30 1627.382 
1 , 1628.722 
1 1628.881 

135 1629.160 
40 1029.371 

2 
1 10 

5 

1630.189 
163 I .  128 
1632.307 
1632.667 
1633.909 

1634.350 

55 
90 

70 
110 

2 

110 
1 i n  

4 - 3  
5 - 3  
4 - i  
9 - 3  
3 - 3  

1 . $  
1 - 9  
1 - 1  
I - 4  
3 - 4  
1 - 3  
4 - 3  
8 - 3  
2 - 3  
$ - I  

4 - Y  
i-4 
4-1  
I - i  
1 - 3  

1635.401 
1635.810 
1636.331 
1637.399 

1639.401 
1639.609 
1640.152 
1640.856 
1641.762 

1642.427 
1642.496 
1642 927 
1643.578 
1644.756 

1 10 
2 

1 10 
20 
90 

10 
I O  
2 

90 
2 

30 1645.016 
I 1645.707 

110 I 1646.185 
1 1646.510 

90 1647.163 

30 
5 
2 
2 
5 

55 
90 
0 

70 
10 

0 
0 
0 

20 
20 

10 
2 

30 
2 
0 

10 
1 

20 
1 
5 

1647.546 
1647.758 
1648.403 
1649.1 12 
1659.323 

1649.426 
1649.576 
1650.065 
1650.70+ 
1651.615 

1652.4,4 
1652.489 
1652.91 1 
1653.403 
1654.062 

1654.1 14 
1654.263 
1654.478 
1654.670 
1654.91 

1655.028 
1655.253 
1655.506 
1656.142 
1656.461 

5-1  
9 - 8  
i - i  
1 - 1  
5 - 4  

3d"(a5D)4s . 3dS(ahSj4~4p('P") 
3d7 . 3d5(a4G)4s4p("P') 

3d'. 
3d' - 3d"(a3F)4.p 

3d"(a5D)4e - 3d"(asD)5d 
3d' - 3dh(a'D)4p 

3dh(a5D)4p - 3dh(aSD)5d 

3d'(asD)4s . 3ds(a"S)4s4p(JZ") 
3d' - 3d'(a3H)4p 
3dj - Jd"(a"F)Bp 
3d' . 3d6(aJF)4p 

3d6(asD)4s . 3d'((n3P)4p 

3dh(a"D)4s - 3dS(a"S)4s4p('F) 
3d' - 3d6(a5L))5p 
3d' - 3d'(b3Pj4p 

3d'(asD)4p - 3d6(a5D)5d 
3d'(aSD)4p - 3dh((R'D)5d 

749 
749 

749 
749 
749 
749 
816 

749 
749 
749 
749 
749 

P 
P 
P 
P 
v 
P 
P 
P 
P 
P 

1-4  
4 - 3  
1 - 1  
4 - 5  
8 . 3  

9 - 4  
1 - 1  
8 - 4  
i - 8  
1 - 3  

31.811822 .92.225538 
31.81 1822 - 92.216320 
44.446878 . 104.82816 
45.079879 - 105.44954 





Multiplet, Rel. Int. 

85 

41 

38 
8 Tr 

41 

:30 
85 

1.0 

85 

85 
38 

.30 

85 
3 8 

8.1. 

84 
.'18 

84 

:38 

8Q 

84 

84 

39 

38 

81. 

20 
0 

40 
I 
I 

40 
:30 

0 
1 

40 

I l l  
IO 
2 0  

135 
0 

I I  
0 

20 

20 

2 
2 
2 

110 

5 
2 0 

I 
2 

QO 

2 
I 
55 

2 
90 

20 

> 

-I 

10 
I 1 0  
5.5 
55 

2 
2 
5 

1 flu 

I O  
1 

1 .5 

30 

40 
0 

5 
5 

1 

7 

r r  .>a 

, 
5 _ -  

.I> 

2? 
7 

30 
2 

1 10 
2 
1 

A,-, (in A, 

1600.7 58 
1 6 0  I ,010 
1601.273 
169 I .5h4 
1692.l7.5 

I h'x2.499 
1693.47h 
1603.002 
l693.75!, 
1693.936 

lhV4.484 
1694.08 1 
1696.459 
1696.794 
I697.1:39 

1697.225 
1697.128 
1698.135 
1698.438 
1699. I Y5 

I f>99.908 
170W902 

1701.939 
1702.044 

17112.730 
1702.805 
1703.lS6 
1703.7:FJ 
1704.643 

1704.815 
1705.910 
1706. I45 
1706.678 
1707.399 

1707.660 

1708.622 
1709.553 
1709.685 

1701.719 

I 708.240 

17io.93(1 
17 1 1.536 
I7 1 1.684 
17 12.064 
17 12.999 

1713.213 
1713.724 
17 14.676 
1714.710 
1715.026 

1715.515 
1716.321 
1716.577 
I7 17.107 
I 7  17.448 

1717.716 
1717.761 
1718.101 
I 7  18.984 
I7 19.:3:30 

1720.039 
1720.271 
1720.613 
1721.080 
1721.738 

~- I R V P I ~  iin I O '  rm '1 
~~ 

13.474411 - 72.619490 
33.466403 . 92.602703 
3.117461 - 62.244520 1 
1.872567 . 60.?8?144 

43.2:38586 - 102.3341 12 

1.872567 - 60.956781 
13.47441 1 - 72.524566 
43.620957 - 102.666694 
42.658224 - 101.698489 
3.11746l - 62.151561 

1.872567 - 60.887598 
3.117461 ~ 62.125600 

L3.673185 - 72.619490 
1.872567 - 60.807230 

43.620957 . 102.543648 ~ 

36.126387 - 9.5.04610 
3 1.387948 - 90.30061?5 i 

2.8.37950 - h1.726077 1 
13.474411 - 72.352024 ~ 

13.673185 - 72.524566 

36.252918 - 95.07964 
43.238586 - 102.030012 , 
13.474411 - 72.238513 I 

1.87256: - 60.625449 ~ 

13.673185. 72.S2971 I i 
20.516960 ~ 79.2'4617 
20.510960~ 79.24360 ' 
4:3.620957 - 102.3341 12 1 
13.474411 - 72.168998 

13.90424. 72.524566 
2.430097 . 61.041748 
8.680454 - 67.273826 

13.47441 1 - 72.043026 

2.430097 . 60.980444 
13.673185 - 72.212978 
2.430097 - 60.956781 
2.837950. 61.332764 

13.474411 . 71.964710 

36.2.52918 - 94.70066 
8.846768 - 67.273826 
7.935299 - 66.377283 

2.1.3005)7 - 60.807230 

13.673185 72.043026 
44.232512 . 102.584963 

8.680454 . 67.000517 
2.8379.50 . 61.156835 

13.904824. 72.212978 

13.673185. 71.964710 
13.904824 72.168998 

16.36936. 74.606841 
2.837~50 . 6 i . n 9 . ~ 1 3  

30,388542 ~ 88.61452 

18.360646 - 76,577482 
3.117461 - 61.332764 
2.837950 . 61.0417.18 

20.516960 . 78.690846 
.14.232.512 - 102.394718 

13.904824 - 72.043026 
8.391938 - 66.522304 
2.837950 . 60.956781 

31.368450. 89.471365 
25.787598 - 83.86845 

Configurations 
- - -~ 

3d' - 3d"(a'lI)4p 
3d' - 3d6(a"D)4p 

3d"(a'D)4p . 3d"(a'D)6s 
3d"ia5DI4p - 3d"(a5D)6s 

3d '  - 3d"ia'F)Qp 

3d' - 3d"(a.'H)4p 
3d' - 3d$a.'P)4p 
3d' - 3d'(a3D)4p 
3d- - 3d"(a3H)4p 

3d"(a'D)4p - 3d"(a5D)6s 

3d"(a"1))4s - 3d5ib;P)4p 
3d"(a.'D)4s ~ 3d"(a'D)5p 

3d' - 3d"(aiP)4p 
3d' - Yd"(a'D)Qp 
3d' - 3d"(a"D)4p 

3d"(aiD)4i ~ 3ds(hiP)4p 
3d"(a'1))4p - 3d"(a5D)6s 

3d'  . 3d"(a.'D)4p 
3d- - 3d"(a,'D)4p 
3d: - Dd"(a.'H)4p 

3d' - 3d'(a0S)4s4p('F 
3d' - 3d"(ajD)4p 

3 d " ( a i D ) 4 ~  . 3d"la'D)bs 
3d' - 3dh(aiD)4p 
3d'. 3d"IaiP)4p 

3d' . 3d"(a.'D)+ 
3d' - 3d"(a"H)4p 

3d"(arD)45 . 3d"(a.'F)4p 
3d' . 3d"(a"D)4p 

3d' - :3d"(aJH)4p 
3d: - 3df'(a'D)4p 
3d: - 3dh(a"H)4p 
3d'. 3d6(a'Y)4p 
3d' . 3d"(a'D)4p 

3d"(asD)45 - 7d"(a'F)4p 
3d"(asD)4.s - 3d"(aiG)4p 

3d' . 3d"(a.'H)4p 

3d: - 3df'(a'D)4p 
3d"(a5D)4p - 3d"(aiG)5s 
3d"(arD)4s - 3d6(a3F)4p 

3d' - 3dh(a"H)4p 
3d' - 3dh(a"D)4p 

3d1'(a"D)4-; - 3df'(b3b')4p 

Jd' . 3d"(d'D)+ 
3d' . 3d6(a'D)4p 
3d' . 3d6(a'Pj4p 
3d' - 3d"(diD)4p 

3df(a'G)4s . 3d5(a'P)4s~4p('P') 1 
I 

3d' - 3d"ia1S)4u 1 
3d' . 3d"(a"P)4'p 
3d' . 3df'(a%)4p 
3d' . 3d"(a1D)4p 

3d"(a5D)4p . 3dh((a5D)6s 

3d' . 3d"(a"P)4'p 
3d' . 3df'(a%)4p 
3d' . 3d"(a1D)4p 

3d"(a5D)4p . 3dh((a5D)6s 

3d' - 3d"(a.'Dj4p 
3d"(a'D)4s - 3d"(a.'G)4p 

3d' . 3d"(a"H)4p 
Sd"(a.'D)ls . 3dC(a5D)5p 
3d"(a.'P)4s - 3d"(a1F)4p 

P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 

P 
P 
P 
P 
P 

P 
P 
P 

P 

P 
P 
P 
P 
P 

P 
P 
P 
P 

P 
P 
P 

Reference. 

749 
749 
749 
749 
749 

749 
749 
7 49 
749 
749 

749 
749 
749 
749 
749 

719 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
7 49 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 



D-25 

. .....>. 

___ 
~ 

Multiple 
-. . . . . . . . .. ... . . 

10 

10 

01 

01 

(el. l i lt  
- 

1 
30 

2 
1 
1 

LO 
50 
20 
70 

5 

2 
1 
1 
0 

90 

5 
20 
10 
2 
1 

20 
10 

5 
20 

30 
5 
5 
2 

10 

1 
5 

200 
10 
10 

20 
1 

10 
20 
10 

10 
20 

1 
40 

rr 
7 J 

55 
20 
10 
0 
5 

2 
J 10 

0 
5 

30 

5 
10 
10 

20 

20 
2 
5 

~. . . ... . . . . . 
~~ ............... 

L,, (in A) 

172 1.934 
1722.432 
1722.607 

1723.616 

~~ .............. 
~ ...... ~ ~ . . 

1722.994 

1724574 
1724.853 
1724.855 
1724.963 
1725.390 

1725.690 
1725.979 
1726.056 
1726.156 
1726.302 

1726.584 
1726.918 
1727.325 
1728.288 
1728.639 

1728.852 
1729.325 
1731.038 
1731.125 
1731.336 

1731.878 
1732.275 
1732.575 
1733.072 
1733.382 

1733.51 3 
1733.860 
1733.88 
1734.080 
1734.448 

1735.496 
1735.81 1 
1736.602 
1737.185 
1737.940 

1738.105 
1740.3 12 
1741.340 
1741.560 
1741.82 

1742.709 
1743.338 
1744.526 
1744.99 
1745.242 

1745.661 
1746.818 
1748.880 
1748.890 
1749.1 23 

1749.358 
1749.602 
1749.777 
1751.05 
1753.26 

1753.58 
1755.850 
1756.84 
1756.960 
1757.14 

45.044168 - 103.118400 
7.955299 - 66.012750 

44.753799 . 102.KO2312 
45.079879 - 103.118400 
44,784761 . 102.802312 

8.391938 - 66.377283 
3.117461 - hl.093413 

45.289801 - 103.26:;694 
2.430097 - 60.442342 
44.92955 - 102.88712 

44.446i78 - 102.394718 
21.308040 . 79.24617 
21.308040 . 79.24.360 
8.680454 - 66.612656 
3.117461 . 61.041748 

3,117461 . 61,035287 
15.84465 - 73.751282 

46.967444 - 104.828 16 
47.389779 - 105.23877 

8.680454 - 66.522304 

18.3m64.6 . 76.129446 

15.84465 - 73.60350 

7.955299 - 65.696038 
31.99'9048 . 89.727342 

8 . 8 ~ 7 6 8  - tJ6.6i2656 

26.170181 - 83.871184 
18.UU6780 - 76.5771.82 

8.391938 - 66.078269 

50.212826 - 107.8866 
33.501253 .91.167937 

20.516960 . 78.137364 
44.784761 - 102.394718 

2.837950 - 60.402342 
8.391938 . 65.931334 

42.334822 - w.918~69  

21.308040 - 78.84196 
45.206450 - 102.666694 
26.9327.18 - 84.35980 

0. - 57.411065 

16.36936 - 78.751282 

20.830582 - 78.137364 
15.84465 - 73.143288 

3.117461 . 60.402342 
15.8465 - 73.091590 

47.389779 - 104.56923 
21.308040 . 78.487153 

15.84465 - 73.010147 

52.29939 - 109.46312 
52.29939. 109.45525 
52.29939 - 109.44953 

,384790.57.493321 
47.389779 - 104.42646 

,384790 - 57.41 1065 
26.352766 . 83.305251 
33.466463 . 90.38h528 

,667683 .57.578484 

303' - 3d6(a'D)4p 
3d6(aSD)4p - 3d'(a5D)6s 
3d6(a5D)4 3d6((n3F)Ss 

35' 3dG((a3P)4p 
3d"(asD)4s - 3d6(a3G)4p 

36' - 3d6(a'D)4p 
3d6(aSD)4p - 3db(a5D)6s 
3d6(a"P)k . 3d"(a'F)4p 

3dh(a5L))/ts - 3d545': 

3d' . 3d6(a'1)4p 

- - 

Vote. - - 

P 
P 
P 
P 
I' 

I' 
P 
P 
P 
Q 
P 
1' 
P 
P 
P 

L' 
P 

P 
P 

I' 

P 
P 
F 

P 
Q 
P 
P 

P 

Q 
Q 

I' 
P 

I' 
P 

P 

$ 
F,P 

P 

8 
P 
P 
P 
P 
P 

P 
P 
P 

F,P 
Q 

F,P 
P 
Q 

F,P 

~~ 

Rrfpwnct.5 
- ~- - ____ 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
7 49 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

749 
749 
436 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
375,749 

749 
749 
749 
816 
749 

749 
749 
749 
749 
749 

749 
749 
749 
375,749 
389 

375,749 
749 
816 
749 
375,749 



Multiplet  Re1 I n t  

01 

99 

99 

91 

91 
91 

99 

42 

66 

42 

30 
20 
1 

1757.743 
1758.065 
1758.312 
1759.77 

10 ' 1759.773 

20 
1 10 

10 

20 
20 

1 
5 

40 
30 

1 

5 
5 

10 
1 10 

2 

30 
0 

I0  

2 
30 
5 
2 

20 

160 
5 
1 

I 10 
,40 

40 
2 

I 10 

1 
2 

20 
40 

5 

100 
10 

I 

1 
5 
0 
0 
1 

1 
1 

20 
0 

90 

1760.390 
1761,372 
1761.84 
1762.32 
1762.977 

1763.17 
176,1.119 
1765.325 
1765.8.3 
1766.74 

1767.75 
1 7 6 8 . ~  12 
1769.275 
1769.666 
1769.993 

1771.260 
I77 1.510 
177 1.960 
1772.513 
1773.22 

1776.649 
1777.45 
177 7.898 
1778.22 
1779.31 

1780.99 
1781.343 
178 I ..30 
1781.702 
1782.012 

1785.272 
1785.922 
1786.448 
1786.752 
1787.996 

1788.078 
1789.90 
1791 2 1  
1792.32 
1793.367 

179?.77 
1795.11 
1796.915 
1796.98 
1798.025 

1798.157 
1798.196 
1800.22 
1800.449 
1800.55 

1801.08 
1803.541 
1804.166 
1804.646 
1804.827 

1804.95 
1805.718 
1807.740 
1808.828 
1809.318 

52.58251 - 109.47365 
52.58251 . 109.46312 
52.582.51 - 109.45525 

.h67683 . .57.493321 
2.837950 - 59.663156 

15.83465 - 72.650658 
16.36936 - 73.143288 
1.872567 - 58.6315:il 
.667683 - 57.411065 

16.36936 - 73.091590 

.862613 - 57.578484 
36.36936 - 73,054881 
16.36936 - 73.016147 
362613 - 57.493321 
.977053 - 57.578484 

36.126387 - 92.695374 

52.96582. 109.48615 
52.96582 . 109.47365 
52.96582 - 109.1.6312 

21.303040 - 77.742730 
15.84465 - 72.261729 

36.252918. 92.64751 

15.844.65 - 72.130390 
44.232512 - 100.49202 
18.360646 - 74.60684.1 
2.430097 - 58.666258 
2.430097 - 58.631531 

31.387948 - 87.537652 
18.360646 . 74.498057 
7.955299 - 64.087418 
8.680454 - 44.806487 

23.317633 - 79.33150 
7.955299 . 63.948790 

13.673185 - 69.650484 
23.317633 . 79.2851 1 
23.31 7633 - 79.2461 7 

23.3 1763.3 . 79.24360 
16.36936. 72.238513 
2.837950 - 58.666258 
2.837950 - 58.631531 
16.36936 - 72.130390 

30.764485 - 86.48275 
44.784761 - 100.49202 

8.391938 - 64,040886 
38.214507 - 93.830979 

20.516960 - 76.129446 
18.886780 - 74.498057 
3.117461 - 58.6662.58 

31.387948 - 86.929649 
1.872567 - 57.41 1065 

13.90.2824 - 69.42698 
3 1.483 176 - 86.929649 
46.967444 . 102.394718 
47.389779 . 102.802312 

8.680454 - 64.087418 

31.483176 - 86.767577 
21 308040.76.577482 I 

3d5(a"Skk4p('P") . 3ds4s(a'S)4d 
.3d5(a"S)4s4p('P") - 3ds4s(a'S)4d 
3di(a'S)4s4p('P") - 3di4s(a7S)4d 

3d"ia'D)4s - 3ds4s2 
3d'  - 3d"(a"P)4p 

3d' - 3d'(a'D)4p 
3d' . 3dh(a'Cr)4p 
3d' - 3d"lb1C,i4s 

3d"(asD)4s - 3d'4s' 
3d' . 3d"(a'C)4p 

3d"(aS!))4s ~ 3d'4s2 
3d' - 3df'(a'G)4p 
3d' - 3dh(a1(;)$p 

3d"(a5D)4s . 3d'4sZ 
3d"(1"1)49 . 3d'4s' 

3ds((a"S)4s4p( 'P) - 3ds4s(a'S)4d 
3d"ahS)4s4p('P'') - 3d54s(a'S)4d 
3d5(ahS)4s4p('P") - 3ds44i(n'S)4d 

3d' - 3d6(d10)4p 
3d' - 3d"(a1G)4p 

3d6(a'D)4s - 3d"(h3F)4p 

3d'. 3d6(a'G)4p 
3d"(a5D)4p - 3dh(a'F)St. 

3d' - 3dh(a'D)4p 
3d' . 3d6(b'G)4s 
3d' . 3d"(b1G)4s 

3d"(a3D)4s - 3dS(a'G)4s4p('P) 
3d' - 3dh(a'D)4p 

3d"(aSD)4s . 3d"(a3F)4p 
3db(a'D)4s . 3db(a'P)4p 

3d5'4s' - 3ds(a"S)ls4p('F 
3d"(a5D)45 - 3d6(aJF)4p 

3d' - 3db(a6G)4p 
3d54s2 - 3dS(a6S)44p('F 
3d54s2 . 3d5(a"S)4s4p('P 

3d54s'. 3d6(a1D)4p 
3d' - 3d6(aJD)4p 
3d'. 3d"(h'G)4s 
3dI.  3d6(h'G)4s 
3d' . 3d"(a1G)4p 

3d"(a"G)4s - 3dh(a'Fj4p 
3d6((a5D)4p . 3db(a3E')5s 

3d"(aiD)4s . 3d6(a3F)4p 
3d"(a11))4s . 3di(a4D).2s4p("Pl 

3d' - 3db(a1S)4p 
3d'. 3dhia'D)40 
3d'. 3d6(h'G)4\ 

3d"(a"D)4s - 3dh(b"P)4p 
3d' - 3d54s2 

3d' . 3d5(a"S)4s4p("P" 
3db(a"D)4s 3d6(b"P)4p 
3dhlaiD)40 - 3d6iaiD16s 
3d"ia'DjS; . 3db(a5D)6s 
3dh(aiD)Ss . 3d"(a3F)4p 

3d6(a3D)4s - 3d'(bsP)4p 
3d"(a3D)4s - 3d"(b"P)4p 
3d"(aSDi$s - 3d"(a"F)4p 
3d"(aJD)4s - Yd"(b"Pj4p 

3d' . 3d"(a'S)4p 

$ .  3 P 749 
I -  5 P 749 

P 
F,P 
P 

! 
F,P 
F,P 
P 

F J  
P 
P 

F,P 
F,P 

P 

P 
P 
P 

P 
P 
P 

P 

9 

! 
F,P 
F.P 

D 

P 
P 

P 
P 

749 
375.749 
749 

749 
749 
375,749 
375,749 
749 

375,749 
749 
749 
375,749 
375,749 

816 
749 
749 
749 
749 

749 
749 
749 
749 
816 

749 
816 
749 
375,749 
375,749 

816 
749 
749 
488 
749 

749 
7 29 
292 
749 
749 

P 74.9 
P 816 

F,P 375,7.49 
F.P 375.749 
P 

Q 
Q 
P 

P 
P 

F,P 
P 

F,P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

749 

816 
816 
749 
645 
749 

749 
749 
375,749 
749 
375,749 

816 
749 
749 
749 
749 

816 
749 
749 
749 
749 



D-27 

....... ..... 

..... .~ ..... 
Mirltiplet 

~ 

66 

66 

66 
66 

66 

65 
66 

66 

66 

65 
66 

08 

65 

~- ...... .~ 

L (in A) 
........... -. . ......... 

i810.57 
1812.2ffi 
1814.01 
1815.410 
1815.766 

1815.87 
1816SN 
18 17.509 
1818.521 
1818.81 

1819.64f1 
1820.47Y 
1822.123 

~ ~ ........ ... ... ~~ 

Terms T J . . ] . Y o t e - .  1 Referelices 
............. . . . . . . . . . . . .  .............. ~- . ................ 

~~ 

Let. Int 
~ .. ........ 

3 
0 
1 

30 
20 

0 

0 
70 

2 
2 

40 

1.evel~ (in 10' <:rn-') 
................ __ ....................... .- 

38.1fXL9.2 - 93.39536 
31 .3ri4440 . 86.543974 
44.446878 . 99.573225 
20.516960 . 75.600931 
8391938 - 63,465109 

44.753799 .99.8240235 
2.430097 . 5'7.493321 

3 1..368450 . 86.3fB820 
7.055299 - 62.945038 
2.430097 . 37.41 1065 

31.811822 - 86.767577 
31.999048.86.923649 
8..39193R - 63.272976 

P I 749 

816 

P ' 74'4 
I' 

F,P 

P 
P 
P 
P 
1' 

P 
P 
P 
P 

F,F 

P 
P 
P 
1' 
F' 

P 
F.P 

I' 
P 
0 
P 
I' 
P 
I' 

FJ' 

P 
P 
P 
P 
I' 

P 

749 
3 75,74?, 

740 
749 
749 
749 
749 

749 
74CJ 
749 
7 $9 
175,749 

749 
749 
749 
749 
719 

749 
175.749 
759 
7 $9 
749 

749 
749 
749 
749 
37 i,74?, 

749 
749 
749 
749 
749 

1 1822 189 
10 1823.870 

5 
1 
2 

20 

1823.931 
1824. 105 
1824.97Y 
1825.329 
1826.80 

21.308040 - 76.129446 1 3d7 - Rdh(a'S)Ji, 
20.80577 - 75,600931 
8.680454 - 63.46510Y 

:%I7 - Sd'((a'Uj4p 
3d6(a"D)4s - 3d6(a3Fi4u 

2.837950 . 57.578484 

31.811822 - 86.5474V 
7.95S299 . 62.689880 
8.844768 . 63.550488 

L8.:1606.16 - 73.054881 
15.84465 - i0.5237tXi 

31.811822 - 86.48275 
2.837930 - 57.493321 
52.58251 - 107.2195 

54.275637 - 108.90664 
54.283220 . 108.90664 

50 1826.902 
30 
30 

5 
20 

0 

30 
20 
2 0 

20 
40 
30 
30 

20 
40 

2 
55 
55 

1 
40 
40 

110 

5 

5 
10 

20 
0 

20 
10 
30 

10 
1 

20 

20 

1.5 
10 

3 

1826.999 
1827.729 
1828.346 
1828.854 

1829.126 
1829.65 
1880.262 
1830.463 
1830.734 

1830.887 
1831.261 
1831.753 
1831.980 
1832.40 

1832.500 
1833.076 
1833.133 
1833.631 
1833.662 

1833.813 
1834.9fA 
1835.41 1 
1835.8'74 
1836.18 

IRZ9.05 
1839.460 

1839.7'1-1 
1830.804 

1839.998 
1840.320 
1841.542 
1841.604 
1841.690 

1841.725 
3842.050 
1842.250 
1842.52 
1843.193 

1843.199 
1843.261 

1839.674 

8.846768 - 63.465109 
21 308040 - 75.915235 
8 G80454 - 63 272976 

54.283220 . 108.868'28 
2.8379.50 - 57.411065 

8.391938 . 62.962205 
8.39 I938 - 62.945038 
31.9990.uI - Kti.54749 

52.29939 - 106.8360 
54.27364 1 - 108.8003 I 

38.lfA194 - 92.6CJ537.t 
54.232195 - 108.72916 
31.999048.86.48275 

15.84465 ~ 70314604 
3.117461 - 57.578484 

3,117W~l . .57.493:121 

54.273641 . 108.63 I09 
54.275037 . 108.63109 
54.275637 - 108.62925 

M28.3220 . 108.63 I09 
54.232105 . 108.57056 
18.886780.73.189110 
18.886780 - 73.187280 
8.391938. 62.689880 

54.273641 - 108.57056 
54,283220 - 308.57056 
8.680454 - 62.962205 

0. I :i4.273641 
52.96582 - 107.2195 

j s  
" Z  

5 - $  

749 
P 749 
P 749 
P 749 

F,P 375,749 

74') 
749 
749 

749 
749 
743 
7 49 
749 

749 
749 
7.1.9 
375,743 
749 

749 
749 
175.749 
488 
749 

P 
P 
P 

P 
P 
P 
P 
1' 

P 
P 
P 

F,P 
1' 

P 
P 

F.P 

P 

1843.92 
5 184459 

I 1844.671 

0. . 54.232195 
44.232512 .98.44.5400 
54.273641 . 108 48387 



Configurations 

:in 1 8 4 ~ ~ 9 2 3  

20 1846.27:j 
2 1845.146 

40 1846.574 
10 1840.769 

7.955299 - 62.158110 
7.955299 - 62 151561 

18.360646 - 72.524566 
08 
6.5 

65 
41 
65 
65 

6.5 

'1 7 

26 

26 

65 

41 

0 7 
25 

97 
41 
26 

25 

25 
24 

40 

16.36936 - 70.523706 
8.680451 - 62.829075 

8.84h768 - 62.962205 
20.516060 - 74.606841 

8.680454 - 62.689880 
8.846768 - 62.829075 
16.36936 - 70.314604 

8.30 1938 - 62.3224.3 1 
.38B790 - 54.283220 
334790 ~ .54.273641 

52.96582 - 106.8360 
8.391938 - 62.244520 

18.360616 - 72.212978 
,384790 - 54.232195 

749 
749 
749 
749 
749 

749 
375,749 
375,749 
749 
749 

749 
375,749 
749 
749 
749 

749 
749 
64.5 
749 
7.49 

749 
375,749 
375.749 
375.749 
749 

749 
749 
749 
749 
749 

816 
749 
375.749 
375,749 
749 

749 
816 
749 
749 
816 

4,88 
749 
375,749 
749 
749 

749 
749 
749 
816 
375,749 

375.749 
749 
749 
749 
749 

749 
749 
749 
749 
749 

10 1847.902 
1848.775 
1851.529 
1852.459 
1853.7:32 

t - f  
3 - 8  
1-5 
1 - 4  
5 - 3  

P 
P 
P 
P 
P 

P 
F.P 
F,P 
P 
P 

P 
F,P 

P 
P 

P 
P 
P 
P 
P 

70 
30 
20 
10 

2 

20 
0 

5 

30 
5 

40 

160 
I 
8 
2 

55 

00 

1854.239 
1855.34 
1855.67 
18.56.:) 15 
1856.921 

a"i) - z'G" 

1856.930 
1857.10 
I 857.959 
1859.557 
1859.746 

1860.053 
1861.09 I 
1862.81 
1863.114 
1864.647 

20.830582 - 74.606841 
7.955299 - 61.726077 

15.84465 - 69.606552 
8.391938 - 62.125600 

18.360646 - 72.043026 
8.391938 - 62.065521 
20.34030 - 73.969767 

20.34030 - 73.966832 1864.7.9 
1 865.13 
I86.i.39 
186.5.46 

2 1866.923 

,667683 - 54.283220 
,667683 - 54,275637 
,667683 - 54.27361.1 

8.680154 ~ 62.244520 

50.157452. 103.71157 
18.886780. 72.429711 
48.0390'10 - 101.57390 
50.187813 - 103.67678 
30.388542 . 83.87118.4 

25.787598. 79.24360 
8.680454 - 62.125600 

,862613 - 54.283220 
,862613 - 54.275637 

8.846708 - 62.244520 
36.120387 - 89,471365 
8.391938. 61.726077 

13.673185 - 67.000517 
.54.870528 - 108.1916 

36.126387 - 89.444458 

.9770.i3 - 54.275637 
16.36936 - 69.650484 
20.34030 . 73.60350 

16.36936 . 69.606552 

20.80577 - 73.303767 
22.8103.57 - 75.915215 

1.872567 - 54.904.222 

1.872567 - 54,870528 

20.80577 - 73.751282 
13.47441 1 - 66.377283 

2 1.308040 ~ 74.606841 

2 1.3o804o - 74.49805: 

0. . 52.Y6.582 

IO 1867 258 
1 I867 660 

10 1867942 
30 1869549 

5 1869766 

1 1870.72 
1871.077 

~ 1871.94 
1 187220 

20 1 1872.638 

0 
3 

2 
0 

40 

1872.738 
1874.58 
3874.972 
1875.21 1 
1875.43 

15 1875.536 
40 1876.215 

1876 22 
160 1870 8.37 
190 1877469 

40 , 1878..386 
55 1880.052 

1 1 0  1880.072 
0 1883.06 

1885 67 

1886.86 
1888.010 
1888.734 
1890.256 
1893.6W 

1894.021 
1895.688 
1897.4,80 
1898.536 
1900.190 

1 
160 

2 
2 

70 
55 

2 
90 

1 

3d' - Rd"(a'I)4p 
3d' - 3d"(a'G)Sp 

3d"(a'DpLs - 3d"(a"P)4p 

3d7 - 3d"(aLG)4p 
3d: 3d"( a'D& : 

20.80577 . 73.60350 
20.34030 - 73.031530 
8,391938 - 61.093413 

20.516960 - 73.189110 
20.516960 - 73.143288 



D-29 

39 
39 

24 
24 

38 

23  

4.0 

40 

23 

39 

96 

96 

23 

~~ 

10 
30 
2 0 

1 
5 

5 
110 

1 

1 

1 

1 
1 

4 0 
10 
5 

2 
1 
0 

40 
30 

0 

0 

5 
20 

135 
30 

5 

23 
2 

2 

10 
2 

40 

70 
5 

10 

1 
110 

0 
15 
55 

8 
0 
2 

0 

5 
2 

70 

a..,,. (in A) 

1900.67 
1901.773 
1!?02.027 
19c13.023 
1CJOX284 

1903.387 
1904.701 
190.5.270 
1i905.71) 
1905.77 

1906.93 
1908.36 
19OY.808 
1909.87 
1910.04 

1910.150 
1910.445 
1010.675 
1912.564 
1914.330 

1915.328 
19 15.792 
1316.239 
191 7.320 
I9 18.100 

1920,63 
1920.70 
1920.985 
192 I .87 
1922.269 

1922.692 
1Y22.797 
1925.987 
1926.240 
1927.485 

1927.553 
1827.939 
1928.52 
1928.785 
lCYZ8.88 

1929.196 
1929.709 
1930.42 
1030.915 
19.31 .00 

193 1.07 
1932.25 

1934.47 
193.5.296 
1933.43 
1936.793 
1836.805 

1938.893 
1940.939 
1941.995 
1943.81 
1'944.10 

1944.134 
1944.18 
1946.4.37 
1946.85 
1948.J8:3 

. . .~ ........ ~~ 

Ixuels (in cm ' ) 
~ .................... ~ 

~ ~ 

0. . 32.58251 
13.473185 . C5i24866 
31.811822 - 84.35980 
30.76.148.5 - 83.305251 

20.516960 . 73.054881 
20.516iW10 . 7.3.016147 
8.846768 . 61.332764 
2.430087 - .54.904229 
2.430097 . 54.i902315 

2.4300'97 . 54.870528 
1.872567 - 54.273641 
8.680454 - 61.041 748 
1.872567 - 34,232195 
8.680454 - 6 1.035287 

21.251608 - 73.60350 
13.904824 - 66.24866 
20.80577 - 73.143288 
20.80577 . 73.W11590 

20.80577 - 73.016147 
,384790 - 52.58251 

20.830W2 . 73.016147 
15.84465 . <fi.000788 

20.516960 - 72.651876 

2.837Y50 - 54.904222 
2.837950 . 54.~902315 

2.837050 . 54.870528 
31.811822. 83.86845 

21.581638 - 73.60350 

8.391 938 . 60.402342 
20.516Y60 - 72.524566 
20.34030 - 72.261729 

,3847913 - 52.29939 
21.30813110 - 73.189110 

21.308040 - 73.187280 
31.999048 - 83.85845 
2.430097 - 54.283220 
20,80577 - 72.651876 
2.430097 - 54.273641 

20.5 16960 - 72.3.52024 
20.830582 . 72.651876 

2.430097 - 54.232195 
20.830582 72.619490 

3.1174hl . 54.904222 

3.117461 - 54.902315 
3.117461 - 54.870528 

21.3080413 - 73.054881 
8.680454 - 60.4W23.12 

20.516960 - 72.238513 

20.830582 - 72.524566 
15.84405 - 67.516332 

.667683 . 52.2(9939 
16.36936 . 68.000788 

22.939358 - 7 4 . ~ ~ 4 1  

23.031300 - 74.606841 
20.830582 - 72.352024 
31.81 1822 - 83.305251 

2.837'950 - 5'4.283220 
2.837950 - 54.275637 

,862613 - 52.29939 
2.8379.50 - 58.273641 

27.314922 - 78.6%)846 
44.91 5046 - 96.27940 
20.80577 - 72.130390 

Configurations 
..... .._____ ................ ~ 

3d' . 3d*(aiG)4h 

3d' - 3d'(a3D)4p 
3d"(a5D).bs - 3d5(ahS)4s4p( 'P) 

488 
P 749 
P 749 

I' 749 

, 
P , 749 

P 
P 
P 

F,I' 
F,P 

F,P 
F,Y 

P 
F,P 
P 

P 
P 
P 

P 
P 
P 
P 
P 

F, P 
F,P 
P 

F,P 
P 

P 

P 
P 
P 

P 
P 
FJ' 
P 

F,P 

P 
P 

F,P 
P 
F,Y 

FJ' 
I , P  
P 
P 

P 

! 
P 

P 
P 

F,P 
F,P 

P 
E',P 
P 

8 

7 L9 
749 
749 
375,749 
375,74Y 

375,719 
375,749 
749 
375,749 
816 

292 
749 
749 
749 
749 

749 
749 
749 
749 
749 

375,749 
375,749 
749 
375,749 
292 

749 
292 
749 
748 
749 

749 
749 
375,749 
749 
375,749 

71-9 
749 
375,749 
749 
375,749 

375,749 
375,749 
749 
749 
645 

645 
749 
816 
748 
74Y 

292 
740 
749 
375,719 
375,749 

749 
375,749 
749 
816 
7 49 



D-30 

95 

95 

87 

> 
10 
J 

J 

1 

25 
12 

1 

2 
2n 

1 
20 

2 

1948.883 
1952.15 
1952.650 
1954.43 
1954.618 

1954.72 
1955.641 
1956.12 
1958.09 
1958.121 

1962.07 
1962.86 
1963.1 10 
1964.342 
1964.572 

1365.92 I 

1967.635 
1968.042 
1963.21 6 

1906.200 

i n  1968.684 
5 1968.896 
2 1970357 

10 1970.662 
I 1971.03 

1 
40 

I 

1971.96 
1973.31 
1974.49 
1975.548 
1977.595 

2 I 1978.919 
0 1979.156 

20 1979.719 

1 1983.941 
.5 1983033 

5 

40 
1 

2n 

1 
i n  

2 

10 

2 
20 

I 

2 
2 
0 
4 
I 

70 
10 
30 

~ 

1984.091 
1984.956 
1986.419 
1987.9% 
1989.09 

1990.46 
1990.805 
1991.252 
I99 1.52 
1991.802 

1993.298 
1993.72 
1993.9 12 
1994L857 
1995.1 19 

1995.422 
1996.539 
1996933 
1997.03 
1999.206 

1999.413 
1999.462 
1999.730 

21.308040 72.619490 
2.83795U - 54.063459 

20.830582 - 72.043026 
3.117461 - 54.283220 

13.673185. 64.834073 

3.1 17461 - 54.275637 
20.830582 - 7 1.9647 10 
21.308040. 72.429711 
21.581638 - 72.651876 
21.581638 . 72.65065a 

22.637205 - 73.60350 
3.1 17461 - 54.0634.59 

21.71191i. 72.651876 
21.711917 - 72.619490 
13.904824 - 64.806487 

27.620412 - 78.487153 
48.039090 - 98.89871 
27.314922 - 78.137364 
13.474411 - 64.286345 
21.812055 - 72.619490 

52.29939 - 103.09473 
2s.787~98 - 76.57748%: 
13.673185 - 64.425408 
35.84465 - 66.5B9008 

21.308040 - 72.043026 

7.955299 . 58.666258 
7.955299 58.631531 
20.34030 - 70.986677 
15.84465 - 66.463528 

13.474411 - 64.040886 

15.84465 - 66.377283 
21.711917 . 72.238513 

52.58251 - 103.09473 
27.314922 - 77.742730 
33.466463 - 83.871184 

21.812055 - 72.212978 
22.637205 - 73.01614.7 
25.787598 - 76,129446 

16.36936 - 66.672334 
8.391938 - 58.666258 

8.391938 - 58.631531 

16.36936 . 66.589008 
0. - 50.212826 

2i.8izoss - 72.043026 

22.810357 - 73.016147 

15.84465 - 66.012750 
0. . 50.157452 

21.812055 - 71.964710 
5 2 . 9 6 . ~  - 103.09473 

27.620412 - 77.742730 

22..109852 . 72..524566 
15.84465 - 65.931334 

22.939358 . 73.016147 
26.055423. 76.129446 
22.409352 . 72.429711 

22.637205 . 72.651876 

20.516960 - 70.523706 
22~537205 - 72.650658 

3d' - 3db(aJD)4p 
3d' - 3d6(b'P)4s 

3dh(a'P)4s - 3dh(a'D)4p 
3dI. 3dF4s2 
3d' . 3dfYa'P)4p 

3d' - 3dS43' 
3d"(a"P)4s - 3d"(aJD)4p 

3d' - 3dh(a"D)4p 
3dC'(a"H)4s - 3dh(a3D)4p 
3d"(a"H)4s - 3d"(a3D)4p 

3d"(a3F)4s - 3d"(a11)4p 
3d' - 3d6((b'P)4s 

3d"(a"H)4s - 3d6(a3D)4p 
3d"(a3H)4s - 3df'(a,'D)4p 

3d' - 3dh(a3P)4p 

3d"(a"F)4s . 3dh(a'D)4p 
3d'. 3db(blG)4p 

3d"(a3F)4s . 3dh(a'D)4p 
3d' - 3d"(a3F)4p 

3d"(a3P)4s - 3d6(a3D)4p 

3d6(>P)43 . 3d6(a'S)4p 
3d' . 3dh(a'F)4p 
3d' . 3d"(aJG)4p 
3d' - 3d6(a'D)4p 

3dh(aiD)4s - 3d6(b1G)4s 
3dh(a'D)4s . 3d6(b'G)4s 

3d' . 3d6(a11)4p 
3d' - 3d6(a3G)4p 
3d7 - 3d6(a3F)4p 

3d' - 3db(aJC)4p 
3d6(a3H)4s - 3dh(a3D)4p 

3d5(a"S)4s4 ('P) . 3d54s(a'S)5s 

3d5(a"S)4s4 ( P ) . 3ds4s(a'S)5s 
3d7a g F)4s " 'I - 3dh(a1D)4p 

3d6(alG)4s - 3db(a1F)4p 

3dh(a"P)4s - 3dh(aJD)4p 
3d6(a3F)4s . 3d6(a'G)4p 
3d"(aJP)4s - 3dh((a'S)4p 

3d' - 3dh(a3G)4p 
3d6(asD)4s - 3d6(b1G)4s 

3d"(aSD)4s . 3dh(b1G)4s 
3d6(a"P)4s - 3d6(a'D)4p 

3d' - 3d6(a3G)4p 
3d6(aSD)4s - 3d'((h3P)4s 
3d"(a3t')4s - 3d6(a'G)4p 

3d'. 3d"(aJG)4p 
3do(a5D)4s 3db(b3F)4s 
3d"(aiP)4.s . 3d6(a3D)4p 

3d'(a'S)4~4p(~P") . 3d54s(a'S)5s 
3d6(aJF)4s - 3d6(a1D)4p 

3d"(a'P)4s - 3dh(a'D)4p 
3d' . 3d6(a3G)4p 

3d6(aJF)4s - 3d6(a'G)4p 
3d"(a3G)4s . 3db(a1S)4p 
3d6(a'P)4s 3db(a3D)4p 

3db(a3E)4s . 3dh(a3D)4p 
3dC'(a'F)4s 3db(d'D)4p 

3d' . 3dfi(d%)4p 

a'F - b4G 
h4P - w'P" 
aZU - w'D" 
a% - w'D" 
a'H - w'F" 

b"F - w2H" 
a4F - 21' 
a4H - w4D" 
a% - w'D 
a'P - ZZP" 

azF . wzl)" 

d2D . * F  
azF. v2F" 
a4P. z 2 P  
b"P - w'D 

z P  - 8s 
bZP - x 2 P  
aJP - z 2 P  
azG - v " H  
a2D . W'p 

a4D.  d2G 
a'D . d'G 
a2H . z2K" 
a2G . v'H" 
a'P. ?C 
a2G - x'F" 
a"R . w'F" 
2P . 8s 
aZF - vZF" 
c2G . v2G" 

b'P - w'P" 
b'F . xZF" 
b2P - x2P" 
a 2 G .  y'H" 
a'D - d2G 

a'D . dZG 
b'P. w'P" 
a % .  y ' H  

b4F . x2F" 

a2G - x'F 

b'P - w 4 P  

aZF . v F 

b'P - w4D" 
a2G . x%" 
b4F - x Z P  
a% - x'P" 
b4P - w*W 

g a 9  - c4P 

gahD . c'F 

Z * P .  "2 

P , 749 

P 749 
F,P 375,749 

F,P 375,749 
P 

F,P 
P 
P 

F,P 

P 
P 

P 
P 
P 
P 
P 

P 
P 
P 
P 
P 

F.P 

P 

P 
P 
P 
P 
P 

P 
P 
P 
P 

F,P 

F,P 

P 
F,P 
P 

P 
F, P 
P 
P 
P 

P 
P 
P 

P 

P 
P 
P 
. . .~ 
~ 

749 

375,749 
749 
645 
645 
292 

645 
375,749 
292 
197,292 
749 

749 
749 
749 
749 
749 

7 49 
749 
749 
749 
645 

375,749 
375,749 
645 
749 
749 

749 
749 
749 
749 
749 

749 
749 
749 
749 
375,749 

373,749 
545 
749 
375,749 
749 

749 
375,749 
7 49 
749 
749 

749 
71.9 
749 
34 5 
749 

749 
3 2  
749 



D--3 1 

~. . . . . . . . . . . . - 
Miiltipkel 

. . . . . . . ........ ~ 

I) 1 

0 1 
02 

01 

02 
02 

03 
04 

F.L 
04 

8 

03 

8 
8 
n 
8 
8 

8 

8 
8 
8 

n 
8 

05 
115 

06 
05 
06 
05 
05 

0.5 
07 

I07 
07 

08 
09 
on 
08 

08 

I? 
19 

7 
19 

7 

~ 

(el. In; 
.... 

200 
150 
150 
70 
7u 

70 
20 
70 
70 
70 

150 
70 

250 
2W 

70 

'Loo 
200 
300 

150 

70 
70 

150 
150 
70 

200 
I50 
70 

250 
70 

20 
300 

70 
300 
150 

250 
200 
150 
15u 
1.50 

1 50 
1.50 
150 
200 
200 

7 0 
200 
'io 

150 
1.50 

1 <so 
1 SO 

550 

300 
.>.IO 

200 
450 

- ,. 

A,.,. (in A) 
. . . . . . . . . 

~~~ ..... 

67O.12') 
0110.700 
(582.10 
684.28 
684.858 

686.63 
688.53 
700.575 
703.506 
704.923 

705.892 
707.M4 
722.419 
727.681 
728.52 

T28.810 
729.359 
729.996 
730.88 
730.96 

731.1:30 
731.443 
731.612 
73 1.846 
7.1 I .90 

732.004 
732.425 
733.13 
734.296 
735.338 

736.47 
737.70% 
738.732 
730.264 
739.504 

739.724 
746.247 
751.427 
751.648 
754.478 

757.167 
757.272, 
776.097 
782.035 
783.069 

785.76 
792.559 
7?4.01 
794.19 
72,5.:;50 

797.055 
797.16 
8o1.82 
807.34;' 
807.855 

808.073 
808.840 
809.675 
8113.940 
811 246 

IRON I11 (Fe+ '), Z = 26 

Ground State ls22s22p633s23p63d6 ('DU,) (24 electronn) 

Ioniiation Potentid 247 221 an"; 30.652 eV 

k v e l s  (in 11)' rm.') 
~ .................. ~~. . 

~~ ...... ........ 

20.051 1 - 167 2989 
2o..1im . 167.2073 
20.4819 - lh7.0850 
20.053 1 - 166.18750 
20.481'). 1Ci.498 

20.3008 - 165.9396 
20.4819. 165.719I 

24.0409 - 167.0850 
2$..%88. 167.2989 

25.1424 - 167.002 

24.5588 - 166.2222 

30.3562. 168.7801 

21.4022 - 158.7203 

2 5 . 1 ~ 2 ~ ~  - i h6 .49~  

0.0. 137.42300 

0.0 . 137.20973 
0.4362 - 137.54460 
0.4.362 - 1:17.42300 
0.7380 - 137.5611 
0.7:389 - 137.5444) 

0.4362. 137.20973 
21.6(9!XJ - 158.4168 
0.7389 . 137.42300 
l).0324 137,5732 
0.9324. 337.5611 

0.9324. 137.54450 
1.0273 - 137.561 1 

21.8572 - 158.2573 
0.0.  136.18517 
0.0 - 1:35.OYoe2 

30.7162 - lhh.498 

30.8578 . 166.2222 
0.4362 - 135.99062 

0.7389 - 136.00874 
1.02'73 - 136.23584 

0.9324 - 1:16.11794 
24.5588 - 158.5627 

24.9400 - 157.9820 
25.1424 - 157.6843 

70.72501 - 199.57771 
30.8578 - 158.7293 
30.8578. 158.5627 

30.7162 - 157.9820 
21.4622. 147.63505 
2 I .4622 . 147.406 I 4  
21.6999 - 347.61465 
21.8572 - 147.55645 

21.6990 - 157.16136 
0.0 - 125.44358 

20.0511. 144.84324 
20.0511 - 143.88374 
20.3008 - 144.08597 

0.0 - 12:3.751139 
20.4819 - 14~4.11664 
21.4,622 - 144.9h850 
0.4362 - 12:3.750:i9 

P1.699? - 14.1.96850 

... 
Contigurations 

. . . . . . . . . . - - .... . . ~~~ 

. . . . . . . . . . . . . . -. 
~ 

5 - 5  
4 - 4 
5 - 5  
4 - 3 1  
3 . 2 ,  

3 - 3  
6 . 5 
4 - 3  
4. . 3 

4 - 4  
3 - 2  
3 - 3  
2 - 1  
2 - 2  

3 . 4 
:i - 2 
2 - 3  
1 - 0  
1 - 1  

1 - 2  
0 - 1  
2 - 1  
4 - 5  
4 - 4  

2 - 3  
3 - 4  
3 - 4  
2 . 3  
0 - 1  

1 . 2  
5 - 4  

4 - 3  
3 - 2 

" 1 . " "  6 . 1  

I 

I /  

Q 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

1 8% 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
1 8 3  
188 
lt% 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
Inn 
188 
188 
1138 

188 
188 

1 88 
188 
188 

188 
188 

188 
188 

188 

18% 
188 
188 
188 
188 

188 
188 
188 
188 
188 
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6 

7 

6 
6 
6 

6 

6 
h 

0 
6 

6 

1 

5 

48 
48 
18 

5 
43 
5 

18 

33 
17 

17 

18 
17 

33 
17 

17 

18 
25 
3 3 

3 3 
25 

32 

,?. 

32 

70 

100 
400 

200 
70 

200 
son 

zoo 

200 
I 50 

400 
450 

200 

70 
250 

70 
200 
200 
200 I 
200 ~ 

200 
200 
400 

400 
200 1 

250 
)4P 
J4 P 
300 
I 50 

400 
250 

150 
150 1 

450 
200 
550 
I50 

150 
300 
2 50 
150 

300 zoo I 
250 

2 50 

200 
150 1 

300 ' 

300 
1 50 
400 

300 I 300 
650 

150 
250 

~ ~~ 

~ 

La, (in A) 
~~ -~ 

8 I I .284 
812.931 
813.288 
813.382 
8 13.862 

814.1 48 
814.242 
814.565 
8 15.363 
815.52 

815.612 
81 6.163 
816.273 
8 17.038 
8 1 7.1 66 

817.348 

8 18.598 
818.981 
819.066 

819.742 
819.898 
820.27 1 
820.40') 
820.9 15 

82  1.723 
822.314 
823.257 

827.777 

829.375 
829.375 

832.328 
833.532 

834.067 
834.944 
835.627 
835.917 
836.521 

836.628 
837.439 
837.803 
838.048 
838.498 

838.869 
838.936 
838.997 

839.195 

839.319 
839.981 

840.381 
840.518 

840.629 
840.741 

841.688 

818.383 

824.800 

830.500 

839.092 

840.141 

841.088 

842.020 

842.09 
842.686 

844.838 
844.954 

834.284 

Level5 (in 10' rm.') 
~~ ~~ ~~~ ~ _____ 

~ _ _ _ _ _ _ ~  ~ ~~ 

0.4362 - 123.69718 
0.7389 - 123.75039 
0.7389. 123.69718 

0.0.  122.94415 
21.6999. 144.57053 

0.0 - 122.82955 
0.7389. 123,55295 
0.9324 - 123.69718 

21.8572 - IU.50174 
0.9324. 123.55295 

20.3008 - 142.90848 
0.9324 - 123.45592 
0.4362 - 122.94415 
0.4362 . 122.82955 

20.4819 - 142.85559 

0.0 - 1 2 2 . 3 . ~ ~ ~  
0.4362 - 122.62834 
0.7389 - 122.89884 
0.7389 - 122.84303 
0.7389. 122.829% 

0.9324 - 122.92137 
0.9324 - 122.89884 
0.4362 . 122.34661 
0.7389. 122.62834 
1.0273 . 122.84303 

0.9324 - 122.62834 

0.0 .  121.46882 
0.0 - 121.24167 

0.4362 - 121.24167 

0.4362 - 84.36992 

0.7389 - 1 2 2 . 3 ~ 6 1  

204.94326 - 24.5588 
0.7389 - 121.00878 

20.0511 - 140.19633 
20.4819 - 140.45310 

0.9324. 120.82617 

1.0273. 120.69710 
24.9409 - 144.57053 

30.8864 - 150.6549 

20.3008 . 1:xm4618 

24.5588. 144.08597 
20.0511 - 139.46336 
25.1424 - 144.50174 
20.3008 - 139.62517 

0.4362 . 119.69764 

20.3008 - 139.50944 
20.4819 - 139.68047 
25.3424. 144.33221 
24.9409 . 144.1 1664 
20.3008 - 139.46336 

20.4819 - 139.62517 
0.9324 - 119.98226 

20.4819. 139.50944 
21.6999 - 140,69336 
25.1424. 144.11664 

0.7389 - 119.69764 
24.9409 - 143.88374 
21.8572 - 140.75098 
30.7162 - 149.52563 
2 4 . m 8  - 143.32085 

21.6999 - 1~1.45310 
30.8578. 149.52563 

0.0 - 118.44292 
21.4622. 139.82717 
24.5.588 142 90848 

Configurations - _ _ _ _ _ _ _ _ _ ~  ._ 

3d" - 3ds(a'DD).lp 
3dh - 3d5(a4D)4p 
3d" 3di(anD)4p 
3d" . 3d:(aZD)4p 
3d" 3d"(b2F)4p 

3dh. 3d5(a4D)4p 
3d" - 3ds(aiD)4p 
3d" - 3d'(a4D)4p 
3d" - 3d5(b2F)4p 
3d6 - 3ds(a4D)4p 

3db - 3dS(a2H)4p 
3dh - 3ds((a'D)4p 
3db - 3dS(a'D)4p 
3dh - 3d5(a'D)4p 
3dh - 3d5(a2H)4p 

3d". 3d'(a4P)4p 
3d" - 3di(a'D)4p 
3dh .  3d5(a'P)4p 
3d6 - 3ds(a'D)4p 
3d" . 3ds(a'D14p 

3d" - 3d5(a*P)4p 
3d'. 3ds(a4P)4p 
3dh - 3d5(a4P)4p 
3d" - 3d5(a4D)4p 
3dh - 3d5(a'D)4p 

3dh . 3d5(a'D)4p 
3db - 3dI(a4p)4p 
3d0 .  3d"(a4D)4p 
3dh - 3d5(.4'D)4p 
3dh - 3di(a'DD)4p 

3d" . 3dilazF14a 
3ds(a'D)5p. 3dh 

3d" . 3dF(a'D)4p 
3d" - 3dila2Hi40 
3dh - 3diia'Fi4i 

3d6 - 3d5(a'D)4p 
3 8  - 3dS(b'F)4p 
3d" - 3d5(a"D)4p 
3d" - 3d5(b'F:4p 
3d6 - 3di(a'H)4p 

3d" . 3di(a'G)4p 
3dh . 3d"(aZF)4p 
3d" . 3dI(b2F)4p 
3d" . 3d1(3'F)4p 
3d" . 3d'(a4P)4p 

3d6 - 3d5(a2H)4p 
3d". 3d'(a4F)4p 
3d". 3ds(b2E')4p 
3dh - 3ds(a2G)4p 
3d" - 3d5(a4E')4p 

3d" - 3d5(a'F)4p 
3dh - 3d'(a4P)4p 
3dh - 3ds(aZH)4p 
3d" - 3dS(a'G)4p 
3d" - 3di(a2G)4p 

3d" - 3dI(a4P)4p 
3d" . 3dI(a2G)4p 
3d" - JdI(a94.p 
3d" - 3d'(a-S)4p 
3d" - 3d5(a'11)4p 

3d" - 3d5(a'F)4p 
3d" - 3d5(a'S)4p 
3d" . 3d'(a4P)4p 
3d" - 3d'(a2G).Zp 
3d6 - 3d5(a2H)4p 

3 - 2  
2 - 3  
2 - 2  
4 - 4  
3 - 3  

4 - 3  
2 - 1  
1 - 2  
2 - 2  
1 - 1  

5 - 5  
1 - 0  
3 - 4  
3 - 3  
4 - 4  

4 - 3  
3 - 2  
2 - 2  
2 - 1  
2 - 3  

1 - 1  
1 - 2  
3 - 3  
2 - 2  
0 - 1  

1 - 2  
2 - 3  
4 - 5  
4 - 4  
3 - 4  

3 - 3  
2 - 2  
2 - 3  
6 - 7  
4 - 3  

1 - 2  
4 - 3  
0 - 1  
4 - 3  
5 - 6  

5 - 4  
6 - 5  
3 - 2  
5 - 4  
3 - 2  

5 - 5  
4 - 3  
3 - 4  
4 - 3  
5 - 5  

4 - 4  
1 - 1  
4 - 5 1  
3 - 3 1  
3 - 3  

2 - 2  
4 - 5  
2 - 2  
2 - 2  
5 - 6  

3 - 3 1  
3 - 2  

4 - 4  
5 - 5  

4 - 3 ~  

Refereoces 
~ _ _ _ _ _ _ _ _ _  - .~ 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
33D,7 
43D.7 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 

~ 188 
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Multiple 

4 

16 

___ 

4 
4 
4 

32 
4 

32 
4 

4 

32 

31 
16 
31 

31 
16 
16 
31 
3 

3 
16 

3 

2 
2 

3 
2 

11 
2 

11 
2 

2 
2 
3 

2 

11 

2 

3 

~ 

:SI. Illt 
___ . . . . . . . . . . 

600 
70 

200 
450 

150 

400 
550 
450 

4.00 

300 
70 

250 
250 
200 

300 
250 

450 

400 

4.m 

400 

4,oo 
150 
70 
70 

300 

70 
400 
150 
70 

200 

1 50 
150 
150 
70 

300 

70 
300 
300 
250 
400 

200 
400 
550 
400 
300 

150 
1 50 
150 
250 
5.50 

650 
300 
150 
150 
zoo 
300 
70 

250 

70 
250 

400 

250 
1 50 

70 

. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 

A,,, (in A) . . .~ ............... ~ 

845.408 
845.686 
845.925 
846.035 
846.089 

846.534 
847.425 
W7.578 
847.700 
847.924 

847.984 
848.07 
848.601 

848.977 

849.524 
fH9.569 
851.150 
851 2332 

848.729 

851.n42 

851.992 
852.644 
853.04.5 
853.456 
854.073 

854.205 
854.367 
854.532 
855.336 
855.441 

855.879 
855.935 
856.039 
856.244 
856.325 

856.480 
857.392 
8.57.690 
858.565 
858.602 

859.086 

859.721 
859.838 
860.315 

860.565 
860.889 

861.284 
861.761 

861.832 

862.191 
862.326 
862.468 

862.735 
863.004 
86:1.232 
863.302 
863.730 

864..034 
864.375 
864.425 
864.450 
865.267 

859.626 

861.087 

862.028 

-~ ........ ........... ~ . . ~ 

Levels (in 10' cm-') 
~ .... ~ . . ~  .............. ~ ............................ ~ .... 

0.4362 - 118.72160 

20.0511 - 138.26447 
30.7162 - 148.9153 
30.7258 - 14L9153 

0.0 - 118.2~652 

0 . 7 : ~  . 118.86787 
0.4362 . I i8.4.4m 
0.7385 - 118.72160 

24.9409 - 1$2.90848 
0.9:324 - 118.86787 

21.6999 - 139.62517 
24.9409 - 142.85559 

1.0273 - 118.86787 

0.9324 - 118.72160 
21.8572 - 139.68047 

25.1424 - 142.85559 
20.4819. 138.18793 
24.5588. 142.0470 
20.30OU. 137.76370 
25.1424 - 142.53507 

2 4 . 9 ~ 9 .  142.3imn 

20.3008 . I 37.52792 
20.4819. 137.76370 

25.1424 - 142.31290 
0.4362 - 1 17.52191 

0.0 . 117.06856 
20.4819 - 137.52792 
50.2761 - 167.2989 

30.7162. 147.61465 
50.2952. 167.2073 

30.7162 - 147.55685 
30.7258. 147.55645 
50.1849. 167.002 
50.2952 - 167.0850 

30.8578- 147.61465 
0 . ~ 6 2  - 117.06856 

0.0 - 116.47~44 

21.6999. 138.10.312 

19.4048. 135.7ns7 

30.8578. 147.63595 

21.4622. 138.05459 

0.0 - 116.46741 

0.7389. 117.06856 
0.0 .  116.31663 

0.7389 - 116.97505 

50.2952 - 166.498 
0.7389 - 116.89822 

20 .0~11.  136.18517 
20.6884 - 136.7938 
0.9328 - 116.97505 

0.4362 - 116.46741 
0.9324 - 116.93757 

0.9324 - 116.89822 
0.4362 - 116.41939 

50.2761 - 166.2222 

I ,0273 - 1 1 6 . 9 ~ 5 7  
19.4048 - 135.2790 
20.6884 - 136.53245 
35.8037 . 151.6373 
20.6884 - 136.4649 

0.7389 - 116.47544 
20.3008. 135.99062 

0.7389 - 116.41939 
2o.0511 . 1:<5.73531 

Configurations 
~~~~ ... . ... ..................... ~ ..................... 

3 d  . 3d'(a4P)4p 
3d6 - 3d5(a"G)4p 
3d" 3d5(a2Gj4p 
3 d  - 3d"(a2S)4p 
3d' - 3cf5(a'S)4p 

3d6 - 3ds(aRP140 
311" - 3d'(a'P)4i 
3dh - 3d'(a"l'flp 
3d' - 3d5(a2H14u 

3d5 - 3dS(a2H)4p 
3d" 3d"(a4G)4p 
3d6 . 3d5(a"G)4p 
3d" . 3d5(a2Fj4p 
3dh - 3d5(a4G)4p 

3d6. 3djlb2G)4D 
3dG - 3d"(a4P)46 
3 d .  3d5(a'F).Lp 
3d6 - 3d5(uZR4u 

3d' - 3d5(a'F)4b 
3d" - 3d"(aRF)4p 
3d6 - Jd5(a%4u 

J - J  . .. . . . . . . . . . 

3 - 2  
4 - 3  
6 - 6  
2 - 1  
1 - 1  

2 - 1  
3 - 3  
2 - 2  
4 - 3 
1 . 1  

3 - 4  
4 - 4  
0 . I 
2 - 3  
1 - 2  

3 - 4  
4 -  3 
5 - 4  
5 - 5  
3 - 2  

4 . 3  
4 - 5  
5 - 4  
3 - 3  
3 - 4  

4 - 3  
4 - 4  
4 . 5  
3 - 4  
2 - 2  

2 -  1 
1 - 1  
2 . 2  
3 . 3  
3 - 3 

3 - 2  
3 - 3  
4 - 5  
4 - 3  
4 - 4  

3 - 4  
2 - 3  
4 - 5  
2 - 3  
2 - 2  

3 - 3  
2 - 2  
6 - 5  
1 - 2  
1 - 2  

3.4 
1 - 1  
3 - 2  
1 - 2  
4 - 4  

0 - 1  
2 - 2  
1 - 2  
2 - 1  
1 . 1  

2 - 3  
5 - 4  
6 - 5  
2 - 2  
2 - 3 

.~ 

'later- 
.. ~ 

P 

Rt-fcrenws 

188 
188 
188 
188 
188 

188 
188 
188 

1 8 n  

188 
188 
188 

188 

188 
188 
188 
188 

188 

188 

1a8 

188 
188 
188 
188 
180 

188 

188 
188 
188 

188 
188 
188 
188 
188 

188 

188 
188 
188 
188 
1n8 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 
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5 - 5  
4 - 3  

5 - 6  
3 - 3  
2 - 2  
3 - 4  
4 - 4  

3 
3 

I I  

38 

24 

24 
30 

24 

30 

30 

15 
15 
15 
15 

15 
49 

37 

250 
70 

300 
200 

50 

300 
200 
1 50 
150 
:<no 

1 50 
250 
250 
200 
1 50 

550 
70 

I 50 
70 

150 

300 
300 
200 
200 
2on 

50 
200 
250 
300 
400 

400 
450 
200 
250 
70 

200 
400 
250 
300 

70 

200 
I50 
1 50 
600 
650 

550 
400 
250 

70 
70 

70 
150 
70 
70 

550 

150 
200 
300 
200 
200 

450 
70 
70 

250 
300 

~~~ ~~ 

A\?, (in At 

865.896 
866.905 
867.639 
868.428 
868.473 

868.836 

870.23.5 
8 7 0.2 7 4 
870.621 

87 1.552 
87 1 ,968 
872.027 
873.080 
873.130 

873.462 
873.988 
874.129 
874.560 
875.090 

870.041 

875.423 
876.021 
876.483 
876.564 
876.679 

878.264 
878.316 
879.50.5 
880.008 
880.447 

880.949 
881.088 
881.477 
882.147 
882.295 

883.090 
883.688 
884.263 
884.600 
886.138 

887.372 
888.777 
890.008 
890.755 
891.1 72 

891.442 
892.417 
894.008 
896.072 
896.380 

897.580 
897.747 
898.805 
899.052 
899.417 

900.432 
900.940 
901.034 
902.869 
90.1.320 

905.338 
905.964 
907.041 
907.891 
908.131 

Levels (in IO' cm ' )  

0.9321 - 116.41939 
1.0273 - 116.38007 

2 1.2085 - 136.4649 
21.4622 - 136.61278 
19.4048 - 134.5494 

21.6999 - 136.79705 
20.3008. 135.23974 
21.6993. 136.61278 
24.5588. 139.46336 
19.,4048 - 134.26542 

21.4622 - 136.20013 
24.9.409 . 139.6251 7 
0.4362 - 115.11092 

25.1424 - 139.68047 
20.6884 - 135.2171 

30.3562 - 144.84324 
21.6999 - 136.11794 
20.6084 - 135.0881 

21.4622 - 135.73531 
21.8572 - 136.20013 

30.3562 . 114.58683 
30.8864 - 145.03861 
21.4622 - 135.55441 
30.8864 - 144.90850 
20.4819 - 134.54900 

20.6384. 134.5494 
21.4622 - 135.31642 
30.8864 - 144.58683 

0.0 - 113.63534 
21.6999. 135.2790 

21 -4622 134.97622 
24.5588 - 138.05459 
30.8864 - 144.33221 
21.8572 - 135.2171 
21.2085 134.5494 

21.8572 - 133.09684 
24.9409 - 138.10312 
57.2217 - 170.3106 
25.1424 - 138.18793 
21.6999 - 134.54900 

21.8572 - 134.54900 
20.0511 - 132.56471 
20.3008 - 132.65917 
20.3008 - 132.56471 
20.0511 - 132.26266 

20.4819 132.65917 
24.5588. 136.61278 
24.9409 - 136.79705 
30.7162. 142.31290 
57.2217 - 168.7801 

20.3008. 131.71079 
25.1424. 136.53245 
24.9409 - 136.20013 
20.4819 - 131.71079 
30.3562 - 141.53955 

25.1424 - 136.20013 
24.5588 . 135.S5441 
zn.0511 - 131.03507 
24.5588 - 135.31642 
30.8864 - 141.46653 

20.3008 - 130.75684 
21.6999 - 132.07331 
21.8572 - 132.10494 
30.8578 - 141.00299 
30.8864 - 141.00293 

Configurationi 
~ ~ 

3d" - 3di(a'P)4p 
3d" . 3di(a*P)Jp 
3d". 3di(a'F)4p 
3d". 3d5(a'P)4p 
3d" . 3d5(a'D)4p 

3d" - 3di(a2F)4p 
3d" - 3d5(a'F)4p 
3d" - 3ds(a2F)4p 
3d" - 3di(a4F)?.p 
3d". 3di(a2D)4p 

3d" - 3di(a'U)4p 
3d" - 3ds(a4F)4p 
3dh - 3d5((a4G)4p 
3d" - 3d"(a4F)4p 
3d' - 3d5(a'D)4p 

3d" . 3d'(a'H)4p 
3d" - 3d'(a4F)4p 
3d" - 3d"la'D14~ 
3d" 3d'(d'D)4; 
3d" . 3d'(a'F)4p 

Ad" 3d'(a2G)4p 
3d" 3d5(d 'G)4~ 
3d" - 3d'(a2F)4; 
3d" . 3d'(b2F)4p 
3d" - 3d'(a2F)4p 

3d". 3di(a2D)4p 
3d" - 3d5(aZF)4p 
3d' - 3di((a2G)4p 
3d". 3d5(a*G)4p 
3d" . 3ds(a'L))4p 

3d" . 3d5(a2D)4p 
3d" - 3d'(a2H)4p 
3d" - 3d5(b'F)4p 
3d" - 3d5(a'U)4p 
3d6 - 3ds(a2D)4p 

3d' - 3d'ia*FV&o 
3d" - 3d'(a'H)dp 
3d6 - 3d'(b'G).tp 
3d" - 3d'(a2H)4p 
3d" - 3d'(a2F)4p 

3d" - 3d'(aLF)4p 
3d". 3d'(a21)4p 
3d' - 3d'(az1)4p 
3dh. 3d'(d21)4p 
3d". 3d'(a21)4p 

3d" - 3d5((a'1)4p 
3d6. 3d5(a2F)4p 
3d" . 3d5(a'b-)4p 
3d" . 3d5(a4F)4p 
3d" - 3d5(b2G)4p 

3d" . 3ds(a21)4p 
3d' - 3d5(azF)4p 
3d" - 3di(a2D)4p 
3d" - 3d5(aZI)4p 
3d" . 3ds((a2H)4p 

3d0 - 3ds(a2D)4p 
3d" . 3d5(a'E)4p 
3d" . 3di(a'I)4p 
3d6 . 3d'(a2F)4p 
3d" - 3dj(aZF)4p 

3d" . 3d'(a21)4p 
3d" . 3d'(aTD)4p 
3db - 3d j (a2D)4~  

Terms 

a t  - z'F" 
a'H - z'H" 
a ' I  . v'l" 

~ 

1 - 2  
0 -  1 
0 -  I 
4 - 4  
2 - 1 ,  

3 - 3  
5 - 4  

I 
188 
188 
188 
188 
188 

188 
188 

188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
I nu 
1 RR 

188 

188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 

188 

188 
188 
188 
188 
188 

188 

iao 

188 
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. . . . .. . . -. . . . . . . . . . . . . ......... ~ . 

\ 10 

10 

10 

46 

45 

44 

23 
23 

23 

13 

13 

150 

I50 
200 

250 
400 

70 
150 
150 

300 
2l)O 

70 
7 0 

139 

200 

250 
70 
70 

250 
300 

250 
70 

450 
150 
*tOO 
300 
2 50 

650 
2011 
200 
1 50 
:300 

70 
70 
70 

250 
70 

1.50 
430 

70 
.Z 00 
51) 

100 
200 

70 

250 

150 
209 
150 
150 
290 

250 
150 
300 
1.50 
70 

70 
6SO 
150 
,100 
250 

2.50 70 I 

1 so 

noa 

400 

m . o o o  
91)8.885 
?09.178 
909.279 
910.699 

910.693 
910.961 
911.20'5 
911.265 
912.197 

912.683 
Y 12.794 
913.132 
913.324 
913.!419 

915.455 
91 7.684 
917.932 
018.800 
Y23.215 

V28.01C1. 
928.474 
!>29.163 
939.086 
'931,124 

934.703 
942.363 
946.056 
94,8..322 
948.9 18 

950.334 
Y50.722 
953.383 
955.141 
955.572 

956.355 
959.070 
05Y.:129 
959.552 
960.454 

961.709 
961.90 I 
962. I08 
Y(i2.655 
963.172 

963.246 
%:3.880 
965.717 
967.197 
968.955 

969.423 
969.954 
970.381 
970.435 
97 l.Y29 

973.505 
977.790 
'179.032 
979.704 
980.41 6 

981 
981.373 
983.510 
98.3.860 
983.909 

......... ................. 

30.7162 . 140.75098 
30.7258 . 141).750')8 I 
20.0511 . 190.04056 
30.7162 - 140.69336 
35.8037 - 145.41839 

30.8864 - 141J.69336 
20.4819 - 130.25627 
21.4999 . l:31.44593 
30.7162 . 140.45.310 
50.4123 - 160.0379 

30.8864 . 140.45310 
20.3OuH. 12V.HM80 
1Y.404R. 128.91751 
30.3562 - 139.84418 
24.9409 . 134.36040 

35.8037 - 145.03861 
50.8578 - 139.82717 
30.8864. 139.82717 
49.5769 , 158.4lfjt3 
50.4123 - 158.7293 

42.8969 - 150.6549 
24.5588 - 1 3 2 . 2 6 2 ~ ~  
24.9409 - 132.56471 
25.1525 - 132.63917 
21.2085 . 128.60565 

19.4048 - 12h.39057 
42.8969 - 149.01336 
20.6884 . 126.39057 
19.4048 - 124.85404 
330.3562 - 135,73947 

30.3562 . l:35.58208 
21.208.5 - 126.3%9057 
35.8037 . 140.h9336 
30.8578 - 135.55441 
3.5.8037 - JSO.45310 

:30.711,2 - 135.2790 
20.6884 - 124.95488 
30.8578 - 135.09684 
20.68R.t - 124.90392 
30.8578 - 134.07622 

21.4622. 125.44858 
35.8037 - 139.76448 
21.h999 - 125.63798 
34.8124. 138.69181 
30.7258 . 134.5494 

2 I .857? - 125.67283 
21.2983 - 124.95488 
30.7162 - 134.20542 
2 1.4622 124.85404 
21.6W9 - 124.90392 

31.6999 - 124.85404 

1 lQ.fMti4 . 222.75023 
21 .us72 . 124.90392 
35,8037 . 138.69181 

21.8572 . i24 .9xm 

42.8969 - 145.61839 
57.2217 . 159.4V30 
42.R96Y . 145.03861 
42.8969 - i 4 ~ i i w m  
21.6999 - 123.69718 

30.8578 - 132,78536 
66.52295 - I fi8.42101 
30.8864 - 132.5647 1 
20.3008 - 121.94129 
30.J562 - 131.99158 

Terma 1 J -.I 

2 - 2  
1 - 2  
6 . 7  
2 - 3  
2 - 2  

,1. - 9 
4. - 5 
3 - 2 
2 - 3  
1 - 2  

4 - 3  
5 - 6  
2 . 2  
6 . 6  
:1, - 4 

2 - 3 
3 - 4  
4 - 4 
1 - 2  
2 - 3  

3 - :I 
5 - 6  
4 - 5  
3 - 4  
0 - 1  

2 - 1  
3 - 4  
1 - 1  
2 - 3  
6 - 6  

6 - 6  
0 . 1 
2 - 3  
3 - 4  
2 - 3  

2 - 2  
1 - 1  
3 - 3  
J - 2  
3 - 3 

4 - 4  
2 - 2  
3 - 3 
0 - 1  
1 - 1  

2 - 2  
0 . 1  
2 - 2  
4 . 3  
3 - 2  

3 3  
2 - 1  
2 - 3  
2 - 2  
2 - 1  

$3 . 2 
4 - 3 
3 - 3 1 
3 - 4 '  
3 - 2  

3 - 4  
2 . 2  
4 - 5  
5 - 4  
6 - 7  

1 XI$ 
188 
188 
188 

188 
188 
188 
188 
1X8 

188 
188 
188 
188 
188 

I 388 ' 188 
1 RH 
188 
188 

188 
1x8 
188 
188 
I 88 

1 88 
188 
I XR 
188 
188 

188 
188 
1r8 
188 
188 

188 
188 
188 
1x8 
188 

188 
188 
188 
188 
188 

188 

188 
188 
188 

188 
188 
188 
188 

1 88 

I 88 

1813 
188 
188 
188 
188 

1 88 
188 
188 
I*% 
188 
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~~~ 

Configurations 
_____ ~~ ~~~ 

~~~ 

3d" - 3d'(a4G)4p 
3d" - 3dI(a'D)4p 
3d" . 3d'(a'l)4p 
3d" - 3dI(a4P)4p 
3d" . 3d'(a4P)4p 

3d" - 3ds((a"D)4p 
3d" - 3d5(a*D)4p 
3dh - 3ds(asP)4p 
3d" - 3di(a'I)4p 
3d' - 3d5(a*D)4p 

References 
~~ ~ 

~ 

i88 
i88 
188 
188 
188 

188 
188 
188 
188 
188 

1n8 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 

188 
188 
188 

188 
188 
188 

18n 

1 3 

22 
22 

22 
42 

29 
9 

29 
21 
21 

9 
21 
21 
21 

9 
9 
9 

12 

12 
12 
41 

41 

41 
28 

28 
28 

20 

28 
20  

28 

20 
20 
20 

20 
20 

40 
40 
40 
40 

40 
40 

27 
26 

27 

27 

26 

550 985.824 

300 986.637 
150 988.148 
250 989.467 

250 986.514 
20.4819. 121.91974 
21.4622 - 122.82955 
30.3562 - 131.71079 

4 - 3  

2 - 1  
3 - 2  
4 - 3  
4 - 5  
2 - 2  

4 - 3  
2 - 1  
3 - 2  
4 . 5  
4 - 4  

2 - 2  
3 - 4  
3 - 3  
2 - 3  
3 - 4 

4 - 5  
1 - 1  
1 - 2  
0 -  1 
6 - 6  

5 - 5  
4 - 4  
3 - 2  
1 - 2  
2 . 1  

1 - 0 i  

4 4 

21.6999 - 122.89884 
21.8572 - 122.92137 

2 1 . 8 . a  . 122.n4303 
21.6999. 122.62834 
21.4622 - 122.35661 
30.88CA. 131.71079 
21.8572 - 122.62834 

24.9409 - 125.637Y8 
19.4048 . 119.98226 
25.1424. 125.67283 
21.4622. 121.94962 
21.4622 - 121.94129 

19.4048 - 119.69764 
21.6999 - 121.94129 
21.6999 - 121.91974 
21.8572 - 121.91974 

82.33392 . 181.82567 

30.8864 . 130.25627 
20.6884 - 119.98226 
20.6884 - 119.69764 
21.2085. 119.98226 
20.0511 . i i 8 . .mn i  

2 o . x m  - I i8.sms 
20.4819. 118.68625 
30.8578 - 128.91751 
49.5769. 147.61465 
30.7162 - 128.60565 

30.7258 - 128.37153 
24.5588 - 121.94962 
50.2761 - 147.40614 
24.9409 - 121.94962 
24.9409 - 121.04129 

21.4622 - 118.35024 
42.8969. 139.7648 

250 
400 
600 
400 
I30 

450 
200 
400 
400 
150 

990.235 
'990.800 
991.232 
991.829 
992.33: 

993.080 
994.257 
994.724 
995.150 
995.223 

997.08 1 
997.599 
997.794 
999.376 

1005.106 

1006.341 
1007.113 
1010.005 
1012.411 
1 0 1 7.2 54 

1017.745 
1018.286 
10 19.789 
1020.022 
1021.56 1 

3d" - 3dS(asDj4p 
3d" - 3ds(a"P)4p 
3d6 - 3d5(a4D14~ 
3d" - 3d5(anG)4.; 
3d" - 3d5(abC)4p 

3d" . 3d5(a4P)4p 
3d" . 3di(a3G)4p 
3d" - 3ds(aJG)4p 
3d" . 3dF(aJG)4p 

3di(a"S)4p - 3di(a"G)5s 

3dh . 3d"(a21)4p 
3d" .  3d5((a*Pj4p 
3d" - 3ds(aJP)4p 
3d" - 3di(a4P)4p 
3d6 - 3ds((a*G)4p 

3d" - 3d'(a4G)4p 
3 d h  - 3d'(a%)4p 
3dh - 3d'(a4D)4p 
3d" - M'(h'Fj4p 
3d" - 3d5(a4D)4p 

3d" - 3d5(a'D)4p 
3 d h .  3d'(a3G)4p 
3d" - 3dF(b2F)4p 
Gd" . 3dF(a4Gj4p 
3dh - .3d'(aJG)4p 

3d" - 3ds(a4G)4p 
3d" . 3dS(a2F)4n 

450 
400 

70 
300 
1 50 

1 50 
200 
250 
200 
600 

550 
550 
400 
1 50 
250 

200 ' 1024.108 
400 ' 1026.790 
150 1029551 
150 1030.844 
400 1030.924 

550 ' 1032 123 4 4  
3 - 2  

b'F - u'G' 3 - 4  
a'G-z'G 3 . 4  
a'F - 7'F 4 - 3 

P 
P 50.2952 - 147.16136 

25.1424 - 121.94129 
21.4622 - 118.24652 

Dd' - 3d5(b2F)4i 
3d" - 3di(aiGj4p 
Jd' . :3d5(a4G)4p 

... 
70 1033.079 

1033.225 

1033.298 
1034.054 
1034.654 
1035.768 
1036.659 

1037.462 
1038.355 
1060.258 
1060.723 
1061.127 

1061.245 
1061.708 
1061.827 
1062.272 
1063.188 

1063.309 
1063.872 
1064.61 1 
1066.143 
1066.181 

1068.19 0 
1068.299 
1069.019 
1070.284 
1070.556 

1.50 

300 
150 
150 
400 
I50 

7 0 
400 
250 
250 
250 

300 
400 
250 
200 
750 

200 
550 
70 

350 
300 

300 
200 
300 
250 
200 

3 - 3  
2 - 3  
3 - 4  
3 . 3 
3 - 2  

2 - 3  
2 - 2  
2 - 2  
3 - 3  
2 - 1  

1 - 1  
2 - 2  
1 - 2  
2 - 3  
4 . 4  

3 - 2  
3 - 3 
2 - 3  
5 - 6  
0 - 1  

4 - 5  
4 - 5  

25.1424 ~ 121.91974 
50.1840 - 146.8910 
21.6999 - 118.35024 
2 1 .6999 . 118.24652 
21.6999 - 118.16356 

21.8572 - 118.24652 
21.8572 - 118.16356 
50.1849 - 144.50174 
.50.2952 - 144.57053 
30.7162 - 124.95488 

30.7258 - 124.954,88 
30.7162 - 124.90392 
30.7258 - 124.90392 
30.7162 . 124.85404 
50.2761 . 144.33221 

3d" - 3d'(aVGj4p 
3d" - 3ds((b'F)4p 
3d" - 3d5(abG)4p 
:id" - 3di(a'G)4p 
3d0 - 3d5(a'G)4p 

3d" . 3dila'C14u 
3d" . 3di(a4G)4b 
3d" - 3di(b'F)4p 
3d" . 3d5(b2F)40 
3d" . 3ds(a4& 

3d" . 3d"(a'D)4p 
3d".  3d5(a"O)4p 
3d" . 3ds(a4D)l,p 
3d" - 3d5(a"D)4p 
3d" - 3d5(b2F)4p 

3d" - 3di(anD)4p 
3d" - 3d5(a'D)4p 
3d" . 3d5(a?G)4p 
3d" - 3d'(a'G)4p 
3d" - 3d'(aZD)4p 

3d" . 3d5(a"G)4p 
3d" . 3d'(a2G)4p 
3d" - 3d:(a*G)Sp 
3d" - 3d'(b2F)4p 
3d" . 3d'(a'G)Sp 

I 8n 
l 188 

188 
188 

~ 188 
188 

~ 188 

188 

30.8578. 124.90392 
30.8578 - 124.85404 

24.5588 . 118.35501 
34.8124 - 128.60565 

50.1849 - 144.11664 

24.9409 - 118.55725 
50.2761 - 143.88374 
25.1424 - 118.68625 
57.2217 - 150.6549 
24.9409 - 118.35024 



.___  .... 

z7P". e7S 
z 5 H - f 5 G  
' F G " .  esG 
?G"- e% 
z'G" - e5G 

. ... . . . . . . . . . . . . . 

Mllltiplet 
. . . . . . . . . . . . . .... ~- 

26 

26 
26 

1 

1 
1 
1 
1 
1 

1 
1 
1 

39 

39 
39 
39 

85 

85 

85 4 .  3 
6 - 5  
2 - 2  
3 - 3 
3 - 2 

250 
70 

250 
2 

2.50 
150 
3uu 

70 
200 

2.50 
250 
1 so 
300 
200 

1072.217 
1074.061 
10'75.024 
1076.556 

1082.8:313 
1083.176 
1086.748 
1088.224 
1089.061 

1089.41 6 
1089.671 
1093.332 
1095.476 
1096.6136 

2 1097.782 
300 1 1098.247 
I 50 1099.061 
600 1122.526 

600 

.550 
400 

450 
450 

300 

zoo 
450 
200 

250 

3?10 
70 

2 
70 

70 
200 
20 

150 
50 

1 50 

200 

1 .so 
50 
20 

230 

250 
20 

150 
400 
20 

70 
150 
10 

450 

600 
70 
70 

150 
150 

650 
150 
1 50 
200 

70 

so 

11 24.883 
I 1  26.728 
1 128.050 
1128.723 
1 129.150 

1130.504 
1131.1'94 
1131.914 
1141.272 
1142.464 

1142.9.55 
1143.545 

1325.61 
1.382.8.57 

1394.024 
1395.213 
1395.382 
1395.750 
1465.291 

lJ43.6il  

1465.320 
1465746 
1465.775 
1465.830 
1466.484 

1467.746 
1468.524 
1468.986 
1469.876 
1471.051 

1471.638 
1481.169 
lW.241 
1484.546 
1486.254 

1493.626 
1495.213 
1498.82 1 
1502.95 1 
L s1)4.002 

1505.152 
1507.512 
1511.138 
151 1.594 
151 1.622 

..... 

... . - 
1,evels (in 10' cm-') 

~ ........ _ _ ~  . ~~ 

24.9409 - 118.24652 
: tn .~wu7 - I . ~ .26542  

117.s2191.210.41i32 

so.im9. 142.535n; 
49.148 . 141.46945 

50.29.% . 142..xmn 

49.5769. 141.39904 

.s0.2761 . ~42.0470 

25.14'4 - 118.24652 
25.1424. 118.16356 

49.5709 - 141.46945 

57.2217 - 149.01336 

42.8969 - 134.36040 
50.1849. 141.46945 ' 
50.2761 . 141.46653 

50.2952 - 141.39904 , 
5U.4123 - 141.46653 
50.4123 - 14l.35904 

66.591611 - 157.684.3 

0.0 - 89.08470 

0.4362 - 89.33449 
0.7389 - 89,49144 
0.4362. 89.08479 
13.7389 - 89..33450 
0.9324 - 89.%91 44 

1.0273 - 89.49144 

0.7389. tw.08m 
0.9324 - 89.33459 

57.2217 - 144.84324 
30.7162 - 118.24652 

30.8578 - 118.35(324 
30.il62 - 118.16356 

57.2217 - 132.65917 
63.42517. 135.73947 

50.1849 - 121.91974 

3n.7258 - 118.16356 

50.2761 - 121.94962 

113 58420. 181.82866 
113.60.537 - 181.83002 
113.bOS.37 . 181.82866 
113.60537 . 181.82567 
113.63534 - 181.82567 

113.67701 - 181.80870 
113 h7701 - 181.77259 

50.2761 - ii8.35nz4 
113.73962 - 181.772.59 

50.1849 - I 1.8. I6356 

50.2952 - 118.24652 
69.69573 - 137.20973 
70.72875 - 138.10312 
70.69403. 138.05459 
82.00173 . 149.28500 

82.33392 - 149.285W 
114.94855 . 181.82866 
iis.iin92. 181.8.~002 
115.28991 - 181.82567 
69.69573 . 136.18517 

82.84659 - 149.28500 
115.47425 . 181.80870 
113,58420 . 179.75949 
113.60587 - 170.76072 
113.60537 - 179.75949 

D-37 

~ ...... ~. 
~ ..... ~~ . 

Coo figurations 
~ . ...... ___ .... ~ . . ............ ~ . ....... 

Jd" 3d'(a6S)4y 
3d6 Jd'(d65)4p 
3dh 3d"(abS)*p 

Terms 

~~~ - 

J - J  

4 - 3  
2 - 2  
3 - 3 
3 - 2  
4 - 5 

2 - 2  
0 - 1  
3 - 3  
1 - 1  
1 - 2  

4 - 4  
4 - 4  
3 - 4  
2 - 1  
4 - 3  

3 - 2  
1 - 2  
2 - 3  
2 - 2  
4 - 3  

3 - 2  
2 - 1  
3 - 3  
2 - 2  
1 - 1  

0 . 1  
1 - 2  
2 - 3  
4 - 5  
2 - 3  

~ .... 

3 - 4  
2 - 2  
1 - 2  
4 - 4  
6 - 6  

2 - 3  
4 - 5  
4 - 4  
3 - 4  
2 - 3  

2 - 2  
3 - 3  
3 - 2  
3 - 4  
4 - 4 

5 - 5  
5 - 6  
4 . 4 
6 - 6  
2 - 2  

3 - 3  
4 - 4  
4 - 4  
5 - 5  
2 - 3  

3 - 3  
3 - 2  
4 - 3  

Votes] References 

188 
188 I 188 
188 
188 

Q 

Q 

P 

P 
P 
P 
I' 
P 

P 
P 

P 

P 

P 
P 
P 
1' 

P 
P 
P 
P 
P 

188 
188 
188 
188 
188 

188 
292 
188 
188 
188 

188 
188 
188 

188 

188 
188 
188 
188 
188 

188 
188 
188 
816 
188 

188 
188 
188 
188 
288 

288 
288 
288 
288 
288 

288 

188 
288 
1f38 

188 
188 
188 
188 
288 

288 
288 
288 
288 
188 

288 
288 
288 
288 
288 

188 

288 



D-38  

Multiplet  R-I In1 

50 
150 
2 0  

I50  
50 

Configuratiwns 

3di(a'P)4p . 3d'(azP)4d 
3di(a4G)4p . 3di(anG%d 
3ds(a4G)4p - 3di(a'G)4d 
3d5(a'G)4p - 3di(a4Gi4d 
3d5(a"G)4p - 3d5(a'G)4d 

3di(a'F)4p - 3d5(a'P)4d 
3d'(a3G)4p - 3di(a"G)4d 
3d5(a'Gj4p - 3d5(a*G)4d 
3d5(a'G)4p - 3ds((a'%)4d 
3d5(a4P)4p . 3ds(a'P).ld 

3ds(a'F)4p - 3d5(a'F)Ss 
3ds(a"U).lp - 3di(a"D)4d 
3ds(a4G)4p - 3ds(a4G)4d 
3ds(a'E')4p - 3ds((a'F)5s 
3d5(aJC;)4p - 3ds(a"G)4d 

3d5((a"G)4p - 3d5(a"G)4d 
3ds(a*P)4p - 3ds(a'P)4d 
3ds(a4G)4p - 3d5((a4G)4d 
3d5(a4D)4p - 3d5((a"D).2d 
3di(a'G)4p . 3ds(a"G)4d 

3di(a*P)4p - 3di(azP)4d 
3ds(a*G)4p - 3d5(a4G)4d 
3d5((a"D)4p - 3di(anD)4d 
3d5(a%)4p - 3ds(a*G)4d 
3d5(a4D)4p - 3ds(a*D)4d 

3d'(a%14~ . 3di(a"G)4d 

~~ ~~ ~~~~~~~~~~~~ 

113.60537 - 170.7,?798 
115.64223 - 181.77259 
113.63534 . 179.76072 
113.63534 - 179.75798 

~ 116.36476. 182.48040 

116.38007 - 182.48072 
I13.58420 - 179.68234 
113.60537 - 179.67689 
113.h7701 . 179.74817 
113.63534 - 179.66148 

116.41939. 182.44470 
113.73962 - 179.74817 
113.73062 - 179.72531 
113.67701 - 179.63077 
116.47544 - 182.41265 

135.99062 . 201.91953 
120.82617 - 186.71202 
113.73962 . 179.57983 
136.18517 - 201.8921.4 
113.58420. 179.17862 

' 
7 - 6 ' P  288 
4 - 3 P 288 
4 . 4 ~  P ~ 288 

1512.279 
15 12.341 
1512.364 

I5 12.844 
151 2.888 
151:3.511 

15 14.552 
1 5 1 3 . m  

0 - 1 1  P 1288  
I 

20 
150 
50 

150 

20 
2 0  

,300 

250 

2 - 3 P 288 
6 - 5 P 288 
6 . 6 ~  : 288 288 
5 - 4 1  
3 - 4  P j 288 

15 14.57 1 
I5 14.955 
15 15.480 
I516 214 
15 16.594 

200 
1 LO 

20 
20 

1516.785 
1517.777 
1518.829 
152 1.902 
1524.520 

1524.649 
1524.797 
1525.036 
1525.051 
1525.346 

300 
20 

300 

,300 1 

70 

50 
1 70 

350 I 
I13.60537 - 179.19422 
116.89822 - 182.48072 ~ 

113.63534 - 179.20757 
120.69710. 186.26869 
113.63534. 179.19422 I 

I  

1 11689822 18244470 
1 I3 67701 . 179 21647 , 
121 46882 186 99860 I 

150 ' 1525.635 
400 
150 
400 

1525.798 

1527. 141 
1526.024 

113.73962 - 179.22145 
120.82617 . 186.30344 

113.73962 - 179.21647 
116.31663 - 181.77259 
134.97622 - 200.38428 
121.00878 - 186.37894 
116.475~44 - 181.82567 

116.46741 . 181.80870 
82.00173 - 147.30597 
82.00173. 147.29121 

122.82055 . 188.10958 
82.00173. 147.28169 

121.24167 - 186.45409 
121.46882 . 186.59730 
135.23974 - 200.32556 
135.31642 . 200..39533 
118.35501 . 183.43128 

122.94415. 188.01340 
~ 82.33392 - 147.32685 

82.33392 . 147.30597 
82.33392 - 147.29121 

114.94855 - 179.87671 

135.73531 .200.65602 
135,73947 . 200.65602 1 

50  

I 50 
70 

1527.21.8 

1527.2S7 
1527.745 

2 - 3  

4 - 5  P i 2 8 8  

3d5(a%)4i - 3dS(a'G)5s 
3d5(a2D)4p - 3ds(a4F).l,d 
3di(a*D)sl,p - 3d5(a"D)4d 
3d5(a4P)4p - 3d5((a4G)5s 

3ds(a"G)4p - 3ds(a'G)5s 
3d'(a"S)4p - 3ds(a"S)4d 
3d'(ahS)4p - 3ds(ahS)4d 
3d"(a4D)4p - 3ds(a4D)5s 
3d'(ahS)4p - 3ds(a"5)4d 

3d"(a4D)4p . 3d5(a'D)4d 
3dS(a"U)4p - 3d5(a"D)4d 
3d5(a'F)4p - 3d"a'F)iLd 
3ds(a2F)4p . 3d(a'F)4d 
3d5(a'G)4p . 3d5(a4G)5s 

3d5(a*U)4p - 3ds((a4D)5s 
3d'(a6S)4p - 3ds(ahS)4d 
3d5(a6S)4p - 3ds(a"S)4d 
3d"(ahS)4p - 3d5(a%)4d 
3ds(a4G)4p - 3dS(a"G)4d 

3d5(a4F)4p . 3dS(a"F)4d 
3d5(a'1)4p . 3ds(a'F).ld 

3d5((a'G)4p - 3d5(a'.G)5s 
3dFS(a4P)4p - 3d"(a4Pj4d 
3d'(aJD)4p . 3d5(a4D)5s 

3d5(a'G)4p - 3ds(a%)4d 
3d5(a'G)4p - 3ds((a4G)4d 
3d5(a"I)4p - 3ds(a4F)4d 
3d5(a'G)4p - 3ds(a'G)5s 
3ds((a*F)4p - 3d5(a'F)4d 

20 ~ 

200 i 150 

1528.864 
1529.750 
1530.216 

1530.426 
I53 1.294 
1531.640 

, 
20 I 

84 409 I 
84 550 

400 
84 50 1 

2 - 3 P 288 
1 2 - 2  P 288 
1 3 - 3  P 288 

2 - 1 P 288 

4 - 5 1  P ' 2R8 
5 - 6 1 P  288 

153 1.862 
153 1.864 

1533.450 
1535.427 
1536.433 

250 

150 

150 

1 250 

70 i 
84 650 
84 550 
84 300 I 

450 1 

4 - 4 P 288 j 5 . 5 ~  
P 288 

6 -  5 P 288 
1536.596 
1536.658 

1536.82~1 
1538.628 

I 1  
4 -  4 P 288 
3 - 4  P ~ 288 
3 - 3  P i 2 8 8  
3 - 2 P 288 

1539.123 
1539.474 
1540.164 

1  20 I 
150 1 

70 1 
300 

1540.340 
1540.439 
1540.834 
1541.83 1 
1542.614 

6 . 6  P 288 
5 - 4 P 288 

1 4 . 5  P 288 
118.55725 - 183.45715 
117.52191 - 182.37986 

1  124.85404. 189.67907 
I 

1 3 - 3 1  P , 288 

4 - 5  P ~ 2 8 8  
2 - 3 , P  288 
3 - 4 1  P ' 288 
3 - 4 P 288 

W'D" - h5G 3 .  3 P 288 
v ' G -  h"G 5 - 5 P 288 

4 - 5 P 288 
3 - 4  P 288 
5 . 6  P ! 2 8 8  

i 3 - 2  P 288 ~ 114.94855 - 179.75949 1 
1 115.11092 - 179.89356 

134.93784 - 199,70182 
117.06856 - 181.82567 
135.09684 - 199.80481 

1542.949 
1543.623 
1544.068 
1544.232 
1545.405 

1546.104 
1546.551 
1 M6.9 18 
1547.509 
1547.637 

3dS(a2F)4p - 3dS(a'F).ld 
3dYajFI.2~ . 3d51a'f\4d 

135.70557 - 200.38428 
I  135.73531 . 200.39533 

135.23974 - 199.88139 
135.70557 . 20032556 
115.28991 . 179.90456 

3d5(a4F)4p - 3dS(a'Fj4d i jG"  - PH 
3ds(a2F)4p - 3ds(a'F)4d dD". h5G 
3d"(anG)4p - 3ds(a4GG)4d zsH". eq 



D-39 

~ 

~ 

........ = -~ .- .......... ~~ -. .. - ..... - . i- .......... 

........ ....... 

- 
Mult1pk 
- 

84 

84 

84 

- .  

(el. Int. 
. . . . . . .  ....... - 

300 
800 
,300 
530 
150 

150 
2 50 
550 

20 
20 

200 
300 
7 0 

. so  
70 

50 
100 
I50 
20 

(:unfiguratiunr 
.............. .~ .............. - ... 

1548.237 
1550.199 
1550.45') 
I.jIiU.8h2 
1551.0819 

1551.lIi6 
I55 1 .;56.5 
15.52.00'4 
1552.682 
l'.5.5.*54 

1555.8.51 
15.56.076 
1556.4 I I) 
15.50.498 
1556.772 

I 556.903 
155hWO 
1557.581 
1558.308 
1558.545 

1,559.468 
1560.469 
15611.474 
1560.830 
1 i60.849 

1561 . I  72 
1561.1'47 
1564.295 
1%J'h.51:1 
1565.1 1R 

135.31642 - 100.9Oh03 
82.84659 - 147..35471) 

118.35501 - 182.852115 
82.84659 - 147.3268.5 

I3fJ.18517 - 2(JO.f,5602 

115.28991 - 179.75798 
82.84659 . 147.30s97 

115.47425 - 17~4.W1.56 

135.58208 - lW.88439 
10.~99062 - 2rm.39533 

I 1  5.64225 I 179.88903 
125.4435li . IRY.679(J7 

114.94835 - 179.17862 
118.16336 - 182.39255 
1:36.2:iSW . 200.43794 

ll8.2.K,<52 - 182.4089I 
ll8.24(,?2 - 182.'41870 

I' 288 
P 288 
Y 388 

p 2118 
P 288 
P 288 
P 288 
P 288 

P 288 
P 288 
P 288 
I' 388 
P 288 

P 288 
P 288 
P 288 
P 288 
P 288 

5 - 4  
4 - 3  
6 - 7  
4 - 5  
6 - 5  

5 - 6  
6 - 7  
4 - 4 
7 - 8  
4 - 3  

4 - 5  P 1 288 
288 

288 
4 . 3  288 

4 - 4  288 
3 - 3  P 288 
3 . 6  P 288 
5 - 5 P 288 
2 . 2  P 288 

1 - 1 P 288 
, 6 . 7  1' 288 

118.68625 - 182.81066 
115.110!)2. 179.19422 
115.64223 - im m:%i 
118.35U24 . 182.41870 
I IS. 110w LTY.I7862 

122.9441 5 . 186.99860 
122.82955 . 18b.8WY8 
115.28Wl - L79.21 647 
115.28WI - 179.20757 
122.89884. 186.79178 

150 
150 
50 
30 

100 I 10 
10 
20 

150 
200 

70 

200 

51) 

122.92L37 - 186.71202 
11.5.47425 - J.79.221.15 
115.47425 . 179.216&7 

118.68625 - 182.41870 
I 15.47425 . I iC).2i)7.?7 

I 
136.79382 - 200.4.3794 I 
125.44358 - 18'9.02453 
115.04223 - 17Y.22145 
115.64223 - 179.21647 
116.31663 - 179.72531 

125.63798 - 180.1)1184 
116.41939 - 179.76072 
llh.47544 - 179.75798 
116.46741 - 1'79.74H17 
116.31663 - 179.57983 

123.75039 - 186.99860 
116.46741 - 179.6b148 
123.60718 . 180.88298 
116.46741 - 179.03077 
123.75039 - 186.88298 

2 2 P 288 
4 5 I' 288 
7 - 7 P 288 
7 - 6 P 288 
5 . 6  P 288 

' 3 - 4  P 288 
2 3 P 288 
3 . 4  P 288 

20 1572954 
1577.071 

1577.938 
I 150 I 1578.748 

150 1580.215 
I 150 I ISJO.2S9 1 150 1 1580.698 

70 1581.072 
20 I 1582.427 
20 ~ 1582.634 

200 1583.196 
158:i.~)hIi 

123.69718 . LIK;.79I 78 
11 6.93757 - 179.73949 
116.97505 . 179.76072 

1584.922 

1592.720 
i16. .~822 I 79.07689 
1 I6 93757 179.h8294 

116 93737 179.67689 

1592.898 

20 15'>4.8<50 
20 I 1595 166 

,150 1595.580 
71) I597.ti25 

288 
288 

284 
288 
288 
288 
288 

288 
288 
288 

288 
288 

116.97505 . I7V.ti7689 
11 7.06856 . 179.75798 
89.08479 - I51 .75767 119 

118 
118 
119 
119 
118 

117.06856 . 179.66148 

89.08479 - 151.5.3780 
119.08.$79 - 151.53413 
89.33451 . 1.51.75767 
89.49139 - 151.75767 
89.334,Sl - I Sl..534ld 

IMib.006 



I18 
118 

1 

I 7  

97 

97 

17 

17 
97 
I7 

450 

70 
70  

I50 

200 
1 r,0 
I .i0 

200 

I 50 
250 
2.50 
200 

20 

200 
250 

70 

70 

20 
200 
400 
I 50 
70 

70 
20 

400 
70 
20 

70 
2 0 

200 

1 50 

450 

250 

1 so 

70 

1611.726 
1611.772 
1614.6ll 
1617.171 
1624.206 

lfi28.301. 
1656.83 1 
1695.036 
1709.892 
1710.374 

1 7 1 7.4 14 
1722.837 
1730.842 
1738.468 
1739.201 

1744.233 
1745.638 
1747.260 
1 748.177 
1749.052 

1753.455 
1770.247 
1770.554 
177 1.975 
1773.008 

1775.267 
1775.566 
1775.983 
1777.7.37 
1791.345 

1793.785 
1 797.769 
180 1 .766 
1803.330 
1805.337 

20  1808.203 
200 1811.924 
150 1812.974 
150 1819.480 
'70 1819.718 

70 ' 1820.496 
20 1821.865 
70 I 1824.659 
70 I 1826.156 
20 ~ 1826.267 

70 1828.857 
150 I 1829.172 
200 1830.623 

70 ' 1834.096 
70 ~ 1837.422 

250 i 1837588 
450 1838.309 

70 I 1838.621 
70 1838698 

zoo 1841.387 

300 ' 1841 536 
20 ~ 1841.96 

300 ~ 1842.927 
250 I 1843.409 
150 1843 502 

200 1843 999 
300 1844261 
400 1844547 
200 , 1844942 
300 1 1845 304 

Levels (In 10' cm ' )  
~ ~~~~ ~ 

89.49139 - 151.53668 
89.49139. 151.53490 
70.72501 - 132.65917 
70.72875 - 132.56471 
70.69403 - 132.26266 

83.42961 151.84324 
79.84012 - 140.19633 
30.08884. 89.08479 
88.92307 . 147.40014 
88.69467 - 147.16136 

88.66387 - 146.8910 
63.42517 - 121.46882 
63.46639 - 121.24167 
63.48678 - 121.00878 
89.90785. 147.40614 

63.49400 - 120.82617 
66.46461. - 123.75039 
66.46464 - 123.69718 
63.49456 - 120.69710 
66.52295. 123.69718 

66.52295 . 123.55295 
92.52391 - 149.01336 
66.46461 ~ 122.94415 
66.46464 . 122.89884 
66.52295 - 122.92137 

66.59168 - 122.92137 
66.52295 . 122.84303 
66.52295 - 122.82955 

65.52295 . 122.34661 

69.69573. 125.44358 
93.38875 149.01336 
93.51264 - 149.01336 
88.66387 - 144.11664 
88.69167 . 144.08397 

66.59168 - 122.843113 

84.15955 - 139.46336 
73.72764 - 128.91751 
69.69573 - 124.85404 
88.92307 . 143.88374 
84.67187 - 139.62517 

63.42517. 118.35501 
63.46639 - 118.35501 
89.69752 - 144.50174 
63.48678. 118.24652 
73.84910 - 128.60565 

89.90785. 144,58683 
63.49400 - 118,16356 
88.69467 - 143.32085 
73.84910 . 128,37153 
89.90785 - 144.33221 

89.69752 . 144,11664 
88.92307 - 143,32085 
89.69752 - 144.08.597 
82.41094 - 136.79705 
83.23786 - 137.54460 

89.78359 - 144.08597 
83.23786. 137.52792 
83.16148 - 137.42300 
93.38875 . 147.63595 
88.66387 - 142.90848 

82.38287 - 136.61278 
93.39245 . 147.61465 
88.69467 - 142.90848 
83.35888 - 137..ihll 
88.66387 - 142.8.5559 

3ds(a"S)4p - 3d5(a"S)1.d 
3d5(a"S)4p - 3d5((a"S)4d 
3dI(a*G)4s - 3ds(a'I)4p 
3d'(a'G!.ls - 3dS(a'1)4p 
3d'(a4G)4s - 3di(a'I)4p 

3d5((a21)4s - 3d"(a'H)4p 
3ds(a21)4s - 3d:(a2H)4p 
3d-'(a"S)4s . 3d'(a"S)4p 
3d.'(a'H)4s - 3d:(b2F)4p 
3d'(a2H)4s - 3d '(h2F)4p 

3d'(a'H)Cs ~ 3d!(b2F)4p 
3ds(a'G)45 - 3d'(d4D)4p 
3ds(a4G)4s - 3f(a4D)4p 
3d5(a4G)4s - 3d'(a1D)4p 
3d5(a2G)4$ - 3d'(b2F)4p 

3di(a"G)4s . 3di(a"D)4p 
3dZ(a'P)4s . 3di(a4D)4p 
3dYa'P)Ss 3d5(a'Di4r, 
3d5(a4G)4s - 3dt(aJD)4i 
,3d5(a'P)4s . 3d"(a4D)4p 

3d'(a'P)Sa - 3d5((a4D).l.p 
3ds(a'H)4s - 3d5(a'H)4p 
3d'(azP)4s . 3ds(a4D)4p 
3d'(a4P)4s - 3d5(a'P)4p 
3d5(d'P)4s - 3ds(a4P)4p 

3d:(a4P)4s - 3ds(a4P)4p 
3d'(a4P)4s ~ 3d'(a4D)4p 
3d3a4P)4s - 3d5(a*D)4p 
3d'(a4P)4s - 3d5(a*D)4p 
3d5(a4P)4s - 3d5(a4P)4p 

3dr(a4D)4s - 3d5(a4D)4p 
3d'(b2F)4s - 3di(a'H)4p 
3d'(a2G)4s - 3d5(a'H)4p 
3d5(a'H)4s - 3d'(a2C,)4p 
3di(a'H)4s - 3d'(a2G)4p 

3d3a'k)45 - 3d5(a'F)4p 
3d'(a4P)4s - 3d5(a4D)4p 
3d'(a'D)4s . 3d5((a*D)4p 
3d5(a2H)4s - 3d7a'G)I.p 
3d'(a2F)4s - 3ds((a4F)4p 

3dI(a4G)4s - 3ds(a*G)4p 
3d'(a"G)4s - 3ds(a"G)4p 
3dI(a2G)4s - 3ds((h2F)4p 
3d'(a4G)4s - 3ds(a4C)4p 
3di(a'P)4s - 3d5(a4D)4p 

3di(a2G)4s - 3d3a'G)il.p 
3dS(a"G)4s - 3d'(a4G)4p 
3d'(a'H)4s - 3d:(a'H)4p 
3dS(s'P)4s - 3d'(aJD)4p 
3ds(aZG)4s - 3d'(h2F)4p 

3di(a2G)4s - 3d'(a'G)4p 
3d'(a2H)4s 3d'(a2H)4p 
3ds(a2G)4s - 3d5(a'G)4p 
3ds((a2D)4s . 3d5(a'F)4p 
3di(a4F)4s - 3di(a4F)4p 

3d5(a'G)4s - 3d5(a'G)4p 
3d5(a'F)4s . 3di(a'G)4p 
3d5(aJF)4s - 3ds(a"F)4i 
3d5(b2V)4s - 3ds(b'F)4p 
3di(a'H)4s - 3d5(a2H)4p 

3di(a2D)4s - 3d5(a'F)4p 
3d5(b'F)4s - 3ds(b2F')4p 
3di(a2H)4s - 3ds(a'H)4p 
3ds(a3F)4s - 3d5(a*F)4p 
3ds(a2H)4s - 3d5(aZH)4p 

3 - 4  
4 - 5  
5 - 6  

6 - 5  
7 - 7  
3 - 3  
6 - 5  
5 - 4  

4 - 3  
6 - 5  
5 - 4  
4 - 3  
5 - 5  

3 - 2  
3 - 3  
3 - 2  
2 - 1  
2 - 2  

2 - 1  

2 - 1  

1 - 1  
2 - 1  
2 - 3  
1 . 1  
2 - 3  

4 - 4  
4 - 4  
4 - 4  
4 - 3  
5 - 4  

4 - 5  
2 - 2  
4 - 3  
6 - 5  
3 - 4  

6 - 6  
5 - 6  
3 - 2  
4 - 3  
1 - 1  

5 - 5  
3 - 2  
5 - 6  
1 - 0  
5 - 4  

3 - 3  
6 - 6  
3 - 4  
2 - 3  
3 - 2  

4 - 4  
3 - 4  
4 - 3  
4 - 3  
4 - 5  

P 
P 

P 

Q 

References 

288 
288 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 

188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 

188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
645 
188 
188 
188 

188 
188 
188 
188 
188 

188 

188 



D-4 1 

300 

- ............ ~ 

Multiplet 
.... - ............ ~ 

97 

97 
97 
53 
97 

.i3 

97 

97 
63 
63 

63 

63 

63 
63 

62 

54 

53 
5 3 

52 

52 

42 

62 

62 

62 

96 
96 

52 
62 

, 1850.200 

~- - 

el. I n t  ~- - 

450 
70 

200 
70 

150 

150 
5 

20 
70 
70 

70 
450 

7 0  
300 

-. . . . . 

3 - 3  
3 - 2  
2 - 1  
2 - 2  
4 - 3  

3 . 2  
1 - 1  

A,,, (in A) ................ ~~~~ . . 

1845.52 1 
184~5.749 
18.b6.943 
1847.348 
1847.637 

1848.130 
1848.231 
1848.428 

1848.W1 

1849.1 72 
1849.407 
1849.648 
1849.960 

1 8 4 n . m  

. . . . . . . . . . 
~~ ~~ 

Q 

4 - 3  
3 . 3  

2 - 2  
5 - 4  
2 - 3  
5 - 4  

70 ~ 1850.650 
400 1851.261 
70 

400 
130 

200 
600 
300 
200 
450 

300 
300 
200 
200 
1 50 

250 
70 

450 
I50 
150 

600 
300 
150 
650 
2 i 0  

400 
150 
20 

400 
2.50 

150 
800 
150 
200 
2 50 

300 

650 
.300 
250 

200 

is0 
70 

200 
150 
550 

600 
300 
300 
800 

70 

1852,366 
1852.677 
1852.812 

1854.384 
1854.826 
1854.975 
1855.510 
1856.69l) 

185H.542 
1859.8 13 
1859.955 
1861.665 
1862.446 

1863.317 
186A.334 
1865.202 
J 865.445 
1865.606 

1866.305 
1866.554 
1866.9013 
1869.828 
J86Y.925 

187 1.1.52 
1871.319 
1871.435 
1872.214 
1872.515 

1873.534 
1877.989 
1878.550 
1880.620 
1880.704 

1881 .I 78 
1881.578 

1882.357 
1882.979 

1883.185 
1888.394 
1883.816 
1884.233 
1884.596 

1885.123 
188.5.947 
1886.607 
1886.757 
1887.085 

1882.047 

-~ 
I 

83 23786 137 42.300 
70 72501 124 Y0.192 
93.41293 - 147.55b43 

03.51264 - 157.6359.5 
105.90623 - 160.0379 

10.5.92916 - 160.0379 
(ih.59168 - 120.69710 
80.7835') - 143.88374 
90.47253 - 144.57053 
00.48394 - 144.57053 

90.42.3h8 - 14-1.50174 
83.13823 - 137.20973 
83.35888 . 137.42300 
63.46639 - 117.52191 
83.16148 - 137.2W7.3 

63.48678 - 117.52101 
93.38875 . 187.40614 
88.92307 - 142.90848 
80.90785. . 143.88374 
83.23786 . 137.20973 

83.64698 - 137.5732 
69.83683. 123.75039 
69.78818 . 123.60718 
93.51264. 147.40614 
69.83776 - 123.69718 

69.74740 - 123.552'>.5 
93.3Y2.3.5 - l47.16136 
69.78819 - 123.55293 
69.83776 - 123.55205 
90.42:368 - 1,&'&.11664 

69.7881Y - 123.G592 
90.48994. 144.11664 
97.04138 . 1.50.6.54,9 
86.84711 - 140.45,5310 
90.48394 - 144.08597 

63.48678 - 117.06856 
63.49400 - 117.06856 
87.90187. 141.46653 
63.49400 . 116.97305 
03.41293 . 146.8910 

63.49456 . 116.93757 
83.351388 . 136.79705 
83.35888 - 136.79:38 
89.90785. 143.32085 
63.49400 . 116.89822 

83.23786 - 136.61278 
69.69573. 122.94415 
66.46464 . 119.69764 
69.74740 - 122.92137 
82.38287 - 135.55441 

89.69752 - 142.85559 
83.6469 136.7938 

89.78359 - 142.90848 
69,83683 - 122.V4415 

' 87.90187 - 141.00299 
69.74740 - 122.84303 
69.83776 - 122.92137 
89.78359 - 142.85559 
69.83683 - 122.89884 

83.13823 - 136.38517 
83.16148 - 136.18517 

63.4&39 - 116.46741 
69.83776 . 122.82955 

69.6957! : 122.82953 

I 

69.83776 - 122.84303 

3d5(aZE'j4s - 3d5(anF)4; 
3d5(a4G).Ls - 3d5(a*G)4p 
3di(b2Fj4s - 3d3(h2F)4p 

3d5(CG)4s - 3ds(a4G)4p 
3dS(04Fpls - 3dS(a2Fj4p 
3d5(a"k34s - 3dS(a2F)4p 
3d"(a2Gj4s - 3dS(a2H)4p 
3d"(anG)4s . 3d5(a4Pj4p 

3d5(a'&')4s - 3d5(aZF)4p 
3d5(a*[))4s . 3d:(a4D)4p 
3d"a*P)43 . 3d"(a4Y)4p 
3dS(adD)4s - 3d5(a41')4p 
3d5(a2r)fis . %is(azE')4p 

3d5(a2C)4s . 3d5(a2H)4p 
3d5(a4F)4s - 3@(a2F)4p 
3ds(a4D).ts - 3di(a%)4p 
3dS(a2G)4s . 3ds(azH)4p 
3dS(a*D)& - 3d"(a4D)4p 

3dS(sZF)4s - 3dS(a2G)4p 
3d5(a4U)4s - 3ds(a4D)4p 
3ds(aJ11)4s - 3ds(aif)4p 
3d5(a2Gfis - 3d5(a'Il)4p 
3d5(a4D)4s - 3ds(a4P)4p 

3d5(a4E')4s - 3d'(a4'F)4p 
3ds(a4'1;)4s - 3ds(a4F)4p 
3d~(a"U)Js - 3dS(a"D)4p 
3d"(aJG)4s - 3d'(a4G)4p 
3d5((a41))4s - 3d5(a40)4.p 

Kefrrerii ecl 
~ 

18% 
188 
188 
188 
188 

188 
488 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 

188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

I 88 



D-42 

~~ 

~ 

Multiplet Re1 [nt A.. ( in A) 

52 
52 
52 

5.3 

.52 
5 3 
96 
96 

96 
5 2 

96 

96 

83 

96 

34 
96 

8 3  

83 

96 

96 

96 
08 

83 
83 

57 
35 

57 

57 

550 
550 
250 
1 so 
300 

2 5 0 
900 
I 50 
%SO 
200 

70 
300 
200 
300 1 300 

1887.197 
1887.47 I 
1887.734 
1888.260 
1889.45 1 

1889.735 
1890.669 
1890.893 
189 1.070 
18') 1.  I86 

1891.339 
1891.516 
1891.909 
1892.073 
1892.14@ 

300 ' 1892.247 
70 ~ 1892.339 
70 1892.488 
70 1892.598 

300 1892.890 

200 1893.113 
700 1893.981 
300 ~ 189,$.252 

250 ~ 1894.983 

1 1000 1895.456 

200 ~ 1894.509 

1895.635 
70 1895.912 

250 1896.333 
2.50 1896.734 

600 1896803 
2.50 1897028 
200 1897379 
400 1898870 
300 1899318 

I 

300 
70 

600 
300 
200 

300 
400 
300 

70 
200 

70 
70 

150 
250 
70 

150 
400 
400 
650 
250 

150 
I50 
70 

400 
450 

100 
50 

250 
70 

250 

1899.93 1 
1900.575 
190 1.096 
1301.379 
1901.540 

1902.076 
1902.402 
1902.902 
1903.159 
1903.257 

1903.706 
1903.983 
1904.257 
1')04.402 
1905.214 

1905.818 
1906.457 
1906.8 14 
1907.577 
1907.741 

1909.782 
1909.846 
1910.172 
1910.401 
1911.338 

I91 1.685 
1911.742 
1912.920 
1913.386 
1913.622 

~ ~- - - -  

Level, (tn 10' cm I) 
~-~~ - 

6348678 11647541 
63 49156 116 47514 
63 49400 116 16741 

63 49100 I 1 6  41939 

86 8171 1 139 76348 
6342517 11611663 
63 49156 1 I6 38007 
8323786 17611794 
83 35888 136 27584 

11433995 1672989 

84.67187 - 137.54460 
82.4109.4 ~ 135.2790 
82.38287 - 135.23974 
83.13823 - 135.99062 
63.46639 - 116.31663 

83.16148 - 136.00874 
88.6946: . 141.53955 
69.75819 . 122.628.34 
89.69752 - 142.53507 
83.16158 - 135.99062 

105.90623 . 158.7293 
79.86042 ~ 132.65917 
69.83683 - 122.62834 
82.491,88 . 135.2790 
83.23786 - 136.00874 

30.08884 - 82.84659 
83.23786 - 135.99062 

114.33995 - 167.0850 
114.35192 - 167.0850 
82.49488 - 135.2171 

79.84474. 132.56471 

79.86042 - 132.56471 
73.72761. - 126.39057 
69.69.573 . 122.34661 

82.38287 . 135.00684 

105.92916. 158.5627 
89.69752 - 142.31290 
83.13823 - 135.73947 
82 ,38287 - 134.97622 
83.64698 - 136.23584 

83.16148 - 135.73531 
82.41094 - 134.97622 
87.90187. 140.45310 
83.161 48 ~ 13S.70.57 
73.84910 - 126.39057 

89.78359 . 142.31290 
105.89535. 158.4168 
109.57084 - 162.0848 

105.92916 - 158.4168 
69.83683 - 122.34661 

83.64698 - 136.1 1794 
84.15955 - 136.61278 
83.13823 . 135.58208 
79.84012 . 132.26266 
79.84474 - 132.26266 

105.89535 - 158.2573 
117.95032 - 170.3106 
105.90623 - 158.2573 
66.52295 - 118.86787 
92.52391 - 144.84324 

83.42961 - 135.73947 
88.69467 - 141.00299 
66.59168 - 118.86787 
89.78359 - 342.0470 
66.46464 - 118.72160 

~ ~- 
~~~~ ~~ 

Configurations 
~~ 

3di(a"G)4s - 3di(a*P)4p 
3di(a"(;)45 - 3ds(a4P)4p 
3di(aVG)4a 3d5((aJG)4p 
3d'(b2G)45 - 3dilb'G)4p 
3d5(a'C)4s - 3d5(a4P)4p 

3di(a2F)4s - 3di(a4F)4p 
3d"(a21))4s - 3di(a?D)4p 
3d5((a2D)4s . 3d5(a4?)4p 
3d5(a4F)45 - 3d2(a4F)4p 
3d5(a4G)4s - 3d"(a4G)4p 

3d'(a4F14s . 3d'(a3E)4p 
3ds((r2H)4.5 ~ 3d5(a2H)4p 
3d'(a'D)4s . 3di(aJD14p 
3d'(a2G)4s 3d5(a'1;)4p 
3ds(a4F)4t - 3di(a'F)4p 

3d5(b'D)42 . 3ds(b2D)4p 
3d'(a21)4s - 3d5(a21)4p 

3d.'Ia4D)4.s - 3ds((a4D)4p 
3di(a'D)4s - 3d5(a'D)4p 
3d51a4F)4s - 3ds(a4FF)4p 

3d'(abS)4s - 3d'(a"S)4p 
3d'(abF)4s - 3d'(a4F)4p 
3d'(h2G)4s - 3d"b2G)4p 
3d5(b2G)4s - 3dI(b2G)4p 
3ds(a'ID)4s ~ 3d"(a2D)4p 

3ds(a21)4s - 3d:(a'1)4p 
3d5(a'L1)4r. - 3d(a'F)4p 
3di(a'l)4s - 3ds(a'1)4p 
3di(d'F)45 - 3ds(a'p)l.p 
3d5(abD)4s - 3d5(a4P)4p 

3d5(b'D)4s - 3d5(bZL))4p 
3d5(a2G)4s - 3ds((a"F)4p 
3d5(a4F)4s - 3ds((a21)4p 
3d'(a2D)4s - 3d5(a2D)4p 
3d5(a'b.)4s - 3ds(a'F)4p 

3d;(b2D)4s - 3ds(b2D)4p 
3d'(bZG)4s - 3d'(b2G)4p 
3di(h2D)4s - 3d'(b2D)4p 
3di(a4P)4s - 3d5(a"P)4p 
3d'(a2fi)4s - 3d5(a"H).l.p 

3d"(az1)4s . 3#(a21)40 
3d'(a2H)4s - 3d'(azG)4p 
3ds(a4P)4s - 3d5(a*F)4p 
3ds(a2C,)4s - 3d'ln'FM~ 
3ds(ia4P)4s - 3d'ia'P)S; 

3 - 2  
2 . 2  
3 - 4  
5 - 4  
5 - 5  

4 - 3  
5 - 6  
1 - 2  
3 . :  
4 - 4  

2 - 3  
5 - 4  
3 - 2  
1 - 2  
3 - 3  

3 - 4  
3 - 4  
4 - 3  
3 - 3  
1 - 1  

6 - 5  
3 - 3  
5 - 5  
2 - 1  
4 - 3  

3 . 4  
3 - 3  
5 - 6  
3 - 3  
1 - 1  

4 - 5  
2 - 3  
3 - 3  
4 - 3  
1 - 1  

4 - 3  
1 - 2  
2 - 2  
3 - 3  
3 - 2  

1 - 2  
4 - 4  
5 - 6  
7 - 6  
6 - 6  

1 - 1  
4 - 3  
2 - 1  
2 - 1  
5 - 5  

6 - 6  
5 - 4  
1 - 1  
4 - 4  
3 - 2  

iiotes I References 

-7 

P 
P 

1 188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 
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D -4 4 

~ - 
7 ~~ ~ 

Levels (In 10" cm ' 1  
~~~~ ~~~ -~--1 

- 1  
~ _ _ _ ~  

1 17.95032 - 169.2776 
77.07530 - 128.37153 

88.92307 - 140.10633 
70.69403 - 121.94962 

70.69403 . 121.94129 

83.64698 - 134.93784 

70.72875 . 121.94962 

Configurations 
~~ - ~~ ~ 

~~ 

3di(h'G)4s - 3d'(b2G)4p 
3ds(a"D)4s - 3d'(a'D)4p 
3d'(a4F)4s . 3d5(a*F)4p 
3di(a'H)4s - 3dila'H)4p 
3d5(a'G)4? . 3d5(a%j4p 

3di(a'Gj+ - 3di(a%j4p 
3d"(aJG)4s - 3d5(a4G)4p 
3d5(a2G)4s - 3d'(a2G)4p 
3d5(aJG)4s . 3di(aZG)4p 
3d'(a%)4s - 3d'ia'Gl4p 

3d'(b2F)4s - 3di(a'G)4p 
3d5(anG)4s - 3d"la3Gj4p 
3di(a4G)4s . 3d5(a4G)4p 
3d5((l'F)4s ~ 3d5(bXF)4p 
3di(b'F)4s - 3ds((b.F)4p 

~- 

79 
95 
I6 
68 

68 

68 
68 
68 

68 
68 

61 

16 

47 
55 

61 
82 

61 

61 

81 

81 
61 
81 

06 

61 
16 

55 

55 

54 

56 

81 
86 

81 
56 

50 
56 

200 1948280 
I 50 1949.462 

1949.666 
1950.334 
1951.007 

200 
650 
800 

200 
100 
50 

700 

2 50  
9 00 

200 

1951.318 
1952.329 
1952.385 
1952.5 14 
1952 648 

1953.202 
1953.322 

89.78359 . 141.00299 
70.72501 - 121.94129 
70.72875 - 121.94129 4 - 4 ,  188 

4 - 5 ~ ~ 188 
3 . 3 188 
4 - 3  188 
4 - 3  188 
3 - 3  1 188 

93.38875 - 144.58683 
70.72501 . 121.91974 
70.72875 - 121.91974 
93.38875. 144.57053 
93.39245 - 144.57053 

69.83776 - 121.00878 
84.15955 - 135.33642 
88.69467 - 139.84618 
73.72764 - 124.85404 
89.90785 - 141.00299 

93.41293 - 144.5017,2 
93.51264 - 144.58683 
66.56464 . 117.5219 1 
89.69752 - 140.75098 
90.42368 - 141.46945 

69.78819 - 120.82617 
79.84012 - 130.85225 
90.47253 . 141.46653 
69.83776 - 120.82617 
00.48394 . 141.46653 

90.42368 . 141.39904 
69.74740 - 120.69710 
93.38875 . 144.33221 
84.15955 - 135.09684 
88.69467 - 139.62517 

79.84012 - 130.75684 
90.46394 . 141.39904 
79.84474. 130.75684 
89.78359 . 140.69336 
79.86042 - 130.75684 1 
84.67187 . 135.55441 

69.83776. 120.69710 
88.66387 I 139.50944 

98.66268. 149.52563 

117.95032. im.7801 

92.52391 . 143.32085 
93.41293. 144.11664 
93.39245 . 144.08597 
89.78359. 140.45310 
66.46464. 117.06856 

66.52295 . I 1  7.06856 
88.92307 . 139.46336 
90.47253 . 141.00299 
93.38875 - 143.88374 
66.52295 - 116.97505 

66.46464 - 116.89822 
84.67187 . 135.09684 

650 ~ 1953.488 
70 i 1953.821 

h'D - yiF" ' 2 .  3 1 188 

b3H . G'I'' I 5 . 6 1 ! 188 
c'F- v ' G  4 .  5 in8 

3d5(a4D)4s - 3d'(a4D)4p 
3dS(d'F)4s 3d5(a'F)4p 
3d~(a'H)4s - 3ds(aZH)4p 
3d'(azP)4.s - 3d"(a3D)4p 
3d'(a2G)4s - 3d5(a2G)4p 

650 ~ 1954.223 
250 1954.769 

' 20 1955.543 
200 1957.137 

I50 ~ 1937.375 
400 ' 1957.938 
- ,w> 1 l n C O i o o  

188 
188 1 188 

, vv 
300 

~ 200 

'7JO.J"J 

1958.732 
1959.026 3d'(aJFj4s - 3d5(a"Fj4i 

3di(a*D)4s - 3d;(a6D)4p 
3ds((a'L)45 - .3d"(a2l)4p 
3di(a3F)k 3di(a'F)4p 
3d5(aJD)4-. - 3dj(a4D)4p 
3d'(a"k)44 - 3d'(ahF)4p 

3d5(a'1)4s - 3d'(aL1)4p 
3d5(a4F)45 . 3di(a"F)4p 
3d5(a'1)4s . 3ds(az1j4p 

3d'(a2G)4s - 3d5(a2G)4p 
3d'(a21)4e . 3d5(aL1)4p 

3di(aZF)4s - 3d5(a'k)4p 
3d5(("S)4s - 3di(azS)4p 

3di(a'Uj4s - 3d5(a4Dj3.p 
3d5(a'H)4s - 3d"(a'H)4p 
3d'(b2G)4s - 3d5ib'Gj4p 

3d5(a2H)4s . 3di(a'H)4p 
3di(b'F)4s . 3d"(aZG)4p 
3ds(b'F)4s . 3d5(a2G)4p 
3d'(a2G)4a - 3d5((a2F)4p 
3di(a'Pj4s - 3di(a"C)4p 

3di(a2I)4,b - 3d5(a'1)4p 
3d'(a2D)4s . 3di(a2Dj4p 

3d'(a21)4s - 3di(a21)4p 
3di(a"P)4s - 3di(a"P)4p 
3d51a3F)4s - 3d5(a'G)4p 
3di(a'C,)Js - 3d5(a"G)4p 
3d"(a4P)4~s - 3ds(a"P)lp 

d ' F -  v'D 2 - 1 1 188 

1 - 2  
7 - 8  
4 - 3  
2 . 2  
3 - 3  

2 - 2  
0 - 1  
4 - 4  
4 - 3  
5 - 4  

7 - 6  
3 - 2  
6 . 6  
4 - 3  
5 - 6  

550 1959324 
900 1960318 
300 1961010 
400 1961 230 

70 1961 256 

, ;E 
188 
188 
188 

I 88 
188 
188 
188 
188 

188 
I88 
188 
188 
188 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

70 
300 

1961.724 
1962.7 17 
1962.9.58 
1963.209 
1963.461 

1963.991 
1964.054 
1964.169 
1964.260 
1964.776 

1965.309 
1966.074 

1966.740 
1967.352 

1968.625 
1972.245 
1972.638 
1973.578 
1976.126 

1978.4 17 
1978.626 
1979.002 
1980.392 
1982.076 

1982.805 
1 983. 144 
1983.6 

1984.027 

1984.288 
1985.1 05 
1987.006 
1987.503 
1987.810 

1966.201 

1983.676 

250 
70 
7 0 

200 
100 
550 
4.50 
5.50 

550 
200 
150 
550 
250 

1 50 
150 

P 
P 

1 .50 
20 

550 

3 . 4  
4 - 3  
3 - 3  

2 - 3  
6 - 5 
4 - 4  

250 
150 
70 

1 so 
400 

550 
20 

1 .50 
450 

600 
200 
70 

1000 
200 

188 
188 
188 
188 
I88 

188 

4 - 5  
2 - 2  

3 - 2  
3 - 3  
4 - 2  
6 - 5  
3 - 4  

5 - 5  
2 - 2  
2 - 2  
6 - 6  
1 - 2  

P 
F,P 

188 
375,487 
188 
188 

188 
188 
188 
188 
188 

0.0. 50.4123 
79.84474. 130.25627 
82.38287 . 132.78536 

79.86042 - 130.25627 
66.52295 - 116.89822 
90.42368 - 140.75098 
63.1.2517 - 113.73962 
66.59168 . 116.89822 



D-45 

-. . . . . . . . . . - . . . . . . . . 
hlultiplel 
. . . . . . . . . . . . . 

50 
50 
82 
82 

50 
06 
50 
50 
50 

50 
50 
5 0 

54 

54 
~~ ~~ 

~. . . . . . . -. . . . . . . . 

htiiltipl~ 
-. . . . . . . . . . . .  ~ 

- - 
(el  hlt 
- 

~ 

450 
Y 50 
600 
600 

70 
400 
45u 
900 

70 

450 
800 
800 

70 
000 

200 
- 

~. . . . . . . . . . . . . . . . . . . . ~. . . . . . . . . .. . . . . . . - 

La. (in 

1989.0 
1989.Y75 
lW1.613 
1992.017 
199Z.li)6 

1902.427 
1992.858 
1993.262 
1994,073 
1994.366 

1995.266 
1995.563 
1996,420 
1999.100 
19W 588 

1999 ,893 

~. . . . ... . . . . . . . .. . . .. 

~ ........... _____ 

:el Int  - 
~ 

4 
80 

1 
30 
30 

50 
12 
12 
1 

12 

30 
1 
4 
4 

12 

80 
1 

50 
1 
4 

1 
1 
1 
4 
a 

30 
SO 

1 
110 
30 

4 
4 

50 
4 
1 

A,. (in A) 

446.569 
458.172 
458.307 
458.746 
458.935 

458.949 
4.60.999 
461.492 
467.343 
469.085 

469.749 
47 I . I  18 
471.521 
471.800 
481.592 

481.905 
482.241 
483.238 
483.967 
484.261 

484.990 
48.5.509 
487.383 
489.409 
491 .832 

492.152 
492.653 
493.529 
494.567 
494.669 

495.447 
495.953 
496.171 
496.724 
496.766 

~ ~~ 

~~ 

Levels 
~ 
. -~ 

0.0 - 50.2761 
63.42517 - 113.67701 
63.46639 - 113.67701 
79.84011 - 130.04056 
79.84474 . 13U.040.ih 

63.48678 - 113.67701 
84.36992 . 134.54Y00 
63.46639 - 113.K3534 
63.48678 . 1 13.63534 
69.49400 - 113.63534 

63.48678 - 113.60537 
63.4Y40U . 113.60537 
63.49456 - I13.5&&20 
73.72764 - 123.75039 
66.46464 . 11 6.47584 

66.46464 116.46741 
-~ 

Teriiir 

IRON IV (Fe' '), Z = 26 

Ground Stute lsz2s"2p63s23p63d" (hSS,z) (23 electrons) 

Ionization Potential [442 O W ]  em-'; [54.8] e V  

Levels (in 10" mi I )  - . . . 
~ ~. . ~~. .~~~~~ ~ ~~ ~ ~ 

35.2538 - 25'9.18382 
32.2455 - 250.50229 

0.0 - 218.19566 
32.2Y28 - 250.27906 
32.3012 - 250.19507 

32.3057 . 250.10507 
47.0905 - 264.01154 
35.2538 . 251.94403 
51.3942 - 265.36Y48 
38.7794. 25L95894 

38.7794 . 251.6.331, 
38.8067 . 251.1.5694 
38.9351 - 251.01402 
38.9382 - 250.89 105 
56.3688. 2CA.01154 

56.3688 - 263.87691 
57.7212. 265.08477 
56.0583 - 262.!29501 
74.1331 - 280.75837 
56.0583 - 262,55777 

56.3688 - 262.55777 
52.6207 - 258.59192 
61.1565 . 266.33524 
49.5415 - 253.86843 
38.9382 - 242.25925 

82.8949 - 286.08472 
56.0583 - 259.03972 
61.2544 - 263.876Y1 
56.3688 . 258.56602 
82.8973 - 285.05277 

61.1565 . 362.99501 
57.4080 - 259.03972 
52.6207 . 254.16484 
57.72 I2 . 259.03972 
52.6207 - 153.92359 

~~ ~ ... . .. ...____ 

.~ 
Configurations 

~. . . . . . . . . . . . . . 
~~ ~.. ~ 

3 8  - 3d7bjF)4p 
- 3d'(b3F)4p 

3d" - 3d4(a'FE')ap 
3d' - 3d'(b3F)4p 
3d5 - 3d4(b'F)4p 

3d' - 3d'(b'F@p 
3d' . 3d4(b'G)4p 

3d" 3d4(b'C;)4p 
3dS - 3d'(h"P)4p 

3d" - 3d4(b"P).&p 

3d5 - 3d4(b3Yj4p 
38. 3d4(b"P)4p 
3d5 3d'(hAP)4; 
3d5 3d4((hJPj4p 
Jd> 3d4((b'G)4p 

an' - Jrl"(b'ti4I 
3d' - 3dd(b'FHp 
3dS - 3dZ(b'E')4p 

J . J 1 Notes __ 

4 .  4 F,F' 
6 - 5  
5 - 5  
7 - 7  
6 - 7  

4 - 5  
2 - 3  
5 - 4  
4 - 4 
3 . 4  

4 - 3  
3 - 3  
2 . 2  
2 3  
3 - 3  

3 - 4  

. 

Votea 
. . . . . . . . 

References 

375,487 
i88 
188 
188 
188 

~ 

188 
188 
188 
188 
188 

188 
188 
188 
188 
188 

188 

References 
. .  . ............ ~ 

958 
958 

9.58 
958 

938 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
9.58 

9J8 
958 
958 
958 
958 

958 
958 
958 
958 
9.58 



D-46 

12 
12 

,375 
4 

200 

4 
375 

80 
30 1 

1 50 

I l; 

12 
1 
I 

4 
4 
1 

~ 3 : ~  

1 150 
12 
80 
12 
50 

4 
50 
4 

I 

~ 12 ;~ ' 12 
1 30 

900 , 50 

12 
30 

~ ::~ 300 1 

I 12 
I 12 I 

i 1 

80 
110 1 

I 
4 !  

30 
30 , 
50 

497.1 84 
497.8 10 
497.896 
,499.880 
500.5.58 

501.849 
502.142 
502.2?6 
502.421 
504.240 

504.919 
504.982 
505.354 
505.545 
506.1 17 

506.482 
506.694 
506.976 
507.631 
508.240 

508.749 
509.681 
511.&24 
5 1 1 3 7 0  
516.253 

517.099 
517.234 
517.447 
517.642 
518.908 

519.035 
519.141 
519.221 
519.247 
519.962 

521.570 
52 I .665 
521.782 
522.000 
522.810 

523.694, 
524.344 
52.5.339 
525.689 
525.930 

525.976 
526.045 
526.293 
526.+11 
526.517 

526.567 
526.634 
527.096 
527.1 93 
527.276 

527.977 
5 2 8.0 5 6 
528.109 
528.710 
528.951 

528.987 
529.057 
529.117 
5 2 9.2 8 7 
529.328 

52,6954 - 253.82743 
52.6954. 253 57565 
57.7212 - 258.56602 
52.8371 . 252.88448 
52.1667. 251.94403 

52 6954 - 251.95894 
52.8371 - 251.98420 
52.8380 - 251.94403 
52.6207 - 251.65834 
52.6954 - 251.01402 

52.8380 - 250.89105 
50.0514 - 248.07797 
52.6207 . 250..50229 
52.6954 - 250.50229 
52.6954 - 250.27906 

52.8380 - 250.27906 
52.8380 - 250.19507 
32.2455 - 229.49474 
32.2928 - 229.28802 
32.3057 . 229.06258 

32.3012 - 228.86261 
57.7212 - 253.92359 
57.7212 - 253.25437 
57.4080 - 252.88448 
35.3333 . 229.03702 

0.0. 193.38617 
35.2538 - 228.58067 
35.3333 . 228.58367 
35.4066 . 228.58967 
61.1565. 253.86843 

35.2538 - 227.91905 
32.2455 . 224.87085 

0.0. 192.59528 

61.2544 . 253.57565 

35.2538. 226.98358 
0.0 - 191.69411 

35.3333 . 226.98358 
51.3342 - 242.96562 
74.0966 - 265.36948 

74.1331 . 265.08477 
38.7794 - 229.49474 

35.3333 - 227.91905 

38.9351 - 229.28802 
0.0 - 190.22687 

38.8967 - 229.o.vo2 

38.9382 - 229.06258 
38.9382 - 229.03702 

0.0 - 190.00828 
38.8967. 228.86261 
38.9351 - 228.86261 

32.2455 - 222.1 5499 
0.0 - 189.88511 

32.3012. 222.02009 
56.0583 - 245.74229 
38.9351 - 228.58967 

32.2455 - 221.64749 
56.3688 . 245.74229 
32.2928 - 221.64749 
38.7794 - 227.91905 
32.2928 - 221.34606 

32.3057 - 221.34606 
32.3057 - 221.32054 
32.2455. 221.23921 
32.3057 - 221.23921 
32.3012 - 221.21929 

~ ~ _ _ _ _ _ _ _ ~ _ _ _ _ _  
~ ~ _ _ _ _ _ _ _ _ _ _ _  

Configurations 
~ ~~~ 

3d' - 3d4((b'F)4p 
3d' - 3d'(hiP)4p 
3d' - 3d4(b'F)4p 
3d' - 3dn(b'F)4p 
3d'. Jd'(b3P)4p 

3di 3dzib'P)40 
3d' . 3d"(b'P)4; 
3d' - 3d'(bJP)4p 
3d' - 3d"ibJP14n 

3dI - 3dz(b'P)4p 
3dI - 3d4(a'F)4p 
3d' - 3dZ(b'F)4p 
3dI - 3d'(b1F)4p 
3d' - 3d4(b'F)4p 

3d' . 3d'(bJF)4p 
3d' - 3d'(bJF)4p 
3d'. 3d4(a'D14u 
36:.  3dz(a'Dj4b 
3d' - 3d'(a3D)4p 

3d: I 3d'(a30)4p 
3dl - 3d'(bJF)4p 
3d' - 3d'(h3E')4p 
3dF - 3d4(b'F)4p 
3d' - 3d'(a31))4p 

3d5 . 3d'(asD)4p 
3d' - 3d'(a"D)4p 
3d' - 3d'(a3D)4p 
3d;. 3d'(a3D)4p 
3d' - 3d4(b"P)4p 

3dI - 3d4(a"D)4p 
3d: - 3d'(a3G)4p 
3da - 3d'(asD)4p 
3di - 3d'(nJD)4p 
3d5 - 3d'(b"P)4p 

3d' . 3db(a'D)4p 
3d' - 3d'(a5D)4p 
3d' - 3d4(a'D)4p 
3d'. 3d4(a'F)4p 
3d' - 3d"(b'G)Bp 

3d' - 3d4(b'C)4p 
3d' - 3d"(a3LMu 
3d' - 3d'(a3D)4p 
3d' - 3d'(a5D)4p 
3d' - 3d4(a3D)4p 

3 d S .  3d4(a'D)4p 
3d5.  3d'(a3D)4p 
3d5 - 3d'la'DMu 
3d' . 3d'(aJDi4; 
3d' . 3d4(a'D)4p 

3d" - 3d'iaJG14u 
3dl - 3d4(a'D)4; 
3 d I  - 3d'(a3P)4p 
3d' - 3d4ia'F)40 
3d' - 3d4(a'~&p 

3d5 - 3d'(a3G)4p 
3ds - 3d'(a'F)4p 
3d' . 3d"(a3G)4p 
3d'. 3d'(a3D)4p 
3d5. 3d'(a3G)4p 

3d' . 3d'(aiG)4p 
3e . 3d'(aJC)4p 
3d3 - 3d'(a3G)4p 
3d' - 3dn(a.'C)4p 
3d' - 3d'(a3G)4p 

Terms I - J  

3 - 3  
4 - 4  
8 - 8  
I - Y  
I - i  

a"p.4P" 2.i 

gahS - OD" 
a'p. 'p" 

. 'p" 
a"p. *p" 

b2F - 'D" 

5 - 1  
5 - 1  
1 -4  
1 - 4  
5 - 1  

2 - 3  
5 - t  
4 - 1  
3 - 1  
$ - I  

5 - 1  
1 - 4  
3 - i  
3 - 4  
1 - 1  

4 - 5  
1 - 1  
3 - 5  
4 - 3  
5 - 4  
I l - Y  
2 - 4  
4 - 4  
4 - Y  
5 - 4  
t -Y  
f - 4  
4 - Y  
i - %  
3 - 3  
3 - 3  

2L-l 
3 - 4  
5-1  

i -3  

References 
_ _ _ ~  _ _ _ _ _ ~  

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
9.58 
958 
9.58 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 



D-4 7 

~ 

~ n l t r p l r t l  ~ R-I Int 
~~ 

80 
4 

12 
80 
70 

250 
300 
30 

I50 

4 
200 

4 
4 

12 

1 
12 
12 
80 

1 

1 
12 

1 
4 

12 

50 
.J00 
250 

1 

700 

600 

300 
709 
200 
52fJ 

12 

50 
600 
520 
I50 
250 

12 
300 

1 0  
200 

4 

80 
4 
4 

12 
110 

80 
12 
80 
12 
50 I 50 
50 
.3 0 

4 
12 

4 
12 

150 
zoo 

l 4  

529.469 

529.936 

53U.562 

531.475 
53 1.777 
531.854 

531.Y27 
532.1143 
332.157 
532.209 
.532.649 

.:30 907 

.s2.828 
533.598 
533.628 
533.757 
533.94i 

534.421 
534.ti52 
534.988 

535.142 

535..359 
57' .>..>3 1 
5.36.006 
536.339 
,536.609 

536.7.35 
'537.103 
557.133 
537.261 
537.396 

537.653 
537.702 
537.Y4,l 

538.057 

8.222 
8.441 
8.450 

538.968 
53'). 127 

5 3 5 . m  

r r  

m . w i  

539.938 
540.058 

5 . u i . m  
540.4452 
543.67 5 
540.703 
540.743 

540.8% 
540.999 
541.266 
541 -342 
541.557 

541.751 
541.789 
542.028 
542.163 
542.240 

32.2928 . 22 I .  16 1112 
,32.2455. 221.104,17 
32.2928 . 22l.IO417 
32.3057 . 221.10417 
56.0583 - 244.75925 

38.7794 - 227.25880 

32.3057 - 220.46133 
32.3012 - 220.65804 

38.9X51 . 226.98358 
57.7212 - 245.74229 

38.8967 - 226.89210 
38.9382 . 226.89210 
38.9382 . 226.85193 
32.3012 - 220.19725 
49.5415 - 237.2831N 

51.3942 - 23Y.0714Q 
32.2928. 219.70053 
32.2455 - 219.641176 
57.4080. 24475025 
32.3057 - 2 1').5Y084 

51.3912 - 238.51284 
57.7212 - 244.75925 
G I  .156S - 248.07797 
52.1667 - 239.07140 
. m ~ 4  . m . 9 1 8 7 ~  

32.3012 - 219.09167 
47.0786 - 233.8021 2 
32.3057 - 218.87121 
52.6207 - 239.07140 
32.2455 - 218.60103 

32.3012. 218.61388 
32.2928 - 218.47836 
:12.31).57 . 218.47836 
32.2455 - 2l8.37512 
32.2928 - 218.37512 

32.2455 - 218.23851 
32.2928 - 218.2:3851 
32.3057 - 218.19566 

32.3057 - 218.15977 

38.7794. 224.57tM 

.32.2wn . 218. is077 

32.3057 - 217.84529 
74.0966 - 259.58164 

35.2530 . 220.65922 
38.0351 . 224.23060 
57.7212 . 242.96562 
57.4080 24.2.61460 
32.3012 - 217.46619 

35.2538 - 220.:I(N44 
35.3333 . 220.360.1.1 
.35.4066 - 2 2 0 . 3 6 0 ~  
35.2538 - 220.19725 
49.5415 234.47200 

74.1331 - 25'J.ni I B H  
35.3333 . 220.19725 
52.1667 . 236.91879 
35.3333 . 220.05033 
35.4066 - 220.05933 

52.69.54 . 237.28309 
35.2538 - 219.1(2h61 
33.3333 - 219.82661 
352.538 - 219.70053 
35.4066 - 2 19.W2661 

~ . .  

... ... ....... 1 ! . . . . . . . . . . . . . . . . __ - - - I  . . .  ~ . . .  . - - J  . .......... ~ 

1 

958 
958 
958 

958 
958 
958 

958 

958 
9.58 
958 
9.58 
958 

958 
958 
958 
958 
958 

958 
wi 
958 
958 
958 

958 
958 
958 
958 

w 

958 

958 
458 
9.58 
958 
958 

938 
958 
958 
9x3 
958 

958 
958 
958 
958 
458 

958 
958 
958 
'458 
958 

958 
%58 
9 3  
5.58 
958 

958 
958 
958 

958 

958 
958 
958 
9 58 
958 

958 
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Multiplet] Re1 Int 
~ 

50 
1 110 
1 110 

I 80 

I 
30 

1 
50 

4 
12 

80 
50 

1 
300 

30 

30 
30 
4 
4 

12 

50 
12 
12 
30 
80 

80 
30 

300 
30 
12 

50 
4 

50 
80 
30 

30 
30 
12 
12 

110 

12 
80 
30 

250 
I 50 

1 50 
4 

250 
150 
110 

30 
12 

300 
80 
4 

1 
50 
4 

1 10 
375 

4 
30 
12 
4 

150 

~~~~ . 
~~~ 

La, (in A) 

,542.483 
542.720 
542.756 
542.7 70 
543.078 

54,3.116 
543.245 
543.315 
54.3.635 
543.691 

~~~~ 

543.845 
543.956 
544.056 
544.196 
544.257 

544.336 
544.409 
544.609 
544.658 
544.768 

544.91 1 
545.377 
545.602 
545.829 
546.031 

546.135 
546.167 
546.216 
546.408 
546.622 

546.715 
546.857 
,546.897 
546.995 
547.136 

547.222 
547.254 
547.373 
547.673 
547.744 

547.818 
547.887 
547.901 
548.029 
548.066 

548.2 11 
548.265 
,548298 
548.474 
548.605 

548.627 
548.763 
548.801 
54.8.878 
549.012 

549.628 
549.843 
5 5 0.0 3 0 
550.122 
550.315 

550.464 
550.584 
550.617 
550.728 
551.094 

Lere ls  ( in 10' rm I )  

35 2538 219 59084 
35 3333 219 59084 
49 5415 231 78672 
49 5415 233 78086 
32 2928 216 42844 

32 3057 - 216 4284.4 
52 8380 . 236 91879 
50 0514 234 10672 
38 9351 - 222 88023 
35 4066 - 219 33390 

50 0514 233 92712 
35 2538 - 219 09167 

' 

32.3057 - 216.11169 
32.2455 - 216.00272 
50.0514 - 233.78672 

32.2928 - 216.00272 
35.4066 - 219.09167 
35.2538.218.87121 
61.1565 - 244.75925 
32.2455. 215.80891 

32.2928. 215.80891 
35.2538. 218.61388 
35.3333 - 218.61388 
35.4066 - 218.61388 
32.2455. 215.38523 

47.0905 - 230.19502 
32.2928 - 215.38523 
51.3942 - 234.47200 
56.0583 - 239.07140 
35.2538. 218.19566 

32.2455 - 215.15569 
32.2928 - 215.15569 
32.3057 - 215.15569 
52.1667 . 234.98435 
35.2538.218.02381 

32.2928 - 215.03381 
32.3057. 215.03381 
35.3333 - 218.02381 
35.2538 - 217.84529 
38.7794 . 221.34606 

38.7794. 221.32054 
32.3012. 214.82174 
32.3057 - 214.82174 
82.8973 . 265.36948 
38.7794 - 221.23921 

38.9351 . 221.34606 
47.0786. 229.47283 
38.9382 - 221.32054 

38.9382. 221.21929 

35.3333 .217.60771 
47.0786. 229.30661 
47.0905. 229.30661 
82.8949 - 265.08477 
52.8380 - 234.98435 

52.1667 - 234.10672 
38.7794 - 220.64922 

38.8967 . 221.21929 

61.1565. 242.96562 
35.2538. 217.03189 
47.0786. 228.79386 

57.4080. 239.07140 
35.4066 - 237.03189 
52.1667 - 233.78086 

108.2421 - 289.81877 
61.1565 - 242.61460 

Configurations 

3d' - 3dn(aJF)4p 
3d' - 3dZ(a'E)4p 
3d' - 3d4ia'S140 
3d' - 3d'(a'D& 
3d' - 3d4(a'H)4p 

3d5. 3d41a'H140 
3d" 3dJ(a'D)46 
3d5 - 3d4(a3D)4p 
3d5 - 3d4(a3P)4p 
3ds . 3d4(a"P)4p 

3ds - 3d4(a'S)4p 
3d5 . 3d4(aJF)4p 
3ds - 3d4(a3H)4p 
3d5 - 3d4(a3F)4p 
3d5 - 3d4(a'S)4p 

3d' - 3d'(a3F)4p 
3dI - 3d*(a3F)4p 
3dI. 3d4(a'F)4p 
3d". 3d4(a1k'j4p 
3d5 . 3d'(a3H)4p 

3d' - 3d'(a3H)4p 
3d5 - 3d"(a%')ap 
3d" 3dJ(aJP)4p 
3d5 - 3d'(aJP)4p 
3d' - 3dn(a'F)4p 

3ds - 3d4(a'I)4p 
3d5 - 3d4(a"F)4p 
3d5 - 3d4(a3D)4p 
3d5 - 3d'(a1D)4p 
3ds - 3d'(a3F)4p 

3d" 3d4(a"H)4p 
3d" 3d4(a3H)4p 
3ds - 3d4(a"H)4p 
3ds - 3d'(a3D)4p 
3d'. 3d4(a'P)4p 

3d' - 3d'(a3F)4v 
3d' - 3d4(a'F)4b 
3dI - 3dz(a'P)4p 
3d' - 3d4ia'Hi40 
3d' - 3d4(a3G)4i 

3d' - 3d4(a'G)4p 
3 8  - 3d'(aJF)4p 
3d' - 3d4(a'F)4p 
3d'. 3d4(blG)4p 
3ds - 3d6(a.'G)4p 

3dS. 3d4(a3G)4p 
3d5 - 3d'(a11)4p 
3dS - 3d4(a'G)4p 
3ds. 3d4(a3G)4p 
3dS. 3d'(a3G)4p 

3d' . 3d'(a:'k')4p 
3d' - 3d4(a'G)4p 
3d' - 3d4(a'G)4p 
3d' - 3d4(blG)4p 
3d' - 3dn(aJD)4p 

3d5 - 3d'(a'D)Jp 
3d5 . 3d'(a3G)4p 
3d5 - 3d4(a'F)4p 
3dF . 3d'(a"PjJp 
3d'. 3d4(a'G)4p 

3d5 - 3d4la'D)4o 
3d' - 3d'(a3P)4i 
3d'. 3d'(a'D)4p 
3dS - 3d4(b'D)4p 
3d' . 3d4(a'F)4p 

Terms 1 J - J Notes 1 References 
I 

Y - Y  
Y - Y  
5 - 8  
9 - 4  
1-3 
4 - 1  
5 - 3  
4 - 5  
5 - 5  
1 - 4  

i - 5  
5 - 5  
1 - 3  
4 - 5  
1 - 4  

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
9.58 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 
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. -. ..... 

- - 

1 

80 
300 

12 

4 

520 

50 

4 
375 

4 
30 

50 
12 
30 
12 
4 

200 

so 

200 

80 

300 

50 

80 
12 

1 

250 
300 

4 ;  
150 

4 

12 
1 
4 

30 
12 

30 
12 
12 
12 
80 

1 

110 
80 
4 

12 
1 
4 

50 
4 

1 
50 
80 
30 
1 

1 
12 

150 
4 
4 

50 

30 
30 
12 

200 
30 

551.188 
55 1.42 1 
551.689 
551.766 
551.993 

552.050 
552. 106 
552.142 
552.168 
552543 

y2.705 

553.063 

552.739 
552.827 

553.201 

553.549 
553.590 
553.0.35 
554.114 
554.161 

554.257 
5.54.292 
554.335 
555.254 
55.i.306 

555.345 
555.658 
555.938 
556.065 
556.199 

556.260 
556.374 
556.551 

556.797 

557.281 
557.360 

556.6111 

557.700 
557.853 
557.895 

558.280 
558.383 
558.457 
558.708 
558.943 

558.984 
559.433 
559.558 
559.742 
561.192 

561.373 
561.447 
561.494 
561.678 
562.294 

~ 2 . 3 4 a  
562.492 
562.607 
563.443 
563.589 

563.679 
564.141 
564.285 
565.062 
5ti5.220 

J,cvels (in IO3 cm ') 
~ ............... 

~~~ ~ ............... 

38.8967 - ~20.05933 

32.3012 - 213.44505 
47.0786 - 228.20433 

57.4080 . 238.51284 
82.8949 - 263.87691 

38.8967 . 219.82661 
32.2455 - 213 16259 
38.9382 - 219.82661 
38.7794. 219,59084 

47.0905 .228.204.:~ 

38.9351. 219.70053 

~ . 9 3 8 2 .  219.~9084 
100.1180 - 280.75837 
35 3333 - 215.86050 
32 2455. 212.71437 
35.4066. 215.864350 

32.2928 - 212.71437 
51.3942 - ~31.80400 
38.9382 - 219.33390 
82.8973 - 262.99501 
32.2928 - 212.37404 

32.3057 - 212.374Q4 
35.2538. 215.22067 
57.4080 - 237.28309 
32.3012 - 212.13579 
74.1331 . 253.92359 

74.0966 - 253.86843 
74.1331 - 253.86843 
38.9351 . 218.61388 

49.5415. 229.13890 

74.133 1 .253.57565 
38,7794 - 218.19566 
52.1667 - 231.47332 
38.9382 - 218.19566 
38.7794 - 218.02381 

74.1331 - 253.25337 
50.0514. 229,13890 

82.8973 .262.55777 

3.5.2538 - 214.31721 
35.3333. 214.31721 
38.9382 217.84529 

50.0514 I 228.94659 
74.1331 - 252.88448 
38.8967 217.60771 
48.5415 - 228.19367 
35 2538 - 213.44605 

38.8967 - 217.03189 
35.3333 - 2 ~3.44505 
38 9351 .217.03189 
3 5 . 4 ~  zi3.asns 

t1)~.2421 - 2 8 6 . 0 ~ 2  

74.1331 - 251.95894 

Configurations 
.......... ~~~ ~~~~ ...................... ........... ~ ~~~.~ ...................... 

3d' - 3d4(a3P)4p 
3d" - 3d4(a'D)4p 
3d' - 3d4(a%j4p 
Jd; - 3d*(a11)4p 
3d" - 3d4(a'F)4p 

3di - 3d'(a3P)4p 
3d5 - 3d4(a'1)4p 
3d" . 3d4(a'1)4p 
3d' . 3d3(alL))4p 
3d" 3d4(b'G)4p 

3d5 - 3d4(a3F)4p 
3d' - 3d3(a'tI)4p 
3d5 - 3d4(a'F!4u 
3d5 - Jd"a"j4ip 
3ds . 3d4(a,'F')4p 

3d5 - 3d"(asF)4p 
3dZ - 3d'(b1D)4p 
3d' - :3d*(a"P)4p 
3f - 3d'(a3H)4p 
3d' - 3d'(aJP)4p 

3&: - 3d4(aiH)4p 
3d - 3d4(a1C;)4p 
3d' - 3d'(a3P)4p 
3d" - 3d4(b1G)4p 
3d' - 3d4(a3H)4p 

3d' - 3d4(a3H)4b 
3d5 - 3d4(b'F)4p 

3d5 - 3d4(bdI')4u 
3d' - 3d4(b'P)4b 
3d5 . 3d'(a3P)4p 
3d5 - 3d4((b1C140 
3d' - 3d'(a1G)2i 

3dS - 3d4(b'P)4p 
3d: - 3d4(a'F)4p 
3d" - 3d4(a'G)4.p 
3d5 - 3d4(a'F)4p 
3dS - 3d4(a3P)Jp 

3dj 3d5 - - 3d4(a3Pj4j, 3dn(a3H)4p 

3d5.  3d4(a3D)4p 
3d5 - 3d4(b3F)4p 
3d5 - 3dz(a3P)4p 
3d5 . 3d4(a'G)4p 
36" 3d"(a3P)4p 

3d" - 3d'(a3PPi.l.p 
3d" 3d4(aJP)4p 
3d5 . 3d4(a3P)4p 
3d5 - 3d4(a3P)4p 
3d5.3d"lD)4p 

3d: - 3d4(bT)4p 
3d". 3d"(a3G)4p 
3ds . 3d4(a'1)4p 
3d5 - 3d'(a3P)4p 
3di - 3da(a11)4p 

3 d 5 .  3dS I 3d"(a3P)4p 3d4(a3D)4p 

3d' I 3d"(n11)4p 
3d5 . 3d4(alC)4p 
3d5 . 3d*(a3P)4p 

. . . . . . . . . . . . . . . . . . . . . . . . . 

Terms ] J . J ___ ......... 
I - - - - - - - - -  

~. 
Keferencea 

~ 

~ 

958 
958 
958 
958 
Y 58 

958 
958 
958 
938 
958 

958 
958 
958 
958 
958 

958 
958 
938 
958 
958 

9.58 
958 

958 
938 

958 
958 
958 
958 
958 

958 
958 
Y 58 
958 

958 

958 

958 
958 

958 
958 

958 
958 
958 
9 3  
958 

958 
9% 
958 
958 
958 

9.58 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 
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~ ~- 
I ~ \ C I S  (in 10' ~ r n  ' )  

56 3688 233 27284 
52 6207 729 49474 
51 31942 228 19367 

52 6 9 A  229 28802 

47 0786 223 62'YSO 
47 0905 223 55014 
57 4080 233 802 12 
5P 6954 229 06258 
52 8330 229 13890 

47 0786 223 74582 

~ 

Lnnfigurationa 
~ ~~~ 

3d 3d4(a'l)4p 
3d5 ?d"(a'D)4p 
3dr 3d4(a1G)tp 
3d'. 3d4(a'G)4p 
3d5 ?d4(a'D)4p 

3d' 3d'(a'k)4~ 
Ad' 3d4(a'C,)4p 
3d' 3d'(a11)4p 
<d' 3d'(aiD)4p 
Jd' 3db((a'L)4p 

Multiplet 1 Re1 Int 

2 50 
80 

1 5 0  
I 30 

3 0  
12 
80 
12 

l 200 

30 

50 
2. 

12 
80 
1. 

50 
~ 12 
1 zoo 

110 

50 
zoo 

I 30 

110 

200 
200 

4 
80 i 

300 I 
4 

.3 0 

12 
110 1 

50 
12 

80 
4 
1 

80 
4 

12 
300 
80 
80 

4 

zoo ~ 

30 

1 i n  
12 

4 
12 

5 0 
250 

12 
300 
so 

4 

12 

4 

References 
~~~ ~ 

958 
958 

958 
958 

958 
958 
958 
958 
958 

9 58 
958 
958 
958 
9 58 

958 
958 
958 
958 
958 

958 
958 
958 
9 58 
958 

958 
958 
958 
955 
958 

958 
958 
958 

958 

958 
9 58 
9 58 
958 
958 

958 
958 
958 
958 
9 58 

958 
958 
958 
958 
9.58 

955 
958 
958 
9.58 
958 

9 58 
958 
958 
958 
958 

958 
9 58 
958 
958 
958 

958 

958 

565.280 
565.374 
565.612 
566.034 
566.274 

566.406 
566.699 
566.912 
566.994 
567.21 1 

567.323 
567.457 

567.718 
567.769 

567.919 
567.987 

568.951 
569.246 

569.634 
569.672 

570.075 
57 1.2 1.5 

572.189 
572.613 
572.878 
573.050 
573.759 

574.232 
574.1.11 

574.497 
574.533 

574.626 
574.770 
575.185 
575.281 
575.534 

576.009 

576.903 
577.308 
577.336 

577.687 
578.199 
578.243 
578.51 1 

567.500 

sm.091 

570.010 

574.480 

576.758 

578.604 

578.921 
579.543 
579.624 
579.758 
579.783 

579.956 
580.211 
580.531 
580.551 
w .595  

581.112 
581.176 

581.543 
581.798 

5 a i . m  

51.3912 - 227.66025 
52.8380 - 229.06258 
51.3942 - 227.60473 
82.8973 - 259.03972 
61.1565 - ~ 3 7 . ~ 8 3 0 9  

57.7212 - 2 3 : i m i z  
57.7212 - 233.78086 
61.2544 - 237.28309 
61.1565. 236.91879 
82.8949. 258.56602 

57.7212 - 233.27284 

56.3688 . 231.80400 
56.0583. 231.47332 

66.7201 - 242.25925 

47.0903 - 2 2 2 . i s . w  

52.8380 - 227.60473 
5~.6207.227.25880 

52.6954 - 226.98358 

57.7212 - ~31.80400 
47.0905 - 221.16102 

52.8380. ~26.89210 

47.0905 - 221.64749 
49.5415 - 224.04602 

52.8380 - 226.98358 

57.4080 - 231.47332 

47.0786 - 221.10417 
74.0966 - 248.07797 
49.5415. 223.39562 
61.1565 - 234.98435 
57.7212 - 231.47332 

50.0514 - 223,47896 
57.0786.220.46133 
49.5.215 - 222.88023 
61.2544 - 234.4i200 

3d' - 3d'(b'F)4; 
3d' - 3d4(a'D)4p 

3d' - 3d31a'li4n 
3d' 3d*(a'D)ip 
3d' 3dJ(a'D)4p 
3d' 3d4(a'Di40 
3ds - 3d4(bSF)4i 

3d' - 3d4(a'l)4p 
3d'. 3d4(a'D)4p 
3d5 - 3d4(n'G)4p 
3d5. 3d'(a1G)4p 
3d5 - 3d4(a"G)4p 

3d' - 3dJ(a"G)4p 
3 d I  - 3d*(a"D)4p 
3d' - 3d"(aJG)4p 
3d ' .  3d*(a'F)4p 
3d' . 3db(a'D)4p 

3d' - 3d'(a'D)4p 
3d' . 3d'ia'G)4p 
3d' - 3d4(a'Il)l.p 
3d' - 3d4ia'G)4p 
3J" - 3d'ia'D)Sp 

3d5 - 3d4(a'G)4p 
3d'. 3d4(a'F)4p 
3d" 3dJ(a'F)4p 
3d5. 3d4(aiD)4p 
3d5 - 3d4(a'G)4p 

3ds - 3d4(a'F)4p 
3ds . 3d4(a'H)4p 
3d" 3d4(a'P)4p 
3d5 - 3d4(a"D)4p 

P 
P 

3dl - 3dz(a'1)4p 
3d' - 3d4(a3D)4p 
3d; - 3dZ(a'G)4p 
3dI - 3d'(aiF)4p 
3d' - 3d'(a.'P).lp 

3d: - 3dZ(a'G)4p 
3d' . 3d4(aSH)4v 

56.3688. 229.47283 
61.1565 - 234.10672 
56.3688 - 229.30661 
74.1331 .216.990811 
50.0514. ~ ~ 2 . 8 8 0 2 3  

47.0~05 - 219.64076 

49.5415 - ~22.02009 

56.0583 - 228.79386 

61.2544 . 233.78080 
47.0786. 219.56446 

56.3688. 228.79386 
51.3942 - 223.74582 
56.0583 - 228.mn3 
52.6207 - 2 2 , ~ 7 0 8 s  
51.3942 - 223.62959 

3d' - 3d4(a3D)4b 
3dI . 3dnia'H),4p 
3d' - 3d'ia'P)Sp 

3ds - 3d"(a1G)4p 
3d" 3d41a'G)4p 
3d5 . 3d4(a'I)4p 
3ds - 3d'(a3G)4p 
3d5 - 3d*(a3F)Zp 

3ds - 3d4(a.'F)4p 
3d5 - 3d4(a.'G)Sp 
3d5 . 3di(aJP)4p 
3dS - 3dJ(a.'G)4p 
3d'. 3dJ(a'G)4p 

1 
, I  



D-5 1 

... T... 
~ 

:el Int 

50 
1 
4 
1 
1 

12 
50 

1 50 
4 

110 

12 
50 

110 
50 

12 
110 
30 
10 
80 

80 

150 
80 
50 
30 

1 

1 
12 
70 

12 

4 

30 

30 

4 
30 

I 10 
1 

110 

.30 
80 

110 
30 

80 

1 lin 

80 

110 

30 
4 

50 
4 
4 

1 
4 
1 

8 (J 

4 
4 

50 
110 

4 

30 
110 
50 
4 

70 

un 

581.950 
582.142 
582.306 
582.480 
582.567 

582.74,2 
.i82.972 
589.138 
583.342 
583.4,sa 

583.799 
51111.869 
584.002 

584.222 

584.S66 

5U4.542 

584.083 

584.428 

,584,623 
s a . ~ . m  
58.5.036 
585.416 

585.976 
585.777 

586.018 

586.184 
586.337 
586.604 
586.993 
587.140 

587.964 
587.556 

587.734 
sa7.686 

588.088 

588.208 
588.280 

588.639 
588.447 

588.745 

589.795 
589.833 
590.566 
590.733 
590.828 

591.076 
59 I ,180 
59 I ,465 
591.529 
591.574 

592.300 
5Y2.371 
502.699 
*592.942 
593.1153 

5Y3.255 
.i93.315 
593.409 
593.533 
5Y3.792 

m.naa 
594.162 
,594.302 
594 543 
594.626 

J R Y C I ~  (in lo" ctn ' ) 
. . . . . . . . - ...... ~ 

. . . . . . . . . . . . __ ........ ~~ 

5h.3h88 - z z 8 . 2 n m  
49.5415 - 221.32054 
57.4080 - 229.13890 
49.5515 - 221.21929 
57.4080 - 229.06258 

5 6 . o m  - 227.66025 
52.6954 - 2 t ? ~ 3 0 0 0  
51.3942 - 222.88023 
52.6207 . 224.04602 
52.8380 - 224.23060 

56.3688 . 227.661125 
82.8973 - 254.16413 
52.1f567 - 223.398862 
52.8371 . 224.04596 
5n.n.si4.221.21920 

52.6207 - 223.74.7582 
49.5415 - 220.64~22 
57.7212 - 228.7Y386 
52.6954 . 223.74,.5%2 
82.8949 . 253.9235Y 

52.6207 - 223.5.5014 
49.5415 - 220.36044 

57.7212 - 2211.31503 

57.7212 - 228.lY367 
82.8949 . 259.25437 
61.1565 - 231.47332 

57.4080 - 227.66025 
57.4080 . 227.60473 

61 . z ~ . M  - 231.80400 

,m5413 .219.70053 
50.0514 . 2~0.19725 
5 2 . 8 : ~  - 222.88023 

~ 2 . 8 ~ 7 3  .252.884118 
50.0514 - 220.05933 

57.7212 - 227.131025 
.57.7212 - 227.60573 
52.1667 - 222.u2009 

40.5415 - 21Y.IW167 
50.0514 - 219.59084 
,t9.%1.j - ~18.87121 
50.0514 . 219.33390 
51.3942 . 220.64922 

52.8380 . 222.omo9 
52.1667 . 221.32054 
4Y.5415 . 218,61388 
52.1667 - 221.21929 
50.0514~219.0Y1617 

74.1331 - 242.96562 
56.0583 . 224.87085 
47.W)I)S . 2 I 5.XI)891 
52.6354 . 221.34606 
52.6207 - 221.23921 

.50.0.514 - 218.61388 
52.h3954 - 221.23921 

52.%380 - 221.320.34 
.i2.6954 - 221.10417 

.i2.X371 .221.21929 

s86,.oso3.224.~643 

'1.9 .%1.5 - 217.84520 
56.3688 . 22457643 
51.3942 - 219.39084 
56.058.3 - 224.23060 

Configurations Terms 1 J . J Keferrnces 
. . . . . . , .  ~ . . . . . . . . 

Y38 
9.58 
9'58 
'158 
?58 

958 
958 

958 
358 

958 
958 
0.58 
058 
958 

958 

958 
958 
958 
938 
938 

958 
938 

958 
958 

958 

958 

958 

'>sa 

958 

958 

958 
958 
958 
058 

9.58 

958 

9.58 
'Y58 
9 75 
958 

958 
9r5 
958 
958 
95 

958 
958 
958 

958 

958 
958 
958 
9.58 
Q.58 

<)sa 

958 

938 

955 

'958 
Y 58 

9-33 

958 
958 
958 
958 



D-5 2 

12 

I 

1 10 

' 4  
4 1  

80 I 
1 

50 

12 I 
30 I 
12 
12 

110 

200 
80 

1 10 
12 

80 
30 
50 

30 

1 10 

I 
12 
4 

12 
1 

50 
30 

30 I 

I 
12 
80 
50 
12 
50 

110 
1 

1 50 
12 
50 

4 
I 

I50 
80 
50 

1 10 
1 10 
i o  
80 
80 

50 
50 
80 
12 
30 

50 
I 50 

I 
30 
12 

~ 

A,", (in A) 

594.664 
594.795 
594.968 
595.133 
595.289 

595.644 
595.906 
596.349 
596.446 
596.764 

596.815 
596.893 
597.010 
597.288 
597.321 

597.456 
597.535 
597.589 
597.871 
598.062 

598.156 
598.198 
598.267 
598.532 
598.669 

598.825 
599.020 
599.075 
599.180 
599.324 

599.407 
599.441 
599.692 
599.958 
600.105 

600.290 

600.5.57 

600.788 

600.9.14 
601.141 
601.237 
60 1.493 
60 I ,609 

60 I .hS1 
601.773 
602.155 
602.295 
602.319 

602.444 
602.481 
602.744 
603.033 
603.199 

6on.:w 

600.610 

603 . :~1  

604.072 
603.582 

604.255 
604.750 

604.885 
605.038 
005.138 
605.382 
605.682 

~~~~ ~~~ 

~~ 

Levels (In 10.' cni 1 )  
~ 

~~~~~ ~~~~ 1 
~ ~ ~~~ 

7 74.0966 - 242.25925 
74.1331 - 242.25925 
47.0786 - 21.5.15569 

61.3565 - 229.13890 

61.2544 - 229.13890 
52.8380 - 220.64922 
56.0583 - 223.74582 
52.1667 - 219.82661 
56.0583. 223.62959 

50.0514 - 217.60771 
52.1667 - 219.70053 
52.6954 - 220.19725 
52.1667 - 219.59084 
50.0514 - 217.46619 

56.3688 - 223.74582 
35,2538 - 202.60833 

56.3688 . 223,62959 
66.7201 . 233.92712 

56.3688 - 223.55014 

.sz.i667 . 220.1972~~ 

56.0583. 2 2 3 . 3 ~ 8 6 2  

57.40311 - 224.57643 
57.7212 - 224.87085 
35.2538 - 202.32853 
61.1565 - 228.19367 

35.3333 - 202.3285.3 
61.2544 - 228.19367 
52.1667. 219.09167 
52.6954. 219.59084 
57.7212 . 224.57643 

35.2538 I 202.08522 
57.4080. 224.23060 
35.3333 . 202.08522 
35.4066. 202.08522 
57.4080. 224.04602 

35.3333. 201.91938 
49.5415. 216.11169 
35.4066. 201.91938 
52.8371 . 219.33390 
61.1565 . 227.60473 I 
61.2544 - 227.66025 I 
61.2544. 227.60473 1 
57.7212.224.04602 i 

57.4080 - 223.62959 
52.8380. 219.09167 

100.1260 - 266.33524 I 
52.6954 - 218.87121 
57.4080 - 223.47896 
52.1667. 218.19566 
57.7212 - 223.74582 

57.4080 . 22.3.:i9862 
52.6207. 218.60103 
57.7212 - 223.62959 
57.7212 - 223.55014 
52.6954 . 218.47836 

52.6207 . 238.37512 
57.7212 - 223.39862 
52.6954 - 218.23851 
49.5415 - 215.03381 
52.8380 - 218.19566 

52.8380 - 218.1507: 

I 00. I 180 . 265.369.~ 
56.3688 - 221.64749 

52.8380 - 218.02381 
56.0583 - 221.16102 

Configurations 
~~~ ~~~~~~ ~~~~ 

~ ~~~ ~~ 

3d' - 3d4(a'D)4p 
3d" - 3d4(a1U)4p 
3dS - 3d4(a'H)4p 
3ds - 3dJ(a'G)4p 
3d' - 3d"(a1G)4p 

3dl - 3d4(alG)4p 
3d' - 3dn(a"G)4p 
3d' - 3d'(a3G)4p 
3d" 3d4(a3F)4p 
3d'. 3d4(a'F)4p 

3d5 - 3d4(a'P)4p 
3d" 3d4(a'k)4p 
3ds - 3d4(a?G)4p 
3ds . 3d4(a'F)4p 
3ds - 3d"(aiF)4p 

3d' - 3d4(a'G)4p 
3d' - 3d'(a3G)4p 
3d' . 3d4(a"G)4p 
3d'. 3d4(a5D)4p 
3d' - 3d'(a'G)4p 

3d5 . 3dJ(a'D)4p 
3d' - 3d"(a1G)4p 
3 d 5 .  3d4((a"F)4p 
3d' - 3db(a.'F)4p 
3d' - 3d4(a"G)4p 

3d' - 3d4(a5DD)Sp 
3dI - 3dz(a'G)4p 
3d; - 3d"(a5D)4p 
3d' . 3d4(a5D)4p 
3d" 3dA(a'Fj4p 

3ds - 3d"(biF)4p 
3d' - 3d4(a'F)4p 
3d" - 3d4(a'T)4p 
3d' - 3d4(a'F)4p 
3ds . 3d4(a"G)'tp 

3d' - 3d'(a'H)4p 
3d' - 3ddla'F14o 
3d' - 3d'(a'H)ip 
3d ' .  3d1(a'F)4p 
3d' - 3dJ(a'E)4p 

3d" - 3d'(asH)4p 
3d' - 3d'la'G14u 

J - J 1 Notes 1 References 
~ 

~ ~~ 

958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
9.58 
958 

1 958 
~ 958 

958 
958 
958 
958 
958 

958 
958 
958 

958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
9-58 

958 

958 
958 
958 
958 
958 

958 

958 



u-53 

.. . 

~ -~ 
(el. Int  

~ 

30 
110 

4 
30 
12 

110 
1 

12 
1 

600 

80 
12 
80 

520 
80 

300 
50 
4 

250 
200 

1 
30 
J O  
80 
50 

110 
50 

150 
80 

110 

1 
80 

150 
50 
30 

so 
4 
4 

12 
80 

50 
30 
80 
30 
30 

12 
12 
80 
30 
50 

30 
30 
12 

1 
1 

4 
4 
4 

80 
50 

1 
4 

12 
1 
1 

A"=,. (in A) 

605.890 
605.934 
606.031 
606.290 
606.594 

606.824 
607.036 
607.100 
607.427 
607.533 

607,702 
608.213 
608.264 
608.805 
608.851 

609.648 
609.963 
610,082 
610.1 81 
610.393 

610.471 
610.644 

610.972 
61 1.436 

611.599 
611.846 
6 12.024 
612.060 
612.477 

612.555 
612.790 
612.93'7 
61 3.299 
613.41)9 

613.570 
613.765 
613.913 
614.071 
614.l6Y 

614.284 
614.475 
614.395 
614.665 
615.417 

615.536 
615.838 
616.060 
616.366 
616.404 

616.438 
6 16.338 
616.391 
616.734 
617.261. 

61 7.341 
617.810 
618.337 
618.712 
619.032 

619.207 
619.979 
620.756 
620.804 
621.1 IO 

................ ~ ................. ~ 

610.886 

56.0580 . 221.10417 
51.3942 . 216.42844 
52.8371 - 217.84529 
74.1331 - 239.07140 
56.3688 . 221.23921 

56.3688 - 221.16102 
56.3688 - 221.10417 
51.3942 - 216.11 169 
52.8371 - 217.46619 
56.0583 . 220.65804 

32.2928 - 196.84682 
74.1)966 . 238.51284 
.56.058,? - 220.46133 
32.2928 - 196.54959 
32.3057 - 196.54959 

32.3057 - 1'26.33463 1 
Q2.1667 - 216.11169 
37 4080 I 221.32054 
32.3012 196.18688 
38.7794 - 202.60833 

52.6207 - 216.42844 
51.3942 - 215.15569 
57.4080 - 221.10417 , 
38.933 L - 202.611833 
38.7794.202.32853 

56.0583 - 219.56446 1 
57.7212 - 221.16102 
38.9351 . 202.32853 
52.6207 . 216 00272 ' 
563688 219 64076 , 
57.4,01(0 - 220.65804 
38.8967 - 202.08522 
38.9382 - 202.08522 
57.4080 - 220.46133 
38.8967 - 201.91938 

38.9382 - 201.91'238 1 
57.7212 - 220.64922 ~ 

61.1565 I 224.04596 
82.8949 - 245.74229 
74.0966 - 236.91879 

57.4080 .2213.19725 
57.7212 - 220.46133 
66.7201 - 229.42891 
52.6954 . 215.38223 
61.2544 - 223.74582 

52.6954 - 215.15569 
61.2544. 223.62959 
61.1565 . 223.47896 
61.1565. 223.39862 

100.1 180 - 262.34836 

I 

100.12h0 - 262.34836 
52.8380 - 215.03381 
56.0583 .218.23851 
61.2544 - 223.30862 
56.3688 - 218.37512 

52.8071 - 214.82174 
82.8973 - 244.75925 
61.1565 - 222.88023 
61.2544 . 222.88023 
32.2455 - 193.78919 

32.2928. 193.78919 

32.2928 - 193.38617 
32.3057 - 193.38617 
35.:3:333 - 196.33463 

3.5.2538 . 196.54959 

....___ 

Configurations 

~ _ _ _ _  

. .___ ~. .................. ~ .......... 

3d" . 3d"(a'G%p 

3d" - :ld'(a'G)4p 

3d" - :3d4(a3H).lp 
3d5 - Jd4(a'H)4p 
3d' - 3d'(a'l)).tp 

Jd' - 3di(a3H)4p 
3d5 - 3d"la'G)4u 
3d' 3d'(aJH)'{p 
3d5 3d4(a'E)4p 
3d' 3d1(a'G)4p 

3d'  - 3d4(a3H)4p 
3d' - 3d4((a3H)4p 
3d' - 3d'(a5D)4u 
3d' . 3d*(a"Fj4g 
Jd' - 3d4(a3H)4p 

3d" - 3dn(a"C1)4p 
3ri" - 3d4(asD)4p 
3d' - 3d4(a5D)4p 
3d' - 3d4(a3H)4p 
3d5 - 3d4(aSD)4p 

3d' - 3dd(a"D)4p 
3d5 . :3d"(asC;)4p 
3dF . 3d'(a3G)4p 
3d; - 3d4(a'F)4p 
3d' - 3d4(a'D)4p 

3dI - 3d4(a3G)4p 
311; - 3d'(a3H)Jp 
3d' - :5d4(a"D)4p 
3dI - 3d4{a'E')4p 
3d' - 3d'(a3G)4p 

3ds . 3d*(a"H)4p 
3d5. 3d4(a%)4y 
3d' - 3dd(a3F)4p 
3d' - 3d"(a"F)4p 
3d" - 3d'(b3Y)4p 

3d' - 3d4(b3PW.u 

3di - 3d'(a3F)4p 
3d" 3d4(a'F)4p 
3d5 . 3d'(a3P)4p 
3d5 - 3d4(ast')4p 
3d" . 3d"(asD)4p 

3d5 - 3d'(a5D)4p 
3d' - 3d4(a5D)4p 
3d" - 3d"(a5D)4p 
3d" - 3d'(aSD)4p 
3d' - 3d'(a5t))4.p 

References 
- 

958 
958 
958 
958 
958 

9 58 
958 
958 
958 
958 

958 
958 
958 
958 
9 58 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

9 58 
958 
958 

9 58 

958 
958 
958 
958 
958 

958 
958 

958 

958 
058 
958 

958 
958 
958 
958 
958 

958 
9 58 
9 58 
9 58 
958 

958 
958 

958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 

... .. . 



\hiltinlet Re1 Int 

12 
3 0 
12 
30 

4 

4 
4 

3 0 
50 

1 

4 
40 
5 0  

4 
1 

30 
30 
12 
50 
12 

4 
I30 
80 
4 

12 

80 
I 10 
50 
12 
30 

50 
30 
4 

50 
1 

12 
80 

150 
30 
50 

30 
12 
12 ' 
80 

1 
I50 
12 
50 
80 

30 
4 

I50 
4 
4 

80 
110 
30 
12 
50 

1 
12 
80 
12 
4 

62 1.553 
62 1.643 
621.691 
623.680 
h24.724 

624.768 
624.79 1 
624.960 
625.662 
626.107 

626.21 1 
626.356 
626.379 
627.134 
627.195 

6 2  7.3 7 3 
628.767 
629.350 
630.096 
631.130 

631.175 
63 1 ,733 

632.539 
632 .604 

632.646 
632.843 
633.159 

633.456 

633.768 
633.832 
634.059 
634.452 
635.092 

635.184 
635.332 
635.560 
635.766 
635.881 

635.933 
636.428 
636.493 
636.928 
637.581 

638.522 
639.223 
639547 
639.846 
642.312 

642.609 
643.931 
6U.435 
614.985 
645.121 

645.349 
646.120 
646.185 
646.702 
646.77 1 

647.340 
647.777 
647.939 
648.408 
618.581 

632.0~1 

633.220 

74.0966 - 234.98435 
61.1565 - 222.02009 
74.1331 - 234.98435 
74.1331 - 214.47200 
82.8943 - 242.96562 

56.3688 - 216.42844 
56.0583. 216.11169 
74.0966 - 234.10672 
74.0966 - 233.92712 
82.8973 - 242.61460 

74.0966 . 233.78672 
741331 - 233.78672 
74.13:31 . 233.78086 

100.1260 - 259.58164 
56.3688 - 215.80891 

61.2544 - 220.64922 
61.1565. 22n.19725 

100.1 180 - 259.01148 
57.7212 - 216.42844 
61.2544 - 219.70053 

61.1565 - 219.59084 
35.2538. 193.5$925 
35.3332. 193.54925 

108.2421 - 266.33524 
108.2583 . 266..Z352*4 

38.7796 - 196.8ui82 
35.2538 - 193.27127 

108.2421 - 266.18109 
108.2583 - 266.18109 
35.4066 - 193.27127 

35.3333 - 193.12034 
38.7794 - 196.54959 
35.4066 - 193.12034 
38.9351 . 196.54959 
61.1565. 218.61388 

57.7212 - 215.1556') 
38.9382 . 196.33463 
35.2538 - 192..59528 
38.8967 - 196.18688 
35.3333. 192.59528 

38.9382. 196.18688 
108.2421 . 265.36948 
108.2583. 265.36948 
61.1565 - 218.15977 

108.2421 - 265.08477 

32.2928. 188.90455 
35.2538 . 191.69411 
35.3333. 191.69411 
35.W66. 191.69411 
35.3333 - 191.02118 

82.8973. 238.51284 
74.1331 .229.42891 
61.2544 - 216.42844 
74.0966 - 229.13890 
38.7794. 193.78919 

61.1565. 216.11169 
38.7794. 193.54925 
35.2538. 190.00828 
35.2538. 189.88511 
38.9351 - 193.54925 

35.4066. 189.88511 
38.8967 - 193.27127 
38.9382 - 193.27127 
38.8967 - 193.12034 
38.9382 - 193.12034 

Configurations 
~ _ _ _ _ _ ~  ~ 

~~~ ~~~ 

3d" - 3d'(aiD)4p 
3d5 - 3dJ(aiPj4p 
3d5 - 3d3(aiDj4p 
3d'. 3d4(a'D)-Zp 
3d" 3d4(a'F)4p 

3d' - 3d"(a3I+)4p 
3d' - 3d'(a.'Hj4p 
3d' - 3d4(a"D)4p 
3d' - 3d'(a'Sj4p 
3d' - 3dL(a'F)4p 

3d' - 3db(a'S)4p 
3di - 3d4((a'Sj4p 
3J: - Jd'(a'D)dJp 
3d; - 3da(b'P)4p 
3d' . 3d4(a'Hj4p 

3ds - 3d'(aiGj4p 
3d" 3dJ(a'G)4p 
3ds - 3d"(bJP)4p 
3d' - 3d*(a3H)4p 
3ds . 3dJ(a.'f;)4p 

3d5. 3d"(a.'Fj4p 
3ds - 3d"(a5Dj4p 
3d5 - 3dJ(a5Dj4p 
3d" 3d"(bJF)4p 
3d5 .  3d4(b'F)4p 

3d' - 3d'(asD)4p 
3d' - 3d4(asD)4p 
3d' - 3d'(b3Fj4p 
3d' - 3db(b'Fj4p 
3d" 3d"(a5DD)4p 

3d' - 3d'(aiD)4p 
3d' - 3d'la5D)4u 
3d' .  3d'(aiD)4p 
3d' - 3d4(a5D)4p 
3dr 3d'(aiP)4.p 

3d'. 3d*(aJH)4p 
3d5 - 3d*(a5Dj4p 
3d' - 3d4(aSD)4p 
3d' - 3d'(aSD)4p 
3ds - 3d'(aiD)4p 

3d5 - 3d4(aiD)4r, 
3d' - 3d*(h1G)4b 
3d' - 3d4(h1G)4p 
3d' - 3d*(a3H14~ 
3d5 - 3d4(h1G)4p 

3d" 3d4(a5D)4p 
3ds - 3d'(asDj4p 
3d5 - 3d4(a5D)4p 
3d5 - 3d4(a5Di4p 
3d5 - 3d'(a5D)4p 

3d" 3d'(a1Dj4p 
3dS. 3d'(aiDj4p 
3d5. 3d4(a3H)4p 
3di - 3d4(a'G)4p 
3d" 3d'(a5D)4p 

3d: - 3d'(a3H)4p 
3< - 3d4(asD)4p 
3d' - 3d4(aSD)4o 
3@ - 3d4(a5D)4b 
3d' - 3d'(a5D)4p 

3d: - 3d4(a'D)4p 
3dS - 3d4(asD)4p 
3dI - 3d'(a5D)4p 
3d" - 3d4(a5D)4p 
3d' . 3dn(a5D)4p 

1 - 4  
i - 1  
5 - 4  
1-4 
1 - 4  

Votes 1 References 
~~ 

P 
P 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
955 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 

958 

958 
958 
958 
958 
958 

958 
958 
955 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
955 
958 

958 



........ .- 
~~ . 

. . . . . . . . . . . . . . . . . . . . . 

70 
12 
12 

110 
4 

30 
80 
4 

30 
4 

200 
1 
1 

50 
12 

1 
12 

4 
12 
12 

50 
1 
1 

50 
50 

30 
1 

80 
12 

1 

2.50 
4 

2G0 
1 

2.50 

50 
50 
1 
1 

200 

110 
12 
1 

3 1  
4 

1 
4 

30 
4 
1 

1 
4 
4 
1 
1 

80 
12 
50 
4 
1 

200 
12 
30 
4 

3 0 

648.7W 
64.9.766 
649.869 
630. I29 
610.409 

650.430 
650.7115 
65 1.589 
651.644 
654.460 

654.029 
655.555 
65.5.8b0 
657.357 
657.538 

6,5" .. 
1 . i 49 

658.467 
658.582 

661.250 

hfi l  X37 
662.475 
662.538 
662.672 
662.754 

663.264 
663.334 
6M.YY2 
665.wG 
666.236 

666.722 
666.894 
667.054 
667.689 
668.301 

668.938 
669.423 
669.385 
669.948 
670.0213 

670.768 
671.549 
672.279 
673.056 
683.003 

ci4.293 
685.350 
685.415 
686.430 
086.7i(i4 

688.072 
088.245 
rn9.5Y7 
689-6713 
690.190 

690.772 
fl~Ml.903 
6Y 1.05 1 
b'Jl .A37 
692.602 

Mo.836 

693.713 
694,.M3 
694.786 

D-55 

~ .....- ....... .~ ~ . . ~  . ... . . ~- 
~ ........... - 

. . . . . . . . . . . 
Configuration, 
. . ~ ~ ~  ... 

~ .. . . .... ~ . 

61.2545 - 213.38523 
61.2544. 215.15569 
61.1565 . 215.03381 
38.7794 - 192.%59528 

100. I 180 . 253.86843 

100.12bO - 253.86843 
38.9351 - 192..59528 
74.1:331 . 227.60473 

100.1 180 - 253.57565 
38.8967 - 191 .694I 1 

38.0351 - l91.69411 
4Y.5413 - 2132.08522 
35.4066. 187 87881 
38.8'367 - 191.02118 
38.93112 . 191.02118 

~ 

50.0.5 14 - 202.08522 
50.0514 - 201.Y1938 

11)0.1180 - 251.9.5894 
1082583 - 259.58164 
38.77'24 - 190.00828 

82.8973 - 234.10672 
38.9351 . 189.88511 
51.3942 - 2U2.32853 
82.8073 - 233.80212 
82.8919 - 233.78086 

108.1421 . 2.59.01148 
108.2583 - 259.01 IS6 
82.8949 - 2~33.27284 
52.1667 - 202.32853 
74.1331 . 224.23060 

52.6207 . 202.6083.2 
74.0966 . 224.M.596 
.52.69S4 - 202.50833 
52.8380 - 202.60833 
52.6954 - 202.332B53 

52.8380 - 202.3285'3 
74.0966 . 223.478%1 

52.8380 - 202.08522 

52.837 I . 201.91938 
82.8940 - 231.80400 
74.1331 - 222.88023 
82.8973 . 231.47332 
82.8949 - 229.:10663 

50.0314 - 1%.18688 
108.2583 . 254,.16913 
82.8973 - 228.79386 

108.2421 - 253.92339 
108.2583 - 253.8ti843 

108.2421 - 253.57565 
82.8973 - 228.19367 

108.2421 - 253.2TA37 
74.0966 - 2 19.091 67 
57.7212 - 202.608:1:% 

82.8940 227.66025 
74.1331 - 218.87121 
82.8973 - 227.@).1.73 

108.2583 . 252.88448 
52.1667 . 196.54959 

52.6207. 196.84682 
52.1667 . 196.:%:).1h3 
52.6954 . 196~84632 
52.1667. 396.18688 
52.6207 . 196.54959 

p~ ~. 

. . . . . . . 

___ ......... ~ ....... ............ ~ 

Terms TJ j Totes 
........... ............ . ~ 

i- 

K e f i l Y l l C C 5  
. . ... . . . . . . . . . . . . 

958 
958 
958 
958 
958 

9.58 
958 
Y5R 
958 
958 

'1.58 
9 58 
958 
038 
9.58 

958 
958 
9.58 
958 
958 

958 
958 
958 
958 
958 

958 
958 
358 
958 
958 

958 
958 
9 58 
958 
958 

9.58 
958 
958 
058 
958 

938 
9.58 
958 
958 
058 

958 
9.58 
958 
9511 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
9.-5 
Y58 



1 I O  
5 0  
30 

1 10 
4 

80 
12 
4 

I 2  
I 

4 
12 
4 
4 
4 

4 
4 
4 
1 
70 

1 
12 
4 

30 
80 

1 
1 
4 

30 
4 

12 
1 

30 

80 80 I 
I 

12 
4 

12 
50 
30 

200 
.SO 

1. 
4 

150 1 
50 1 

I 
12 

375 
450 
200 
200 

52,6954 - 196.33463 
52.8380 - 196.33463 
74.0966. 217.46619 

300 
250 
250 
250 
30 

80 
200 
520 
80 

I 50 

, 

~~ ~ 

A,,, (in A, 

695.150 
69.5.837 
696.188 
696.880 
697.499 

697.598 
708.373 
709.980 
710..566 
7 1 1.737 

720.7 1 I 
723.243 
723.5.53 
726.935 
728.337 

729.048 
738.857 
744.305 
747.331 
748.873 

750.670 
7.54.784 
789.107 

1247.823 
1253.807 

1308.238 

1328.842 
1329.868 
1336,099 

3357.247 
1370.08 
1371.561 
1381.523 
1394.829 

1396.252 
1401.366 
1405.709 
1407.774 
1408.227 

141 0.156 
141 1.237 
1412.778 
1414.255 
1420.224 

1421.305 
1421 .986 
1422.131 
1422.927 
1423.145 

1423.475 
1425.480 
1425.728 
1426.040 
1426.234 

1427.268 
1627.346 
1427.511 
1427.553 
1427.657 

1428.884 
1430.51 7 
1431.432 
1434.3 14 
1434.387 

i .m.800 

100.1180 - 234.47200 
100.1180. 233.92712 
82.8949 - 216.4284% 

82.8973.216.11169 
82.8973. 215.38523 

108.2.583 - 234.98435 
138.33883 . 218.47836 
138.84.403 - 218.60103 

162.07442 - 238.51284 
161.57159 - 237.28309 
167.71250 - 242.96562 
162.08781 - 237.28309 
162.07442 - 236.91879 

165.39258 - 239.07140 
35.2.538. 108.2421 

362.07442 - 234.98435 
162.08781 .234.47200 
162,08781 . 233.78086 

171.34513 . 242.96S62 
167.71250. 239.07140 
171.47639 - 242.61460 
156.22488 - 227.25880 
177.06672 - 248.07797 

171.34533 - 242.2592.5 
156.12377 - 226.98358 
171.47639 . 242.2502.5 
183.15961 . 253.86843 I 
183.16449 - 25357565 

154.51267 . 224.87085 
158.73869 . 229.06258 
195.86415 . 266.18109 
159.01039 . 229.28802 
159.22790 . 229.49474 

154.32596 - 224.57643 
159.34288 - 229.49474 
154.73129 - 224.87085 
158.73869 - 228.86261 
196.22071 - 266.33524 

i 

154.51267 - 224.57643 
159.22790 - 229.28802 
159.01039 - 229.062.58 
196.13119. 266.18109 
154.18585 - 224.23060 

177.00597 - 246.99080 
154.32596 - 224.23060 
154.18585 - 224.04596 
154.32596 - 224.04602 
162.08781 - 231.80400 

3d' . 3d'(aiD)4p 
3d5 - 3d4(aiD)4p 
3d' - 3d'(aiD)4p 
3d' - 3d'(aiD)4p 
3d ' .  3d"(a'F)4p 

3d5 - 3d4(aiD)4p 
3d'. 3d'(a5D)4p 
3 d 5 .  3d*(aSG)4p 
3d' - 3d4(a3F)4p 
3d5 - 3d4(a'F)4p 

3d' - 3dn(a'G14~ 
3dl - 3d'(a3H)4p 
3d' . 3d4(a'G)4p 
3d5 - 3d4(a3H140 
3dF. 3d'ia3G)4b 

3ds - 3d4(a'D)4p 
3d5 - 3di(a.'H)4p 
3d' - 3d4(a"D)I.p 
3d' . 3d4(a'5)4p 
3d5 - 3d4(aJH)4p 

3d' - 3d4(a"H)4p 
3 d 5 .  3d'(aJF)4p 
3d5 - 3d"(a.'l))4p 

3dJ(a"D)4,s . 3d'(a3F)4p 
3d'(a5D)4s - 3d4(a"F)4p 

3d'(aSF)4s - 3d4(a'D)4p 
3d4((a3P)4s - 3d4(a1D)4p 
3d6(a'G)4s - 3d"(a'F)4p 
3d4(a3F)4s - 3d'(s'D)4p 
3d'(a3F)4s - 3d'lafD)4p 

3d4(a"G)4s - 3d4(a'D)4p 
3d5 - 3ds 

3d4(a 'F)4s 3d4(a'D)4p 
3d4(a'F)4s . 3d4(aJD)4p 
3d4(a'E)4s . 3d*(aJl))4p 

3d4(a"D)4s - 3d4(a'F)4p 
3d4(a'G)4s - 3d'(aiD)4p 
3dn(a311))4s - 3db(a'F)4p 
3d4(a"F)4s 3d'(aiD)4p 
3d4(a'D)4s - 3d'(a1F)4p 

3d'(aJD)4s - 3d4(a'D)4p 
3d'(a3F)4s - 3d4(aJD)4p 
3d'(a3D)4s - 3d4(a'D)4p 
3d4(a'F)4s - 3d4(b3P)4p 
3d'(aiF)4s - 3d*(b3P)4p 

3d4(a'11)4s - 3d'(a3G)4p 
3d"(n3G)4s . 3d4(a'D)4p 
3d'(bsP)4s - 3d4(b"F)4p 
3d'(aJC)4s . 3d4(a'D)4p 
3d'(aJG)4s - 3dJ(a"D)4p 

3d4(a'H)4+ - 3d'(aJG)4p 
3d'(a3G)4s - 3d4(a'D)4p 
3d4(a3H)4s - 3d3(a?G)4p 
3d'(a.'G)45 - 3d4(a3D)4p 
3d'(b3F)4* - 3d4(b'F)4p 

3d4(a3H)4s - 3db(a"C,)4p 
3db(aJG)4s - 3d4(a"U)4p 
3d4(a.'G)4s - 3d4(a3D)4p 
3d4(b'F')4s - 3d:(b;F)4p 
3d*(a311)4s - 3d (a 614p 

3d*(a'D)ls . 3d4(a'F)4p 
3d4(a'H)4s - 3d4(a'G)4p 
3d'(a3H)4s - 3d'(a3G)4p 
3dJ(a'H)4s . 3d4(a'F)4p 
3d4(a"F)4s . 3d4(a'G)4p 

References 
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958 
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-. . . . . . . . .. . . . . . . . . . 

Multipl 
. . . . . . ... . .......... ~ 

~ 

~ 

(el. In ___ - 

80 

30 
200 
150 

30 
50 
30 

I so 

I so 
300 
80 

250 
30 

150 
300 
250 
110 
250 

200 
15.0 
290 

300 

I 10 

110 

50 

150 

110 

12 

12 

200 

12 
80 

450 
80 

12 

375 

1 
110 

450 
2x1 

250 

150 

2 50 

200 
so 

1 i n  
250 

50 
300 

80 
50 

so 

150 

250 
250 
200 

30 

450 

200 

200 

110 

80 

30 

375 
50 

............ ~ 

A,, (in A) 
......... ~. ~~ 

1439.688 

1.1.*2.294 

1446.000 

1456.154 
1447,742 
144Y ,028 

1452.393 

1452.478 

1453.962 
14S4.585 
1455.7 1 2 

1456.751 
1457.369 
1458.524 
1458.763 
1459.257 

1440.946 

144s.41109 

1450.252 

1453.089 

i ~ j 0 . 2 2 9  
146n.8so 
1 ~ 2 . 2 4 0  
1463.751 
14624.694 

1466.820 

1467 .so 1 
1470.421 
1470.514 

1473.201 

i48i .ni i  

1486 .~0  
i m . 8 1 0  

1466.966 

1472.395 

1.473.926 
1480.863 

1483.145 

1489.534 
1491.095 

1493.026 
i..m.270 
1494.467 
149.5.185 
1497.492 

1499.439 
1500.412 
1.501.688 
1502.652 
1503.243 

1504.1 18 
1504.379 
1505.766 
1505.84~1 
1508.o4.9 

1508.856 
1511.365 
1512.728 
1513.587 
1515.012 

1516.081 
1516.577 

1523.w 1 
1524.368 

151 7.780 

Levels (in 10" cm") 
~ ~~ - .~  ...... ..... 

196.87562 - 26h.33524 

196.13119 - 265.36948 
154.51267 - 223.74582 
164.95050 - 235.10672 

196.22071 - 265.36948 
154.32594 - 223.39862 

i 6 2 . 0 7 ~ 2  .231.47332 

189.97501 . 258.98664 
196.13119 - 265.084.77 
164.95050 - 233.80212 

D-57 

-. ...... 

- ...... 
Configurations 

~ ................... ~~~~ ~ ~~ ..... ...... . ~ _ _ _  

3d4(b344s - 3d'(bJF)4p 
3d4(i")4s - 3d'(a1C,)4p 
3d'(b'FJJs - 3d*(biGj4p 
3d4(a'H)4s - 3dJ(aJG)4p 
3d4(a'C,)4s - 3d*(aJD)4p 

3d4(b"F)4s - 3di(biG)4.p 
3d5(a'H)4s - 3d41a"F)4p 
3d4(b'P)4s - 3d4(b'E)4p 
3d4(b3Fj4s - 3d4(b1G)4p 
3d'(a3G)4s - 3d4(a11)4p 

3d4(b'FJ4s - 3d"(b'F)4p 
3d'(a3H)4s - 3d4(a"G)4p 
3d4(b:'F)4s - :3dA(b"F)4p 
3d4(b'F)49 I 3d'(b3F)4p 
3d4(a3H)4s . 3dJ(a-IJ4p 

3d4(a'F)4s - 3d'(a3G)4p 
3d'(b3P)4s - 3d6(b.'F)4p 
3d4(b3FJJs - 3d*(b1F)4p 
3d"(bJF)4s - 3d'(b3F)4p 
3d4(a3H)4s - 3d'(a'G)Qp 

3d'(a3H)4s - Yd"(a'Gj4p 
3d4(a'F)4s - 3d4(a'G)4p 
3d'(aiG)4s . 3d4(a3D)4p 
$d4(a'C)4s - 3d4(a%)4p 
3d"(b3F)4s - 3dJ(b"Fj4p 

3d4(bsP)4s - 3d4(b3F)4p 
3d4(b.'F)4s - 3d'(b3F)4p 
3d4(a"D)4s - 3di(a5D)4p 
3d'(a'D)Js . 3d4(u'D)4p 
3d'(a3H)4s . 3d*(aiI)4p 

3d'(b31-1)3s - 3d4(h'F)4p 
3d4(asD)4s - 3d"(aiD)iCp 
3d"(bSP)4s - 3d4(b3FF)4p 
3dn(b3P)4s - 3d4(b"P)4p 
Sd4(asFH.5 . 3d4(a"G)4p 

3dJ(a3U)4s - 3d4(a3G)4y 
3d4(a"H)4s - 3d4(a'G)4p 
3d4(sSD)4s - 3d4(aiD).Zp 
3d'(a3H)4s - Sd4(a'C)4p 
3d4(a"F)4s - 3d4(a'G)4p 

3dJ(b1D)4s - 3d4(b'D)4p 
3d4(b'D)4s - 3d4(b'D)4p 
3d4(aJH)4s . 3d4((aJG)4p 
3d4(a,'H)4s - 3d4(aJG)4p 
3dJ(a'U)4s - 3d4(aJG)4p 

3d'(b3Y)4s - 3d4(b3P)4p 
3d4(a3H)43 - 3d4(a3H)4p 
3d*(a3H)4s - 3d4(a.'G)4p 
3d4(b'D)4s - 3d4(h1D)4p 
3d4(a3G).k - 3d4(aiG)4p 

3d'(b3P)4s - 3d4(b3P)4p 
3d4(a'H& . 3d4((a3G)4p 
3d4(a3G)4s - 3d4(a1C.)4p 
3d'(a3P)& - 3d4(a3F)4p 
3d4(a1(;)& - 3d4(a3D)4p 

3d4(a'H)4s - 3d4(aAH)4p 
3d4(b3P)4s - 3d4(b3P)4p 
3d4(a3F).k . 3d4[a'G)4p 
3d4(a1G)4s - 3d"(a3D)4.p 
3d4(alG)4s - 3d4(a11)4p 

3d4(a'D)4s - 3d4(a'F)4p 
3d4(aSD)4s . 3d4(a'D)4p 
3d4(a3Pj4s - 3d4(a"P)4p 
3ds(a5D)4s - 3d4(a5D)4p 
3d'(aJP)4s - 3d4(a'C)4p 

..... - 

..... . .- 

- ...... 

riotes 
...... 

R~ferenc~s 
~ 

958 
958 
958 
9 58 
958 

933 
c)58 
958 
958 
938 

958 
358 
9 58 
938 
958 

958 
9~58 
958 
958 
958 

958 
938 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 

938 
958 

958 
958 
958 
958 
938 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 



D-58 

~ -- -~ 

Miiltiplet Kel Int A,. (in .&) 

375 1526066 
520 I526598 
150 152806; 
80 3528,529 

150 1530 01.0 

150 1530 125 
520 ' 1530.256 
37.5 1531.220 
200 1551.474 
150 1532.069 

250 1532485 
600 , 1532.634 
520 1532.907 
375 1533.265 
200 15:33.576 

700 1533.863 
520 1533.952 
150 1535.723 
600 1536584 
200 1538.120 

450 1 1538289 
375 1540 393 
250 1540731 
520 1542 157 
600 1542.696 

300 
80 

1 .50 
4 i 0  
2.50 

I50 
300 
150 
450 
200 

2517 
300 

30 
300 
300 
200 

30 

375 
375 
375 

1544.489 
1544.636 
1545.438 
1546.400 
1549.959 

155 1.535 
1552.21 1 
1552.353 
1552.709 
1553.172 

300 i 1553.296 
200 1554667 

50 1554.934 
1555.950 
1556.069 

1556.306 
1557.184 

1559.1 91 
1560.272 
1561. I93 

375 15631.:355 
37.5 1562.259 

450 1562.458 
375 ~ 1562.753 
150 1563.133 
200 i 1563.229 
375 i 1563.579 

I 

300 
100 
150 
300 
250 

520 
200 
300 
250 
30 

1564.263 
1564.602 
1564.638 
1564.780 
1565.867 

1566.256 
1566.464 
1566.572 
1566.747 
1567.046 

~ ~~~ ~~~~ ~ 

~~ ~ 

Levels (in 101 I 
~ ~~ ~ - 1  

~~~~~~ p~~~ 

1.59.34288 - 224.87085 
127.76615 - 19c3.27127 
171.47639 - 236.91879 

128.19154 - 193.54925 

127.76615 - 193.12034 
159.22790 - 224.57643 , 
158.73869 - 224,04596 ~ 

156.0w32 - 22 1.34606 ~ 

156.04932 - 221.32054 , 

150.2248n .2zi.64749 

177.00597 - 242.25925 1 
128..54185 - 193.78919 
168.56643 - 233.80212 1 
I59 01039 - 224 26060 1 
15601229 - 221 21929 

128 I9154 - 193.38617 
127.92912. 193.12034 
154.47485 - 219.59084 
128.19154 - 193.27127 
156 22488 - 121.23921 

128.5418.5 - 193.54925 
183.15961 . 248.07797 
155.74487 . 220.64922 
128.54185. 193.38617 
128.96767 - 193.78919 

168.52637 . 233.272a4 
158.73869 . 223.47896 
168.56643 - 233 27284 
127.92912 - 192.59528 
159.22790 - 223.74582 

155.74487 - 220.19725 
156.22488 .220.61922 
128.96767 - 193.38617 
128.19154 - 192.59528 
137.70081 - 202.08522 

137.94329 - 202.32853 
159.22790 - 223.55015 
156.04.932 - 220.36044 
138.33883 - 202.60833 
160.31164 - 224.57643 

170.72959 - 234.98435 
137.70081 - 201.91938 
159.34288 - 223.550 14 
201.21222 - 265.36948 
i5m4932 - 220.19725 

137.94929. 202.08522 
167.71250.231.80400 
128.54185 - 192.59528 
156.01229 - 220.05933 
154.18585 . 218.19566 

165.49310 - 229.49474 
138.33883 - 202.32853 
151..18585 . 218,15977 
137.94929 - 201.91938 
155.74487 - 219.70053 

127.76615 - 191.69411 
165.39258 - 229.30661 
154.32596 - 218.23851 
201.17805 - 265.08477 
154.51267 - 218.37512 

190.31834 - 254.16484 
154.18585 - 218.02381 
154.32596 - 218.15977 
183.16449. 246.99080 
156.01229 - 219.82661 

Configurations 
~~~ 

~ ~~ ~ 

3d4(a"G)4z - 3d4(aiG)4p 
3d'(a5D)45 - 3dJ(aiD)4p 
3d6(a.'D)4, 3d'(a1D)4p 
3d"(a.'F)& - 3d4(alG)4p 
3d'(a3D)4.s . 3d"(a'D)4p 

3d4(a'D)4s - 3d"(asD)4p 
3d4(a'G)4s - 3dZ(a3G)4p 
3dJ(a1G)4s ~ 3db(a"G)4p 
3di(a.'F)4s - 3d4(a.'G)4p 
3di(a'Fj4s - 3d4(a'G)4p 

3d'(a1D)4s - 3dd(a'D)4p 
3d4(a'D)4s . 3dZ(a'D)4,p 
3dJ(a11)4s - 3d'(a11)4p 

3d*(a.'G).k - 3d"(a7G)4p 
3d4(a"F)4s - 3d4(a'G)4p 

3d'(a5D)4a - 3d4(a5D)4p 
3dJla'F)4a 3d4(a'F)4p 
3dJ(ait')4.s . 3d4(a"G)4p 
3d4(a'D)4s - 3d4(a"D)4p 
3d3(a'D)4s . 3d'(asD)4p 

3d4(a'l)4s . 3d4(aiI)Sp 
3d4(a.'l:)4s ~ 3d4(a3F)4p 
3d4(a'I)4s 3d'(a11)Sp 

3d'(a5D)4s - 3dJ(a"D)4p 
3dZ(a"G)4s - 3d4(a'G)4p 

3d1(a"P)4s . 3d3(a'G)4p 
3dJ(a'F)4s - 3d4(a'(:)4p 
3d"(a5D)4s - 3dJ(a'D)4p 
3d'(a5D)4s - 3d4(a'D)4p 
3d'(a5D)4s - 3d4(aiD)4p 

3d4(a'D)4s - 3d4(asD)4p 
3d4(n'G)4s - 3d4(a3GG)4p 
3d4(a.'Fj4s - 3d'(a3P)4p 
3d"(asD)4s - 3d4(a5D)4p 
3d'(a3H)4s . 3dZ(a'G)4p 

3d4(a1S)4s - 3d'(a3D)4p 
3d4(aSD)4s - 3d"(asD)4p 
3d'(a3C)4s - 3d"(a'Gj4p 
3d4(b'G)4s - 3d'(b1Gj4p 
3dn(a"F)4s ~ 3d'(a1G)4p 

3d'(aSD)4s - 3d41a5D)4p 
3d4(a1G)4s . Id'(a'Gj4p 
3d'(aiD)4s - 3d"(asD)4p 
3d'(a1F)4s - 3d4(a3F)4p 
3d4(a3H)4s - 3d*(a3F)4p 

3d4(aJD)4s - 3d*(a.'l)).$p 
3d4(a'D)4s - 3d'(asD)4p 
3d4(a3H)4s - 3d4(a"H)4p 
3d3(a'D)4s - 3d'(a5D).lp 
3d4(a'P)4s - 3d4(a"F)4p 

3d4(a51))4s - 3d4(aSD)4p 
3d4(aJG)4s - 3d'(a1G)4p 
3dJ(a.'tI)4s - 3d4(a"H)4p 
3d*(b1G)4s - 3dJ(b1G)4p 
3d4(a'H)4s 3dn(a'H)4p 

3d4(b'f.)4t, - 3d'(b3F)4p 
3dJlaJH)4s 3d'(aiP)4p 
3d4(aiFI)4a - 3d'(aJH).?p 
3d4(a'fi)4s . 3d"(a'F)4p 
3d'(a3F)4s - 3d"(a.'I )4p 

958 
~ 958 

958 
958 
958 

958 
~ 958 

958 
~ 958 

958 

~ 958 
958 

958 
' 958 

958 

958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
9 58 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 



........... ~ ...... ~ 

Multiplr 
. . .~ 

375 
200 
3" 
200 
IJ 

-. . . . . . . . . . . . . . . . . 

<?I. 1111. 

375 
600 
37s 
375 
80 

450 
4,50 
450 
1 50 
250 

2im 
200 
300 
250 
250 

200 

. . . . . . . .. . .. - 

1578.7M 
1579.236 
I579.363 
1580.904 

~. .. . . ~. ~ 

h,,,. (in A) 
~ ....... ~ 

~ ........... ~ ~ . .  

1567.055 
1.5613.274 
1568.71 1 
1 569.22 1 
1569.427 

1570.178 
1570.418 
1571.245 
1573.770 
1574.602 

1574.736 
1575.105 
1575.190 
1575,409 
1375.613 

1576.442 

2.50 I583 960 
200 1584 117 
375 1581.969 
:WI) 1585.1 16 

375 1585.841 
300 1587 59L 
2.50 
450 
150 

375 
520 
300 
300 
520 

200 
150 
300 

12 
3 0 

30 
200 
300 
375 
450 

250 
30 

520 
150 
200 

250 
4.50 
520 
150 
.i20 

1588.127 
I590.0.616 
1590.863 

I 59 I . r m  
1591.509 
159 I .802 
1591.878 
1592.048 

1592.333 
1592.724 
1593.08'> 
1.593.276 
1593,343 

1596.744 
1594.921 
1595.800 
15196.065 
1556668 

1'597.R97 
1597.907 
15'1R.Ul2 
1598.350 
1508.543 

1600.294 
1600.503 
1600,580 
1601.503 
161) I .ti76 

156.049:32 - 219.82661 
138.84403 . 202.6W33 
1:38.:$3883 - 202.08522 
154.51267 - 218.23851 
19.5.86415 . 259.58164 

165.Cfl096 - 229.28802 
107.79592 - 231.473.32 
154.73129 - 218.37512 
156.04W2 - 219.59084 
171.47639 - 234.98485 

128.19154. I9l.69411 
190.43547 - 253.92359 
J 38.IM4413 - 202.32853 
15b.22488 . 219.70053 
I56 I 2377 - 2 19.59084 

16ll.31164 . 223.74582 
165.72094 - 229.13890 
190.42414 - 253.82743 
153.65174 - 217.03189 
154.47485 . 217.84529 

155.74487 - 219.09lh7 
16.5.720!?4 - 229.06258 
156.01229 - 219.333'90 
165.72094 - 229.03702 
127.766315 - 1'91.02118 

222.84058 - 286.08472 
165.80447 - 229.03702 
170 72949 . 233 92712 
190.40645 - 253 5756.5 
19.5.86415 . 259.01 148 

165.72094 - 228.86201 
154,47485 - 217.6077 I 
171.34533 - 234.47200 
127.92'312. 191.02118 
160.31 16.1. - 223.39862 

165.80447 - 228.86261 
165.60096 - 228.58967 
160.77860 - 223.74582 
155.74487 . 218.61388 
156.01229 - 218.87121 

10.77860 - 223.62959 
201.17805 - 264.01 154 
l56.04932 - 218.87121 
190.43547 - 253.25437 
159.34288 - 222.1569'1 

165.392.58 . 228.19367 
165.80447 - 228.58967 
160.77860 - 223.55014 
190.81 179 . 25:3.57565 
I i1.34.553 - 234.10672 

196.87562 . 259.58164 
201.17805 - 263.87691 
201.21222 - 263.87691 
164.9.5050 - 227.60473 
171.47639 - 234.10672 

136.01229 . 218.61388 
1.58.73869 - 221.32054 
183.16449 - 245.74229 
l56.(MY32 . 218.61588 
1.54.4748.5 . 21 7.R3189 

162.08781 . 224.57643 
158.73869 - 221.21929 
156.12377 - 218.h0109 
171.34533 - 233.78672 
196.13119. 258.56602 

Configuration; 
. ....... . . . - . . . . . . . . . . . . . - . . 

~ - ... 
~ .......... ~ 

.. __ ......... . 
'Terms J - J o t e s  1 References 

') 5 8 
9% 
958 
958 
958 

958 
958 
9.33 
058 
958 

958 
058 
958 
958 
9.58 

958 
958 
9.58 
9.58 
958 

958 
958 
958 
95H 
958 

958 
958 
958 
958 
958 

958 
958 
9.58 
958 
958 

4.58 
9.58 
958 
'258 
958 

958 
958 
958 
9 58 
958 

9.58 
958 
958 
9.58 
658 

958 
Y.58 
058 
9.58 
958 

958 
958 
9.58 
958 
9.5.8 

958 
95H 
958 
958 
9.58 



D-60 

~- ~ 

~ ~ 

Configuratinns 
~ ~~~~ ~~~ 

~~ 

3d4(a 'FMs - 3d4(a.'F)4p 
3d4(a'D)4s - 3d4(a.'D)4p 
3dJ(a,'Gj4s - 3d4(a"G)4p 
3d4(a.'F)4s - 3d4(a'F)4p 
3d6(a3t-)4s - 3d1(a"F)4p 

3di(a'D)4s - 3d6(a.'D)4p 
3dJ(a'G)4s - 3d4(a%i4p 
3d'(a'G)4s - 3dz(a'Gi4p 
3dL(a.'P)4s - 3d'(aiP)4p 
3d4(a"i;)4s - 3dq(a'G)4p 

3dZ(a'Fi4s - 3d4(a'F)4p 
3d4(a"G)4s - 3d4(a"Gj4p 
3da(a'G)4s 3d4(a.'G)4p 
3dZ(a'F)4s . 3d*(a3G)4p 
3d4(a'F)4s - 3d4(aJH)4p 

3d"(di1[@s - 3d4(a'H)4p 
3dz(a3G)45 . 3d4(a,'Gj4p 
3d4(a"F)4s . 3d4(a'H)4p 
3dZ(a'F)4s - 3d"(a"Hi4p 
3dJ(a'P)4s - 3d4(a"H)4p 

3dJ(a'G)4s - 3dZ(a"G)4p 
3d4(a'D)4s - 3d4(a5D)4p 
3di(a.'Fj4s - 3d'(aJF)4p 
3d"(a1D)4s . 3dS(a'D)4,p 
3d4(aiD)4s - 3dn(a'1))4p 

3d'(a3F)4s - 3d*(riH)4p 
3d4(aJC,)4s - 3d4(a'C,)4p 
3d4(a'P)4s - 3d4(a"P)4p 
3d'(b'P)4s - 3db(h'P)4p 
3d"(a'F)4s - 3dn(a.'G)4p 

3d4(a"F)4s - 3d4(a.'F)4p 
3di(aFD)4s - 3d4(a5Di4p 
3di(a.'G)4s - 3d4(a.'11)4p 
3d4(a"G)4s - 3d4(a'i;)4p 
3d'(a3H)4s - 3d4(aJ€i)4p 

3d4(a'G)45 - 3d4(a"G)4p 
3d'(a'Gj4s . 3d4(a'G)4p 
3d6(a'H)4s - 3d'(a'H).lp 
3d'(a"F)4s - 3d4(a'H)4p 
3dn(aiD)4s . 3d4(a'D)4p 

3d'(a'F)4s . 3d4(a"H)4p 
3d*(b'G)4s - 3d4(b1G)4p 
3dz(a'D)4s - 3d4(2i))4p 
Sd"(a'GJ4s - 3d4(a.'G)4p 
3d6(a'D)4s - 3dZ(a5D)4p 

3d4(asD)4s - 3d4(a'D)4p 
3d4(a'H)4s - 3d4(a"F)4p 
3d"(a11)45 . 3d4(a'l)4p 
3d'(aiF)4s . 3d4(a"G)4p 
3dz(a'G)4s . 3d4(a.'G)4p 

3d4(a'F)4s - 3d4(a'F)4p 
3d'(aiG)4s - 3d4(a'G)4p 
3d4(b'F)4s - 3d4(b'P)4p 
3d4(a.'F)4s - 3d4(a'F)4p 
3d4(b'F)4s - 3d4(b"P)4p 

3d4(b1F)4s . 3d4(b1P)4p 
3dZ(b'F)4s - 3d4(b'P)4p 
3dZ(b'F)Ss - 3d'(biP)4p 
3d4((a.'H)4s - 3d4(a.'F)4p 
3d'(aiHj4s - 3d'(a3H)4p 

3d"(a5D)4s - 3d'(aiD)4t, 
3d'(a3F)4s . 3d6(a.'F)4p 
3d'(a"C)4s - 3d6(a'H)4p 
3d4((a'D)4s - 3d'(a1Di4p 
3d4(a"F)45 . 3d4(a'F)4p 

1 450 

520 
520 

1 375 ' ,520 1 150 , 
520 
700 

1 200 
1 520 

50 
150 

900 1 

1 250 

, 520 
200 

520 , 
150 , 
375 1 200 

I 375 
110 I 520 1 
600 1 

ion 1 
520 

j 110 
I 

800 1 
150 I 

~ 600 

150 
300 

1 450 

520 

~ 600 
37 5 

~ 520 
520 

375 

I 

300 

I50 1 

1 50 I 

600 

110 1 
~ 300 
I 80 

l i 

A,*. (in A) 

1601.826 
1601.900 
1602.078 
1603.18 1 
1603.730 

- ~~~ 

1604.669 
I604.SX5 
1605.0 18 
1605.678 
1605.970 

1606.r)so 

1609.003 

1609. in0 

1610.041 
I 610.300 

1606.333 

1607.4W 
1608.855 

1609.832 
1609.928 

161 0.472 
1610.850 
161 1.037 
161 1.202 
161 1.988 

1612,550 
161 2.599 
1612.798 
161 3.326 
1613.643 

1613.991 

1614.645 
161 5.005 
1615.103 

16 15.609 
1616.130 

1614.049 

161 6.682 
1617.269 
1617.682 

1618.225 
1618.571 
1619.025 
1619.141 
1620.912 

1 62 I. I55 
1621.362 
1621.570 
1621.854 
1622.126 

1623.385 
1623.532 
1623.964 
1624.918 
1625.025 

1625.098 
1625.395 
1625.788 
1626.270 
1626.470 

1627.319 
1627.451 
1628.2 I7 

~- 

- Izvels (in 10' cm ' j  1 -  - 

1 15604932 21847816 

156 22488 218 60103 

- -  ~ 

16549310 27791905 
15922790 22164749 

156 12377 218 47836 ' 16560096 22791905 ' 
15934288 221 64749 I 
15574487 21802381 
165 39758 227 66075 

15901039 221 32054 

I 
1 156.22488 - 218.47836 

159.01039 - 221.23921 1 165.39258 - 227.60473 

1 156.22488 - 218.37512 

I 154.73129 - 216.87783 1 

162.07442. 2 ~ 4 . 2 3 0 ~ 1  I 

1 159.22790 - 221.34606 
356.12377 - 218.238.51 
156.04932. 218.15977 
155.74487 - 217.84529 

i 159.01039. 221.10417 

' 156.12377.218.19566 

128.19154 - 190.22687 

156.22488 - 218.23851 
159.22790.221.23921 
160.01588 - 222.02009 
189.97501 . 251.95894 
162.07442 - 224.04,596 

127.92~12 . 190.00828 

1 7 7 . 0 0 ~ ~ 7  . 23~.07140 

162.08781 .224.04602 

1~9.22790 - 221.i6102 
127.92912 - 189.88511 

1.58.73869 - 220.65805 
154..51267 - 216.42844 

159.34288 - 221.23921 
159.22790. 221.10417 
154.51267 - 216.36780 
156.01229 - 217.84529 1 
128.19154 - 190.00828 

156.04932 - 217.84529 
201.21222 - 262.99501 
165.49310 - 227.25880 1 159.34288 - 221.10$17 1 
128.19154 - 189.83511 

128.54185 - 190.22687 
154.32596 - 216.00272 
168.52637 - 230.19502 
162.08781 . 223.74582 1 159.01039.220.65804 

183.15961 - 244.75925 
167.71250.229.306hl i 
190.40645 - 251.98420 

1 190.40645. 251.94403 

' 190.42414. 251.95894 
190.43547 . 251.95894 

154.32596. 215.80891 
154.~1267 - 216.00272 

i 128.54185 . 190.00828 ' 159.01039.220.46133 
177.06672 . 238.51284 
156.04032 . 217.46619 

is6.01229 - 217.46619 

3 - ?  9 58 

i - ?  d - i l  I958 958 I -  
958 
958 



D-6 1 

-...-.. 
- . . . . . . . 

Multipl 
~ ~~~ . . .  . . . . . . . 

M. ~ n t .  I A"~,. (in A) __ .... ~~ 

250 1629.045 
37.5 1629.294 

1630.1 L O  

.SO ' 1630.266 

375 1630.679 
900 , 1631.077 

300 ~ 1630.:369 

I 

50 1631.421 
251) ~ 1631 558 

163 1.664 
1632.079 

600 
300 
520 
300 
37.5 

1632.404 
1633.065 
1634.006 
1634.758 
1635.396 

250 ' 1635.797 
150 
250 
450 
450 

601) 
800 
600 
300 
30 

300 
700 
375 
'$50 
375 

700 
37.5 
150 
250 
250 

200 
150 
80 

700 
700 

520 
80 

200 
520 
700 

300 
200 
1.50 
4-50 
375 

450 
375 
600 

30 
450 

7 2 0  
520 
520 
200  
2 00 

1636.992 
1637.262 
1638.070 
1638.296 

1639.404 
1640.039 
1640.165 
1tA0.782 
1641.292 

1641.600 
1641.866 
1642.786 
1642.880 
1644.944 

1647.093 
1647.241 
1648.902 
1648.993 
1CAY.189 

1649.996 
1650.091 
1650.749 
1651.578 
1652.901 

16.53.406 
1653.643 
1654.291 
1656.106 
1656.649 

1657.133 
1657.370 
1657.667 
1657.1324 
1658.247 

1658.433 
16.59.Ol2 

1661.037 
1661..573 

1662.319 
1662.30 
lfx.3. :A2 
166.2.471 

lHJO.101 

1664.928 

J.,svels (in lo3 cm-') 
~ . ...... .~ . ................. 

162.07442 . 223.478?6 
162.08781 - 223.47896 
154.47485 - 21 5.86050 
160.77860 - 222.154?9 
201.2 1222 - 262.55777 

167.79592 - 229.13890 

160.31164. 221.64749 
lh2.07442 . 223.39862 
128.96767 - 190.27685 

154.51267 - 215.80891 
165.60096 - 226.89210 

100.318~,t - 251.6.;834 

155.74487 - 217.03189 
154.73129 - 216.00272 
167.79592 - 229.06258 

128.96767 - 190.22687 
190.42814 - 251.65834 
154.18585 - 215.38523 
165.72094 - 226.89210 
190.81179.251.95894 

190.81179. 251.94403 
~65.80447 . ~26.89210 
154.73129 - 215.80891 
165.80447 - 226.851W 
189.97.501 - 251.01402 

167.79592 - 228.7'2386 
128.54185 - 189.51588 
154.18583 . 215.15569 
168.52637 - 229.47283 
160.31164 - 221.23921 

189.97501 - 250.89105 
168.56643 - 229.47283 
15451267 . 21.5.38523 

162.08781 - 222.88023 

128.19134 . 188.904.55 
154 32596 .215.03381 
191 33782 - 251.98420 
154.51267 - 215.15569 

1tJn.77860 .221.64749 

154.18585- 214.82174 

191 ,33782 - 251.94403 
167.71250 - 228.31503 
190.43547 . 251.01402 
128.96767 . 189.51588 
127.Y2912 . 188.42878 

167.71250 . 228.19367 
159.21790 - 219.70053 
101.571 53 - 221.02009 
160.77860 . 221.16102 
128.54185 . 188.90455 

190.81179 - 251.15694 
159.22791) . 219.56446 
160.77860 - 221.10417 
127.76615 - lu8.08605 
156.12377 .216.42844 

177.00597 - 237.28309 
159.34288. 219,64076 

128.19156. 188.42878 
156.22488 . 216.42844 
190.51834 - 250.50229 

127.92912 - 188,08605 
160.31164 - 220.46133 

190.81 17? - 250.89105 
156.04932 . 216.11169 

127.76615 . 187.87881 

Configurations Terms 

. .... .- 

Vote 
. .~ 

Rrfrrcnces 
~ . . ~  

958 
958 
958 
V33 
938 

9.58 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
9 58 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 



D-62 

Mult+t ' Re1 Int 

1 IO 
1 50 

l 520 
4 

- 

9 I ).%P 

450 
375 
I 50 
50 

600 

150 
300 

~ _ _ _ _ _ ~  ~~ 

~~~~~~~ 

1667.000 
I667 .7.52 
1668.089 
1668.181 
1668.426 

1669.606 
1669.81 6 
1670.711 
1670.782 
1671.0*41 

I67 1.990 
1672.21 1 

250 1672.427 
80 1672.561 

450 1672.858 

150 1673.059 
150 1673.365 
,520 1673.683 

50 1675.535 
600 1675.661 

4.50 1676.784 
450 1677.124 
110 1681.285 
520 1681.356 

30 1681.573 

450 1681,948 
30 ~ 1682.082 
12 1684263 
30 , 1685.829 
80 1686.770 

300 
1 50 
700 
1 50 
375 

300 
12 
50 

250 
1 10 

300 
375 
300 
200 
375 

700 
50 

450 
375 
300 

150 
375 

3 
1 

375 

375 
1.50 
50 

200 

80 
375 
375 
375 
520 

1687.439 
1687.534 
1687.689 
1689.6 12 
1690.304 

1690.628 
1691.871 
1692.172 
1693.988 
1694.611 

1695.035 
1695.357 
1695.770 
1696.904 
1697.501 

1698.878 
1699.664 
1700.405 
1700.815 
1701.011 

1701.084 
1701.483 
1703.09 
1703.56 
1703.592 

1704.186 
1704.932 
1706.066 
1706.542 
1706.641 

1706.965 
1707.284 
1707.606 
1708.579 
1709.808 

130.31834 .250.27906 
127.92912 - 187.87881 
222.02009 - 128.90767 
177.00597 - 236.91879 

128.19154 - 188.08605 
128.54185 . 188.42878 
190.42414. 250.27906 
177.06672 - 236.91879 
190.40645 250.24939 

167.79592 - 227.60473 
183 16449 - 242.96562 
153.65174 213.44505 
168.52637 . 228.31503 
156.22488 - 216.00272 

190.42414 . 250.19507 
190.43.547 . 250.19507 
168.56643 - 228.31503 
160.77860 - 220.46133 
168.52637 .228.20433 

168.56643 .228.20433 
164.95050 - 224.57643 
165.39258. 224.87085 ~ 

155.74487 - 215.22067 
159.01039 - 218.47836 1 

183.15961 - 242.61460 
183.16449 - 242.61460 
159.22790.2I8.60l03 
160.01588 - 219.33390 
158.73869 - 218.02381 

156.12377 - 215.38523 
159.34288. 218.60103 
160.31164 - 219.56446 
159.01039 - 218.19566 
153.65174 - 212.81266 

159.01039 - 218.15977 1 
158.73869 - 217.84529 
164.95050 - 224.04602 
159.34288 - 218.37512 
159.22790 - 218.23851 1 
156.22488 - 215.22067 I 
156.04932 - 215.03381 ~ 

156.22488 - 215.15569 1 
156.12377 - 215.03381 

154.47485 - 213.44505 , 

160.77860 - 219.64076 
159.01039 - 217.84529 
156.01229 - 214.82174 
164.95050. 223.74582 
161.57159 - 220.36044 

160.77860 - 219.56446 
156.04932 - 214.82174 

49.5415 - 108 2583 
49.5415 - 108.2421 

170.72949 - 229.42891 

164.95050 . 2.23.62959 
165.39258 . 224.04602 

160.01588. 218.61388 
222.85168. 281.44630 

162.07442 . 220.65801 
155.74487 - 214.31721 
162.08781 - 220.64R22 
164.95050 . 223.47896 
137.70081 - 196.18688 

Configurations 
~ ~~~~~~~ 

?d'(a3F)4s - 3d4(a'H)4.p 
3d'(biF)4s - 3d*(b3F)4p 
3d4(a5D)4s . 3d*(a5D)4p 
3dJ(a"l')4p . 3d4(a5D)4s 
3d4(a'D)4s - 3d4(a'D)4p 

3d4(aiD)4s - 3d'(asD)4p 
3d'(a5D)4s - 3d'(aiD)4p 
3dJ(b3b)4s - 3d6(b'F)4p 
3d4(a'D)4s - 3dZ(a'D)4p 
3dJ(b3F)4s - 3d4(b'F)4p 

3di(a'G)4s - 3d4(a'G)4p 
3dJ(a'F)4s - 3dn(a'F)4p 
3d'(adP)4s - 3d4(a3P)4p 
3dJ(a'1)4s - 3d4(a'I)4p 
3d4(a.'F)4s - 3d4(a'F)4p 

3d*(b'F)45 . 3dJ(b'F)4p 
3d"(b3F)4s - 3d'(b3F)4p 
3d'(a11)4s - 3d4(a11)4p 

3d4(a.'H)4s - 3dJ(a"H)4p 
3d'(a11)4s - 3d4(all)4p 

3dZ(al1)4s - 3d4(a11)4p 
3d4(a3G)4s . 3dJ(aJG)4p 
3d"(a3G)4s - 3d'(a3G)4p 
3dJ(a'P)4s - 3dJ(a3P)4p 
3d'(a3GG)4s . 3d4(a3F)4p 

3d'(a1F)4s - 3d4(a'F)4p 
3dJ(a'f)4s - 3dJ(a'F)4p 
3d'(aJG)4s - 3d'(aSF')4p 
3d4(a"P)4s - 3d4(asP)4p 
3d4(a'G)4s - 3d4(a3P)4p 

3d4(a.'F)45 - 3d4(a3F)4p 
3d'(a36)4s - 3d'(a3F)4p 
3d'(a3H)4s - 3d'(a3H)4p 
3dJ(a3G)4s - 3d'(a3k')4p 
3d4(aJP)4s - 3d4(a3P)4p 

3d'(asG)4s - 3d4(a3H)4p 
3d'(aJG)4s - 3rl'(aTH)4p 
3d4(n%)4s - 3d4(a3F)4p 
3d'(aJG)4s - 3dJ(a3H)4p 
3d4(a"G)4s . 3d'(a3H)4p 

3dZia.'F)4s - 3d"la'i%o 
3d'(a3F)4s - 3d4(a3F)4b 
3dz(a3P)4s 3d4(a3P)4p 
3d'ia'FMs . 3d'la3Hi40 
3d"(asFj4s - 3d4(aJFi4i 

3d*(a"H)4s - 3d*(aJH)4p 
3d4(a3G)4s - 3d*(a3H)4p 
3d"(aqF)4s - 3d'(a3F)4p 
3d3(a3G)4s - 3d"(asG)4p 
3d4(aiP)4s - 3d4(asP)4p 

3dn(a"H)4s - 3d4(a3H)4p 
3d4(a'F)4s - 3db(a"F)4p 

3d'. 3ds 
3d' - 3d' 

3dz(a'S;4s - 3d4(a.'D)4p 

3d4(a3G)4s - 3d'(a3F)4p 
3d*(a3G)4s . 3d"(a3Fj4p 

3d4(a.'P)4s . 3d*(aiP)4p 
3d4(b'D)4s - 3d'(b'D)4p 

3d'(a3F)4s - 3dz(a3G)4p 
3d4(a3P)4s - 3dn(asP)4p 
3d"(a"F)4s - 3d4(a"G)4p 
3d'(a3G)4s - 3d'(a3F)4p 
3d*(a5D)Cs - 3d"(asD)4p 

Terms 

I - I  
5 - 5  
i - i  
9.9 

4 - 3  

5 - 3  
5 - 3  
1 - 1  
5 - 4  
i - I  
9-Y 
i - 5  
1 - 5  
1 - 4  
1-3 

F.P 
F,P 

P 

Rrfereiices -~ 

958 
958 
958 
958 
43D.58 

958 
9 58 
958 
958 
9 58 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
9 58 
958 

9 58 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

9 58 
958 
958 
958 
958 

958 
9 58 
958 
958 
958 

958 
958 
958 
958 
958 
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~ 

Multiple 

12 
375 

3 
250 
375 

1782.94.4 
1783,066 
1783.31 
1784.647 
1784.967 

4 1785.394 
1 1787.758 
1 1788.361 

200 1788.685 
150 1790.681 

1 1790.911 
I 1791.751 

520 1792.102 
375 1793.127 
300 ~ 1793.477 

250 
1 

520 
200 
250 

50 
1 

300 
1 

250 

1 I O  
450 
110 
375 
110 

375 
300 
375 

4 
200 

200 
50 

250 
300 
450 

80 
250 
520 
250 

4 

250 
450 
1 50 
300 
80 

80 
375 
450 
375 
450 

300 
300 
300 
450 
300 

12 
150 
300 
150 
80 

1793.876 
1794.695 
1796.932 
1798.457 
1798.563 

1799.514 
1800.29 
1801,444 
1804.39 
1804.416 

1804.570 
1805.3 19 
1806.577 
1807.597 
1808.087 

1809.734 
1810.055 
1811.247 
1812.267 
1812.544 

1816.094 
1816.620 
1817.391 
1819.994 
1820.417 

1823.348 
1827.417 
1827.982 
1830.149 
1831.629 

1839.009 
1840.240 
1843.102 
1850.578 
1852.085 

1854.084 
1858.057 
1860.422 
1860,645 
1869.635 

1870.964 
1872.761 
1873.938 
1874.226 
1875.457 

1875.884 
1876.259 
1884.234 
188.4.381 
1889.050 

Ierels  ( in  103 c m l )  
~~ 

I 156 04932 212 13579 
15873869 21482174 

52 1667 - 108 2421 
167 71250 - 223 74582 
159 01039 215 03381 

168 56643 224 57643 

16771250 22362959 
183 16449 239 07160 
16001588 21586050 

162 08781 218 02381 

I 
167.712.50. 223.5501$ 
159.01039 - 214.82174 
160.31164 - 216.11169 
165.39258. 221.16102 
162.08781 - 217.84529 

165.60096 - 221.34606 ~ 

165.60096 - 221.32054 ' 
160.77860 - 216.42844 
167.79592 - 223.39862 
137.94929 - 193.54925 

137.70081 - 193.27127 
52.6954 - 108.2421 

164.95050 - 220.46133 
52.8380 - 108.2583 

137.70081 - 193.12034 

165.80447 - 221.21929 
162.07442 - 217.46619 
183.15961 . 238.51284 
137.94929 - 193.27127 
159.01039. 214.31721 

165.39258 . 220.64922 

138.33883 . 193.54925 
168.56643 . 223.74582 
137.94929 - 193.12034 

168.56543 - 223.62959 
138.33883 - 193.38617 
168.52637 . 223.55014 
138.114403 - 193.78919 
138.33883 - 193.27127 

160.31164 - 215.15569 
160.31164 - 215.03381 
138.84403 - 193.54925 
164.95050 - 219.59084 
165.60096 - 220.19725 

160.77860 - 215.15569 
162.08781 - 216.42844 
138.33883 - 192.59528 
162.07442 - 216.11169 
137.70081 - 191.69411 

164.95050 - 220.19725 

167.71250. 221.64749 
159.34288 - 213.16259 
138.84403. 192.59528 
137.94929. 191.6941 1 
159.22790 - 212.71437 

167.71250. 221.16102 
158.73869. 232.33579 

138.33883 - 191.69411 
137.70081 - 191.02118 

167.79592 - 221.10417 
162.08781 - 215.38523 
137.94929 - 191.02118 

167.71250 - 220.64922 

1~9.01039 - 212.37404 

i62.08781 - 215.15569 

Configurations 
~~ .. ~~ -~ 

3d4(a3E)4s . 3dn(a'I-I)4p 
3dJ(a'G)4s 3d4(a'F)4p 

3dF. 3d4 
3dJ(a'G)4s 3d (a G)4p 
3dJ(a3G)4s 3d4(aJF)4p 

3d4(a'I)4s - 3dJ(a3G)4p 
3d"la'Flls - 3d?a3P)40 
3d4(a1G)4s - 3d4(a3F)4b 
3d4(a'F)4s - 3d4(a1D)4p 
3d4(a'P)4s - 3d"(a3P)4p 

3dJ(a1G)4s - 3d'(a3G)4p 
3d4(a'G)4s - 3d4(a'F)4p 
3d'(a3H)4s - 3d'(a311)4p 
3d4(a.'G)4s . 3d'(a3H)4p 
3d4(a3F)4s - 3d'(a1H)4p 

3dn(a3D)4s . 3d4(a"G)4p 
3d4(a3D)4s - 3d4(a3G)4p 
3dJ(a3H)4s - 3d'(a3H)4p 
3dZ(a'G)4s . 3d'(a3F)4p 
3d4(aSD)4s - 3d4(a5D)4p 

3d4(a5D)4s - 3d4(a5D)4p 
3ds - 3d5 

3d'(a3G)4s - 3d4(a3H)4p 
3ds - 3d: 

3d4(a5D}ls - 3d (a D)4p 

3dJ(a3D)4s - 3dJ(a3C)4p 
3dJ(a,'F)4s - 3dJ(a3F)4p 
3dJ(a'F)4s - 3d4(a'D)4p 
3d4(a5D)4s - 3dJ(asD)4p 
3d4((a3G)4s - 3dJ(a3P)4p 

3d'((aJG)4s - 3dJ(a3G)4p 
3d4(a'G)4s . 3dJ(a3C,)4p 
3d4(a5D)4s - 3dJ(a5D)4p 
3d'(a11)4s - 3dJ(aJG)4p 

3d4(aFD)4s - 3d*(a5D)4p 

3d4(a11)4s . 3r14(a3F')4p 
3d4(a5D)4s - 3d'(a5D)4p 
3d'(a11)4s . 3d4(a3G)4p 

3dJ(arD)4s - 3d'(a5D)4p 
3dJ(aiD)4s . 3d4(a5D)4p 

3d"(a3H)4s - 3dJ(a3H)4p 
3d4faJH)4s - 3d'(a'F)4~ 
3d"(a5D)4s - 3d'(a5D)4-p 
3d4(a3G)4s - 3d4((n'F)4p 
3dJ(a"D)4s . 3d4(a'G)4p 

3dJ(a"H)4s - 3dJ(a"H)4p 
3d'(aJF)4s . 3dJ(a"H)4p 
3d4(a5D)4s - 3dJ(n5D)4p 
3d4(a-'F)4s - 3d6(a"H)4p 
3d1(a.'D)4s - 3d4(a5D)4p 

3d'(a1G)4s - 3d4(a3G)4p 
3d*(a'G)4s - 3d4(a3H)4p 
3d'(arD)4s - 3d'(asD)4p 
3dJ(aiD)4s - 3d4(a5D)4p 
3d4(a'G)4s - 3d4(a3H)4p 

3dJ(a'C)4s - 3d'(aJH)4p 
3d'((aJG)4s . 3d4(aJH)4p 
3d4(a3G)4s . 3d4(a'II)4p 
3d4(aiD)4s - 3dJ(a"D)4p 
3d'(aSD)4s - 3d4(a5D)4p 

3d"(a'G)4s - 3d4(a3G)4p 
3d'(a3F)4s - 3dJ(aJF)4p 
3d4(asD)4s . 3dQ(aiD)4p 
3d"(a3F)4s - 3d'(a1H)4p 
3dz(a'G)4s - 3d4(a'G)4p 

Terms 

5-5 

References 
~ _ _ _ _ _  
~ ~~ 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 

958 
958 
958 
958 
958 



D-65 

~ i....., ... 
__ -. . . . . . . . . 

M11ltipk 
. . . . . . . . . . . . ...... ~~ .... 

250 1895.89b 
110 I 1898.772 
30 1908.980 
50 1953.038 

110 1 1954.615 

110 
80 
1 

110 
1 

1956.400 
1960.860 
1974.36 
1975.647 
1976.44 

..___..__ 
~ -~ 

201.17805 . 253.92359 
167.79592 . 220.46133 
160.77860 .213.16259 
196.87562 - 248.07797 
164.95050 - 216.11169 

168.52637 - 219.64076 
168.56643 - 219.56445 

32.2455 . 82.8949 
183.16449 - 233.78086 

32.301 2 - 82.8973 

49,5415 - 100.1260 3d5 - 
1977.20 49..5415 - 100.1180 I 1997.02 1 50.0514. 100.1260 

3 1997.34 50.0514 I 100.1180 

2 I 1976.89 

. . . . .. . . .. . . . . . . 

klultiylt 
. .__ .- 

. .-.- . 

~ - 
<el. Ini _- 

1 
5 

15 
2 
1 

15 
5 
5 
3 
5 

40 
4.0 

2 
125 
80 

80 
30 

100 
1 

10 

150 
50 

100 
5 

100 

25 
70 
25 

125 
25 

2 
5 
2 

30 
1 

20 
5 
5 

100 
15 

____ ....... .~ ........... 

A . ~ ~  (in A) 
.~ .................... ~ ..... 

302.543 
305.313 
321.321 

323.835 

324.634 
325.027 
326.658 
327.029 
327.823 

329.514 
330.434 
330.512 
33 1.579 
331.656 

331.723 
331.874 
331.986 
332.074 
332.135 

332.280 
332.476 
332.488 
333.297 
334.045 

334.763 
334.997 
335.185 
335.709 
335.853 

339.235 
339.871 
341.192 
343.29.5 
343.445 

343,824 
344.022 
344.106 
345.236 
348.772 

322.275 

IRON V (Fe+ "), Z = 26 

Ground State 1s22s22p63s23p63d4 ("Do) (22 electrons) 

Ionization Potential [605 0001 cm"; [75.0] eV 

..... ~ ~ ..... __ _ _ ~ ~ ~  ~ 

Levels (in 105 cni-') 
___. . ___ . - ~ ~  

3031 - 331.3338 
0.0000. 327.5338 

24.0554 - 335.2678 

26.4683 - 335.2678 

26.4683 - 334.5091 
26.8423 - 334.5091 
29.8171 - 335.9474 

1.2828. 307.W~44 
26.9740 - 332.0173 

24.0554 - 327.5338 

24.9729 - 335.2678 

24.9729 - 32'7.6054 
24.9729 - 327.5338 
30.4301 - 332.0173 
29.8171. 331.3338 

26.4683 - 327.9244 
1.2828 - 302.6025 

30.1470 - 331.3670 
26.4683 - 327.0054 
26.U423 - 327.9244 

26.9740 - 327.9244 
26.7607 - 327.5338 
26.8423 - 327.6054 
29.8171 . 329.8486 
36.5863 . 335.9474 

36.9254 - 335.6427 
36.7585 - 335.2678 

36.6301 - 334.5091 
3 6 . 9 2 . ~  - 33s.2678 

36.758.5 - 334.5091 

36.5863 - 331.3670 
,4173 - 294.64t.O 

36.7585 - 329.8486 
36.6301 - 327.9244 
36.7585 - 327.9244 

36.7585 . ,327.6054 
36.9254 - 327.6054 
36.9254. 327.5338 
46.2912 - 335.9474 

.1421 - 286.8627 

---- ~~ ..- .- . ~ ~ ~ ~ ~ ~ - - ~ ~ ~  ............... ~~ 

Contigurations 
~. 

~ .... 

3d4 . 3d3(b2D)4p 
.3dR - 3d'(b2D)4p 
3d4 - 3d'(b2D)4p 
3d4 - 3d"(h2D)4p 
3d" - 3d3(b20)4p 

3d'. 3dd(b'D)4p 
3d'. 3d"(bZD)4p 
3d' - 3d3(b2D)4p 
3d" - 3dA(a'F')4p 
3d' - 3d3(h'D)4p 

3d" 3d'(b2D)40 
3d". 3dJ(b2Djdib 
3d' - 3d3(hz1>)4p 
3d" - 3d3(b2D)40 

3d" - 3dJ(b2D)kp 
3dl - 3d'(h2D)4p 
.3d4 - 3d"(bZD)4p 

3d' - 3di(b2D)4p 
36' - 3d'(hZD)4p 
3d' - 3d'(b2D)4p 
3d' . 3d'(b2D)4p 
3d' - 3d'(b'D)Jp 

3J'. 3d3(b2D)4p 

3dZ 3d" ', 
3 d 4 .  3d3(b2L))4p 
3cl' - 3d3(b2D)4p 

3d4 - 3d"(b2D)4p 

3d4 - 3d3(b21))4p 
3dZ - 3d3(h'Dfip 
3d' - 3d3(b2D)4p 

.3d' - 3d3(b2D)4p 
3d". 3d3(b2L))4p 
;Id'. 3d3(b2D)4p 
3d" . 3d3(h'D)4p 
3d' - 3d1(azP)4p 

3n4 - 3d3tb*1)fip 
(b"W4p 

3d". 3dJ(n'P)$p 

J - J  

3 - 2  
0 - 1  
0 -  1 
1 - 1  
2 - 1  

2 - 2  
3 - 2  
3 - 3  
4 - 5  
4 - 4  

0 - 1  
1 - 2  
1 - 1  
5 - 4  
3 - 2  

2 - 3  
4 - 4  
4 - 3  
2 - 2  
3 - 3  

4 - 3  
2 - 1  
3 - 2  
3 - 2  
4 - 3  

1 - 0  
2 - 1  
1 - 1  
3 - 2  
2 - 2  

4 - 3  
2 - 1  
2 - 2  
3 - 3  
2 - 3  

2 - 2  
1 - 2  
1 - 1  
2 - 3  
1 - 2  

--- 

.~. .. . . . .. ... 
Voter 
.- _- 

P 
P 

References 
~ ~ -~~ ............. ~ ..... 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 
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- - 
id la1 

1 
200 
150 
100 
100 

zso 
200 
10 
15 

150 

200 
280 
1sD 
5 
5 

50 
30 
50 
80 
150 

30 
40 
JBO 
150 
2w 

50 
is0 
150 
100 
50 

100 
150 
150 
200 
2oa 

40 
200 
50 
200 
20 

150 
70 
50 

100 
100 

50 
20 
80 
50 

150 

200 
250 
200 
250 
300 

250 
100 
300 
250 
150 

200 
100 
200 
150 
100 

= L tin A) 

351.349 
393.087 

679 
813 
999 

355.196 
355.370 
355.411 
w.466 
355.&%2 

360.827 
360.847 
361981 
361.470 
361.a 

361 
361 
361 
361.863 
361.W 

361.972 
362.064 
362.256 
362.376 
362.601 

362.631 
362m 

363.352 
363.a 
363.630 

365.338 
365.434 

365.632 
565.742 
365.855 
345.997 
366.66s 

366.764 
366.890 
367.087 
367.a33 
367,168 

.4173 - 273.6481 
62.9142 - w.6427 

61.- * 354hsQg? 
29.8171 - W.3771 
29.8171 - 3eELasn 
30.1470 - 302.6025 
6291M - sJu678 

38 - 
3dl- 
3k+- 
3d+- 

- - 
J - f  

0-1 
3 - 3  
0- 1 
6.5  
4 - 4  

6-5 
5.4 
3-4 
3-2 
4 - 9  

4-5 
3-4 
2-3 
8 - 3  
3-3 

2-3 
3-2 
4-3 
5-4 
3 - 4  

4-3 
3-2 
4 - 4  
2.3 
5.5 

1-2 
4-4 
3-3 
2 - 1  
1 - 0  

3-3 
5-4 
4.3 
3.2 
4-3 

3-4 
4 - 4  
2-3 
3-3 
4 - 3  

1 - 2  
0.1 
1 -1  
2 - 2  
4-3 

3-3 
2-1 
1.0 
4-4 
3 - 2  

2-3 
3 -3 
1 .2  
2.2 
4.3 

1 - 1  
2-1 
3-2 
2-1 
1 - 0  

2.2 
3-3 
3 - 2  
4 - 4  
1 - 1  

- - 
229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
25 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
2% 
229 

229 
229 
229 
229 
299 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

Tp' 
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- ..... 

10 1 

lG0 1 
1 

150 1 
1 - 2 1  229 
2 - 2 1  229  

0 -  1 1 229 

1 . 2  ~ 229 
3 - 3  ' 229 

62.2381 - :332.0173 
62.56.1?. - 33?.Pl 7.3 
6l.A51,?. - 301 3338 

2h.7m7 - 205.9732 
62.2381 - .731..3670 

370.367 
3i1.003 

37 l:?r,.I 
37 1.56i? 
371.681 
371.132 
3 i l . i i 2  

62.321 1 - 331 3Clli0 
h?.3?11 . 3,31.3::3s! 
62.3644 - 331 .3670 

I 

2 - 1  

2 - 2 1  1'29 
1 l 229 

371.214 
374.3.56 
374.444 
374.761 
374.870 

375.030 
375. i 96 
375.518 
375.837 
37s q79 

376.038 
376.209 
376.290 
376.298 
310.3382 

229 
229 

229 

376.401 
376:PH I 
37h..iGO 
376.306 
376.7108 

376.741 
376.837 

2 - 2 1  I 2 2 9  
4 - 4  1 129 

1 - 2 1  I 2 2 0  
1 - 2  2?9 

376.952 
3ii.riofi 
377.1)16 

2 - 2  ~ 223 
2 - 3 P 229 
3 . 2 P 279 

I 250 1 
10 ' 

1 

377.051 
.3 t I.386 
37'7 .IN0 
377.820 
377.<>09 

377.970 
378.191 
378..?77 
3711.%19 
378.622 

378.875 

. -7 

229 6 - 7  
3 - 2  223 I 1 - 1 :  
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2 - 3  
2 - 3  
3 - 3  
5 - 6  
4 -  3 

le1 Int 

io0 
3 0 

I00 
200 
100 

2 i 0  
250 
1 5 0  
150 
125 

250 
200 
100 1 

150 
300 ’ 
250 
150 
200 

5 
250 

250 
20 

200 
250 
200 

i 150 

40 
150 
200 

1 250 

200 
200 
200 

200 

i 200 

250 

150 

229 
229 

, 229 
P 229 
P 229 

150 
150 
100 

300 
300 
200 
100 
300 

100 
100 
300 
300 
300 

200 
100 
70 
30 

100 

200 
300 
150 
100 
100 

250 
250 
200 
1 50 
200 

379.586 
380.009 
380.13 1 
380.3 I3 
380.316 

380.340 
380.667 
380,752 
380.764 
380.786 

380.883 
380.940 
381.104 
381.147 
381.266 

38 1.366 
38 1.475 
38 1.680 
381.771 
381.812 

38 1.887 
382.41 1 
382.536 
382.624 
382.827 

383.159 
383.491 
383.817 
384.033 
381.058 

384.219 
384.416 
384.479 
384.585 
384.622 

384.659 
384.707 
384.768 
384.825 
384.833 

384.958 
384.972 
385.031 
385.033 
385.108 

385.196 
3 8 5.2 2 6 
385.253 
385.262 
385.300 

385.420 
385.507 
385.637 
385.7 12 
385.746 

385.752 
385.875 
385.928 
386.093 
386.162 

386.163 
386.261 
386.389 
386.428 
386.476 

26.4683. 28Y.9130 
26.7607 - 289.9130 
26.842:3. 289.9130 
25.2259 - 288.1672 
26.9740 - 289.9130 

26.4683 - 289.3897 
29.8171 - 292.5132 
25.5285 - 288.1672 
26.7607 - 289.3897 
29.8171 - 292.4307 

26.8423 . 289.3897 
24.9325 - 287.4405 
25.2259. 287.6202 
30.1470 - 292.5132 
30.1470 - 292.4307 

25.2259. 287.4405 
30.1470 - 292.2876 
30.4301 . 292.4307 
:30.4301 - 292.3659 
26.7607 . 288.66Y8 

30.4301 - 292.2876 
24.932.5 - 286.4313 
29.8171 - 291.2314 
46.2912 . 307.6444 
24.9729 - 286.1877 

24.9729 - 285.9617 
,4173 - 261.1796 

24.9325 - 2R5.4740 
26.4683 - 286.8627 

,8031 - 263.3796 

26.8423 - 287.1096 
26.9740 - 287.1096 
26.7607 - 286.85.53 
26.8423 - 286.8627 

.4173 - 260.4114 

25.2259 . 285.1961 
24.9729 - 284.9112 

1.2828 - 261.1796 
24.9325 - 284.7908 

,1421 - 259.9952 

1.2828 - 2611.0~19 
24.9325. 284.6903 
26.4683 - 286.1877 

,8031 .260.52in 
25.528s. 285.1961 

3031 - 260.4114 
26.8423 - 286.3313 
29.8171 - 289.3897 
25.2259 - 284.7908 

.‘%I73 . 259.9547 

26.9740 - 286.4313 
26.7607 . 286. I549 
26.8423 . 286.1549 
2.5.5285 - 284.7908 

1.2828. 2m.5210 

.I121 - 259.3761 
3031 . 259.9547 

30.4301 - 289.5459 
26.4683 . 285.4740 

,4173 .259.3761 

36.7585 - 295 716.1. 
0.0000 - 258.8015 

52.7327 . 511.5387 
24.9729 - 283 7540 

,1421 - 258.8915 

Configurations 

3d* - 3d1(a2D)4p 
3 d n .  3d.’(a2D)4p 
3d’. 3d”(a’D)4p 
3d’ - 3d’(a2H)4p 
3 d L .  3d.’(aLD)4p 

3d’ - 3d”(a2D)4p 
3d‘ - 3d”(a2H)4p 

3d’ - 3d’(a20)4p 
3d‘ - 3d’(a’H)4p 

3d‘ - 3d1(a’D)4p 
3d‘ - 3d’(a2H)4p 
3d“ - 3d’(a2D)4p 
3d‘ - 3d”(a2H)4p 
3d’ - 3d’(a2H)4p 

3d4 - 3d1(a211)4p 
3d& - 3d’(a211)4p 
3d4. 3d’(a2H)4p 
3d4 - 3d1(a’H)4p 
3d“ .  3d’(a2D)4p 

3d* . 3d1(a’H)4p 
3d* - 3d’(a4P)4p 
3d’ . 3d’(azD)4p 
3 d 4 .  3d’(a7F)4p 
3d4 - 3dJ(a‘P)4p 

3d’. 3d’(a‘D)Sp 
3d’. 3d.’(aT)Jp 
3d* .  3d3(a2P)Sp 
3d4 - 3di((a‘P)4p 
3dJ. 3di(a‘F)4p 

3d’. 3J’(a2U14p 
3d’. 3d’(a2D)4p 
3d‘ - 3d’(a3P)4p 
3d” 3dJ(aiI‘)4p 
3d‘ - 3d’(aiF)4p 

3d’. 3d’(aZ€I)4p 
3d’. 3d,’(azP)4p 
3d’ . 3d1(a’l.’)4p 
3d‘. 3d’(a2H)4p 
.W - 3di(a‘k‘j+ 

3d’ - 3d.’(a4F)4p 
3d” .  3d’(a2H)4p 
3d‘ - 3di((a’P)4p 
3d‘ . 3d’(a’1‘)4p 
3 d n .  3d.’(a2H)4p 

3d’ - 3d’(a’H)4p 

3d’ - 3d3(a’H\dp 
3d’ - 3d3(a4F)4p 

3d’ . 3d.’(a4P)4p 
3d” - 3d’i(a2tJ)4p 
3d‘. 3d”(azU)4p 
3dn - 3d’(aZH)4p 
3d’ - 3dJ(aiFiJp 

3d‘ - 3d”(anF)4p 
3d‘ - 3d’(anF)4u 
3dJ - 3d’(a’H)&p 
3d’ - 3d’(a2P)4p 
3d’ - 3d’(a4F)4p 

3d’ - 3d’(aLD)4p 
3d’ - 3d’(a4F)4p 
3d’ - 3d’(a2t.)4p 
3d‘ - 3di(a‘l’)4p 
3d’ - 3d’(a4F)4p 

2 - 2  
3 - 3  
6 - 6  
2 - 2  
3 - 4 

3 - 2  
4 - 5  

a ’ H .  ’F’ 5 .  ‘2. 
a’G - ’G’ 
a’G - ’G’ 

4 - 3  
4 - 4  

5 . 5  
4 - 5  
5 . 4  
5 . 6  
2 - 1  

5.5 
4 - 3  
3 - 3  
2 - 2  
1 - 1  

1 - 1  
2 - 3  
4 - 3  
2 - 2  
3 - 3  

5 - 6  
1 - 2  
4 - 3  
4 - 5  
1 - 1  

P 
P 

4 - 5  
4 - 4  
2 - 1  P 
3 - 4  P 
6 - 6  

3 - 2 ’  
3 - 3  
3 - 2  
5 - 5  
2 - 3 

4 - 3  
2 - 2  
3 - 2  
6 - 5  
4 - 4 ,  P 

3 - 3 1  
P 

5 . 4  

2 - 2 ~  P 

2 - 2 1  P 

3 - 3 ~  

2 - 3 1  

0 - 1  ~ 

1 - 1  

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

220 
229 
229 
220 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 
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._ ..... 
~ 

b1 Int 

250 

200 
300 
300 

300 
300 
3 50 
100 
400 

250 

200 

300 

100 
300 

100 

200 
zoo 
400 

20 
300 

150 
100 
100 
100 
200 

250 

1 ;n 

zoo 

200 
300 

200 

300 
200 
250 
200 

200 
200 

7 
200 
70 

8n 
150 
150 
300 
5 

200 
200 
300 
200 
200 

150 
40 

200 
200 
150 

150 
250 

50 
250 

5 

300 
30 

40 
5 

300 

386.528 
386.590 

386.739 
386.785 

386.847 
386.878 
386.885 
386.924 
387.202 

387.371 
387.493 
387.504 
387.618 
387.689 

387.763 
387.769 
387.781 
387.895 
387.984 

388.030 
388.129 
388.140 
388.1'99 
388.390 

388.504 
388.586 

388.661 
388.709 

388.775 
388.81 7 
388.947 
389.035 
389.115 

389.146 
389.161 
389.339 
389.390 

386.652 

388.613 

3n9.012 

390.107 
389.689 

390.110 
390.191 
390.621 

390.692 
390.735 
390.777 
390.845 
390.861 

390.913 
390.985 
391.038 
391.141 
391.239 

391.424 
391.489 
391.580 
391.650 
391.856 

391.938 
392.010 
392.058 
392.137 
392.183 

24.9729. 283.6863 
1.2828. 259.9547 

26.8423 - 285.4740 

,8031 - 259.3448 

26.9740 - 285.4740 
,1421 - 258.6195 
,4173 - 258.8915 

52.7327. 311.1809 

,8031 - 259.376~ 

.&I 73 - 258.6800 

26.7607 - 284.9112 
26.8423 - 284.9112 

1.2828 - 2 5 9 . 3 ~ ~ 8  

24.0554 - 281.9449 
36.7585 - 294.6440 

29.8171 - 287.6202 
0.0000 - 257.7423 

,4173 - 258.128-5 
25.2259 - 282.8715 

,8031 . zs8.ao0 

24.9325 - 282.5716 
,1421 - 257.74,23 

30.1470 - 287.6202 

30.1470 - 287.4405 
24.9729 - 282.231.5 

26.4683 - 283.6863 
30.4301 . 287.6202 
24.9325 - 282.0381 
29.8171 - 286.8627 
26.7607 - 283.7540 

30.1470. 287.1096 
24.9729 - 281.9449 

29.8171 - 286.4313 
39.6324 . 295 9732 
29.81 t 1 - 286.3549 
30.1470. 286.4313 
46.2912 - 302.2927 

26.4683 282 4235 
36.5863 292.5132 
24.9325 - 280.8322 

26.8423 - 282.6048 
26.8423 - 2823716 
26.7607 - 282.4235 
26.9740 - 282.5716 

26.4683 - 281.9449 
24.9325 - 280.3472 

,8031 - 256.1779 
3n.147n - 285.4740 
26.8423 - 282.0381 

25.2259 - 280.3672 

26.9740 - 282.0:181 
39.6'334 - 294.6440 

,4173. 255.3992 

29.8171 - 2n4.9112 

3d'. 3d'(a2P)4p 
3d' - 3d3((a'F)4p 
3d" - 3d3(a4F)4p 
3d' - 3d3(a'F)4p 
3d' - .ld%a4F)4p 

3d* - 3d3(a2k')4p 
3d' - 3d3(a'Pj4p 
3d' - 3d"(a'F)4p 
3d' . 3d'(a'F)Sp 
3d' - 3d"(a2G)4p 

3d' - 3d3(a"I')4p 
3d' - 3d'(a'P)4p 
3d4 - 3d'(a4F)4p 

3dn - 3d3(aiF)4p 

3d' - 3d'(aiF)4,p 
3d4 - 3d3(a2C)4p 
3d' - 3d3(a2G)4p 
3d' . 3d3((a4P')4p 
3d4 - 3dJ(aZD)4p 

3d" - 3d3(a'F)4p 
3d4 - 3d'(aZC)4p 
3d' - 3d'(aiF)4p 
3d4 . 3dl(azH)4p 
3d' . 3d'(a2P)4p 

3d4 - 3dJ(a2P)4p 

3d" . 3d3(a2G)4p 
3d4 . 3d3(a4t')4p 
3d'. 3d"(azP)4p 

3d' - 3d3(a2P)4p 
3d*. 3d:(a:L))4p 
3d* I 3d (a P)4p 
3d' . 3d'(aLG)4p 
3d' - 3d'(bZU)4p 

3d4 - 'ld'(a'L))4p 

3d4 - 3d"a22))4p 

3d4 . 3d(a'P&1 
3d' . 3di(a2F)4p 

3d' - 3d'(a2P)4p 
3d' 3d'(aZH)4p 
3 8  I 3d'(a2G)4p 
3d" - 3d3(a4F)4p 

3d' - 3d3(a2G)4p 
3d* - 3d'(a4P)4r, 

3d* .  .id3(a'H)4p 

3d4 - 3d'(d2P)4p 
3d'. 3d3(a2G)4p 
3dn - 3dJ(a4F)4p 
3d". 3d3(a'P)4p 
3d' - 3dd(aLGC)4p 

3d* - 3d3(a2G)4p 
3d4 - 3d3(a2P)4p 
3d'. 3d'(a2G)4u 

~ 

~~ 

J - J  

1 . 2  
4 - 3  
3 - 3  
3 - 2  
3 - 4  

4 - 3  
1 - 0  
2 - 1  
3 - 4  
2 - 3  

2 - 2  
3 - 2  
4 - 4  
1 - 2  
4 - 5  

0 - 1  
2 - 1  
3 - 3  
3 - 4  
0 -  1 

2 - 2  
5 - 5  
4 - 3  
1 - 1  
4 - 4  

4 - 3  
6 - 5  
3 - 2  
4 - 5  
1 - 0  

2 . 2  
5 - 4  
4 - 4  
3 - 2  
2 - 1  

1 - 1  
4 - 3  
3 - 2  
5 - 4  
4 - 3  

3 - 3  
0 - 1  
3 - 2  
4 - 3  
2 - 2  

2 . 2  
4 - 3  
4 - 3  
4 - 5  
4 - 4  

2 - 3  
3 - 2  
3 - 3  
2 - 2  
4 - 3  

2 - 1  
4 - 4  
3 - 4  
4 - 3  
3 - 4  

5 - 4  
3 - 2  
4 - 4  

2 - 3  

~ __ 

0 . 1  

- 
~ 

vote. 
~ 

P 
P 

P 
P 

P 
P 

P 
P 

References ~- ~- 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 



A,,, (111 AI 

5 - :i 
1 - 1  
2 - .3  
,'i - 3 
L i  

1 - 2  
?. 1 
2 - , I  
:3 - 1 
4 - :i 

.'I .3 
0 - I 
2 - 3 
2 - 3 
:i - 3 

2 . 2  
.'I - .1 
1 - 2  
:i - 2 
4 - 1  

3 - t 
2 -  I 
0 - I 
2 - :I 
2 - .I 

:I - .I 
1 - 4  
2 -  I 
2 ~ :I 
2 - .1 

.i - :i 

.i - :i 
4 1 
4 - .'i 
.1. - 3 

:1 - 5 
:i - 2 
2 - :i 
2 .  I 
2 - 2  

4 - ,1. 
2 -  I 
5 - S 
2 2  
1 - 1  

3 - 2 
.3 - 1 
2 -  I 
6 - 5 
I . 0 

4 - 4  
5 - 4 
4 - 3 
3 - 2 
2 - 2  

.3 - :I 
2 - 1  
1 - 1  
1 - 5  
1 - 1 1  

4 - 4  
3 - 1 
5 - ,1. 
4 - '1 
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D-72 

~~ 

Multiplet 1 Rei l i l t  

70 
30 

150 

300 
70 

200 

125 

1 
20 
30 I 

150 

50 I 
, 80 
I 300 

70 
20 
10 

~ ",: 
5 

300 
150 , 200 

I 300 
I 5  

80 
40 

1 300 

1 150 

no 
5 

250 
5 

20 

100 
30 
60 
50 

200 

60 1 
10 

7; ~ 

70 

250 
5 

300 
20 
20 

1 50 
50 
70 

1 50 
700 

70 
10 

30 
i 40 

~~~~ 

~~~ ~ 

L, (in A) 
~~~ 

~ ~~ ~ 

432.935 

433.610 
433.629 
433.872 

434.418 
431.499 
434.658 
434.686 
435.374 

435.623 
436,697 
436.85 1 
437.200 
437.538 

438.516 
438.618 

439.225 
439.469 

439.574 
440.213 
440.400 
440.479 
441.799 

443.690 
444.701 
445.334 
445.368 
445.438 

432.988 

438.865 

445.588 
446.042 
446.295 
446.762 
446.846 

447.119 
447.781 
447.959 
448.212 
448.286 

449.347 
450.350 
450.795 
451.734 
451.810 

452.474 
452.864 
454.360 
454.648 
455.220 

457.001 
457.736 
458.158 
458.251 
459.135 

459.338 
465.309 
465.3 19 
467.701 
468.339 

468.577 
468.717 
468.839 
469.464 
470.678 

26.7607 - 257.7423 

30.4301 - 261.0519 
36.6301 . 267.2401 
36.7585 - 267.2401 

62.32 11 - 292.5132 
62.3644 - 292.5132 
62.3044 - 292.4307 
62.2381 - 292.2876 
36.92.54 - 266.6128 

29.8171 . 259.3761 
62.2381 . 291.2311 
62.3211 . 291.2314 
61.8544 - 290..5837 
61.8544. 290.4077 

62.3644 - 290.4077 
62.9142 - 290.9034 
62.2.381 . 290.0991 
62.2138l . 289.9130 
62.3644 . 289.9130 

62.9142 . 290.4077 
63.4200. 290.5837 
62.3211 . 289.3897 
62.3644 . 289.3897 
62.3211 . 288.6698 

62.2381 - 287.6202 
62.2381 - 287.1096 
36.6301 - 261.1790 

62.3644 . 286.8627 

36.7585 - 261.1796 
62.2381 . 286.4313 
62.3644. 286.4313 

62.3641. - 286.1549 

36.7585 - 260.4114 
36.6301 - 259.9547 
62.2381 - 285.4740 
62.3644 - 285.4740 
36.92S4 - 259.9952 

62.3644 - 284.91 12 
36.6301 - 258.6800 
61.8,544. 283.6863 
36.7.585. 258.1285 

121.1302 - 342.4622 

71.2803 . 292.2876 
36.9254. 257.7423 

71.2803 - 291.2314 
62.3644 - 282.0381 

71.2803 - 290.09Yl 
62.3644 - 280.8322 
71.2803 . 289.5459 
62.3211 - 280.5397 
62.2381 - 280.0396 

93.8323 - 311.5387 

61.8544. 276.7592 
93.8323 - 307.6444 
61.8544 - 275.3743 

71.2803 - 284.6903 
63.4200. 276.7659 
61.8544 - 275.1466 
62.3644 - 275.3743 
62.9142. 275.3743 ~ 

~ 

52.7327 .2a3.6863 

i 
62.32 I I - 286.8553 

62.3211 . 286.1549 

61.8544. 281.9440 

1 
61.8544 - 276.7659 

3d' - 3di(a'F)4p 
3d" - 3d'(a2P)4p 
3d' - 3d31a4FFi40 
3d" Sd'(a'Fj4.b 
3d4 . 3d3(a'F)4p 

3dn. 3d3(a2H)4p 
3d'. 3d3(a2H)4p 
3d' - 3d3(i2H)4p 
3d4 - 3d3(a2H)4p 
3d" - 3d3(a'F)4p 

3d3 - 3d'(a4F)4p 
3d' - 3d'(a21))4p 
3d" 3di(a2D)4p 
3d" - 3di(a:D)4p 
3d4 - 3di(a-1))4p 

3d'. 3d3(.3'D)4p 
3d4 - 3dJ(a'D)4p 
3d" 3d.'(aZH14n 
3d'. 3d'(a2Dj4k 
3d' - 3d3((a2D)4p 

3d' - 3dJ(a2D)4p 
3dJ - 3d3(a2U)4p 
3d' - 3d'(a2D)4p 
3d'. 3d'(a2L))4p 
3d'. 3d'(a2D)4p 

3d' - 3d3(a2D)4p 
3dL - 3d'(a2D)4p 
3d4 .  3d'(aJF)4p 
3d". 3d7((a'P)4p 
3d'. 3d'(a4P)4p 

3d4. 3ds(a*F)4p 
3d" 3d3(a'P)4;1 
3d' . 3d"(a4P)4p 
3d' - 3d"(aZD)4v 
3d' - 3d'(a21))4b 

3d3. 3d'(a4F)4p 
3d4 - 3d'(a4F)4,p 
3d'. 3dJ(a'P)4p 
3dJ - 3d'(a2P)4p 
3d*. 3d'(a6F)4p 

3d4. 3dJ(aZP)4p 
3d4 . 3d"(a4k')4p 
3d' - 3d"(azP)4p 
3dn - 3di(a'FJ4p 
3d' - 3di((h2D)4p 

3d" - 3d1(a'H)4u 
3d' - 3d3(a'F)4; 
3d' - 3d'(a2P)4p 
3d*. 3dJla2D14u 
3d' 3d'(a'G)4; 

3d* - 3dYa'€I)4~ 
3d' - 3d.'(a'Gj4; 
3d' - 3d.'(a2H)4p 
3d4 - 3di(a'G14n 

3d" 3d'(d2F)4p 
3d3 3d'(a"P)4p 
3d' 3d'(a4P)4p 
3dJ 3d'(a2F)4p 
3d* - 3di(a'P)4p 

3d" 3d'(a2H)4n 
3d" . 3d'(a'P)4; 
3d' 3di(a4P)4p 
3d". 3d'(aJP)4p 
3d' 3d'(a6P)4p 

Terms ' J - J Vote. 
~ 

3 - 4  
4 - 5  1 - 2 1  

3 . 2  
4 - 3  
2 - 3  
2 - 1  
2 - 2  

3 - 2  
1 - 0  
4 - 5  

1 - 2  
0 - 1  
2 - 2  

2 - 1  

4 - 4  
4 - 3  
3 - 3  
2 - 1  
3 - 2  

2 - 3  
4 - 3  
3 - 3  
2 - 2  
3 - 2  

2 - 2  
3 - 3  
4 - 3  
3 - 3  
1 - 1  

3 - 2  
3 - 3  
2 - 2  
2 - 2  
0 -  1 

4 - 5  
1 - 1  
2 - 1  
4 - 3  
3 - 4  

4 - 5 
3 - 3  
4 - 4  
2 - 2  
4 - 5  

2 - 3  
2 - 1  
2 - 2  
2 - 2  
2 . 2  

4 - 4  
0 . 1  
2 - 1  
3 . 2 
1 - 2  

Refprrnres 
~ 

229 
229 
229 
229 
229 

729 
229 
229 
229 
729 

229 
229 
229 
229 
229 

229 
229 
229 
229 
2?9 

229 
229 
229 
229 
229 

229 
229 
229 
129 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 



D-73 

.... 

~ - 

Le1 In - - 

20 
10 
5 

100 
2 

100 
300 

5 
10 
2 

250 
150 

5 
10 

100 

2 
1 

5 

1 
40 
40 
30 
30 

1 
20 
10 

60 
50 
30 
10 
40 

20 
50 
10 
20 

150 

20 
20 

200 
10 
2 

20 
10 
20 
20 
30 

30 
50 

100 
50 
50 

20 
70 
20 
80 
70 

125 
125 

2 
20 

125 

~~~~~~ ~ ............ ~ 

A,,, (in A) 

47 1.178 
472.059 
472.309 
472.608 
474.481 

48 1.899 
486.168 
486.464 
487.796 
487.996 

488.100 
489.498 
489.600 
492.913 
494.566 

494.705 
529.832 

............ ~~ ~~~~ ............ __ 

1039.96 
1056.39 
1062.976 

1101.921 
1111.830 
1112.651 
1114.054 
1118.384 

1122.734 
1123.865 
1149.118 
1185.23 
1187.6 

1195.103 
1198.593 
1200.183 
1 207. 1 15 
1208.257 

1214.711 
1217.993 
1224.417 
1228.1 26 
1234.64.8 

1237.221 
1249.496 
1250.736 
1257.531 
1258.564 

1259.759 
1263.844 
1266.524 
1269.784 
1270.470 

1276.647 
1279.591 
1280.471 
1280.650 
1281.367 

1281.652 
1282.058 
1283.613 
1284.109 
1285.918 

1287.101 
1288.169 
1288.720 
1289.533 
1291.191 

~ .................. ~ 

~ . . . . . . . . . . . . . . . . . . . 

Levels (in io3 cin I )  
~ .................... ~ ___~ . . .......... ___ 

62.9142 - 275.1466 
62.9142 - 274.7533 
63.4200 - 275.1466 
71.2803 - 282.8719 
71.2803 - 282.0381 

71.2803 - 278.7942 
62.2381 - 267.9286 

62.2381 . 267.2401 
62.3211 . 267.2401 

a.xm - 267.9286 

62.3644 . 267.2401 
62.3211 - 266.6128 
62.3644 - 266.6128 
62.2381 - 265.1126 
62.2381 .264.4342 

93.8323 - 295.0732 
93.8323 - 282.5716 
24.9729. 121.1302 

233.8489 - 327.924.4 
26.4683. 121.1302 

216.5381 ~ 307.2887 
217.1225 - 307.0644 
221.3052 - 311.1809 
216.8604 - 306.6228 
216.7791 - 306.1939 

213.5341 - 302.6025 
195.9330. 284.9112 
220.6210. 307.6444 

36.7585. 121.1302 
36.9254 - 121.1302 

208.8382 - 292.5132 
212.5421 . 295.9732 
209.1 101 - 292,4307 
209.5239. 292.3659 
209.5239 - 292.2876 

213.6492 - 295.9732 
212.5421 - 294.6440 
220.6210. 302.2927 
204.7299 . 286.1549 
213.6492 - 294.6440 

195.9330.276.7592 
214.6114 - 294.6440 
262.5093 - 342.4622 
187.7190. 267.2401 
187.1575.266.6128 

216.5927. 295.9732 
216.5927 - 295.7164 
204.7299 - 283.6863 
213.5341 - 292.2876 
204.9754 - 283.6863 

209.1101 - 287.4405 

209.5239 - 287.6202 
212.8181 - 290,9034 
212.5421 .290.5837 

205.5364 - 283.6863 

208.8382 - 286.8627 
209.1 101 - 287.1096 
233.6336 . 311.5387 
204.7299.282.6048 
212.8181 - 290.5837 

204.7299.282.4235 
204.9754. 282.6048 
204.9754. 282.5716 
233.6336 - 311.1809 
204.9754 - 282.4235 

____ 
Configurations _ _ _ _  

35' - 3d3(a'P)4p 
3d4 3d'(a4Ph 
3d4 - 3d3(a'Pj4i 
3d" - 3d3(aZG)4p 
3d4 - 3d.'(a2G)4p 

3d4 - 3d3(aZG)4p 
3d4 - 3d3(a'F)4p 
3d4 - 3d3(a4F)4p 
3d" - 3d3(a'F)4p 
3d4 - 3d3(a"E)4p 

3d4 - 3d3(a"F)4p 
3d' - 3d'(a4F)4p 
3d4 - 3d"(a41:)4p 
3d'. 3d'(a4F)4p 
36" 3d'(a4R4p 

3d" - 3d"(aZG)4p 
3d' - 3d' 
3d". Jd4 

3d3(aZF)4s . 3d3(b'DWp 

3d3(a2D)C - 3d'(aZF)4p 
3d3(a2H&s - 3d3(a2E34p 
3d'(a2H)h - 3dJ(a-F)4p 
3d'(aZH)4s - 3d3(aZI.34p 
3d3(aZH)4s - 3d3(a2FJ4p 

3d3(a2G)4s - 3d'(aZF)%p 
3d3(aY)4a - 3d"(azP)4p 
3d3(a2D)4s . 3d"(a2F74p 

3d' - 3d4 
3d4 - 3d" 

3d'(a2G)4i . 3d3(aZH)4p 
3d'(a4P)4s . 3d"(aZP)4p 
3d3(a2G)4s - 3d3(a211)4p 
3J"(a2G)4s . 3d7(a'H)4p 
3d'(azG)4s - 3dA(a'H).lp 

3d3(a4P)4s - 3d3(a2f)4p 
3d3(a4P)4s - 3d3(a'P)4p 
3d3(aZD)4s - 3d3(aZF')4p 
3d3(a4P)4s - 3dJ(a2D)4p 
3d3(a'P)4s - 3d3(a4P)4p 

3d'(a4F)4s - 3da(a'P)4p 
3dJ(a2P)48 - 3d3(a*f')4u 

3d4 - 3d'((a2P)4p 

3d3(b2D)4s - 3d3(b2b)dp 
3d'(a'F)4s - 3d3(a4F)4p 
3d3(a"F)4s - 3d'(a*E')4p 

3d3(aZD)4s - 3d3(a2P)4p 
3d"(a2D)4s - 3d3(aZD)4p 
3d3(a4P)4s - 3d3(a'P)4p 
3d3(aZG)4s . 3d3(a2Hj4p 
3d3(a4P)4s - 3dJ(aZ1')4p 

M3(a2G)4s . 3d'(a2M)Zp 
3d3(a"P)4s . 3d3(a2P)4p 
3d3(azG)4s - 3d3((aZD)4p 
3d3(aoP)4s . 3d3(a2D)4p 
3d"(a4P)4s - 3dd(a'D)rbp 

3$(azG)k - 3dR(aJP)4p 
3d3(a2G)4s - 3d3(aZD)4p 
3d3(a2F@ - 3d'(a2F)4p 
3ds(a'Pj4s . 3d3(a'P)4p 
3d'(e4P)4s . 3d3(a'D)4p 

3d3(a4P)45 - 3d3(azP)4p 
3d3(a4P)4s - 3d3(a4P)4p 
3d'(a4P)4s - 3d"(aZG)4p 
3d'(a2F)4s - 3d3(a2E)4p 
3d3(a4P)4s - 3d3(a2P)4p 

I - J  

1 - 1  
1 - c  
0 - 1  
4 - 5  
4 - 1  

4 - 2  
4 - 4  
3 - 4  
4 - 3  
2 - 3  

3 - 3  
2 - 2  
3 - 2  
4 . 5  
4 - 4  

2 -  1 
2 - 3  
1 - 0  
2 - 0  
3 - 3  

3 - 3  
6 - 5  
5 - 1  
5 - 4  
4 - 3  

4 - 4  
3 - 2  
2 - 2  
2 - 0  
1 - 0  

3 - 3  
0 -  1 
4 - 4  
5 - 6  
5 - 5  

2 - 1  
D - 1  
2 - 2  
1 - 2  
2 - 1  

3 - 2  
1 - 1  
2 - 1  
a - 3  
3 - 2  

2 - 1  
2 - 2  
1 . 2  
1. -5  
2 - 2  

& - 5  
3 - 2  
5 . 4  
1 - 0  
1 . 1  

$ . 2  
1 - 3  
1.-3 
1 - 2  
1 - 1  

1 - 2  
? - 2  
! - 2  
b - 4  
! - 2  

~ ~~~ . . . . . ~~ 

~ - 

io te  
~ __ 

F,P 
F.P 

F,P 
F.P 

Rpfrrrnrrs 
~ - 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
375 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
375,229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
129 
229 

129 
129 
129 
129 
129 

129 
!29 
129 
2 9  
!29 

!29 
2 9  
!29 
!29 
!29 

!29 
!29 
!29 
!29 
!29 





D--75 

1363 . m 2  
1 .?BC.S?^. 
1304.%3? 
1365.115 
1365.5 2 I 

1.370.7m 
13iG'."-Zi 
1371.%7./ 

1371. 
1372. 
13'13. 
137.3. 
1373.967 

1374.116 
1.374 261 
1371. :w? 
13'i.i 784 
1376,337 

1 3 w  1 1  T 
1382.270 
1382. 
1382. 
1394. 

1384.201 
1,384 68:i 
1?,85.313 
1.32 1.5. hH 5 
1386.407 

1.387.092 
1387.~n.28 
lRfl>I.OdO 
138P,.135 
13C8..328 

1389.000 
lSb3.762 
1 390.7 I 3 
1190.972 
1392.26? 

1 3R2.941 
1203.0 7.3 
1324.172 
1 394..5';9 

1397. i.%i 
13C47.372 
1398.166 

1400 213 

1 LO3.370 
l40~.04?i 

1,1.04..260 
1 406.66% 
12.0h.824 
14.07 607 
1407.2 4.6 

6 7  
2 . .? 
1 - 1  
1 - 2  

3 - 3  
2 - 3  
2 - 3  
2 - 3  
2 - 3  

2 - 1  
2 - 2  
1 . 3 

0 1  
4 4  
3 - 2  
1 - 1  

s - 6 1  

A23? 

229 
220 

229 
229 
229 
229 
229 

229 

223 
229 
229 

1 229 

229 
229 
229 
223 
229 

229 

229 

229 

22') 
229 
21" 
129 
229 

1 223 

1 229 



D-75 

1 150 

200  I 
200 

400 
200 

~ 200 

l 40 

100 I 
300 I 

~ 200 
470 
600 

I E i 150 

i 200 
25 

1 .50 
1 10 

100 

~ ;: 
250 
150 1 
800 

1 100 
1 100 

~ 150 

1 50 I 70 

10 
70 

250 , 
100 i 

-~ 
h.. (In A) 

1407 568 

1409 026 
1409 220 

1409 451 

1409 846 
141 I 069 
1411 566 

1414832 1 
1415 146 
1415196 1 

1417 001 
1418123 ~ 

1420 124 
1420 419 
1420465 I 
1420 602 
1420 749 
1421 016 
1421 981 
I422 481 

1423.082 
142.3.2.3.3 
1425.088 , 

1426.432 
1427.815 

1428.090 1 
1429.004 1 
1429.330 ~ 

1429.472 , 
1430.309 

1430.573 i 
1430.751 
1431.891 
1432.936 
1433.1 

1435.046 
1437.561 1 
1439.052 ’ 
1440.525 

i 

1440.792 ~ 

1441.049 
1442.221 
1443.163 
1445.686 
144 5.910 

1418.491 
1448.846 

1449.7 57 
1449.928 ~ 

1451.103 
1451.264 I 
1452.2 
1452.252 1 
1452.967 ~ 

1453.618 
1454.243 

Levels ( in  10” c m  I) 

217.1225. 288.1672 
186.72.55 - 257.7423 
221 3032 - 292.2876 
187.1575. 258.1285 
187.7190. 258.6800 

188.3953 - 259.3448 
212.8181 . 283.7540 
209.1 101 . 280.0396 
212.8181 - 283.6863 
203.5239 - 280.:3672 

195.9330 - 266.6128 
208.8182 - 279.5026 
216.7791 - 287.4405 
220.6210 - 291.231.t 
216.8604 - 287.4405 

216.5381 - 287.1096 
209.5239 - 280.0396 
204.7299 - 275.1466 
196.8386. 267.2401 
204.9754 - 275.3743 

209.1101 - 279.5026 
214.5258 - 284.9112 
215.7826. 286.1549 
216..5381 - 286.8627 
214.6114 - 284.9112 

216.5927 - 286.8627 
2 16..5927 - 286.8553 
204.9754 - 275.1466 
213,6492 . 283.7540 
213.6492 - 283.6863 

204.7299 - 274.7533 
209.5239 - 279.5026 
220.6210 - 290.5837 

217.7296 - 307.6444 

188..3953 . 258.2974 
216.5381 - 280.4313 
205.5364 - 275.3743 
220.6210 - 290.4077 

24.0554 - 93.832.3 

208.8382 - 278.7942 

209.1101 - 278.7942 
216,5927 - 286.1549 
258.4341 - 327.9244 
187.7190 - 257.1380 
204.7299 - 274.1361 

205.5364 - 274.9303 
213.5341 - 282.8719 
220.6210 - 289.9130 
258.4341 - 327.6054. 
204.9754 - 274.1363 

214.6114 - 283.7540 
2095239 - 238.6507 
214.6114 - 283.6863 
213.5341 - 282.5716 
187.1575 - 256.1779 

2.58 6285 - 327.6051 

204.7299 - 273.6431 
258.6285 - 327.5338 
24.9325 - 93.832.3 

24.9729 - 93.8323 

233.6336 - 302.6025 

262.5093 - 331.3338 
221.3052 - 290.0901 
258.7695 - 327.5338 

~ ~~~~ 

7 
3di(a’H)4s - 3d.’(a?H)4p 
3d.’(aaF)1s - 3dl(a4F)4p 
3d.’(a2H)4s - 3d’(aZH)4p 
,W(a‘F)4s - 3d.’(a4E)4p 
3di(a‘F)4s - 3d”(a4F)4p 

3d”(a4F)4s - 3d’(a4F)4p 
3d”(a3P)4s ~ 3d”(a2P)4p 
3d’(a2G)4s - 3d’(aZC)4p 
3d.’(a“P)Ss - 3d.’(a2P)4p 
3d’(azG)4s - 3dJ(a26)4p 

3di(a‘F)4s - 3d”(aaF)4p 
3d’(aZG)4s - 3d”ia2G)4p 
3d:(a;H)4s . 3d”(a‘H)4p 
3d. (a D)45 - 3di(i’lI)4p 
3d’(aLH)4.s - 3d’(a2H)4p 

3d’(a2G)4s - 3d’(a2G)4p 
3d ‘(a2P)4s - 3d1(a2P)4p 
3d3(aZD)4s - 3d”(a2D)4p 
3d’(a2U)4s - 3d3(a4P)4p 
3d’(a’P).Is - 3d’(a’P)4p 

3d’(anPj4s - 3d’(a2Yj4b 
3d’(a6P)4s - 3di(a2P)4p 

3d3(aJP)45 - 3d’(a4P)4p 
3d,’(a2G)4s - 3d’(a2G)4p 
3d’(a2D)4,s . 3di(aZD)4p 
3d”(a2C)4s - 3d’(a2G)4p 
3d”(a2F)4s - 3d”(a2F)4p 

3d’(a4F)4s - 3d’iaJF)4p 
3d’(a2D)4s - 3d.’(a3P)4p 
3d,’(a4Pj4s - 3d’(aJP)4p 
3d’(a2D)4s - 3di(a‘D)4p 

3d* - 3d‘ 

3d’(a2C,)4s - 3d’(a2G)4p 
3d”(a21))4s ~ 3d1(a2D)4p 
3d”(b2D)4s 3d’(b2D)4p 
3d’(a6F)45 - 9di(a‘F)4p 

, 3d3(a*P)45 - 3dJ(a‘P)4p 

1 
I 

3d ‘(aZP)4s - 3d”la4P)4p 
3d’(a7G)4> - 3d ’(a2G)4p 
3d”(a2U)4s - 3d’(a2D)4p 
3d’(h2D)4s 3d’(h2U)4p 
3d’(anP)4s - 3d3(a’P)4p 

3d.’(a2P)4s - 3di(a‘P)4p 
3d”(a2G)4s . 3d’(a2G)4p 
3d”(aLP).ls - ?d’(a2P)4p 
3d’(a2C)4s - 3d’(a2G)4p 
3d.’(aiF)4s . 3d’(a‘F)4p 

3d’(b2D)4s - 3d.’(b21))4p 
3d’(a’F)45 . 3d’(la7F)4p 
3d’(anP)4s - 3d’(aJP)4y 
3d”(b2D)4s . 3J’(b2U)4p 

3d“ - 3d’ 

3d’ - 3d’ i 
~ 3d’(bLU)4s - 3d’ibZD)4p 

3d’(a2H)4s - 3d’(a2H)4p 
3d’(b:D).ls - 3d’(b2D)4p 

I 

2 - 2  
3 - 3 1  :::I 
3 - :3 34 2 - 2  

I - l  
5 - 6  ::;I 3 - 4  

229 
229 
229 
229 
229 

229 
229 
229 
432 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
375,229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
220 
229 

229 
229 
229 
229 
229 

375,229 
229 
229 
229 
229 



u-77 

~ 

~ 

I d .  In 
~ 

~ 

2 

300 
50 

200 

700 

1 so 
250 
250 
150 
500 

400 
125 
100 
500 
30 

70 
40 

200 
700 

1 no 

400 
400 

150 
150 
so0 

100 
70 
80 

250 
250 

100 
100 
i o  

80 
300 

in0 
70 

200 
20 

500 

200 
80 
10 

1 50 

1 so 
80 

1 50 
5 

40 
80 

250 

10 
40 
60 
20 
70 

70 
60 
i o  
40 
10 

(in .&) 
~. . . . . . . . . . 

~ . . . . . . . . . . 

1454.471 
1454.701 
1455.559 

1156.161 

1456.285 
145'7.727 
1459.251 
1459.763 
1459.831 

1460.726 

1462.563 
1462.631 
1463.067 

1463.36% 
1464.224 
1464.683 
1464.876 
1465.380 

1%5.401 
14456.649 
1368.870 
1468.91 1 
1469.000 

1469.599 
1471.205 
1471.331 
1472.098 
1472.512 

1472.803 
1474.275 

1475.604 
1477.536 

1477.798 
1478.288 
1478.785 
1479.388 
1479.471 

1483.259 
1484209 
1484.372 
1484.47 
1485.017 

1485.450 
1485.Y27 
1489.237 
1490.454 
1490.9 

1492.8 
1494.639 
1495.616 
1495.70 
1496.266 

1499.233 
1500.581 
1504.329 
1504.848 
1508.153 

1509.792 
1511.429 
1514..834 
1514.881 
1515.533 

1455.707 

i4.6i.nso 

i47s.302 

I x v e k  (in io3 crn-l) 
~ ~ .... ~ .... ~ - -~ 

2 ~ 3 . 8 . ~ 9  - 302.6025 
188.3953 - 257.1380 
195.1963 .263.8986 
216.7791 - 285.4740 
186.7255 - 255,3992 

204.9754 - 273.6431 
205.5364 - 274.1361 
233.8489 - 302.3771 
213.5341 .282.0381 
195.9330 - 264.4342 

187.7190 - 2.56.177~~ 
233.8489.302.2927 

234.027.t . 302.377 I 

216.5381 - 284.9112 
186.4336 - 254.8033 

216.8604 - 285.1961 
213.6492 - 281.9449 
196.8386 - 265.1126 
234.0274 - 302.2927 
187.1575. 255.3992 

221.3052 - 289.5459 
209.1101 - 277.2927 

186.7255 - 254.8033 
217.1225 - 285.1961 

214.~258 - 282.6043 

214.52513 - 282.5716 

195,9330 - 263.8986 
215.7826 - 283.7540 

216.8604 - 284.7908 
216.7791 - 284.6003 

214.5258 - 282.2235 
216.8604.284.6903 
188.3953 - 256.1779 

187.7190.255.3992 

217.1225 - 284.7908 
187.1575 - 254.8030 
214.6114 - 282.2345 
196.8386 - 264.4342 

209.~239 - 277.2927 

208.8382 - 2 w w n  

214.5258 . 281.0449 
219.4869 - 286.8627 
219.4869 - 286.8553 

26.4689 . 93.8323 
262.5093 - 329.8486 

209.1101 .276.4297 
213.5341. zm.8322 
216.5381. 283.6863 
216.5927- 283.6863 

26.7607 - 93.8323 

2G.8423 . 93.8323 
209.5239 - 276.4297 
221.3052 - 288.1672 
26.9740 . '99.8323 

213.5341 - 280.3b72 

219.4869 - 286.1877 
215.7826. 282.4235 
219.4869. 285.9617 
215.7826. 282.2345 
214.5258 - 280.8322 

220.6210 - 286.8553 
215.7826 - 281.9449 
214.5258 - 280.5397 
216.8604 - 282.8719 
105.1963 - 261.1796 

...... ~. . . . . . . . . . . . . 

I 
. .... 

Coilfigurations ............... ....... ~ ~ ~- 

3d* - 3d4 
3d3(a2G)4s - 3d"(aZG)4p 
3d3(a2A)4s - 3d3(aZH)4p 

3d'. 3d' 
3d'(a2G)4s . 3d3(a2G)4p 

3d3(a244s - 3d'(a2P)4p 
3d'(a21))4s - 3d'(a2P)4p 
3d3(a2P)4s - 3d'(aZD)4p 
3d3(a2D)4s - 3d'(azP)4p 
3d3(a2P)4s . 3d'(a2G)4p 

3d3((a21))4s - 3d3(a4P)4p 
3d3(aZD)4s - 3d"(a2P).$p 
3d3(a2P)4s . 3d3(azG)4p 
3d3(aZH)4s - 3d'(a2G)4p 
3d3(a3F)4s . 3d3(a4F)4p 

. . . . . . . . . . . . . . . . . 

. . . . . . 
~ 

5.: 
2 - 1  
4 . :  
2 . :  

2 - 1  
3 . :  
3 . :  
4, - L 

3 - I .  

4 - 4  
3 . ;  
3 . :  
1 . 2  
2 - 8  

5 - f 
2 - 1  
4 . :  

"-'P 1 2 - 3  

4 - 4  

2 - 2  
5 - 1  
5 . 4  
5 - 5  
4-3 

6 . 5  
3 - 2  
1 - 0  
4 - 4  
3 - 4  

2 - 1  
1 - 2  
1 - 1  
2 - 2  
2 - 2  

4 . 4  
2 - 3  
3 - 2  
2 - 2  
2 - 2  

3 - 2  
5 - 4  
5 - 6  
4 - 2  
4 - 4  

1 . 1  
1 - 2  
1 - 1  
1 - 0  
2 - 3  

2 - 1  
1 - 1  
2 - 2  
5 - 5  
2 - 3  

~ . . .. .. . 

GHefercnccs . . . . . . . . 1 - - - - - - - - - ~  - 

P 

P 

P 

F,P 

F,f' 

F,P 

F,P 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
225 

432 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
375,229 

375,229 
229 
229 
229 
229 

229 
229 
229 
229 
229 

229 
229 
229 
229 
229 



D-78 

- - 
lab In1 

100 
50 
70 
80 

150 

80 
740 
am 

2 
200 

760 
300 
100 
100 
100 

50 
70 
LO 

100 

80 
60 
50 

1% 

100 

30 
80 

125 

125 
1% 
60 

100 

100 
80 
70 

10 

100 
40 
100 
100 

10 

60 

90 

150 

106 

- - 

100 

70 

30 
150 

260 

L c m k  ~ 

1516.804 
1519SW 
1525J65 
1sS.m 
1590.439 

1551.311 

1561.978 
1562.1 
1569.728 

1565.934 
1568.40? 

lSM.367 
1584580 
15€G.655 
15872 
1588.199 

1588.906 

1589.941 

1607.1 
16U7.W 

1618.383 
087 
42 

1624.251 
lbza4Q 

228.6210 - -%17 

212.8181 - 276.4349 
195.9330 - W.3761 

2-1 
[ E  229 

3-2' P 432 
4-3 229 
2.2 229 
0-1 229 
4-5 229 

1-2 229 
2-2 229 
3-3 229 
3-2 F,P , 375329 
1 - 1  229 

1.2 229 
4.5 229 
2-1 229 
4-2 F.P 1 229 
1-0 229 

3 - 2  229 
1 * O  F,P 375,229 
5 - 5  azs 
2 - 1  229 
1 - 2  P 229 

8-1 P 229 
2-2 229 

1 - 2  I 229 
2-2 229 
6-5 229 
0 - 1  F,P 229 
4 - 4  229 

1 -  1 F,P 375329 
3 - 3  229 
5 . 4  229 
1-2 229 
2- 1 229 

4-4 229 
2-1 FJ' 229 
3-4 529 
0-2 F,P 376.229 
2-1 229 

1-3 FP 375329 
3.2 
1 - Q F,P 
3-1 FP 
2-3 

2 - 3 F.P 
2 - 2  FQ 
4-3 
2-4 F,P 
2-2 

5-6 229 
2-2 229 

r )  

3 



~~~ 

J - J  
~~ 

~~~ 

6 - 6  
7 - 2  
2 - 1  
2 - 2  
7 - 4  

1 - 2  
4 . 3 
3 - 2  
1 - 1  
4, - 4, 

2 - 7  
1 . 2  
1 . 0  
4 - 2  
1 - 1  

229 

1.2328 - 62.208l 

214.5258 275 3743 
211.61 14 775.374.3 
215.7826 - 276 '2.3 $') 

1 2828 . 61 .xi44 
2 1  1.01 i,i 2'75.1466 

229 
375,224 
22'1 

229 
229 
229 
229 
72') 

229 
223 
229 
220 
2 29 

229 
375,2'9 
229 
229 
229 

229 
22'1 
220 
375 
375 

229 
229 
229 
2'6 
375 

375 
375 
,375 
375 
37.5 

375 
375 
375 
375 

F I> 

3 - 5  
2 7 '  

3 . 3 ,  
5 5 j  

' . ' i  
2 - 3 1  
6 - 5  
1 0  
2 . 7  
4 4  

5 4 
2 . 0  F,P 
1 7  
4 - 5  
2 - 3  

4 3  
3 - 2  

4 . 7  
3 - 2  
2 - 2  
1 - 2  
4 - 3  

4 5  
3 - 4  
5 - 5  
3 - 2  
4 - 4  

3 - 3  
5 - 3  
4 3  

.... . 

2 - 1  I' 
0 2 F,P 220 

375 
375 
375 
375 
375 

375 
375 
375 
375 
375 

375 
,375 
375 
375 
3 7.5 

P 
P 
T 
F 
P 

2 
P 
P 
P 
F 

P 
P 
P 
P 
P 

4 - 3  
1 - 2  
3 - 3  
2 - 3  
3 - 2  



1945.885 
1958.392 
1960.896 
1974.435 
1998.281 

216.5381 - 267.9286 
233.8489 - 284.9112 
209.5239. 260.5210 
216.5927 - 267.2401 
258.6285.308.6715 

3d3(aZD)4s - 3d"a"F)4p 
3d'((a2F)4s - 3di(aZP)4p 
3d'(a2G)4s - 3d'(a4F)4p 
3d"(a2D)4s - 3d3(a'F)4p 
3d'(hzD)4s - 3d'(aZF)4p 

' D - ' F "  3 - 4  
'F 9' 3 .  2 
' G - ' F "  5 - 4  
3 D -  'F" 2 - 3  

IRON VI (Fet ')), Z = 25 

Ground State ls22s22p63s23p63d3 (&F,,,) (21 electrons) 

Ionizntioa Potential [799 0001 cm.'; [99.1] eV 

P 375 
P 375 
P 375 
P 375 

20 
200 [ 250 
150 

1 50 

' D -  3D" 2 -  1 P 375 

__ 
~ ~ _ _  
Avsq (in AI 

255.461 
260.289 
261.786 
261.846 
261.944 

261.977 
263.449 
269.879 
273.60 
274.494 

276.173 
276.352 
276.427 
276.690 
276.742 

276.945 
277.232 
277.570 
277.626 
277.947 

278.150 
278.244 
278.34.3 
278.474 
278.787 

278.970 
279.421 
279.466 
279.997 
280.397 

281.572 
283.396 
283.776 

284.5 1.3 

-~ - 
~ ~~ 

284.385 

284.928 
285.079 
285.231 
285.349 
285.746 

286.150 
286.347 
286.674 
286.986 
287.182 

10 

80 
50 

___.- __ ..... ~ 

~ __ 
Levels (in 10' c m  1) 1 ~ ~- ~~ - ~~ ~- 

18.9420 - 410.3895 
26.2149 - 410.3895 
26.2149 - 408.2074 
28.4843 - 410.3895 
28.6279 . 410.3895 

26,4955 . 408.2074 
28.6279. 408.2074 
0.0000. 370.5381 
0.0000. 365.4940 
1.1883. 365.4940 

5 1  13 . 362.6029 
0.0000 - 361.8582 

,5113 - 362.2700 
1.1883 . 362.6029 
.5113. 361.8582 

1.1883. 362.2700 
0.0000. 360.7071 
2.0006. 362.2700 

.5113. 360.7071 
0.0000. 359.7813 

1.1883. 360.7071 
0 .0000~ 359.3959 

,5113 - 359.7813 
0,0000 - 359.0993 
1.1883. 359.8840 

20.6164. 379.0776 
2.0006. 359.8840 

.5113. 358.3346 
1.1883 . 358.3346 

21.3150. 377.9518 

,5113. 355.6571 
26.2149 - 379.0776 
21.3150 - 373.7061 
18.9420 - 370.5796 
20.6164 - 372.0956 

19.6108. 370.5796 
21.3150 - 372.0956 
28.4843 - 379.0776 
28.6279. 379.0776 
20.6164. 370.5796 

28.4843 . 377.9518 
28.7243 - 377.9518 

1.1883. 350.0178 
,5113 - 348.9621 

26.2149 - 374.4256 

3d3 - 3d2('S)4p 
3d'. 3d2('S)4p 
3d' - 3dZI'S14n 
3d' . 3d2('S)4b 
3d' - 3d2('S)4p 

3d'. 3d2('S)4p 
3d3 - 3d2('5)4p 
3d' - 3d2('P)4b 
3d'. 3d2('P)4p 
3d'. 3dZ('P)4p 

3d3 - 3dZ('D)4p 
3d3 - 3d2('D)4p 
3d3 - 3d2(3P141, 
3d'. 3d2('D)4b 
3d3 - 3d2(('D)4p 

3d'. 3dZ('P)4~ 
3d' - 3d2(?P)4b 
3d' - 3d2('P)4p 
3d' - 3dz?P)4~ 
3d'. 3d2('P)4p 

3d' .  3d2('P)4p 
3dJ . 3d2('P)4p 
3d'. 3d2(3P)4p 
?d' 3d2('D)4p 
3d' . 3d2('D)4p 

3d' - 3d2('G)4p 
3d' 3d2('D)4p 
3d'. 3d2('D)4p 
3di 3d2('D)4p 
3d' - 3d2('C)4p 

3d' 3d2(JP)4p 
3d' 3d2('G)4p 
3d'. 3d2('G)4p 
3d' . 3d2('P)4p 
3d' 3d2('G)4p 

3d' - 3dz('P)4p 
3d' - 3d2('G)4p 
3d' . 3d2('G)4p 
3d' 3d2('G)4p 
3d' 3d2('P)4p 

3d' 3d2('G)4p 
3d' 3d2('G)4v 
3d' - 3dZ('F)4b 
3d'. 3d2('F)4p 
3d' - 3d2('P)4p 

a4p . x*l-"* 
a?. x2P" 
a2P . x 'P  
aZD - x2P" 
a2D . x2p" 

a'P - xzP' 
a2D . x 2 P  

ga'F . x2D" 
ga*F - z a p  
ga4F - z'P 

pa41.'. y Z D "  
ga*F . y 2 D  
ga'F - y*D" 
ga'F - y2D" 

ga"F. izD" 
gaa'F. y'D" 
ga"F - y 4 P  
ga*F.  ;"Do 
ga'F - y'D" 
ga"F - y 4 D  

ga'F - y 4 D  
gadF - y4D" 
ga"F - y4D" 
ga'F - y2F' 

a2G . x 2 F  
ga'F - y 2 F  
ga"F - y2F" 
ga'F. y 2 P  
aZG - x 2 F  

ga'F - 2's" 

a2P - xZF" 
a2G - L'H" 
a'P . x 2 D '  
aZG . zZH" 

a'P - X 2 D  

a2G . ~'13'' 
a'D - x 2 F  
a2D - x 2 F  
a'G . x 2 D  

aZD . x2p 
a2H . x'F" 

ga*F - z2C,' 
ga'F - a%" 

a? .  q 2 P  

ga4F. 

856 
228 

~ $ - 4  
228 
228 

228 
228 
228 
43 7 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

2 28  
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
2 28 
228 
228 



D-8 1 

__ 
el In 
- 

100 
1.50 
300 
40 

200 

son 

800 

400 
100 

300 

2 50 
200 
200 
400 
200 

700 
100 
30 

800 
600 

300 
400 
900 
700 
200 

300 
800 
125 

200 

80 

800 
800 

400 

700 

1 no 
ion 
9on 
300 
60 

250 

800 
600 
70 

50 

30 
60 
20 

100 

300 

800 

150 

200 

300 
200 
800 

200 
900 
100 
700 
300 

zoo 

zoo 

in0 

300 

300 

L (in A) 

287.343 

287.461 
287.545 
287.694 

........... ~ 

2n7.4,is 

2 8 n . w  

289.036 
2n9.115 

289.066 

289.187 

289.307 
289.469 
289.478 
289.524 
289.682 

289.853 
289.871 
289.959 
290.040 
~90.092 

200.149 

290.390 

290.147 

290.273 
290.309 

290.500 
290.579 
290.661 
290.739 
290.900 

290.985 
291.020 
291.187 
291.229 
291.365 

291.444 
291.473 
291.552 
291.617 
291.635 

291.801 
291.835 
291.909 
292.039 
292.185 

292.314 
292.346 
292.352 
292.409 
292.437 

292.599 
292.693 
292.733 
293.043 
293.171 

293.217 
293.293 
293.380 
293.391 
293.488 

293.549 
293.742 
2Y3.806 
293.820 
293.881 

Levels (in 10" em I )  

2.0006 - 350.0178 
26.4955 - 374.4256 
26.2149 - 374.0883 

1.1883 . 348.9621 
26.4955 - 374.0883 

18.9420 - 365.4940 
28.4843 - 374,4256 
0.0000. 345.9071 

19.6108 . 365.4940 
28.6279 - 374.4256 

18.7383 . 364.3929 
28.6279.374.0883 
18.9420. 364.3929 

S I13  - 345.9071 
18.7383 . 363.9457 

18.9420. 363.9457 
28.7243 - 373.7061 
20.6164 - 365.4940 
19.6108 - 3a.3929 
1.1883 - 345.9071 

0.0000 - 344.6526 
20.6164 - 3ti5.2666 

20.6164 - 365,0770 
26.2149 - 370.5796 

1 .I883 . 345.4226 
,5113 - 344.6526 

26.4955 - 370.5381 
21.3150. 365.2646 

,5113 - 344.2733 

18.9420 - 362.6029 

2.0006 - 345.4226 
28.7243 - 372.0956 

29.2029. 373.7061 

o.ooon - 343.6193 

o.nooo - 343.2109 

18.7383 - 361.8582 
1.1883 - 344.2733 

19.6108 - 362.6029 

29.2029. 372.0956 
i8.9420.361.8~82 

.5113.343.2109 
19.6108 - 362.2700 
0.0000 - 342.5715 
1.1883 . 343.6082 

19.h108 - 361.8582 

28.4843 . 370.5796 
5113 - 342.5715 

28.4843 - 370.5381 
20.6164 - 362.6029 
28.6279. 370.5796 

18.9420. 360.7071 
20.6164. 362.2700 

1.1883. 342.4344 
18.7383 - 359.7813 

18.7383 - 359.7813 
21.3150. 362.2700 

S I13  - 341.3653 
18.9420 - 359.7813 

2.0006 - 343.6002 

2.0006 - 342.7306 

18.7383 - 359.3959 
2.0006 - 342.4344 

18.7383 - 359.0993 
0.0000 - 340.3440 

19.6108 - 359.8840 

Configurations 
. . . . .. . .. .- .. ... ... ~~ 

3d' - 3~3'(~F)4p 
3d' - 3dZ('P)4y 
3d3 - 3d2('I''M.~ 
3d' . 3dz('Fj& 
3d' - 3dz(jP)4y 

3d'. 3d2(3PNp 
3d' - 3d2('P)4r, 
3d3. 3dZPF)4i 
3d3 - 3dZ('P)4p 
3d3 . 3d"(3P)4p 

3d3 - 3d2(3P)4p 
3d3 - 3d2PPi4" 

3d3 . 3d2('!)4p 
3d3 - 3d2('E)4p 
3d3 - 3d2('Y)4p 
3d3 - 3d2(%)4p 
3d3 - 3d2('F)4p 

3d3 - 3d2('D)4p 
3d3 - 3d2(3F)4p 
Jd" - 3d2(3F14~ 

3d3 .  3d2(3F)4p 

3d3 - 3d2('94p 
3 8 .  3d2(3k)4p 
3d3 - 3d2('D)4p 

3d3 - 3d2(3P)4P 

3d3 - 3d2(('P)4p 
3d3 - 3d2(3F)4p 
3d3 - 3d2PPi4n 
36' - 3d"i'ui.r'p 
3d3 - 3dz(V)4p 

3d3 - 3d2t3P140 
3d3 - 3dzi"pj4; 
3d3 - 3d2(3Fj4p 
3d3 . 3d2(3F)4p 
3d3 - 3dZ("P)4p 

3d' - 3dZi'Fj4i 
3d3.  3d2('D)4p 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 





I 
~~~~~ 

1 .  

228 
228 
223 

, 228 
, 228 

i 2?8 
1 228 

i : - '  
228 
778 , 228 

045; 
228 
228 
228 
228 

220 
228 
228 
228 
2:?8 

228 
228 
228 
228 
214 

~ 728 
228 

' 228 

2211 

228 
223 
228 

300 
2c0 
150 
100 
360 

711 
8GQ 
ROO 
1 c0 
700 

1 no 
200 
300 

70 
500 

2 i o  
300 
250 
2 00 

70 
7.50 

100 
300 

300 
900 
300 
700 
700 

100 
800 
200 
200 
80 

200 
50 

2GO 
700 
700 

10 
100 
100 

wn 

? - 1  
4 - 3  
t - t  
1 - 1  
f - i  

07 

3na.666 
308.703. 
31)X.O09 
R(?8 9% 
:Ui9.f;22 

Rn0:&26 
309.604 
3119.635 
310.2'7<, 
310.602 

310.7.36 
310.796 
311.137 
311.241 
31 1.410 

31 1.706 
311.786 
311.918 
3 12.268 
1112.769 

31 2.801 
312.872 
113.170 
313 207 
313.4..32 

31 3.587 
.313.W9 
312.0.33 
311.110 
311 1o:i 

314.h7.5 
311 824 
31 5.018 
315.1W 
315.Lh2 

228 
228 

298 
7.28 
?2R 
228 
228 

? ? 3  
228 
221; 
?28 
228 

228 
?88 
228 
2211 
223 

228 
228 
22;; 
228 
228 

228 
228 
228 
223 
228 

222, 
223 
228 
228 
228 

300 
50 

300 
80 
7u 

800 
I O  

300 
100 
80 

500 
m 
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vljltlpietl R ~ I  ~ n t _  
7- ~~- 

1 300 
2 50 

1 200 
300 
150 

5 0 

20 
300 
200 

-~ 

200 

500 
70 

1 50 
70 

300 

80 
250 
100 
100 
80 

1 30 
5 

100 

2 50 

20 

SO 
30 

100 

200 
500 

500 

in0 

300 
70 
40 

200 
300 

I 50 
250 
300 
5 

250 ' 
5 

200 
50 

2 
60 
80 1 
60 I 

i n  

100 

5 
10 

1 5 0  
so 
60 ~ 

2 '  
100 
40 
80 1 

100 

~~ ~ 

~~~ 

A<., (In Ai 

3 15.52 1 
315.742 
3 16.07 1 
3 16.100 
316.289 

3 16.404 
316.433 
316.669 
31 6.81 3 
3 17.205 

3 1 7.33 7 
317.737 
317.883 
318.342 
318.384 

318.530 
318.811 
319.159 
319.254 
319.445 

3 19.856 
320.395 
320.472 
320.658 
320.791 

321.389 
32 1.552 
321.635 
321.798 
322.969 

325.352 
325.704 
326.538 
330.341 
330.714 

331.084 
333.678 
334.108 
334.219 
334.593 

334.639 
334.974 
335.02 1 
335.514 
335.945 

336.258 
336.696 
337.434 
337.875 
340.994 

341.368 
342.871 
343.766 
344.161 
345.054 

346.02 1 
346.430 

348.886 
349.303 

349.592 
364.696 
365.152 
366.833 
367.777 

~~~~~ ~~~~ 

~~~~ ~~ ~ ~ ~ 

347.0 1 0 

28 4843 - 345,4226 
26.4955 - 343.2109 
46.2173 - 362.6029 
26.2149. 342.5715 
28.4843 344.6526 

46.2173 - 362.2700 
28.6279. 344.6526 
28.4843 . 344.2733 
28.6279 - 344.2753 
46.6037 . 361.8582 

28.4843. 343.6082 
28.4843 343.2109 
28.6279 - 343.2109 
26.2149 - 340.3440 
28.4843. 342.5715 

28.6279. 342.5715 
46.2173 . 359.8840 
26.2149 - 339.5398 
29.2029. 342.4344 
26.4955 - 339.5398 

28.7243 - 341.36% 
46.2173. 358.3346 
26.2149 338.2564 
28.4843 . 340.3440 
28.6279. 340.3440 

46.6037 - 357.7552 
28.4843 - 339.4770 
28.6279 - 339.5398 
28.7243 - 339.4770 
28.6279 - 338.2.564 

71.7076. 379.0776 
72.0489 - 379.0776 
71.7076. 377.9518 
71.7076 - 374.4256 
72.0489 - 374.4256 

72.0489 - 374.0883 
46.2173 - 345.9071 
46.6037 - 345.9071 
46.2 173 . 345.4226 
71.7076. 370.5736 

71.7076. 370.5381 
72.0489 370.5736 
72.0489. 370.5381 
46.6037 . 344.6526 
46 6037 . 344.2733 

46.21713 - 343.6002 
46.6037 - 343.6082 
46.2173. 342,5715 
46.6037 - 342.5715 
46.217.3 . 339.4770 

46.6037 - 339.5398 
46.6037 - 338.2564 
i1.7076 - 362.6029 
71.7076 - 362.2700 
72.0589 - 361.8582 

71.7076 - 360.7071 
72.0489 - 360.7071 
71.7076 - 359.8840 
71.7076 - 338.3346 
72.0489 - 333.3346 

71.7076 - 357.7552 
71.7076 - 345.9071 
72.0489. 345.9071 
72.0489 - 344.6526 , 
71.7076 - 343.608% ~ 

~ 

~ 

Configuration. 
~~ 

3d' . 3d2('F)4p 
3d' . 3d2('F)4p 
3d' - 3d2('D)4p 
3d'  - 3d2('E')4~ 

3d' . 3d'('F)4p 
3d' - 3d'('F)4p 
3d ' . 3d2('D)4p 

3d'. 3d2('F)4p 
3d' . 3d2(3F)4p 
3d' - 3d2(3F)4p 
3d' - 3d2('F)4p 
36' - 3dZ('F)4p 

3d' . 3d2('F)4n 
3d' - 3d2('D)bp 
3d' - 3d2('F)4p 
3d' . 3d2('F)4p 
3d '  - 3d2('F)4p 

3d' - 3d'('F)4p 
3d' - 3d2('D)4p 
3d' - 3d2('F)4i 
3d' . 3d2('F)4p 
3d'  . 3d2('F)4p 

3d' - 3d2('U)4p 
3d' - 3d2('F)4p 
3d' - 3d2('F14u 
3d'  - 3dZ('F)4; 
3d' - 3d2('F)4p 

3d' - 3d2('G)4p 
3d'. 3d2('G)4p 
3d' - 3d2('G)4p 
3d '  - 3d2(('F')4p 
3d'. 3d2('P)4p 

3d' - 3d'('P)4p 
3d '  - 3dZ('F')4p 
3d' - 3d2('F)4p 
3d' - 3dZ('F)4p 
3d'  - 3d2('P)4p 

3d' - 3d2('P)4p 
3.1' - 3d2('P)4p 
3d' - 3d'('P)4p 
3d '  - 3d2('F)4p 
3d' - 3d'("E').lp 

3d' . 3d2('t')4.r, 
3d '  - 3d2('F)4p 
3d'. 3d'('F)4p 
3d' - 3d2i'Fi4o 
3d' - 3d'('F)4;1 

3d '  - 3d?('F)4p 
3d'  - 3d2('Fi4p 
3d' - 3d2('1))4p 
3d '  - 3d2('P)4p 
3d'  - Yd'('U)ap 

3d - 3d'('P)4p 
3 d ' .  3d2('P)4p 
3&' . 3d2('DJ4p 
3d' - 3d?('D)4p 
36' - 3d'('D)4p 

3d' - 3d2('D)4p 
3d ' - 3dZ( 'F)4p 

3 d '  - 3d2('I.)4p 
3d' - 3dL('F)4p 

3d'  - .3d'('F)4p 

Kefercnces 
~- - 

228 
228 
228 
2 28 
228 

228 

228 

228 
228 

2 28 

228 
228 
228 
228 
228 

228 
278 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
278 
228 
228 

2?8 
228 
228 
228 
22R 

228 
228 
228 
22n 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 
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el In1 __ 
~ 

443 
50 
50 

1 50 
10 

4.0 
10 
5 

10 
5 

50 

50 

20 
300 

2.50 

500 
40 
50 

100 
200 

300 
80 
30 

500 
60 

250 
80 

200 
400 
150 

80 
400 
so0 
300 
200 

100 
300 
400 
300 
500 

200 
250 
400 

300 
1 so 

zoo 
150 1 250 
50 

1 150 

30 
200 
200 
500 
200 

400 

100 

200 

700 
600 
500 
Br)c) 
500 

zoo 

zoo 

~ . . . . . . . . . 

A,,, (in A) -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 

368.780 
369.187 
369.652 
372.72 

3018.835 

1024.898 
1026.560 

1057.153 
J 042.3~2 

1078.~~41 

i i i ~ 1 9 , a  
1120.934 
1152.770 
1160.504 
1165.672 

1167.699 
1167.923 
1 J 70.279 
1182.140 
iux..m 
1189.550 
1197.728 
1202.281 
J 206.032 
1207.566 

1208.15 1 
1208.781 
1210.379 
1211.503 
1212.577 

1214.212 
1215.296 

1220.841 
1220.388 

iz20.926 

1221.002 
1222.824 
1223.969 
1227.882 
1228.604 

1228.725 
1228.961 
1229.948 
1230.926 
1232.479 

1236.967 
1238.698 

1241.192 
1 242.664 

iz4n.067 

124-2.068 
1246.833 
1252.769 
1252.789 
1253.034 

1253.676 
1255.476 
1258.022 

1258.879 
1258.031 

1260.314 

1261 ,060 

1266.103 

1260.741 

1265.874 

~. . . . . . . . . . 

Levels (in 10" cr11-l) 
~. . . . . . . . . . . . . . . . . . . - 

72.0489. 343.2109 
71.7076. 342.5715 
72.0489 - 342.5715 
72.0489 - 340.3440 

264.1183 .3132.2700 

263.1359 - 360.7071 
262.3684. 359.7813 
269.1402 - 365.0770 
270.6726 - 365.2666 
269.1402 - 361.8582 

280.0015 - 370.5796 
270.6726 - 359.8840 
292.3301 - 37'9.0776 
287.9192 - 574.0883 
288.6383 - 374.5256 

292.3130 - 377.9518 
292.3301 - 377.9518 
288.6383 . 374.0883 
2 8 0 . 9 0 ~ ~ . 3 6 ~ . 4 ~ 4 0  
281.2178 - 365.4940 

280.9015 - 
261.8414. 345.9071 

281.2178 - 364.3929 
281.4770 - 364.3929 
261.8414 - 344.6.526 

263.1359 - 345.9071 
281.2178 - 363.9457 

282.9519. 365.4940 
281.4770 - 363.9457 

287.9192 - 370.5381 

282.0350. 364.3929 
262.3684 - 344.6526 
288.6383 - 370.5796 
282.0350 - 363.9457 
262.3684 . 344.2733 

288.b383 - 370.5381 
261.8414. 353.6193 
280.9015 - 362.6029 
282.9519 - 364.3929 
292.3130 - 373.7061 

281.2178 - 362.6029 
261.8414 - 343.2109 
264.. 11 83 - 345.4226 
262.3684 - 343.6082 
263.1359 - 344.2733 

262.3684 - 343.2109 
261.8414 . 342,5715 
281.2178 - 361.8582 
282.0350. 362.6029 
263.1359 - 343.6082 

281 4770 . 361.8582 
262.3684. 342.5715 
282.0350 - 361.8582 
269.1402. 348.9621 
280.9015 - 360.7071 

292.3301 . 372.0956 
282.9519 - 362.6029 
2M.1183 - 343.6082 
281.2178 - 360.7071 
263.1339. 342.5713 

270.6726 - 350.0178 
282.9519 - 362.2700 
263.1359 . 342.4344 
262.3684 - 341.3653 
280.9015 - 359.8840 

?d' 3d2(3F)4b 

3d2('F)45 . 3d2('P)4p 
3d'. 3d?('E)4p 

3d2("fj.ts. 3dZCF)J.p 
3d2('D)4a - 3dZ@)4*p 
3d7('1))4s . 3d2("P)4p 
3d2('P!45 . 3d2('Pj4p 
3dz(3FPk - 3d2('F)4p 

3d2('F)4e - 3dz(3F)4p 
3d2('D)4s - 3d2("P)4p 
3~1~(~P)as  - 3d2("P)4p 

3dz(("P)4s - 3d2('P)4p 
3d2(3P)45 - 3d'(")4p 

3dZ(3P)48 . 3d>("P).*p 

3d2(")4s . 3d2(3Y)4p 
3d2(3P)4s - 3d2(3P)4p 

3dZ('F)4s - 3dZ?F)4p 

3dZ(V)4s . 3d2("F)4p 

3dZ("P)45 . 3dZ("P)4p 
3d2(3F)4e . 3d2("Fj4p 
3d2('L))45 - 3dZ('D)4p 
3d2('P)4s . 3dZ(3P)4p 
3dz('C)b . 3d2('G)4p 

3d2('D)4s . 3d2('D)4p 

3d2(3F)b - 3d2('F)4p 
3d2('F)4-5 . 3d2('E')4p 
3d'(3F)4s - 3dZ('F)4p 

3d7c'F)4s - 3dZ('F)4p 
3dZ("F)4s . 3d'(3FMp 

3dZ("E')JS . 3dZ(3F)4p 

3d2(lU)4s - 3d2('D)dp 
3d'('P)4s - Jd'('D)Jp 
3dZ('F)4s - 3d2("F)4p 

3d2(3P)4s - 3d2('D)4p 
3d2('E14s - 3d2PF)4u 
3d2('Pbs - 3d2$l$4p 
3d2('F)4j - 3d2('F)4p 
3dZ('D)4s - 3d2(%')4p 

3d2('G)4i . 3d2('G)4p 
3d2(3P)4s - 3dZ('1))4p 
3d'I"FMs - 3d20'F)4.0 
3d;t~jb - 3d2@Pj4; 
3d ( 0 4 s  - Rd2('F)4p 

3d2(3F)b - 3d2('F)4p 
3d2('P)4s - 3d2('P)4p 
3d2('174s - 3d2(3F)4p 
3d2(3F)4s - 3d2('F)4p 
3dZ('1))4s - 3dr('D@p 

___ __ 
Reference; __ ___ 

228 
228 
228 
730 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 

228 
228 

228 

228 
228 
228 
228 
228 

228 

228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

. .... ̂ . 



D --8 0 

2'8 

'9')5 .. - 
228 

J?H 
928 
Z L X  

-_ 

128 

_- '?,8 

228 

2:'5 

22n 
, .. . 

228 
228 

228 
228 
228 

228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 
228 
228 
228 

228 
228 

P 228 
P '28 

22X 

2:?n 

- 3  F.P , 228 
t - i  228 
t - 4  228 



D-8 7 

. . . . . .  _____ .......... . .......... . _ _  __- __ ............ - --_ . . . . . . . .  -- ___. __ ........... 
...m .. 

.50 

20 
4 0  

5 

60 

1.50 
760 

141 1.22 

14 1 3.28 1 
1 4 1 4..i 7 3  
I4 I 0.678 
1418.0:; 
14:33,272 

1.2.34.58 
1565.263 
1 .i83.0,40 
1732.Q58 
1713.4.77. 

1746. I51 
1762.ti.W 
1765.253 
1?h5.786 
1875.80 

18W2.99 
1887.53 

, 1R05.17 
1907.01 
13 19.50 

1944.313 

. . . . . .  -. .. . . . . . . .  . . . . . . . . . . .  .-.---I ........ . . . . . .  _I__--- . . .  

~~~N YIX (V@+ "), z '::: 26 

___ _ .. - -. ................... - 
'l',:-~nw I J - J - ............ ............ 

'. .--i-;-= 
1 
I 
1 
1 
1 

10 
1 

2 .j 
4 

10 

4 
4 
1 
1 
1 

1 
2 .:I 
10 

1 
1 

1 Ct(,..%S5 
106.61 8 
107.947 

1 c18.381 
lOfl.4.!)5 
108.519 
708.533 
108.+,&L 

108.620 
109.463 
i(W.7.12 
1 10.103 
110.205 

110.393 
111 Go4 
lll.tj3f3 
1 I 1 .Tl(-K3 
11 1.09l 

3 - 4  
4 - 5  
4 - 5  

3 . 4  
2 - 3  
4 . 5  
4 - 4  
4 - 4  

3 - 3  

........ 
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~ 

Multioletl Re1 In t  
~~ 

40 
4 
1 

I O  
4 

4 
10 
25 

4 
1 

do 
1 
4 
4 l  
2 . 1  

25 
I 
1 
4 
4 

40 ~ 

40 
1 

60 
25 

10 
10 
10 

10 

I 
1 
4 
1 

25 

25 
10 I 

10 ~ 

10 ~ 

10 I 
1 

4 
'2. 
1 
1 
4 

60 
4 

25 
25 

4 

25 
1 
1 
4 
4 

4 
10 
25 

120 
1 

4 
1 

25 
4 

25 

~ ~~ ~ 

A,,, (in A) 

111.742 
1 11.767 
1 1  1.812 
111.849 
112.012 

112.030 
113.861 
113.964 
114.356 
114.490 

115.033 
115.164 
115.281 
115.472 
I 16.715 

116.803 
116.836 
116.853 
1 16.882 
116.951 

116.970 
116.993 
117.034 
ll7.101 
l l7 .135  

117.144 
I 1  7.174 
117.281 
117.310 
117.335 

117.432 
117.459 
117.512 
117.610 
1 1 9.1 44 

119.240 
119.273 
119.422 
119.435 
119.482 

119.521. 
119.541 
119.56l 
119.587 
119.623 

119.686 
119.692 
119.715 
119.785 
119.813 

119.846 
119.896 
119.978 
120.030 
120.131 

120.181 
120.214 
120.401 
120.636 
120.739 

120.872 
120.915 
12 1.090 
121.183 
121.304 

~ ~ 

~ 

2.3315. 853.307 
2.3315. 852.601 

17.4755. 856.707 

Levt-li ~ (in 10' m i ' )  

2.3315 - 897.254 
1.0515 - 895.744 

28.9273 - 923.282 
2.3315 - 896.382 

28.9273 - 921.694 

2.3315. 894.944 
17.4755 - 895.744 
17.4755 - 894.944 
21.2786. 895.744 
21.2786 - 394.718 

28.9273 - 898.243 
28.9273 - 897.254 
28.9273 - 896.382 
28.9273 - 894.944 

0.0 - 856.797 

0.0 - 856.109 
0.0. 855.903 

1.0515 - 856.811 
2.3315 - 857.881 
1.0515 - 856.109 

1.0515 - 855.969 
0.0 - 854.760 

2.3315 - 856.797 
2.3315 - 856.260 
1.0515. 854.767 

2.3315 - 855.969 
0.0 - 853.433 

1.0515 - 853.697 
2.3315 - 854.767 
1.0515 - 853.307 

1.0515. 852.601 
2.3315 - 853.697 

17.4755 - 856.109 
17.4755 - 855.903 
17.4755 - 854.838 
17.4755 - 854.760 
20.0403 - 856.975 

20.4301 - 857.082 
20.4301 . 856.975 
20.4301 . 856.811 
17.4755. 853.697 
17.4755 - 853.433 

21.2786 - 856.811 
20.4301 - 855.903 
20.0403 - 855.346 
21.2786 - 856.109 
21.2786 - 855.Q03 

20.4301 . 854.838 
21.2786. 855.346 
21.2786. 854.760 

0.0.  833.128 
21.2786 . 853.697 

1.0515 - 833.128 
1.0515 - 832.893 
2.3315 - 832.889 

28.9273 - 857.881 
28.9273 - 856.797 

28.9273 - 856.260 
28.9273 - 855.969 
28.9273 . 854.767 

2.3315. 827.533 
28.9273 - 853.307 

3p"3d2 - 3ph3d8f 
3ph33d2 - 3p63d7f 
3p63d2 - 3p"3d8f 

3p"3dZ - 3p"3d7f 
3pa3d' - 3p63d7f 
3063d2 - 3~"3d7f 
3>3d2 - 323d7f 
3p'3d2. 3p63d7f 

.3D"3d2 . 3~"3d7f 
323d' - 323d7f 
3p"3d2 - 3p63d7f 
3oh3d2. 3u"3d7f 
3;1"3d'. 3p63d6f 

3p:3d2. 3p03d6f 
3o 3d' - 3~"3d6f 
3;1"3d' - 3ph3d6f 
3p"3d2. 3p63d6f 
3p"3d2 - 3p63d6f 

3ph3d2. 3p63d6f 
3pf'3d2. 3p63d6f 
3p"3d2. 3p63d6f 
3ph3d2. 3pf'3d6f 
3p"3d2 - 3p63d6f 

3ob3d'. 3~'3d6f 
3 2 3 d 2 .  323d6f 
3p03d2. 3p63d6f 
3nb3d2. 30°3d6f 
3;"3d2. 323d6f 

3p'3d2 - 3pC'3d6f 
3~"3d'  . 3~'3d6f 
3p"3d2 - 323d6f 
3p"3d2. 3ph3d6f 
3p'3dZ. 3p63d6f 

3p63d2 - 3 "3d6f 
3p"3d'. 3>3d6f 
30°3d2. 3n63d6f 
323d' - 323d6f 
3p63d2 - 3p63d6f 

3n"3d2 - 3oe3d6f 

3p03d2. 3ph3d6f 
3p"3dZ . 3p"3d6f 
3p"3d2 - 3p63d6f 
3p'3d2 - 3p"3d6f 
3p63d2 - 3ph3d6f 

3p"3d2 - 3p"3d6f 
3p"3d2 - 3pb3d6f 
3pt3d2 - 3ph3d6f 
3p  3d' - 3p5(3d'4s(*G)) 
3p63d' - 3p03d6f 

3oh3dZ . 3o'i3d24si2G)) 
3p"3d2 - 32(3d24s('C)) 
3p63d2 - 3p'(3dZ4s('G)) 
3n"3d2 - 3063d6f 
323d2 - 3ph3d6f 

3p"3dL - 3ph3d6f 
3p"3d' - 3ph3d6f 
3p"3d2 - 3p'3d6f 
3p"3d2 - 3pi(3d24s("€')) 
3p"3d' - 3p"Jdbf 

I 
4 - 5 1  

4 - 4  
4 4  
4 - 3  

3~ 

'P - IG"  2 . 3 ~  
' P - ' F  2 - 2 1  

4 - 5  
4 - 5  
4 - 4  
4 - 3  
2 - 3  

I 
g'F-'D" 2 - 3 1  
r 3 F - ' D  2 - 2 ,  

3 - 4  
2 - 3  
4 - 3  
4 - 5  

3 - 4 ~  
4 - 4  
2 - 2  
3 - 3  
4 . 4  
3 - 4  

3 - 4  
4 - 3  
4 - 4  
4 - 4  
2 - 3  

2 - 3  
2 - 2  
2 - 2  
2 - 3  
0 . 1  

1 - 0  
1 - 1  
1 - 2  
2 - 3  
2 - 2  

2 - 2  
1 - 2  
0 - 1  
2 - 3  
2 - 2  

1 - 2  
2 - 1  
2 - 3  
2 - 3  
2 - 3  

3 . 3  
3 - 4  
4 - 5  
4 - 5  
4 - 3  

4 - 5  
4 - 4  
4 - 4  
4 - 3  
4 . 'I 

1103 
1 I03 
1103 
1103 
1103 

1103 
1103 
1 I03 
1103 
1103 

I I03 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 

1103 

1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1 I03 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 
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...-. . - __ 
{el In1 __ - 

1 
4 
4 
1 
1 

4 
4 
4 

10 
10 

10 
10 
1 
4 
1 

40 
1 
4. 
4 

10 

10 
4 

10 
4 
4 

10 
10 
60 
25 
25 

10 
60 
4 
4 
1 

4 
1 

10 
4 0 
1 

10 
40 
60 
4 
1 

4 
40 
1 
1 

10 

60 
4 

150 
4 

10 

200 
10 
90 

120 
90 

150 
10 

200 
90 
90 

A,,, (in A) 

121.331 

12  1.490 
121.555 
121.952 

122.335 
122.370 
122.392 
122.520 
123.029 

123.130 
123.496 
123.667 
123.709 
123.822 

124.030 
124.058 
124.120 
124.250 
124.384 

124.415 
124.425 
124.547 
124.586 
124.648 

124.779 
124.979 
125.266 
125.431 
125.447 

125.508 
125.524 
125.565 
125.596 
125.640 

125.798 
125.846 
12.5.922 
126.032 
126.088 

126.166 
126.453 
126.559 
126.705 
126.743 

126.768 
126.855 
126.875 
126.898 
126.913 

127.026 
127.069 
127.1 18 
127.169 
127.230 

127.258 
127.278 
127.324 
127.388 
127.429 

127.559 
127.604 
127.635 
127.645 
127.694 

...... 

121.408 

k v e k  (in 103 em-') 
~ ......... ~~ .............. 

~ ~.~.. 

0.0 - 824.184 
28.9273 . 852.601 

1.0515 - 824.184 
0.0 . 822.689 

17.4755 - 837.472 

20.0403 - 837 472 
0.0 - 817.195 

20.4301 - 837.472 
21.2786 - 837.472 

1.0515 - 813.877 

17.4755 - 829.626 
2.3315 - 812.086 

17.4755 . 826.106 
21.2786 - 829.626 

0.0 807.627 

21.2786 - 827 533 
20.0403 . 826.106 
20.4301 - 826.106 
21.2786 - 826.106 
28.9273 - 832.889 

20.4301 - 824.184 
2.331 5 - 806.033 

21.2786 . 824.184 
20.0403 - 822.689 
20.4301 . 822.689 

1.0515 - 802.462 
2.3315 - 802.462 
2.3315 - 800.633 

0.0 - 797.257 
20.0403 - 817.195 

20.4301 - 817.195 
1.0515 - 797.712 

17.4755 . 813.877 
1.0515 - 797.257 

21.27116 - 817.195 

2.3315 - 797.257 
17.4755 - 812.086 

0.0 - 794.149 
20.4301 - 813.877 

1.0515 - 794.149 

21.2786 - 813.877 
21.2786 - 812.086 
17.4755 - 807.627 

0.0 - 789.215 
0.0 - 788.995 

2.3315 - 791.168 
0.0 - 788.303 

1.0515 - 789.215 
0.0. 788.030 
0.0 . 787.945 

1.0515. 788.303 
1.0515 - 788.030 
1.0515 - 787.737 

21.2786 - 807.627 
2.3315 - 788.303 

2.3315 - 788.146 

2.3315. 787.737 
0.0 - 785.012 

1.0515. 785.809 

1.0515 - 785.012 
1.0515 - 784.733 
2.3315 - 785.809 
1.0515. 784.477 

0.0 - 783.119 

1.0515 - 786.732 

.... 
Chfigurations 

.. . . . . . . . ... . .. . 

3$3dZ - 3p5(3d24S(*Pjj 

3u63d2 - 3u'~(3d24dZP)I 

3p63d2 . 3p5(3dZb('l')j 

3p':d' - 3pS(3dZ4s('?)j 
3p63d2 . 3p5(3d24&'j) 
3pG3d2 . 3p5(3dZ4s(*Gj) 

3p633d2 - 3pS(3dZ4s(TJj) 

3p23d2 - 3ps(3dz4s("P)) 
3p 3d2 - >pS(3d'4s(ZG)j 
3uh3dZ - 3o5C4d24s("PPII 

3p6:3rIz - 3p5(3d2Je(2P)) 
3p"3dZ - 3pS(3d?4a('F)) 
3p63d2 - 3p5(3d24s(2P)) 

3p'3d2 - 3p5(3d2Js(:P)) 
3p"dZ - 3p'(3d%('D)) 

3p63d2 . 3p'(3dZ4s('D)) 
3p63d2 . 3p'(3d24s(2Pj) 
3063d2 - 3 ~ k 3 d ~ 4 s 1 ~ F N  
393d2 - 3?i$~?b?pjj 
3p63d2 - 3p'(3d'4~(~F)) 

3p63d* - 3p5(3dZ4s(%')) 
3p63d2 - 3pS(3d2C(*P)) 
3p63d2 - 3pS(3d24a(*D)) 
3p63d2 - 3p63d5f 
3p"3d2 - 3p63d5f 

3u 3d2 - 3u63d5f 
3p:3d2 - 3p63d5f 

323d'.  323d51 
3pG3dZ . 3p63d5f 
3p63d2 - 3p63d5f 

3pt3d2. 3p63d5f 
3p63d2 - 3p63d5f 
3pz3d2 - 3p63d5f 
3u 3d2 - 3~~(3d*4sf~D)'l 
3p"3dZ - 39.5d5f ' " 

3p63dZ - 3p"MSf 
Bp"3d' - 3p63d5f 
3p"3dZ - 3?3d5f 
3p63d2 . 3p63d5f 
3p63dZ - 3p63d5f 

3p53d? - 3p63d5f 
3p63d2 - 3p63d5f 
3p,13d2 - 3p63d5f 
3p 3 d 2 .  3p63d5f 
3ph3d' . 3p5(3dZ4a('F)) 

Terms 
.......... ~ . ~ .  ........... __- 

~ 

J - J  

2 - 2  
4 - 4  
3 - 2  
2 -  1 
2 -  1 

0 -  1 
2 . 1  
1 . 1  
2 - 1  
3 - 2  

2 - 2  
4 . 3  
2 - 1  
2 - 2  
2 - 3  

2 - 3  
0 - 1  
1 . 1  
2 - 1  
4 . 5  

1 - 2  
4 - 5  
2 - 2  
0 - 1  
1 - 1  

3 - 4 .  
4 - 4  
4 - 5  
2 - 3  
0 - 1  

1 - 1  
3 - 4  
2 - 2  
3 - 3  
2 - 1  

4 . 3  
2 - 3  
2 - 3  
1 - 2  
3 - 3  

2 - 2  
2 - 3  
2 - 3  
2 - 3  
2 - 2  

4 - 5  
2 - 3  
3 - 3  
2 - 2  
2 - 1  

3 - 3  
3 - 2  
3 - 4  
2 - 3  
4 - 3  

4 - 5  
3 - 3  
4 . 4  
2 - 3  
3 - 4  

3 - 3  
3 - 2  
4 - 4  
3 - 4  
2 - 3  

~ 

~ 
g R R L f ? r m c e s  __ - = r 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
110.7 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1107 

1103 
1103 
1103 
1103 
1103 
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lo 

25 
10 

I 

128.368 
128417 

L28.m 
148.682 
128.753 
128.852 
129.2% 

129.330 

130.248 

130.419 

.467 

.e1 .a 

.623 
130.779 

198.838 

131.713 

131.7%2 
132.120 
132.355 
l32.W 
132.593 

134.940 

1 
1 

300 

4 
250 
120 
25 
10 

1 
40 
25 

150 
25 

10 
25 
25 
25 
25 

25 
1 
25 
40 
90 

25 
90 
6 0  
40 
IO 

h s b  (in mu-') 
~ 

2.3315 - 785,012 
%as15 - 7 a 4 7 7  
1,WW - 7W-119 
2.3915 - 78z?w 

17.4755 - 797257 

28.9273 - m.462 

17.4755 - YM.% 
17.4755 - 739.255 
17.4755 - WS&3 
17.47S5 * 788iWO 
17.4755 - 787.945 

20.4301 - 790,708 
0.0 - 769.991 

17.4733 - 7868$0 
17.47% - 786.732 
20.0403 - 789.172 

20.4Wl- TIL612 
17.4755 - 768.425 

21.2786 - 77L619 
2%.m3 - 77%&30 

1.0515 - 7m.166 
20.4301 - 7 a a  
21.2786 - 768.425 

0.0 - 746.965 
2.3315 - 749.166 
1.0515 - 74iU65 

u.0 - 716h5E16 
28.9273 - 769.991 

Torres 

4 - 3  
4 - 4  
5-3 
4 - 4  
2 - 3  

2 - 2  
4 -  3 
3 - 4  
3 - 2  
3 . 3  

4 - 4  
4 - 5  
2 - 3  
4 - 3  

2 - 1  1 
2 - 3  
2 - 3  
2 - 2  
2 - 1  

1 - 1  
2 - 3  
2 - 2  
2 - 3  
0-11 

3 - 3  
1 - 2  
0 - 1  
2 - 1  

2 - 2  
1 - 2  
2 - 2  
2 - 3  
2 - 2  

4 - 4  
1 - 2  
2 - 3  
2 - 2  
4 - 5  

1 . 2  

2 - 2  
4 - 3  
4 - 5  

4 - 4  
6 - 4  
4 . 4  
4- 4 
4 - 3  

9 - 4  
1 - 0  
0 . 1  
1 - 1  
2 - 2  

2 - 1  
6 - 3  
3 - 3  
1 - 2  
2 - 2  

2 - 2  
4 -  3 
3 - 2  
2 - 1  
4 - 3  

4 - 4  ~ 

1 

3 - 4 ,  

4 . 5  1 

r) 

3 



- - 
R d  In 

1 
10 
90 
40 
4 

- - 

60 
1 
4 

10 
4 

25 
25 
90 

50 

40 

4 

120 
4 
40 
50 
1 

1 
25 

1 
4 

10 

120 
25 

1 
25 
90 

90 
25 
4 

60 
40 

90 
1 
1 

10 
1 

1 

1 
4 

10 
150 
160 
120 
190 

4 
25 
25 
90 

1 

~ 

h, @I ~ A, 
~ 

-488 
.671 
.3a 

137.640 
137.802 

l%&l 
150.186 

1 
1 
1 
1595sD 

153.669 

163.183 

163,974 
16a.203 
164.855 
166.087 
165.444 

1.3315 - ** 
1.0515 - 663.m 
2.3315 - 6a3.sso 

17.4255 9 666253 

20.4801 - 630283 
21.2786 - 69rR28s 
17.47M - W.699 
67.0783 - 6'pzSao 

11.0515 - 605.489 

3 p w  - 3p% 
3 p w  - 3p- snw -9dsM6f 

- - 
- J - J  - 
4.: 
2 - 2  
2-2  
1 . :  
2 - :  

0 - 1  
1 - 1  
0 - 1  
4 - 3  
2 .1  

2 - 9  
3 - 2  
3 - 3  
4 - 3  
2 - 3  

3 - 4  
4 -  5 
3 - 3  
4 - 4  

2 - 3  
5 - 4  
2 - 2  
3 - 3  
3 - 2  

4 - 4  
4 - 3  
4 - 4  

2 . 1  

2 - 2  
2 - 3  
2 - 2  
D - 1  
1 - 0  

2 - 3  
1 - 1  
1 - 2  
1 - 1  
2 - 2  

2 - 2  
0 . 1  
2 - 3  
1 - 2  
1 - 1  

2 - 3  
2 - 2  
2 - 1  
2 - 3  
1 - 2  

2 - 3  
2 - 2  
2 - 2  
4 - 5  
4 - 3  

4 - 3  
I - 3  
4 - 4  
I - 4  
P 12 

1 - 1  
2 - 1  
2 - 1  
0 - 1  
3 - 4  

wbtmeas 

1103 
1103 
1103 
1 
1103 

1103 
1 103 

~~ 

1103 
11 
11 
11 
1103 

1103 
1103 
1103 
11433 
209 

1103 
1103 
1 103 
1103 
1103 

1103 
1103 
1103 
e09 
1103 

1103 
1103 
i103 
i103 
1103 

1103 
1 
1 
1103 
1103 

1 I03 

1103 
1 loa 
1103 
1103 
1103 

1103 
1103 
1103 
1103 

1 
1 
1 
1 
1103 



D-92 

1 50 

40 
1 

60 

I50 
60 
40 

50 

1 40 
25 

4 
25 
40 

25 1 60 
40 
40 1 
90 ~ 

90 
4 

25 1 1  

1 I 
~ 

60 
250 

40 

250 1 
200 

I 

i 
60 

60 
4 
4 

60 
25 

10 
25 
25 
60 
10 

40 

200 
90 1 

40 

4 
I 25 

) ( j D j  

1 )(31)3 

~ 150 
150 

9 0 

I50 
4 

I 

) ( ?D< 

,350 1 

.~ 

~~ 

165.490 
165.630 
165.658 
165.724 
165.764 

165.919 
165.996 
166.010 
166.365 
166.629 

167.047 
170.417 
170.565 
170,664 
171. I66 

171.279 
171.432 
1 7 1.529 
17 1.680 
17 1.779 

172.069 
172.83 1 
172.94,8 
173.203 
173.4LI 

174.069 
376.345 
176.599 
176.7*%4 
176.904 

176.928 
177.172 
177.235 
177.329 
177.503 

177.555 
179.656 
179.720 
180.059 
180.477 

180.760 
181.104 
181.646 
182.071 
182.221 

182.740 
183.539 
183.825 
183.884 
184.114 

184.886 
185.176 
185.465 
185.547 
186.657 

187.235 
187.990 
188.125 
188.396 
188.576 

189.450 
189.573 

193.42 1 
195.391 

192.006 

~~~ ~- 
Levels ( in  10' cm I) 

~ ~~~ 

~ ~ _ _  - - 

0.0 - 604.270 
0.0. 603.757 

20.0403 . 623.699 
0.0 - 603.419 

20.4301 - 623.699 

1.0515 - 603.757 
21.2786 - 623.699 

1.0515 - 603.419 
2.3315 - 603.419 

0.0. 598.638 
17.4755 - 604.270 
17.4755 - 603.757 
17.4755. 603.419 
20.0403. 604.270 

20.4301 - 604.270 
20.4301 - 603.757 
21.2786 - 604.270 
21.2786. 603.757 
21.2786 - 603.419 

17.4755. 598.638 
20.0403 . 598,638 
20.4301 . 598.638 
21.2786 - 598.638 
28.9273 . 605.189 

28.9273 . 603.419 
1.0515 - 568.118 

0.0 - 566.256 
2.3315 - 568.118 

0.0.  565.275 

1.0515. 566.256 
0.0 - 564.425 

1.0515 - 565.275 
2.3315. 566.256 
1.0515 - 564.425 

67.0783 . 630.283 
67.0783 . 623.699 

0.0. 556.422 
1.0515 - 556.422 
2.3315 - 556.422 

0.0 - 553.220 
1.051 5 - 553.220 
1.0515 - 551.568 
2 ,31115 . 551.568 

17.4755 - 566.256 

1.0515. 548.274 
20.4301 . 565.275 

561.303 - 21.2786 
20.0403 - 561.303 

21.2786 . 565.275 

20.4301 - 561.303 
21.2786 - 561.303 
568.118 - 17.4755 
538.290. 17.4755 
556.422. 17.47.55 

20.4301 - 553.220 
21.2786 - 553.220 
67.0783 - 598.638 
17.4755 - 548.274 
21.2786 - 551.568 

20.4301 - 28.9273 
21.2786. 548.274 
17.4755 - 538.290 
2 1.2786 - 538.290 

2.3315 - 514.133 

3$3d2 - 3bi('P)(3d'(a'F)) 

3n"3d2 . 3o'l'P"i/3d'la2Fli 

3' 5 'p" 
p-( )(3d'(a'D)) - 3'p"3d2 

3p'('P')(3d'(a2G)) - 3p"3d2 

3 "3d' - 3p"3dL 
3 ;":3d' - 3 ps(' P)( 3d"( a2 F)) 
3p"3d2 - 3pi("F")(3d'(a'D)) 
3p"3d2 - 3p:('Pi(3d'(a2D)) 
3p"3d' - 3p'('P")(3d"(a2H)) 

g ' F -  'D' 2 - 1 
g;F- 'D' 2 - 2 

P - 1 s '  0 - 1  

'P 'S' 1 - 1 
g ' F -  'D' 2 - 3 

- 'U'  2 .  1 
I D - ' D '  2 - 2  
I D - 9 '  2 - 3  
'P - 'D' 0 - 1 

4-31 
3 - 4  
2 - 3 '  
4 - 4  
2 - 2  

3 - 3  
2 - 2  
3 - 2  ::;I 
0 -  1 
0 -  1 
2 - 3  
3 - 3  
4 - 3  

2 - 2  
3 - 2  
3 - 3  
4 - 3  
2 - 3  

3 - 2  
1 - 2  
2 - 2  
2 - 1  
0 -  I 

1 - 1  
2 - 1  
4 - 4  
2 - 2  
2 - 3  

F 

F 
F 

F 

F 

References 

1103 
i103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
209 

1103 
I I O 3  
1103 
1103 
1 I03 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 

~ 

~ 

1103 
1103 
1103 
1103 

I IO3 
1103 
1103 
1 103 
1 103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1 I03 
1103 
1103 
1103 
03 

I I03 
1103 
1 IO3 
03 
03 

03 
1103 
1103 
1103 
I 103 

1103 
03 
1103 
1103 
1103 
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25 I 60 

I )(3D 
25 

1 
90 

4 
150 
)(3D 

25 
150 

150 
4 
1 
4 

20 

90 
120 

4 
400 

60 

200 
300 

10 
60 

400 

250 
90 

300 
1.50 
25 

90 
200 

10 
50 
fa 
60 
25 
40 
25 

120 

120 
90 
90 

300 
120 

120 
12.5 
120 
400 
120 

4 
9G 

120 
350 
120 

60 
40 
25 
2 .i 

120 

~ 300 

A (in A) 

196 046 
196 42 3 
196 453 
196 944 
201 855 

202 378 
206 096 
207 712 
207 831 
208 167 

208 724 
211 930 
212 509 
217 893 
216 591 

225.411 
225.505 
227.918 
228.584 
228.866 

2 2 9.8 2 8 
231 044 
231.633 
231.728 
232.047 

232.256 
232.442 
232.613 
232.946 
233.015 

233.308 
233.762 
234.337 
234.757 
235.081 

235.221 
235.662 
236.180 
236 388 
236.778 

236.872 
238.048 
238.393 
238.929 
239.734 

239.860 
240.033 
240.083 
240.223 
240.572 

241.467 
241 853 
242.284 
243.379 
21h3.705 

244..030 
244.098 
244541 
245.153 
245.488 

246.000 
246.859 
24.6.943 
247.098 
247.458 

.. . 

0.0 - 510.086 
1.0515. 510.158 
2.3313 - 510.158 
2.3315 - 510.086 
1.0515. 2.3315 

21.2786. 510.086 
28.9273 . 5 14. I33 

0.0 . 48 1.435 
28.9273 . 510.086 

1.0515. 481.435 

2.3315 - 481.4.35 
1.0515 - 2.3315 
2.3315 - 472.559 

28.9273 - 4'96.454 
2.331 5 - 464.0.34 

28.9273 - 472.559 
0.0. 443.4470 

1.0515 - 439.8116 
2.3315 - 43'9.8136 

0.0 - 436.9522 

28.9273 - 464.034 
1.0515 - 433.8712 

0.0 - 431.6095 
2.3315 - 433.8712 

0.0 . 430.9486 

1.0515 - 431.60'95 
0.0 - 430.2 134 

1.0515 . 4:30.9486 
2.3315 - 431.6095 
1.0515 - 430.2134 

2.3315 - 430.9486 
0.0 - 827.7847 

1.0515. 427.7847 
17.4735 - 443.4470 

0.0. 425.3861 

0.0 - 425.1286 
1.0515 - 425.3861 

20.0403 . 443.4470 
20.4301 - 443.4470 
17.4755 - 439.8116 

21.2786 - 443.4470 
17.4755 - 4'7.5580 
17.4755 . 436.9522 
21.2786 - 439.8116 
20.4301 - L77.5580 

20.0403 . 436.9522 
20.4301 - 4.37.0013 

21.2786 - 437.5.580 
21.2786 - 436.9522 

17.4755 . 431.6095 
17.4755 - 4,30.'9486 
17.4755 . 430.2134 
28.9273 . 4393116 
21.2786. 431.6095 

20.4301 - 430.2134 
21.2786. 430.9486 

20.4301 . 436.9582 

21.2786 . 430.2134 
17.4755 - 425.3861 
20.4301 - 427.7847 

# 

21.2786 - 421.7M.7 
20.044l3 - 425.1286 
20.4301 - 425.3861 
20.4301 . 425.1286 
21.2786 - 425.3861 

3 & 1 2  . 3p"3d4iI 
3pb3d2. 3p63d4p 
3p'3d7 - 3p'3d4p 

3p63d2 - 3ph3d4p 
3p:3dZ - 3p6:ld4p 
3u 3d7 - 3nb3d4~ 

3p'3dZ - 3p63d4p 
3p63dZ - 3p63d4p 
3p63d2 - 3p"dil.p 
3p63d2 - 3p63d4p 
3p'3dL . 3p63d4p 

3p"3d2 - 323d4; 
3pC3d2 - 3y3d4p 

3p63d*. 3p63ii4p 

3p 35' - 3pC'3d4p 
3p"3dZ - 3p63d4p 
3pb3dZ . 3p6Jd4p 

3p:3dZ. 3p:3d4p 
3~ 3dZ - 3u 3d4n 

3 p y  - 3p63d4p 

Term ____ 

- - 
1 - J  

2 . :  
3 - 1  
4 . '  
4 . :  
3 . '  

2 . :  
4 . :  
2 . :  
4 . :  
3 . :  

4 . :  
3 .4  
4 . :  
4 . '  
4 . :  

4.: 
2 - 1  
3 . :  
4 - 2  
2 - 1  

4 . 5  
3 - 1  
2. :  
4 . 4  
2 - 2  

3 - 2  
2 - 2  
3 - 9  
4 - 3  
3 - 2  

4 - 7  
2 - 2  
3 - 2  
2 - 1  
2 - 2  

2 - 1  
3 - 2  
0 -  1 
1 - 1  
2 - 3  

2 - 1  
2 - 2  
2 - 1  
2 - 3  
1 - 2  

0 - 1  
1 - 0  
1 - 1  
2 - 2  
2 - 1  

2 - 3  
2 - 3  
2 - 2  
4 - 3  
2 - 3  

1 - 2  
2 - 3  
2 - 2  
2 - 2  
1 - 2  

2 - 2  
0 - 1  
1 - 2  
1 - 1  
2 - 2  

_ _  - 
Reference4 
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1103 
1103 
1103 
1103 

03 
1103 
1103 
1103 
1103 

1 I03 
1103 
03 
1103 
1103 

1103 
1103 
1103 
1103 
93 

1103 
1103 
1103 
1103 
1103 

i i m  
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
209 
1103 

1103 
1103 
1103 
1103 
i im 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 

1103 
1103 
1103 
1103 
1103 



2-94 

11. Ti:). 

.373.1 lo:! 

.'!75. I I O 3  
3i5.1 1 0 3  
I Ill'< 
I 1o:i 

I103 
I111;i 
1 1o:i 
IIO:! 
I IO.'?. 

I I K 3  
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I Ill:< 
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I I03 
I IOi  
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3s23p'3d. 3a23ps3d 'P". ID" 1 1 . 2  
'P"-3D" 1 .  1 
?p" IF" 1 2 - 3  

34'3pt3d . 3s23ps3d 
3s23p 3d . 3s23p53d 
3s23p53d . 3s23pi3d 1 'P - 'D" 0 - 2 

F 
F,P 
F 

F,P 

-~ 
~~ 

A,. (In A) 
~ 

L~ 

112 017 
112 096 
112 375 
113 793 
114024 

114 111 
115 353 
115 996 
1 I6 408 
I 16 803 

171 075 
217 108 
218 935 
241 739 
244912 

585 2 
663 4 
775 6 
782 5 
806 9 

820 1 
842 1 

1739 
1759 
1821 

1841 55 
1912 
1917 21 
1962 
~- - 

~ 
~ __ ~ 

Levels (in 10' cm-') _ _  
~ 

408.30; - 1300.92 
413.662. 1305.76 
433.807. 1323.65 
425.800. 1304.59 
429.311 . 1306.32 

433.807. 1310.15 
456.744 - 1323.65 
462.609 - 1324.71 

465.8217. 1324.80 
455.612 - 1311.75 

o.ono - 584.547 
0.000 - 460.609 

O.O+G. 456.744 
0.0 + G  - 413.662 

0.000 - 408.307 

413.662 - 584.547 
433.807 - 584.547 
455.612 . 584.547 
456.744 - 584.547 
460.609. 584.547 

%2.609. 584.547 
465.8217 - 584.547 
408.307 - 465.8217 
405,765 - 462.609 
405.765 . 460.609 

408.307 - 462.609 
408.307 . 460.609 
413.662 - 465.8217 
405.765 - 456.744 

References 
~ ~- 

~ 

729 
241.806 
729 
241,856 
241,806 

241,806 
241.806 
241,806 
729 
241,806 

856 
856 
923 
856 
856 

- - 
4.0 1 
40 
50 
20 
40 

20 
30 
30 I 
60 

90 1 
40 

5 
60 

50 I 

40 ' 

I 
~i ~- 

2 - 3 1  Q 
2 - 3 1  Q 
4 - 5  

2 - 3  
2 - 3  
2 - 3  

3 - 4  

3P". I p "  1 2 .  1 i F,P 375,616 
"F' lp" 2 - 1 V.P I 375.616 

3s23p53d . 3sz3p53d 
3s23o53d. 3s23~'3d 
3s23b53d . 3s2323d 
3s23p53d - 3s23p53d 
3s23p"3d - 3s23pS3d 

3s23pi3d. 3s23p53d 
3s23pS3d. 3s'3pS3d 
3s23o53d . 3s23~'3d 

ZD" 'p" 2 - 1 1 F,P I 375,616 
3 - 1 F,P 375,616 

3 p .  IF" 
3 p  3D" 3s23b53d - 3s23pS3d 

3s23ps3d - 3s23ps3d 

9.u) 
375,616 
940 
375,616 

IRON x (Fe+ 9) ,  z = 26 

Ground State ls22s22p63s23p5 (17 electrons) 

Ionization Potential 2 114 000 ern.': 262.1 eV 

References _ _ _  _ _  

27 1 
241 
241 
241,93 
27 1 

856 
856 
271 
241 
241 

241 
241,93 
241 
241,93 
182 

182 
182 
182 
182 
182 

182 
182 
241.93 
241 
241 

0. . 1592.4 
0. . 1321.27 
0. - 1315.69 

35.6832. 1322.96 
0. - 1306.68 

15.6832 - 1317.39 
15.6832 - 1315.69 
15.6832 - 1306.68 

0. - 1288 21  
0. . 1286.54 

0. - 1285.18 

62.8 
75.685 
76.006 
76.495 
76.53 

76.822 
76.923 
77.45 
77.627 
77.728 

77.812 
77.865 
78.151 
78.769 
94.012 

95.338 
95.374 

35'3~' ~ 3s23p'('D).5s 
3S23D5 . 3s23p4('D)4d 
3s23p". 3s23?('D)4d 
3s23p5 - 3s23p'('D)4d 
3s23p5 - 3s23p*('D)4d 

3s23p5 . 3s23p'('D)4d 
3s'3p5 . 3s23p'i1D)4d 
3s2305 - 3s2304('D14d 

1 10 
20 

I 
i 
~ 20 0. - 1284.27 

15.6832 . 1295.26 
15.6832. 1285.18 1 20 I 400 

100 
1 300 

400 

,300 
! 

I O  , 
10 
15 I 

0. - 1063.69 

0 . .  1048.90 
15.6832 - 1064.19 

03 

(12 
03 
02 
02 
0 1 

02 
01 

96.122 0. . 1040.35 
96.788 ~ 15.6832 - 1048.90 
97.122 , 0. . 1029.63 

97.591 ' 15.6832 - 1040.35 
97.838 ~ 0. - 1022.10 

1 0 1 . ~ ~ 6  ~ 428.297+~ - 1410.17+~ I 
100.026 , 388.70SOiB - 1388.44+8 1 
101.739 I 426.765tB - 1409.73-1 B 

3s23p5 - 3sZ3p3(.'P)*s 
323p5 . 3523p"'P!*s 

3s23pY%')3d - 3s'3p4( 'P)4f 
3s23p*('P)3d - 3s23p4(('P)4f 
3s*3p4("P)3d - 3s23p'('P)4f 
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.......... ~~ 

Multipli 
....~ ~~~~ 

-. .. .. ..- . . . . . . . . . 

- 
~ 

Rei. In 
~ 

~ 

90 
50 

30 
80 

30 
60 

50 

30 
30 

7 

10 

45 
1 

25 

10 
60 

220 
1 

4.0 
1 
4 

10 
10 

1 
1 
5 
4 

2 
1 
2 
0 
5 

~ 

~ 

-. . . . . . . . . ... 

(in A) -. . . . . . . . . . . . . .. . . ~.~.~..~.- 

102.095 
102.192 
102.348 
102.829 
103.164 

103.319 
103.724 
104.221 
104.248 
104.638 

108.697 
109.160 
137.027 
139.868 
140.296 

140.678 
144.328 
170.58 
174.534 
175.266 

175.474 
177.243 
180.45 
182.310 
188.542 

190.044 
195.399 
201.556 
209.776 
220.882 

226.320 
229.99 
230.089 
234.356 
238.72 

240.243 
256.38 
257.262 
317.043 
318.5'YY 

319.036 
321.766 
324.7 1 
345.723 
354.824 

358.414 
358.867 
360.833 
361.409 
362.547 

364.589 
365.144 
365.543 
366.667 

1028.04 

1463.50 
1582.60 
1603.21 
161 1.70 
1918.25 

I ~ v d s  (in lo3 crn ') 
~ . . ~  ..... ~~ 

417.650O + B - 1397.13-+ I 
450.7527tB - 1429.YOi-F 
422.7931fB - 1399.85+F 

440.8393+8 - 1410.17+€ 
511.77. 1484.26 

521.30. 1489.18 
452.73. 1416.83 

450.7527+R. 1410.17+F 

485.98OO+B. 1441.65+E 
476.70 - 1435.95 

564.208 - 1484.26 
572.964 - 1489.18 

388.7080+8 - 1118.49+E 
450.7527+R. 1165.71+F 

443.90 - 1156.68 

451.0827+R - 1161.92+F 
485.9800+B - 1178.84+P 

0. - 586.254 
0. - 572.964. 

15.6832 - 586.254 

0. - 569.882 
0. - 564.208 

15.6832 - 56'1.882 
15.6832 - 564.208 

0. . 541.880 

15.6832 - 541.880 
0. - 511.77 

15.6832 - 511.77 
0. . 476.70 
0. - 452.73 

0 . .  441.87 
0. - 434.80 
0. - 434.61 

ll65.71+R - 1592.4 
15.6832 .434.61 

15.6832. 431.93 
0. . 390.019+R 

390.019+U - 705.5291-B 
391.554+R - 705.429+B 

390.019+B - 702.584+R 
388.7080+R - 699.491 + B  

0. - 388.7080+B 

388.7080+B - 696.660+R 
0. - 289.2488 

417.6500+U - 699.491+11 

417.6500+8 . 696.660+R 
426.765+B . 705.429+B 
428.297 t - B  . 705.429 + B  

422.79311-B . 699.491+B 
426.765+B - 702.584-tB 

428.297+B. 702.584+B 
422.7931+8 - 696.660+B 

426.765 + B . 699,491 +R 
88.7080+B - 485.9800+B 

17.6500+8 - 485.9800+R 
22.7931+8 - 485.9800+B 
88.7080+B. 451.0827+B 
88.7080+8 - 450.7527fR 
88.7080+8.440.8393+B 

15.6832 - 289.2488 

Configurations . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . - .. .. . . .... . . . . . 

3~'3p~(~P)3d . 3~'3p''(~Pj4f 
323p"('L))3d ~ 3s?3p:(,;D)4f 
Rs23p"("P)3d. 3s23p ( P)4f 
3523p+('S)3d . 323pb('S)4f 
3s23p4('P)3d - 3~'3p*(~P)4f 

3S*3;"'("P)3d - 3523p'pP)4p 
9523p+('D)3d . 323p'('L))4p 
3sZ3p4('P)3d . 35*3~~(~P)4p 

3s23u5 . 3a23u4('L))3d 
3523;;. 3823E4i3Pj3d 
3sZ3p" 3s23 '(3P)3d 

3s23u"t3P13d . 3s3&PP")3d 
3s232i?P)3d . 3s32?P")3d 

3s23p4('P)3d - 353pS("P)3d 
3s23p'('P)3d - 3s3 '('P")3d 

3s23p4('P)3d - 3a3p5('P)3d 
3sZ3p"(3P)3d - 3siF5(3P)3d 

3sZ3p4(3P)3d - 383PS("P")Sd 

3~'3p"(~P)3d - 3~3y'(~P)3d 
3s23ps("P)3d - 3s3pS('P")3d 

3~*3p*(~P)3d - 3s3p ( P73d 
3~'3p'(~P)3d . 3s23p4('D)3d 

3s23p5 - 3s3p; 

3s23p4("P)3d - 3s23p4('D)3d 
3sz3u4i3P)3d . 3s23n4('D13d 

~ 

~ 

dotr - - 

Q 

Q 

Q 
Q 

Q 
Q 

Q 

Q 

Q 
Q 

Q 

',P 

E' 
F 
F 
F 
F 

. .. 

Referrnces ~- __ __ 

241 
241 
241 
241 
241 

241 
241 
900 
241 
241 

900 
900 
24 1 
241 
241 

241 
241 
944 

944.856 

944,856 
744,856 
260 
944,856 
944,856 

94$,856 
9.1.2 
944,856 
944,856 
944,923 

923 
944 
944 
344 
?44 

744 
144 
323 
746 
746 

746 
746 
w7 
726 
74.6 

746 
7 4 6  
746 
746 
7 4 6  

7 1.6 
7 4 6  
726 
746 
7 4 6  

)40 
)40 
l42,940 
l42,940 
E42,940 

944,856 





A ~ ~ ,  ( i r i  A) 

12.37.2 

1467.08 

63.56 
65.6C8 
b5.8U5 
65 905 
66.047 

56.225 
66.207 
66.47 
66.526 
66.960 

67.164 
67.291 
67.702 
67.78 
67.821 

67.972 
68.782 
69 60 
70.01 
77.58 

70.4!i8 
80.022 
80.160 
a0 23 
80.51 0 

81.651 
81 .943 
82.226 
E2.7.I-1 
82.837 

84.456 
84.490 
3 G l 7  
84.533 
8.1.768 

81.85 
84.86 
85.14 
85.4,77 
85.669 

108.4-.tO 

108.862 
1i)V.tJl .5 
109..Z09 

1 08 ,605 

0 -  1 1s lp 726 80.8305 - 361 .85i  
12.6678 - 29.3. llill 
14.3073 . 293.158 
12.6678 - E83.5.X 

0. - 80.:3:30.5 

726 
726 
726 

60 1 40 
46.0891 . 16lQ9.3 
41 .5551 . i 505.75 
46.083 I - 1 Sh5.75 

0. 1 5 1 7 . ~ 4  
0. . 1 514.07 

41..5551 - l'j.jL.4!i 
0. - 1 TiOR.36 

4.6.08?1 - 1:iil .'1.3 
46.0891 - 1549.28 
21 ,5551 - 1.53.L.tN 

80..51:?7 - 1569.41 
46.0891 - 1.532.I'J 

241 
2.11.2 7 1 
24 I 
241 
241 

241 
261 
741 
1: 1 
241 

241 
221 
27 I 
27 1 
27 1 

24 1 ,93 
241.93 
211 
271 
241.92 

241.812 
241.81 2 
21.1 
241 
21.1 ,271 

E l l  -9.3 
241,93 
241.91 
241,93 
241 

211 
241 
21 I 
211,33 
241 

24 1 
241 
241 
241 
71.1 

I 40 
Q 

0 

Q 
0 
Q 

Q 

P 
P 
P 
P 

46.08?1 - 1523.17 
41.5551 . IR17..34 
41..5x551 - 1516.03 

20 

100 
60 
60 

30 
15 

120 
35 

80 
93 

I60 

4 
7 

10 
5 

50 



20 
25 
60 

90 

6 

200 

30 
20 
20 

8 

8 
20 

40 
30 

I 50 

14 
8 

~~~ ~~ 

~~~~~ 

A,., (in A) 
~~ 

~~ ~~~~~~~ 

109.712 
1 10.591 
110.732 
178.725 
179.265 

186.856 
186.880 
188. I 70 
188.45 
189.56 1 

190.06 
190.459 
191.045 
192.394 
I Y 3.509 

194.61 
194.920 
195.119 
195.19 
196.640 

196.923 
198.58 
199.26 

201.12 1 

201.413 
201,540 

203.272 
204.743 

206.368 
208.318 
208.410 
209.14 
210.032 

211.738 
2 14.415 
217.271 
218.562 
2 19.438 

230.79 
283.64 
287.23 

200.356 

202.000 

291.010 
335.06 

338.263 
346.852 

36&468 
382.83 

1242.03 
1349.38 

352.107 

~~~ 

Levels ( in 10' cm ') 
~ _______~  

453 4+B 136488fB 
4 9 8 2 t R  340243+B 
4949+B 139798+8 

460891 60554 
460891 60395 

41 5551 57673 
460891 581 19 

460891 57673 
741081 60554 

0. - 526.14 
80.5147 - 605.54 
80.5147 - 603.95 

0. - 519.766 
0. - 516.772 

0 . .  513.84 
41.5551 - 554.60 

41.5551 . 553.90 
0. - 512.508 

46.0891 - 554.60 

46.0891 . 553.90 
74.1081 - 577.72 

0. - sni.80 
80.5147 - 579.62 
80.,5147 - 577.72 

41.55.51 . 538.04 
80.5147 - 576.73 
74.1081 - 568.93 
46.0891 . 538.04 
80.5147 . s6n.9:j 

41.5551 . 526.14 
46.0891 . 526.14 

41.5551 - 519.766 
74.1081 - 553.90 

80.5147 . 554.60 

41.5551 . 513.84 
46.0891 - 512.508 
41.5551 - 501.80 
80.5147 - ,538.04 
46.089 1 . 501.80 

80.5147 - 513.84 

41.5551 . 389.72 
41.5551 - 394.12 

46.0891 . 389.72 
41.5551 . 340.01 

46.0891 - 341.73 
0. . 288.307 
0. . 284.005 
0. . 274.372 

80.5147 - 341.73 

0. . 80.5147 
0. . 74.1081 

Configurationi 

3s23p2('P)3d - 3s23p'('P)4p 
3s'3p2('D)3d . 3sZ3p2('D)4p 
.3s'3021'U13d . 3s2302i'D140 

3s23p" - 3s23p2(lS)3d 
3s23p3 - 3s23p2("P)3d 
33'3~" - 3s:3p2("P)3d 
3s23p3 - 3s-3p2("P)3d 
3s23p" . 3s23p2('P)3d 

3s23p' . 3i23?("P)3d 
3s23p.' . 3s23p'('D)3d 
3s23p" . 3s23p'('D)3d 

3s'3p3 - 3s23p2('S)3d 
3s'3p3 . 3s23p2('P)3d 
35'30' . 3s23021'D13d 

3 ~ ~ 3 ; '  - 3s23>('S)3d 
3s'3p3 . 3s23pZ('D)3d 
3sz3p" . 3s23p2((.'k')3d 
3s23p.' - 3s23p'('D)3d 

3s'3p' - 3s3p" 
3523p' - 3s3p' 

35'3p.' . 3s3p4 

3s23p' . 3s3p' 
3s23p.3 - 3s3p3 
3S'3p' - 3s3pJ 

3s'3p' . 3s'3p' 
3s23p' - 3s'3p' 

3s23p" - 3s3p4 

~~ 

Vote. 
~ 

Q 

1 5 - 3  'D" LD 

P 

0 

Q 

F 
F 

~~~ 
~ 

Reference? 
~ 

~ 

241 
241 
241 
856 
9 43 

913 
943,923 
943 
943 
913 

943 
943 
943,856 
943.923 
943.923 

943 
91 3 
943,923 
943 
943,923 

913 
463 
814 
943 
943 

943 
92 3 
943 
943 
943 

943,856 
943.856 
943.856 
1076 
943 

943,856 
93 
943,856 
943 
943,923 

943 
9 $3 
437 
943.923 
943 

943,923 
943,856 
943,8;6 
943 856 
943,t 37 

940 
940 



D-10 1 

... ..... 

.e..- 

. . . ~  . . . . . . . ... 

Multiplet IReI. Int 
-. .... . . . . . . . ../I: 

60 
60 

100 

92 

25 

33 
20 
80 

20 

50 

30 
60 
70 
80 
40 

8 
70 
40 
50 
20 

40 
50 
40 

40 

10 
30 
50 
50 
50 

2 
8 
3 
7 

120 
20 
10 
4 

50 

. . . . . . . . . . . . . . . . . . 
A,,, (in A) 

61.659 
61.876 
62.099 
62.354 
62.387 

62.466 
62.694 
62.72 
62.963 
63.188 

64.139 
74.327 
74.629 
74.84.5 
75.241 

75.892 
76.117 
78.462 
78.56 
78.770 

8 l . l s4  
82.010 
84.275 
85.461 
98.128 

98.387 
98.523 
98.826 

107.384 
196.525 

197.434 
200.02 1 
201.1 21 
202.044 
202.424 

203.793 
203.826 
204.263 
204.942 
208.679 

209.617 
209.9 16 
213.770 
216.88 
221.822 

228.18 
233.234 
240.71 3 
246.208 
251.953 

256.42 
311.552 
312.164 
318.21 
320.800 

321.47 
348.184 
359.638 
359.837 
368.12 

.. .. . . . . . . . . . .- 

.... .... 

XKOK XI11 (Fe+"), Z = 26 

Ground State ls*2s22p"3a23p2 (3P0) (14 electrons) 

Ionization Potential [2 912 0001 cm-'; [361.0] eV 

. ... . . . . . . . . . . . . . ........ ~ .... ...... ~ 

~ ..... 

I x v e l s  (in 10" mi') 
~ ...... ~. - 

9.3c)2.S - 1619.6 
0.. 1603.75 

48.0691 - 1650.62 

18.5610 - 1619.43 
9.3025 - 1604.22 
9.3025 - 1603.75 

18.5610 - 1506.79 
48.0691 - 1030.65 

91.5102 - 1650.G2 
9.3025 - 13.-54.@ 
362.33 - 1702.30-th 

18.5610 . 1354.68 

9.3025 - 1327.2 
48.0691. 1361.83 

446.9+K - 1721.40+h 
429.4+K - 1702.30-1-h 
436.4-t K .  1705.92+1( 

503.34 - iixm 
509.250 - 1728.61 

556.91 - 1743.46 
570.715 - 1740.M 

446.9fK - 1466.00+K 

498.87. 1515.26 
436 .4 tK.  1451.39+X 
429.4tK - 11141.28.tK 

5.56.91 - 1488.1 1 
48.0691 - 556.91 

0. - 506.502 
9.3025 - 509.250 
9.3025 - 506.502 

0. - 494.942 
9.3025 - 503.34 

18.5610. 509.250 
18.5610. 509.176 
9.3025 - 498.87 

18.5610. 506.502 
91.5102 - 570.715 

9.3025 - 486.358 
18.5610 - 494.942 
18.5610 - 486.358 
48.0691 - 309.176 
48.0691 - 498.87 

48.0691 - 486.358 
9.3025 - 438.05 

0. - 41 5.462 
9.3025 - 415.462 

18.5610 - 415.462 

48.0691 - 438.05 
9.3025 - 330.279 
9.3025 . 329.647 

48.0691 . 362.33 
18.5610 - 330.279 

18.5610 - 329.647 
0. - 287.205 

9.3025. 287.360 
9.3025. 287.205 

18.5610 - 290.21 

..... ... 

Configurations 

3s23p3d - 3s23b4f 
3s23p3d - 3s23p4€ 

3s23p3d. 3s23plf 
3s23p3d - 3323p4i 
3523p.311 - 3sZ3p4f 
3s23p3d . 3s23p4f 
3s23p3d .3i9p4p 

3s23p2 - 35'3p3d 
3s?3p2 - 3s23p3d 
3s23p2 . 3s23p3d 
3s23pz - 3sZ3p3d 
3s23pZ - 3s23p3d 

3s23p2 - 3s3p3 
3s23p2 - 3s3p3 
3a23p2 . 353p3 
3s23p2 - 3s3p3 
3s"pZ - 333p3 

3s73p2 - 3 G p 3  
3sz3p2 - 353p3 
3s23p* - 3s3p3 
313p2. 3s3p3 
3eZ3p* - 3s3p3 

~ ~.. ......... ~ 

Terms 

I 
1 - c  
0 -  I 
2 - 1  

2 - 3  
1 . 2  
1 - 1  
2 - 3  
2 - 3  

0 - 1  
1 - 2  
2 . 3  
2 - 2  

1 - 0  
2 - 1  
4 - 5  
2 - 3  
3 . 4  

0 -  1 
2 - 3  
3 - 4  
1 - 2  
4 - 3  

2 - 1  
3 - 2  
2 - 1  
3 - 2  
2 - 3  

0 - 1  
1 - 2  
1 - 1  
0 - 1  
1 . 0  

2 - 2  
2 - 3  
1 - 2  
2 - 1  
0 - 1  

1 - 2  
2 - 1  
2 - 2  
2 - 3  
2 - 2  

2 - 2  
1 - 1  
0 - 1  
1 - 1  
2 - 1  

2 - 1  
1 - 2  
1 - 1  
2 - 2  
2 - 2  

2 - 1  
0 - 1  
1 - 2  
1 - 1  
2 - 3  

-~ 

Note' - - 

Q 
Q 
Q 

Q 

Q 

Q 

Q 
Q 

Q 

RrferenLes 

241 
241 
241,271,970 
241,271,970 
241 

241.970 
241,271 
970 
970 
970 

970 
241,812 
970 
241,856 
970 

241,812 
241.93 
241,271 
241 
241,93 

970 
970 
241 
970 
241 

241 
241 
241 
241 
9 4 3,8 5 6 

943,856 
943,856 
943,856 
943,856 
943,856 

943,923 
943,856 
943,856 
943,856 
943,856 

143,856 
P43,85G 
993,856 
304 
943,856 

520 
?43,856 
343,856 
743,856 
343,856 

?43 
?23 
?23 
?43,923 
?23 

637 
923 
223,856 
?23 
243,856 



lRO\ XIV (Fe + "'), Z - 26 

Ground Stale ls228'2pb3s23p ('Py 2 )  (13 elcclroos) 

Ionization Potential [3 143 @DO] em.'; [392.2] PV 

I O  
NI 

20  

80 

.366.26+K - 824.53 ;- k 
I8.8500 - 475.21; 
18.8500 - 473.227 
209.248 - 7 ~ 5 . 0 + - 5  

0.00 - 396.5 IS 

0.00 - :<88.51(1 
18.8.506 - 3Oh.Sl.5 
18.8.500 . :388.510 

0.00 - 364.699 
356.71 < E; 712.96+K 

.366.2O+K - 712.06+h 
18.8506, - 304.093 

0.00 - 299.248 
18.8506 . :301.472 
18.8iO6 - 209.248 

t - i  
. i-? 
! - i  
! - ?  
J - 3  

180 
180 
2.4 1 

~ 241 
I' 241 

P 241 
211 
241 
241.93 

Q 271 

P 

P 

21 1 
- .  '41 
241 
241,YJ 
21.1 

241 ,cJ3 
241 
8.56 
2 3 0  
1c175 

239 
856 
856 
1075 
856 

856 
856 
8.56 
923.851. 
239 

239 
923,856 
8.56 
856 
856 
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...... 

I-- Configu rot ions 
. .. ........... ~ -- ~ ... _____ 

h . (in A 
... .. 

15.498 

17.34.5 
17 .3X 
17..57 

17.593 
17.620 
17.880 
17.917 
38.95 

11.551, 
41.663 
41 903 
42.93 
4,339 

43.65 
59:49 
50.062 
50.085 
50.120 

52.911 
SS.63.5 
55.793 
55.81 5 
56.200 

56 236 
59.104 
63.96 
65 3 7') 
65 612 

66.238 
68.860 
68.884 
M1.897 
69.019 

69.534 
69.66 
64.9.5 
69 997 

17.300 

70 05-1 

70.224 
70.519 
70.53 
'10.50 
70.601 

71.062 

73.199 
73.471 

224.715 

22 7.208 
227.70 
233.tX5 
234.73 
243.783 

71.267 

2a4.147 
'V2.36 
3011.45 
30.3.40 
305.00 

~ 

~ -~~ 

0 
5 
1 

19 ' 
19 ' 
11 1 
7 1  

3 
10 
2 0 

0. . 6,452.14. 

0.  . 57o5..35 
2.53.82 - 6034.2 

253.82 WAi.2 
762 1l):l - 6d52.i.4 

351.914 - 6035.0 

Xi8 

979 
979 
979 
97') 
266 

2.37 
2.37 
237 
266 
266 

266 
266 
180 
180 
180 

1 no 
180 
180 
1 no 
1 ao 

180 
241 .E56 
137 
237 
237 

237 
970 
970 
970 
970 

370 
137 
1 80 

130 

970 
970 
241 
2!.1 
970 

970 
970 
970 
970,856 
856 

988.856 
242 
8.56 
43 T 
856 

8.56 
2:.? 
242 
241 
2-L2 

ixn 

' P ' . ' D  1 1 . 2  
253.82 - 59'9.2 

351.914 - 5U.3.3.Z 
351.014.  m m . 2  

'p' - 'n 2 - 3 
1P'. ' y '  1 - 2  
l P - ' P  1 - 1  

0. - 2567.40 

213.95 . 2640 17 
2.39.67 - 2639.8% 
2.j3.82 264n.2r! 

loL.l0:4 3001.,50 
h81.41 - 2980. 10 

25.3.87 2!i?4.Ml 

678.86. 2676.38 
679.79 267(~.4i) 
681.41 - 2676.62 

0. ~ 1883.97 

- '0  

7 6 ~ i n 3  2782.70 
2 - 1  
2 - 3 1  
1 - 2 1  1 

10 
100 

300 
100 

IO 
zoo 

30n 

1 
12 

1 
3 

3 

200 
no0 
100 

30 
4.0 

20 

30 

50 

80 

0.7 
03 
P3 

02 
02 
02 
02 

02 

01 
01 
01 

2 - 3 1  
3 - 4  

0 - 1  
0 -  1 
1 - 2  
1 - 1  
2 - 3  

2 - 2  
1 - 2  
2 - 3  
0 -  1 
1 - 1  

2 - 1  
4 - 5  
3 - 3  

233.9' . 2031 ..34 
239.67 - 2032.CJ2 
1.3O.b.i . 20.31 .:M 
2i3.82 - 20:13.1s 

253.82 . 20;12.02 . ..... 
3.51.01.2 - mR.5.x 

5 5 9 . 6  I . 21 2.3. I 7 
233.95 1763.67 
239.67 . 170:L(17 

253.82 . 1763 67 
9m.66 . 2201.88 
938.19 - 2389.91 
328.115 . 2.380 00 
9.jR.l9 - 2386.44 

R Q 
3 - 4  

2 - 3  
1 - 0  
1 - 2  
2 - 3  
3 - 4  

0 - 1  
1 - 2  
2 - 2  
3 . 3  
2 - 3  

3 . 4  
3 - 4  
3 - 4  

1090.00 +'I - 2.528.15+'1 
,351 91-1; - 1787.4. 
678.8i; - 21G8.55 
079.79 - 2108.63 
681.41 . 21iJ8.88 

976.33 I - R .  2400.144-R 
982.4.3 f R - 2400.49 + H 
982.69+K . 2400.49-i-H 
982.69-{-R. Z3'V.lh + K 
982.69+R - 2599.l6+R 

382.69-j-R . 2389.91+R 
782.69iR - 2386 411 

762.103 - 2123.17 
23.3.95 - 678.86 

239.67 - 079.70 
239.67 - (i78.86 
2.5.3.82 . 681.41 
25.$.82 - 679.79 

351.914 762.1(!3 

0. - 351 914 

io79.86.i-s - ZUG.(JO+S 

239.67 - ,581.71 
233.9.5 - i 6 4 . j R  

351.911 - 679.73 

2 - 3  
0 . 1 1  Q 

1 - 2  
1 - 1  
2 - 3  
2 - 2  Q 
1 - 2  

0 - 1  

0 - 1  

1 - 2  
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~~ 

T e r m s  -~ 

'P ' 2 1  

~~~~ 

A,. (in A) 

307.78 
312.55 
317.61 
321.78 
324.97 

327.03 
372.78 
387.00 
400.65 
417.24 

481.46 

~ 

~~ ~ ~ 

As#, (in A) 

15.158 
15.313 
15.508 
15.536 
15.558 

15.567 
16.696 
16.839 
16.890 
16.952 

16.993 
17.025 
17.087 
17.124 
17.161 

17.206 
17.249 
17.285 
17.323 
17.337 

17.366 
17.399 
17.413 
17.449 
17.467 

~ ~ ~~ 

I 7.408 
17.59 
27.88 
28.67 
29.93 

30.10 
30.33 
31.041 
31.242 
32.166 

32.192 
32.433 
32.652 
32.84 
33.04 

I.evek (in 10' cm '1 
~ ~~ -~ -~ ~ ~~ ~ ~ 

239.67 - 564.58 
239.67. 559.61 
239.67 - 554.51 
253.82 - 364..58 

351.914 - 659.64 

253.82 - 559.61 
681.41 ~ 949.66 
679.79 - 938.19 
678.86. 928.45 

0 . .  239.67 

351.914 - 559.61 

dot: 1 References 
~ r-- 

Multiplet  Rel.  Int. 

i 
Configurations 

~ ~~ ~- ~ 
~ ~~ ~ 

353p. 3p* 
353p - 3p' 
3s3p. 3p' 
353p. 3p: 
3s3p. 3p* 

3s3p. 3p* 
3s3d - 3p3d 
3s3d - 3p3d 
3s3d - 3p.M 

3s' - 3s3p 

353p. 3p* 

242 
856 
43 7 
437 
437,983 

137 
242 
242 
242 
856 

437 

> 
120 
200 
120 Q 

14 

150 

IRON XVI (Fe+''), Z = 26 

Ground State ls22s22p63s (*S,,*) (11 electrons) 

Ionization Potential 3 946 300 em"; 489.27 eV 

Mulllple 

~ 

lotes - __ 

Q 
Q 
Q 
Q 
Q 

Q 

Q 

Levels (in 10" cm-') 
~~ ~~~ 

~~ ~~ 

0. . 6596.1 
0. . 6530.8 

277.163 - 6724.7 
0. - 6436.8 

298.145 . 6724.7 

References 
~~ 

~ ~~ 

643 
945 
643 
643 
643 

643 
979 
979 
979 
979 

979 
9 79 
979 
979 
979 

979 
979 
979 
979 
979 

979 
979 
979 
979 
979 

979 
736 
2 66 
266 
2 66 

266 
266 
237 
237 
237 

237 
237 
277 
266 
266 

Cnnfiguratinns 
~ 

Zp"3s - 2p53s('P )3d 
2p'3s - 2pS('P'~,,)3s3d('Dii2) 

2p"3p - 2p53s('P:)3p 
2ph3s 2pi3s('P )3d 
2ph3p - 2p'3s('Pdfip 

1 
I7 

88 
1 

1 

7 
13 
2 

17 
i i  

> 

I 

0 
15 
25 
16 

1 7 
1 0  
3 
2 
8 

16 
18 
14 
16 
13 

40 
40 

0. - 6422.9 
277.163 - 6266.6 
277.163 . 6216.0 
675.477 - 6596.1 
675.477 - 6574.5 

675.477 . 6560.2 
0. - 5873.7 

678.421 - 6530.8 
678.421 - 6518.2 
298.145 - 6125.3 

298.143 - 6110.1 
298.145 - 6095.6 
678.421 - 6463.8 

0 . .  5772.7 
678.421 . 6446.4 

~78.421 - 6436.8 
675.477 - 6422.9 
298.145 - 6041.0 
675.477 - 6406.5 
277.363 - 6002.2 

298.145 - 6013.1 
298.145 - 5982.2 

0. . 3587. 
0. . 3487.97 
0. - 3341. 

277.163. 3599. 
298.145 - 3595. 
277.163. 3498.71 
298.145 - 3490.96 

0. . 3108.87 

0. - 3106.36 
277.163 - 3360.44 
298.145 - 3360.74 
277.163 - 3323.5 
298.145 . 3323.5 

2p"3d - 2pi(*P" )3s3d('D3.,) 

2ph3d . 2p'('P" )353d("D3q) 
2p"3d . 2p'(2P1'2)3s3d('D5/2) 
2$3p - 2p5('P:::)3s3p('PI,~) 

2$3~'!~2p'3s' 

Zp"3p - Zp"9d 
2p"3p - 2p"9d 
2p"3p . 2ph8d 
2ph3p - 2p%d 
2p"3s - 2p%p 

2p(:3s - 2p"bp 
2p  3p - Zp"7d 
2ph3p - 2pf'7d 
Zp"3p - 2 ~ ~ 7 s  
Zp"3p - 2p67s 

3 
2 0 
10 

6 
10 
35 



D-105 

0 - 1  
0 - 1  
0 - 1  
0 - 1  
0 - 1  

0 - 1  
0 - 1  
0 - 1  
0 - 1  
0 - 1  

..-. 

- 

P 
P 
P 
P 

Q 

P 
Q 

-~ 

Multiplr _ _  

06 
06 

05 

05 

04 
04 

03 
03 
03 
02 
02 

01 
01 

- 
~ 

. . . . . . . . . . . . 
~ 

Multiplt 
. . .~ __ 

. % 

~~ 

<el. In! -~ 

20 
60 

1 
3 

60 
20 

6 
10 

10 

10 

23 

24 

20 
30 

20 
30 
30 

10 

10 
10 
50 

300 
40 

40 ' 
3 

60 ~ 

60 I 

Le (in A) 

34.21 
34.857 
35.106 
35.333 
35.368 

35.59 
35.71 
36.01 
36.749 
36.803 

37.096 
37.138 

40.153 
40.199 

40.245 
41.14 
41.91 
42.30 
46.661 

46.718 
48.95 
48.98 
50.350 

....... ~ ~- 

39.027 

50.555 

54.142 
54.728 
54.769 
62.879 
63.719 

66.263 
66.368 
76.502 
76.796 

lrw..O6 

144.25 
156.80 
156.88 
171.66 
251.058 

262.967 
265.007 
335.407 
360.798 

~ - 

Zel. In t  

40 

14 
31 
19 

18 

___ ........... ~ 

A,,, (in A) 
~ 

9.324 

9.703 
10.120 
10.134 

10.221 
10.252 
10.332 
10.337 
10.367 

9.468 

~ ..... 

678.421 - 3602. 
277.163 . 3146.03 
298.145 . 3146.66 
675.477 - 3505.70 
678.421 - 3505.83 

678.421 . 3487.97 
277.163 - 3076.3 
298.145 - 3076.3 

0. - 2721.16 
0. - 2717.17 

675.477 . 3371.19 
678.421 - 3371.07 
277.163 - 2788.02 

675.477 - 3163.10 

678.421 - 3163.19 

298.145 - 2788.62 

678.421 - 31 08.87 
277.1td - 2663.3 
298.145 - 2663.3 
675.477 . 2818.54 

678.421 - 2818.86 
678.421 . 2721.16 
675.477 . 2717.17 

0. - 1985.75 
0. - 1977.77 

277.163 - 2124.37 
298.145 - 2125.60 
298.145 - 2124.37 

298.145 - 1867.53 

675.477 . 2184.61 
678.421 - 2185.17 
678.421 - 1985.75 
675.477 - 1977.77 

277.163 - 1867.53 

2124.37 - m n . 5 4  

2125.60 - 2818.86 

2184.61 - 2822.04 
2788.62 . 3371.07 
277.163 - 675.477 

2185.17 .2822.93 

298.145 . 678.421 
298.145 - 675.477 

0. . 298.145 
0. - 277.163 

Configurations 

2p:3d. 2p"Yf 
2p 3 p .  2p:6d 
2p"3p . 2p 6d 
2p63d. 2p68f 
Zp'3d - 2p%f 

Zp"3d . 2pc8p 
2p03p - 2p"Bs 
2p63p. 2p66s 
2p% - 2pL5p 
2 ~ ~ 3 s .  2p65p 

2p633d - 2p67f 
2pf% - 2p"7f 

2p63p. 2ph5d 
2ph3d . 2p%f 

2p63d. 2p66f 
2p63d - 2p66p 

2p633p . 2p65s 
2p5d - 2p65f 

2p63d . Zp5f  
2p63d . 2p65p 
2pb3d . 2p65p 

2 2 3 s .  2p64p 

2ph3p - 2p64d 
2p63p.  2p64d 
2ph3p - 2p64d 
2p%p - 2p64s 

..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .__- 

2p"p - 2p"d 

2p%p - 2p% 

2 "3s - Pp%p 

2p%p - Zp% 

Zp"3d. 2p64f 
2p63d . 2p64f 
2p63d - 2p64p 
2p63d - 2p"4p 
2 p W  .2p65f 

2p64d - 2p65f 

2p"f - 2p"g 
2p64f. 2p%g 

2 '5d - 2 p 9 f  
2pSp - 2p63d 

2p13p - 2p63d 
Zp"3p - 2p63d 
2p:Bs - 2pb3p 
2p 3 s .  2p%p 

0.0 - 10725. 
0.0 - 10562. 
0.0 - 10306. 
0.0 - 9881.4 
0.0 - 9874.6 

0.0 .9783.8 
0.0 - 9751.3 
0.0 - 9678.7 
0.0 . 9674.0 
0.0 - 9648.8 

Terms 

IRON XVII (Fe+16), Z = 26 

Ground State ls22s22p6 ('So) (10 electrons) 

Ionization Potential [lo 180 0001 cm"; [1262] eV 

2s22p" 2s2p68p 

2s:2p6 - 2s2p66p 
2s 2p'. 2s2p65p 

2s22p6 - 2s2p"p 

2*22ph. 252p65p 

Terms 

~ - 

J - J  

5 - 8  
1 - 1  
1 - 5  
1 - 5  
5 - ?  
5 - 4  
1 - 1  
1 - 1  
1 - 1  
1 . 1  
1 - 8  
5 - 1  
1 - 3  
9 - 8  
9 - 3  

5-1 
5 - 8  
1 - 1  
a-1  
1-5 
t -a  
3 - 9  
1 - 1  
l . a  
1 - 1  
1-a 
1-5 
8 - 9  
1 - 1  
I - 1  

3 - 5  
5-1  
3 - 3  
9 - 1  
4 - 5  
5 - 4  
1 - 4  
5 - 3  
5-1 
1 - 3  
8 - 5  
1 - ?  
1 - 3  
1 - 1  

- - 

__ - 

Reference.. _- - 

266 
237 
237 
237 
237 

375 
266 
266 
237 
237 

237 
237 
178 
178 
237 

237 
266 
266 
2 6 6  
178 

178 
266 
266 
178,856 
178 

178 
178,856 
178 
178,Y J 
178,93 

178,93 
178,93 
241,93 
241 
1091 

1091 
1091 
1091 
2.56 
237,856 

237.856 
237 
137,856 
!37,856 

References 

1144 
1144 
1144 
1144 
643,1067 

1144 
443,1144 
1144 
1144 
'345,114 



kA, 1111 A) 

l l l . :3Ro 
Ill. L W I  

l(l..i!ll~ 

10.7.37 
1 0  7iO 
10.782 
1 0.83 I 
I 1.025 

I I .04 I 
11.1:$2 
I 1.2,;:i 
1 1  287 
1 I ..l.20 

I2.1'3 
12.'f14 
12.:322 
12..i26 
1'.078 

13.834 
13.892 
15.0 1 .'3 
I5.200 
15.449 

Ih77.5 
17.051 
17.1 O(I 

4') ,880 
,iO.262 
.31.3:3 
50.307 
iO.(,O 

15 
2 

58.62 
58.76 
58.91 

58 '18 
,5'>.2fl 
5').51) 
67 21 
0 1 ,91, 

'Ji.04 
1 I ~ O . R O  
19:.!120 
243 .:io 

I !  
1; 
28 
17 
.HI 

0.0 0028 .1- 
0.0 - 0582 2 
0.0 - 9518.4 
().(I '147X.7 
(1.0 - 0382.cr 

(1 0 - 0:31:3.0 
0.0 . 0285. I 
I 1  (I - 027.t.; 
11.0 - V215.T 
I I .0 - 'N70.:3 

(1.11 ',Oi7.2 
0.0 - X"rW'. '3  
0.0 . 8886.3 
0 . t l  - 8115'1.8 
0.0 . 875h.ii 

0.(1 - 82 1.8.8 
0.0 8153.9 
0.0 - X I  15.6 
0.0 - 798,*.0 
IO.0 - 7887.7 

11.11 - ;22x.b 
0.0 - 7198.4 
0.0 - hhhO.9 
0.0 - 0.5.53.1 
0 . I I  - 6472.9 

0 I 9 15.100 1 
0 1 1  1' 1144 
0 I 114% 

0 - 1 9.1 5.094 
0 - I 94.5.1094 
0 - 1 1144 

0 . 1 643 
0 -  1 94.5 
0 -  1 945 
0 . 1  i 04,.5 
0 -  I l 643 

0 -  1 653 
0 -  1 643  
II  . 1 ' 643 
0 - 1 M i  
0 . 1 643 

IO - 1 6.2.3 
0 -  1 643 
0 - 2 F 1112,$4; 
4 - 5  I OS5 
1 - 2  395 

2 - 3 I ' 393 
3 - 1 , 3Y5 
I - 2 ,  P 39s 
2 . 3  395 

3 - 4  1055 
3 - 4 10.5.5 

2 - 2  Q 271 
1 - 0 

3 . . $ i  105; 

i 390 
I .  2 i 0 390 

60 

.10 
1 0  ,390 
1 0  921,93 
1 01 Q 43: 

IRON XVIII (be"'), Z ~ 26 

Grwurad State ls22w22p5 ('P: J ( 9 electrons) 

Bomieatissn P0tenti.A [lo 956! 0001 cm'; [1358] eV 

I !I lll.2'E 102.s70 - '1813.3 
.'3 1 10.352 0.0 - 9660.0 
2 0 I 0.4:37 0.0 - YS81.3 
2 3 l l l .40 l l  102.S7~1 - 9662 c1 1 



D-107 

...... 
~ 

(El .  Tn!. I -~ 

32 
21 

2 
44 
47 

27 
3 

57 

43 

4.3 
28 
52 
27 
21 

17 
11 
10 
13 
20 

23 
48 

38 
47 

30 
51 
48 
48 

i n  

r r  
J., 

59 
20 
30 
5r) 
40 

90 

52 
70 

m 

70 

60 
34 
30 
28 
61 

56 
49 
37 
6 

25 

5n 
7R 
90 
16 
46 

53 
56 

41 
3 

18 
14 
3 

16 
100 

3 n 

b. (111 A) 

10.529 
10.543 
11.01 1 
11.253 
1 1.280 

11.309 
11.318 
11 .Ti26 
11.334 
1 1.420 

11.2-40 
11.558 
11.526 

11.640 
11.741 
11.7b2 
11.778 
11.865 

12.003 
12.847 
13.001 
13.015 
13.0.1.9 

13.1 67 
11.319 
13.355 
13.374 
13.397 

3.3.464 
13.91 
13.Q.54 
14.121 
14.1:iO 

14,.202 
14.235 
14.344 
14.361 
14.376 

14.419 
14.453 
14.9M7 
14.405 
14.536 

14.551 
14.581. 
14..610 
14.772 
14.868 

15.491 
15.611 
15.623 
15.764' 
15.826 

15.869 

16.024 
16.073 
16.087 

16.109 
16.166 

16.306 
33.923 

i 6 . m  

i 6 . m  

0.0.94'17.6 

0.0 . 9073.6 
102.373 - 8980.1 

0.0 - 8865.2 

0.0 . 8843.3 
0.0 . 88.3155 

in2.i:o. 9587.6 

102.57? - 8759.9 
102..57'> - 8759.5 

0.0 - 8501.1 
0.0 - 8517 2 

102.579 8593. I 
102.579 . 85:30.7 

n o - m m  

in2. .uq.  8.2-3.3.8 
0.0 . 7'7W.9 

i n 2 . m .  7704.4 
102.579 - i 7 Y G . 1  
102 57') - 7766.1 

0.0 - 7477.2 
102.579 - 7.567.0 

0.0 - i , - W . 2  
0.0 - 71842 
0.0 - 7166.4 

102.579. 7186.2 
0.0. .niw.n 
0 0 . 7042.0 
0.0 - 7015.1 

102..579 . 7il7.4.2 
1 0 2 . i ~ .  7007.0 

il I)  - 6957.5 

0.0 - 0935.3 
0.0 - 6919.0 

102..iTO. 7015.1 
0.0 - 690:!.7 
0.0. 6879.5 

0.0. 6872.5 
0 .0 .  68.58.2 

102.!579. 6947.2 
1 0 2 . 3 7 9 ~  6872.5 
102.:;7(> . 6ll2li.4 

102..57~1 . 6557.9 
0.0 - 6404.4 
0.0 - 6400.8 
0.0. 6343.4 
0.0. 6318.7 

102.579 - MO.L.~. 
n.0 - 6 ~ 8 . 8  

1n2..570 - 6343.6 
0.0 - h%:li .h 

102.579. h318.7 

102.579. 6310.3 
1064.697 . 7250.4 

102.579. 6248.8 
1 ~ 4 . 6 9 7  . 7107.3 

0.0 . 1064.697 

1 - 1  
4 - 1  

1 - 1  
1 - 3  
I - t  
1 - 5  
4 - t  



- - ~- 
Muli ip l r t  Rrl l n t  

200 

28 
35 
13 

27 
14 
3 7 
13 
17 

4 
10 
20 

I 
1 

33 
28 
25 
38 
34 

36 
25 
20 
3 7 
54 

12 
20 

25 
19 1 
10 ~ 

48 
43 
59 
55 
3- , J 
42 
2 .i 
10 
48 
.i 1 

45 
45 
2 0  
2P 
69 

103.937 
974.86 

~ ~~ 

~ 

~~ ~- 

La, (111 A, 

1.918 
1.931 
9.347 
9.599 
9.688 

9.696 
9.705 
9.713 
9.724 
9.752 

9.766 
9.799 
9.842 
9.91 1 
9.926 

10..564 
10.580 
10.61 7 

10.645 

10.6.58 
10.685 
10.735 
10.770 
10.813 

10.824 
10.851 
10.907 
10.933 
11.980 

11.988 
12.990 
13.237 
13.264 
13.397 

13.424 
13.440 
13.464 
13.504 
13.520 

13.555 
13.607 
13.631 
13.648 
13.669 

13.700 
13.735 
13.735 
13.730 
13.851 

10.635 

IRON XIX (Fe+'*j, Z = 26 

Ground State le22s22p' (3P2) ( 8 electrons) 

Ionization Potential [ll 740 0001 cm.'; [1456] eV 

Levels (in 10' crn I) 
~ - ~ 

0.0. 52138. 
325.143. 52138. 

0.0. 10472.8 
0.0 - 10423.2 
0.0. 10322.0 

168.870 - 10482.6 
168.870 - 10472.8 

0.0 - 10294.6 

168.870. 10423.2 

89.439. 10327.4 
89.539 - 10294.6 

0.0 - 10163.0 
75.263 . 10165.0 
89.439. 10164.0 

89.439 - 9555.6 

75.263 - 9494.2 
0.0 - 9402.9 
0.0 - 9395.0 

0.0 . 9382.6 
0.0 . 9358.9 

89.439 . 9402.9 

0.0 - 924.8.1 

168.870. 9407.6 
325.143. 9541.2 

75.263 - 9244.0 
89.439 - 9236.1 

2134.121 . 10482.6 

2134.121 . 10476.9 
168.870 - 7867.1 

0.0. 7553.8 
0.0 - 7539.2 

89.439 - 7553.8 

0.0 - 7449.4 
89.439 - 7529.9 

0.0.  7427.2 
0.0 - 7405.2 
0.0 - 7396.4 

89.439 - 7467.0 
922.908. 8272.0 
89.439 - 7427.2 

0.0.  7327.6 
1267.586 - 8583.3 

1267.586. 8566.8 

0.0 - 10283.8 

89.439. 9541.2 

89.439 - 9374.5 

984.760 - 168.870 
8265.4. 168.870 

0.0 - 7249.0 
168.870. 7388.6 

2s'Zp" - 2s22p.'fO')3d 
2s'2p4 . 2<'2pi('D")3d 
2-'2p4 - 2~~2p'(~D")3d 

25'2p' - 2s'2p"('P)3d 
2s2pi - 2s2pZ('DI3d 

2s22p4 - 2s22p'('D")3d 
2s'Zp" . 2s22p.'('D")3d 
2s2p' - 2~2p~(~l ' )3d 

2s2p5 - 2s2pb('P)3d 
2s2p5 . 2s'2p& 

2s'2p* - 2e'2p'("S"):id 
2s2pZ('D)3d . 2s'2pJ 

%s'2p4 - 2~'2p.'(~lL)")3d 

1 - 1  Q 
1 - 2  
2 - 3  

I D .  ' F  
g'P - 'D' 2 - 2 
g P -  'D 2 - 3  
p 'P- 'D"  1 - 2  

0 -  1 
1 - 2  

1 . 2  
1 - 1  
0 -  1 
2 - 1  
2 - 2  

2 - 3  
2 - 3  
1 - 1  
1 - 2  
2 - 3  

2 - 2  
0 -  1 
0 -  1 
1 - 2  
0 -  1 

0 - 1  
2 - 3  

'P - 'P 1 2 
' P . ' D  2 - 3  Q 

1 - 1  Q 

'P ID 1 2 

~- 

R r f ~ r e n r ~ s  
~ _ _ _ _ _ _ _ _ _  

429 
956 
643 
643 
945 

643 
945 
64 3 
945 
643 

945 
945 
945 
91 5 
945 

945 
945 
945 
945 
945 

945 
945 
94 5 
945 
945 

94 5 
9 15 
1094 
945 
945 

1089 
94 5 
643 
915 
945 

915 
945 
945 
945 
945 

945 
945 
146 
945 
945 

945 
945 
3D.45 
3D.77 
643 



. . . . . . . . . . . 
~ .. . . . . . 

. . . , . . . . . . . . 

48 
43 

49 

38 ~ 

21 

28 
33 

20 ' 

28 
28 
26 

28 
37 

53 
5 

11 
5 

26 

26 
2 

50 
4 
4 

4 
250 
200 

50 
110 

30n 

isn 

110 
80 

200 

50 

1 50 

.__ __ 

9.163 
9.199 
9.208 

9.220 
9.231 

A,,, (in AI 

13.936 
14.021 
14.293 
14.668 
14.706 

14.735 
14.806 
14.90 
14.929 
14.966 

14.995 
15.042 
15.111 
15.138 
15.172 

15.193 
15.413 
78.90 
83.89 
84.89 

87.02 
91.02 

101.55 
106.12 
106.33 

108.37 
109.97 
111.70 
115.42 
120.00 

132.63 
307.56 
424.26 
SYZ.2.4 
639.91 

.. . 
~ ~ 

1068.3 

1259.0 
1328.7 

11 18.07 

~. . . . . . . . . . . . . . .. 

z-B,j-(in~A) 

I 1.9nsi 

......................... ~~ ~~ __ 

1.905 1 $ 1 1.9075 
38 9.065 

38 9.082 
41 ' 9.110 

18 1 9.344 
33 9.364 

~evels (in 10' cm 1) j configurations 
. . . . . . . . . . . . . . . . . ..........,........ . ....... ~ . .~ . ~ ..... ~. . .- 

922.908 - 8098.5 
984.760 - 8116.9 
325.143. 7321.6 

0.0 - 681 7.6 

0.0 . 6787.8 
168.870 - 6922.9 
75.263 - 6789.2 
89.439. 6787.8 

0.0.  6681.2 

168.870 - 6837.7 
168 .~7n.  6817.6 
168.870 - 6787.8 
75.263 - 6681.2 
89.439 - 6681.2 

0.0 - 6580.O+K 
89.439. 6580.0+K 

0.0. 1267.586 
75.263. 1267.586 
713.052 - 8583.3 

984.760 - 2134.121 
168.870. 1267.586 

325.143. 1267.586 
0.0 . 984.760 

89.439 - 1030.019 

0.0 - 922.908 
75.263 - 984.760 
89.439 . 984.760 

1267.586 . 2134.121 
89.439. 922.908 

168.870 - 922.908 
0.0 - 32.5.143 

89.439 - 325.143 
0.0 - 168.870 

168.870 - 325.143 

75.263 . 168.870 

89.439. 108.870 
0.0. 89.439 

0.0 . 75.263 
_ _ ~ _ _ _ .  . . . . . . . . . 

.... .... 

IRON XX (Fe"19), Z = 26 

Ground State le22s22p3 (4Si,z) ( 7 electrons) 

Ionization Potential [12 760 0001 cm"; [1582] eV 

-. 

Levels (in lo3 cm ') 
...... ~~ ........ . . . . . . . . . 

323.18 - 175.80 
52667. . 0.0 
52425. - 52601. 

0.0 - 11031. 
138.29 - 11160 

138.29. 11152. 
0.0 . 10977. 
0.0 - 10913. 

175.80. 11046. 
175.8n.ii03h. 

323.18. 11169. 
323.18 - 111.52. 
323.18 - 11036. 
323.18 - 11027. 
323.18 - iioon. 

Terms 

- - 

J - J  
~ __ 

2 - 3  
1 - 2  
0 -  1 
2 - 3  
2 - 2  

2 - 2  
2 1  
0 -  1 
1 - 2  
2 . 1  

2 - 2  
2 - 3  
2 - 2  
0 - 1  
1 . 1  

2 - 2  
1 2  
2 - 1  
0 -  1 
2 - 2  

1 - 0  
2 - 1  
2 - 1  
0 - 1  
1 . o  
2 - 2  
0 . 1  
1 - 1  
1 - 0  
1 - 2  

2 - 2  
2 - 0  
1 0  
2 - 2  
2 - 0  

0 - 2  
2 - 1  
1 - 2  
2 - 0  
- - 

Q 

Q 
Q 
Q 
Q 

References 

945 
945 
464 
945 
945 

945 
945 
736 
945 
945 

945 
643 
945 
945 
945 

945,680 

1091 
1091 
1091 

1091 
1091 
1091 
1091 
1091 

1091 
1091 
1091 
1091 
1091 

1091 
375,1104 
375,1104 
437 
375,1104 

375,1104 
442 
375,1104 
375,1104 

643,680 

__ .......... ~ 

References 
~. . . . . . . . . . . . . . . . . . . . . 

1059 
59 
91 
945 
945 

64.3 
945 
945 
945 
945 

945 
a 3  
643 
643 
643 



~ 

J J Notes Neferenrei lerrni 

25 lll.i)05 
42 111.1 IO 
2 3 IO. 121 
52 IO. I28 
22 Ill. 15'1 

752.73 - 8170.0 
I 75.80 - 788,1,.0 
138.2') - 78.i3.fr 

13.1 I 1  
37 1 3. I38 

323.  I8 - 7843.6 

20(J.l1'1 - 77.31 .4 

1242.08 - 86hO.h 
0.0 - 7280.1 

1242.08 - 8506.6 
I75.80 . 7433.5 
175.80 - 74lO.O 

0.0 - 72:ifl.Y 
0.0 - 7 I7  1 .I) 

175.HO - 7314.1 
I :38.2Y - 7274.0 
329.18 - 2 3 3 . 5  

:<2:<.l8 - 7274.i1 
I054. I5 - 7850.5 
2of,l.7:3 ~ 772i.l. 

7416.') - 805i.5 
0.11 - 1242.1l8 

13.818 
1.3.025 



D - l !  I 

-~ r A,,, ( i i :  AI 
~- __ 

83.21 
83.69 
88.24 
90.60 
92.63 

93.78 
94.64 
95.95 
9R.09 
98.38 

101.8'i 
106,173 
106.98 
108.83 
109.66 

110.63 
1 1  1.60 
11 3.31 
113.45 
114.72 

118.66 
1 2 0 m  
121.83 
122.00 
127.86 

131.70 
1'32.67 
1.32.85 
136.06 
130.49 

119.47 
1 40.4% 
309.4. 
344.5 
540.9 

569. 
678.5 
723.1 
821.0 

1186. 

l585.0 

50 
4 
4 

50 

I ?  

138 29 . 1330 68 
0 0 - 1194 8.5 

1091 
1091 
1091 
1091 
1091 

1091 
1091 
lG9l 
1091 
l U Y l  

11Wl 
990 
10'11 
1091 
1091 

1091 
1091 
1091 
39G 
1091 

1091 
390 
1091 
1091 
1091 

1091 
190 
1091 
I!J'>1 
:011 

390 
1 09 I 
375 1091 
375 1091 
375 In31 

37>, 1091 
371,lWl 
37x1 @>I 
37.5,1091 
175,1091 

I082 

1 - 1  
4 - 4  
3 - 1  
1 - 1  
1 - 1  
1 - 1  
B - 1  
1 - 1  
1 - 1  

I 200 
I 80 

175.80 - 1242.n8 
138.2'1 - I 19.1 85 

0.0 - 1042.21 
1042 2 I . 2Oh 1.73 
32.3.18 - 1339.68 

50 
250 

f - t  
9 - 3  
1 - 4  
1 - 1  
1 - 1  
4-1  
1 - 1  
1 - 3  
1-5 
1 - 1  

30 2M. iN - 1242.08 
78!i9.5 - R H O l . 4  
260.09 - I1'14.85 
323.18 - 1242.08 

1042.21 - 1')54.!.5 

1.38.29. 1042.21 
10.5Fi.l.3 - 1',14.15 

Q 

Q 

Q 

Q 

Q 

F.P 
F.P 
F.P 

E ,I' 
F,P 
F. L' 
F.f' 
V , P  

F 
~ 

~ 

I 80 

110 
300 

~ 27 
175.8U . IO.58.L:) 
Bn58.7 . 8940.3 
323.12 - 1194.85 

, 
4 

200 
29 

0.0 - 842.74 
7973.4 - 8800.5 

1242.O8 - 2IJ6.7.3 
260.0'! - 1!?42.21 

1194.85 1954.15 
8C47.6. 8801.4 

0.0 - 7.i2.7.3 
323.18 . 10.58.13 

133').68 - 2Ob 1-73 

781.3.6 . 8560.6 
1242.08 I 9.A I5 

0.0 - w r m  

0.o - ~ ~ 1 . 1 8  
0.0 - 2 ~ ~ 0 9  

l;JJ!L29 - 323. I 8 

10 , ,125 
300 

43 
50 

138.20 - 200.09 
1 ii.23) - 260.09 

260.09 - ,323.18 

1 Fi942 
18066 
8 472 
8 521 

I '7.3.851 !i28'70. 
117.240 . ,52840. 

0.0 - I 1808Y.6 
'7c3.851 11809.6 

I 18 
21 

21 
26 

18 
22 

8 558 
8..i90 
8.61 0 
8.m3 
8.741 

.. . 



D-112 

? D " . 3 E '  

'D"-'D 
3D"-'F 
3D"-1F  

2 . 3  
3 - 3  
3 - 4  
3 . 3  

~~~ - - 

L, (in A) 
~ ~~ -~ 

9.355 
9.421 
9.433 
9.451 
9.4450 

9.475 
9.518 
9.559 
9.581 

11.219 

12.088 
12.145 
12.201 
12.248 
12.264 

12.291 
12.312 
12.322 
12.346 
12.355 

12.371 
12.387 
12.398 
12.411 
12.429 

12.436 
12.451 
12.%3 
12.519 
12.548 

12.575 
12.581 
12.586 
12.606 
12.623 

12.681 
12.699 
12.714 
12.726 
12.743 

12.756 
12.777 
12.789 
12.796 
13.07 

13.146 
17.617 
84.26 
86.26 
91.28 

96.12 
97.88 
98.36 
98.69 
99.08 

102.22 
103.77 
103.83 
104.29 
105.01 

108.12 
112.47 
113.30 
114.30 
115.01 

- 
~ 

J - J  

0 - 1  
1 - 1  
1 - 2  
1 - 2  
2 - 3  

2 - 2  
1 - 2  
2 - 2  
2 - 3  
1 - 2  

2 - 2  
n . 1  

~ 

~ 

-~ - 

Votes - - 

Q 

Q 

Q 

Q 
Q 
Q 
0 

Levels (in 105 cin ') 
~ ~~~ 

~~~ 

0.0. 10688.4 
73.851 . 10688.4 
73.851 - 10674.9 
73.851 - 10654.7 

117.240. 10688.1 

117.240 - 10674.9 
73.851 . 10580.3 

117.240. 10SXO.R 
243.94 - 10681.0 

1740.42 . 10654.7 

942 27 - 9214.8 
0.0 - 8232.9 

803.82 - 8999.7 
73.851 . 8238.4 
73.851 - 8227.8 

486.94 - 8623.0 
486.94 - 8609.1 + F  

117.240 - 8232.9 
777.30 - 8876.8 
777.30 - 8871.3 

777.30. 8861.2 
803.82 . 8876.8 

References 
-~ _ _ _ _  

643 
945 
945 
945 
94 5 

643 
945 
64 3 
945 
643 

945 
613 
945 
945 
945 

33 I 
19 
26 
34 
50 

32 
4 6  
21 1 
55 

ls22sL22 . ls22s22p4d 
ls22s22p2 . ls22s22p4d 
ls22s22p2 - ls22s'2p4d 
ls22s22p2 - ls22s'2p4d 

ls22s22p2 . ls22s22p4d 
1s22s22n2 - 1 &!s2204d 

36 

5 
1 

23 
40 
64 

37 

37 

27 

J ,  

54 1 
16 I 
38 
41 

84 ~ 

3: 

36 

30 
40 

107 
53 
44 

18 

22 
1 

32 

1 

52 

60 

2:; ~ 

4 
4 

30 

ls'2s2p' . 1s22s2p2(*P)3d 

ls'2s2p3 - 1~~2s2$(~P)3d 
ls22s22pz - ls22s22 3d 

ls22s22p2 . ls22522p3d 
ls22s22p2 - ls22s22p3d 

1s22s2p3 . 1 s22s2p2('P)3d 
ls22s2p3 - ls22s2p2('P)3d 

ls22s2p3 . ls22s2p (*D)3d 
ls22s2p" - 1~~2s2p*(~D)3d 

ls22s2p3 - ls22s2p2(2D)3d 
lsZ2s2o3 - ls*2s2~~(~D)3d 

ls22s22pz - ls22s22q3d 

945 

945.1094 
945 

P I 945 

P 

P 
Q 
Q 

P 

P 
Q 

0 
Q 

Q 

P 

Q 

9 
8 

945 

945,856 
945 
464 
945 
945 

643 
945 
945 
949 
945 

464 
945 
643 
643 
643 

945 
945 
945 
643 
94.5 

643 
945 
643 
949 
736 

643 
1067 
1091 
1091 
1091 

955 
1091 
1091 
1091 
1091 

1091 
1091 
1091 
1091 
955 

1091 
1091 
1091 
1091 
1091 

803.82 - 8869.0 
803.82 . 8861.2 
243.94 - 8289.6 

243.94 - 8285.1 
1126.53 - 9158.4 
942.27 . 8966.0 

3d 
ls22s2p' - 1~~2s2p2(~D)3d 

ls22s22p2 - ls22a22p3d 

ls22s22p2 - ls'2s22t3d 

ls22s22pz - ls22s22q3d 

ls22s2p~ - ls22s2p (2P)3d 
lsz2s2p' - ls*2~2p*(~P)3d 

ls22s2p3 - ls22s2p ('D)3d 

ls22s2p" - 1s22s2p2(2P)3d 
ls22s2u3 - lsz2s2uz('P)3d 

73.851 - 8061.6+8 
942.27 - 8911.6 

1260.65 - 9214.8 
777.30 - 8725.9 
924.85 - 8871.3 
942.27 - 8876.8 
803.82 . 8725.9 

ls22s2p' . ls22s2p2(*D)3d 
ls22s2p' - l~*2s2p~(~D)3d 
1s22s2p' - ls'2s2pz("P)3d 

803.82 - 8689.6 
777.30. 8652.0-i-F 

ls22s2p' . 1~~2s2p~(~P)3d  
ls22s2p' - ls22s2pz("P)3d 

ls22s22p2 - ls22s22p3d 
ls22s22p2 - ls22s22 3d 
ls22s2p' - ls22s2$('P)3d 

243.94. 8109.3 
371.52 - 8232.9 
776.78. 8623.3 

2 - 3  
2 - 2  
3 - 2  

1126.53 - 8966.0 
1126.53. 8953.l+F 
803.82. 8623.3 

ls22s2p" . 1s22s2p2(21')3d 
ls22s2p.' - 1~~2s2p~(~D).3d 
ls22s2pJ . ls22s2p2(*P)3d 

ls'2s22p: . l s ~ f 2 ~ 3 d  
ls"sz2p-. Is 232p 3p 

243.94 - 8061.6+B 
117.240 - 7708.4 

117.240 - 7724.9 
2047.76 - 7724.9 

73.851 . 1260.65 
486.94 - 1646.26 

0.0. 1095.52 

776.78 - 1817.14 
73851 - 109552 
243.94 - 1260.6.5 
803.82 - 1817.14 

117.240 112653 

2 - 2  
2 - 2  

g ' P - ' P  2 - 1  I 0 
'$ . IP" 0 - 1 ~  Q 

1 - 1  
2 - 2  
0 -  1 

1 - 2  P 
1 - 1  
2 - 1  
3 - 2  
2 - 2  

2 - 1  
1 - 1  
2 - 1  
1 - 0  
1 - 0  P 

0 - 1  

I 
250 :: I 
;: I 

150 1 
30 

.iO lo  I 
300 

4 
10 

117.240 - 1095.52 
776.78 - 1740.42 
777.30. 1740.42 
776.78 - 1735.67 

1095.52 - 2047.76 
lS'2s2p" - ls22P" 
ls'2s2p' - ls22p' 

1s*25*2p2 - ls*2s2pJ 
lS'2s22pZ . ls22s2p~ 
ls'2d22p2 - ls22s2p3 
ls22s2p" . ls22p4 
ls'2s2pJ - ls22pJ 

0.0 . 924.85 
371.52. 1260.65 
243.94 - 1126.53 
942.27. 1817.14 
776.78 - 1646.26 
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30 
50 

110 

150 

200 
4 

10 
4 

30 

30 

50 

en 

4 
80 

110 
I 

110 
50 

176 
10 
4 
4 

85 

Multiple _ _  ~. 
A<sc (in A) 

115.08 
115.15 
117.51 
118.69 
118.71 

121.21 
121.36 
123.33 
123.83 
125.29 

127.04 
128.73 
138.57 
138.61 
142.05 

142.16 
142.27 
114.79 
145.65 
151.50 

152.15 
155.06 
156.21 
181.57 
192.40 

242.07 
259.63 
270.52 
335.9 
393.3 

4,09.9 
587.9 
783.8 
789.3 
853.0 

1354.08 

I - J  

2 - 2  
1 - 2  
1 - 1  
1 - 0  
3 - 2  

2 - 2  
0 - 1  
1 . o  
2 -  1 
2 - 1  

1 . 0  
0 -  1 
1 - 2  
1 . 2  
2 - 2  

1 - 2  
1 - 1  
2 - 2  
2 - 3  
2 - 2  

3 - 4  

__ - 
Configurations 

- . - Kefermcrs 

1091 
1091 
1091 
1091 
1091 

1091 
1031 
1001 
1091 
1091 

1091 
1091 
955 
1091 
1091 

1091 
1091 
1091 
1091 
1091 

390 
1091 
1091 
1091 
955 

437 
955 
417 
375,1091 
375,I 091 

175.1091 
375,1091 
375,1091 
375,1091 
375,1091 

777.30 - 1646.26 
73.051 - 942.27 
73.851 - 924.fi5 
73.851 . 916.38 
803.82 - 1646.26 

117.240 - 942.27 
916.38 1740.42 
924.85 - 1735.67 

942.27 - 1740.42 
117.240 - 924.85 

1260 65 . 2047.76 
0.0 - i76.78 

1095.52 1817.14 
924.85 . 1646.26 
942.27 . 1646.26 

73.851 - 777.30 
73.851 776.78 

112653 - 1817.14 
117.240 - 803.82 
117.240 - 777.30 

8211.8. 8869.0 
1095.52. 1740.42 
1095.52 - 1735.67 
1095.52 - 1646.26 
1126.53 . 1646.26 

73.851 - 486.94 
1360.65 - 1646.26 
117.240 - 486.94 
73.851 - 371.52 

117 240 - 371.52 

0.0 - 213 94 
73.851 - 243.94 
243.94. ,371.52 

1 - 0 F:P 
2 - 0 F,P 

0 - 2 F,P 
1 . 2 F,P 
2 . 0 F,P 
2 - 2 F,P 
0 . 2  F,P 

..... - 
117.240 - 243.94 

0.0 - 117.240 

0.0 - 73.8.51 ls22s22p2 . 
~ .......... J 1 . . . . . . .  ~~ 

IRON XXIL (Fe”’)), Z = 26 

Ground State ls22s2Zp (2Py,z) ( 5 electrons) 

Ionization Potential [14 510 0001 ern-’; [1799] ea/ 

....... ~ ............. 

Levels (in 10’ cm-’j 
~. .. . ~ _ _ _  ..... - 

0.0 . 53326. 

(el. ~ n t .  A”*, (in is) .-I ............... ~:.- ..... 
Vote. 

Q 
Q 

Q 
Q 
Q 

Q 
Q 

’Ier111s Refereucrs 

1059 

1059 
1055 
1059 

1059 
716 
643 
643 
946 

946 
946 
946 
643 
a3 

1059 
1.8754 
1.8779 
1.8794 
1.8824 
1.8851 

1.8867 
1.936 
8.736 

8.960 

8.977 
8.992 
9.006 
9.013 
9.033 

8.786 

0 0 - 53242. 
118.26 - 53326. 
118.26. 5:3242. 
118.26 - i3166. 

118.26. 53121. 
1627.71. 532.22. 
4fjO.19 - 11906. 
512.90. 11899. 
736.51 - 11897. 

759.61 - 11899. 
404.55 - 11‘526. 
512.90 - 11617. 
460.19 - 11558. 
460.19 - 11526. 

28 
13 
44 

25 
37 
50 
26 
11 
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~ - 

A., (in A) - 
~~ 

9 053 
9 058 
9 093 
9 163 
9 183 

9 190 
9 2 1 5  
9 241 
9 262 
9 299 

9 320 
9 412 
9 663 

~ ~- 

Terms 

~ ~~~ --r __- 
Configurations __-  ~ ~ _ _  - 

152252p2 - ls%?p(Jp")4d 
ls'2s'Zp - ls'2s24d 
ls22s'2 ls?!s24s 
ls'2s2$ ls22s2p('P")4d 
ls22s2p2 ls22s2p(lP )4d 

1s'2s22t Is'22s24s 
l s ' 2 s 2 ~ ~ .  ls22s2d'P")4d 1 

~- 
Levels (in 10' a n ' )  

~ ~~ ~ 

~ -~ _ _ ~  ~~ 

512.90. 11558. 
118.26 - 11161. 

0.0 - 10999. 
992.28 - 11906. 
759.61 - 11649. 

118.26. 10999. 
759.61 - 11611. 

Multiplet Re1 Int. - 
~~~ ~ ~ 

1 3 

17 
~ 17 ~ 

736.51 - 11558. 
759.61 - 115.58. 
736.51 - 11492. 

15 , 
27 

759.61 - 11492. 
992.28. 11617. 
736.51 - 11085. 
736.51 . 11073. 
853.48. 11073. 

978.22 - 11085. 
0.0.  8739.7 

118.26 - 8845.0 
0.0 - 8583.7 

118.26 - 8687.9 

512.90 - 9054.9 
759.61 - 9294.5 
460.19 - 8972.3 

0.0 .  8498.3 
759.61 . 9242.0 

404.55 . 8881.3 
118.26. 8583.7 

512.90 - 8961.0 
853.423 - 9294.5 

460.19. 8873.4 
118.26 . 8506.8 
512.90 - 8873.4 

0.0 - 8357.0 
512.90 - 8862.9 

853.48 - 9168.1 
759.61 - 9061.8 
736.51 - 9033.2 
992.28 - 9272.5 
759.61 - 9033.2 

853.48 - 9054.9 
992.28 9168.1 
978.22 - 9133.7 
853.18 - 8969.0 
978.22 - 9054.9 

978.22 - 8881.3 
736.51 - 8371.6 
992.28 - 8371.6 
978.22 - 8341.2 

1396.42. 8498.3 

512.90 - 8972.3 

I7 
19 ~ 

I ' 1  
9.675 
9.785 

5 
49 I 
28 1 29 ' 5 9 1  

i 59 
14 

1 130 
100 1 
130 

9.894 
11.440 
1 1.458 
1 1.650 
11.669 

11.707 
11.718 

ls'232p' - 1~*2sZp(~P')3d 
15'2~2~' . ls22s2p('P')3d 
ls22s2p2 - 1 ~ ~ 2 s 2 p ( ~ P ) 3 d  
1s22s22e - ls22s23d 
ls22s2p- - ls22s2p(lP")3d 

11.748 
11.767 
11.799 

11.797 
11.815 
11.823 
11.837 
1 1.846 

11.886 
11.921 
11.960 

1 128 I 

82 1 
ls22s2p' - 1~~2s2p(~P)3d  

ls22s2$ 1 ls22s2p('P").3d 
ls22s2p2 - ls'2~2p(~P")3d 
ls'2s2p2 - ls2252p('P")3d 

15223'2 ls%2p3p 

1s22s2p2 . ls22s2p('P)3d 
1s22sz2 1s22s23d 
ls22G!$ 1~~2s2n(~P"13d ' 

23 I 125 

72 j 150 

97 

70 

37 
1 135 

1 1.969 
11.976 

12.027 
12.045 

ls22s2ig - ls'2s2is' 
lS'2s2p - ls22s2p("P)3d 1 
ls22s2p" - ls22s2p('P)3d 
ls22s2p' - ls22s2p('P")3d 
lS'2s2p' - ls22s2p("P)3d 
ls22s2pz - ls22s2p(,'P")3d 
1s'2s2p2 . ls22s2p('P")3d 

12.053 
12.077 
12.095 

12.193 
12.231 
12.2.59 
12.322 
12.380 

lsz2s2p2 . lsz2s2p(3P)3d 
ls22s20z . ls22s2n('P"13d 

1 - 4  946 
4 - 1  945 1 : ; ;  Q 643 945,946 
1 - 1  643 

ls224!p2. ls22s2p("P')3d 1 
ls22s2pz - ls22s23p 

ls22s2p2 - ls22s23p 
Isz2p1 - ls22s23d 

ls22s2p2 - ls22s23p 

12.653 
13.095 
13.547 
13.578 
14.082 

14.859 
100.78 
102.23 
109.53 
112.21 

114.41 
115.19 

1627.71 . 8357.0 
0.0 . 992.28 
0.0 . 978.22 

50 

30 
10 

1 200 
50 

110 1 150 

736.51 - 1627.71 

118.26 - 992.28 
759.61 - 1627.71 
118.26 - 978.22 

0.0. 853.48 
404.55. 1255.57 

736.51 . 1569.63 

4 - 1  1091 
1091 ' 111 ~ 1091 

1 - 1  1091 1 1 - 1  1091 

116.28 
117.17 
117.52 

200 ~ 

110 

110 1 
110 

4 . 1  

1 
4 - 1  1091 
1 - 4  1091 
1 - 1  1091 
4 - 1  1091 
4 - 1  ~ 1091 

' 
120.03 
125.71 
129.17 
134.65 
135.78 

460.19 - 1255.57 
853.48. 1627.71 
512.90. 1255.57 

0.0 - 736.51 



D - 1 1 5  

-. . . . . . . . . . . . . . 

Multiple 
-. . . . . . . . ~ .. 

. . . . . . . . . . -. 

- .__ 

Multiph 
-. . . . . . . . ~. . . .. ... .. 

- - 

le1 Int - 
~~~ 

30 
4 

110 
80 

30 
4 

50 
50 
50 

4 
4 
4 

10 
40 

120 

120 
l<50 

____ - 

- 

d. Int - 
~ 

2 
28 
20 
20 
17 

23 
28 
16 
37 
32 

32 

15 
19 
17 

40 

30 

24 

40 
22 
20 
45 
24 

18 
34 
61 
16 
35 

-~ .~... . . .~  .. -. . .. . . . . .. . . . . . . . . . 

A - ~ ~ .  (in A) 

136.01 
139.fv2 
143.30 
144.85 
149.87 

351.54 
153.96 
155.92 
157.03 
157.37 

161.74 
169.08 
173.21 
217.30 
230.129 

247.19 
253.38 
292.46 
349.3 
845.0 

~. . . . . . . . . -. . . . . . . . . . . . . . . . . . . 

A,,, (in A) .. . -. . . . . . . . . . . . . . . . . . . 

1.8704 
7.445 
7.472 
7.680 
7.733 

7.755 
7.178 
7.826 
7.849 
7.854 

7.883 
7.93s 
8.1 59 
8.180 
8.210 

8.273 
8.289 
8.303 
8.316 
8.529 

8.550 
8.575 
8.601 
8.614 
8.630 

8.643 
8.664 
8.672 
8.723 
8.731 

~~~ -~ .................... ~ 

Levels (in IO3 cm ’) 
....... ~ .............. ... . . ~. . . . . . . . . . . . . . . . . . . .- 

118.26 - 853.4% 
853.48 - 1569.63 
8357.0 . 9054.9 
736.5\ - 1426.87 
759.61 - 1426.87 

736.51 - 1336.42 
978.22. 1627.71 
118.26 . 759.61 
759.6l - 1396.42 
992.28. 1627.71 

118.26 - 736.51 

992.28 - 1569.63 

’82.213. lS26.87 

~ 8 . 2 2  . is69.m 

0.0 - 460.19 

0.0 - 404.55 

118.26 - 460. L9 
118.26. 404.5s 

0.0 . 118.26 

118.26 - 512.90 

~. . . . . . . . . . . . . . . . . . . . ... .. . 

Con figtirations 
~ ..................... 

~ ..... 

15’2s2y2 . 1a22p” 
ls%2p2 - ls22p’ 

IRON XXIII (Fe+”), Z = 26 

Ground State 1s22s2 (‘So) ( 4 electrons) 

Ionization Potential [15 730 0001 cm”; [I9501 eV 

1,evels (in 105 ctn I) 
. . . _ _ _ _ ~  ................ 

0.0 - .i3464. 
472.13 - 13902. 

0.0.  13383. 
379. I6 - 13400. 
472.13 - 13404. 

1027 37 - 13922. 
1071.87 - 13929. 
1027.37 - 13805. 
1204.57 - 13945 
1071.87. 13805. 

752.76 - 13438. 
1204.57 . 13805. 
1027.37 - 13291.+K 
1071.87 - 13291.tK 
1204.57 - 13383 

472.33 - 12560. 
379.16 - 12440. 

0.0 - 12044. 
0.0 - 12025. 

M8.21 - 12073. 

379.16 - 32075. 
956.16 - 12615. 
472.13 - 1209.  
472 13 .  12081. 

1027.37 - 12614. 

1027.37 - 12597. 
1071.87. 12614. 
1071.87 - 12603. 
1027.37. 12487. 
1027.37 - 12481. 

ls22p2 - 1s22p5d 
1s22uz .  1s222u5d 

lsz2p2 - ls’2p4d 
I s22p* . ls’2p4.d 
1sZ2d ls‘2~4d 
ls22p2. ls22&d 
lsz2pz - 1sZ2p4d 

. . . . . . . . 

J - J  

4 - 1  
1 - 1  
1 - 1  
1-f  
1 - 1  

4 - 1  
1 - 1  
9 -1  
4 - 1  
9 - 3  
9 - 3  
1 - 1  
I - 1  
1 - 1  
1 -5  
1 - 1  
3 - 4  
3 - 1  
3 - 4  
1 - 1  

- 

- 

.. 
~ 

J - J  

0 - 1  
2 - 3  
0 -  1 
1 - 2  
2 - 3  

1 - 2  
2 - 3  
1 - 2  
2 - 3  
2 - 2  

1 - 2  
2 . 2  
1 - 1  
2 - 1  
2 - 1  

2 - 3  
1 - 2  
0 - 1  
0 - 1  
0 - 1  

1 . 2  
0 - 1  
2 - 2  
2 - 3  
1 . 2  

1 . 2  
2 - 2  
2 - 3  
1 - 1  
1 - 2  

__ - 

. .- 

Cotes 
. . . . . . . ~- 

Q 

Q 

P 

F 

. - 

__ 
Votes 
.. . . . . . . . . . . . . 

Q 
Q 
Q 
Q 

Q 
Q 

Q 

References 
_____ -~ 

1091 
1091 
790 
10Y 1 
1091 

1091 
1091 
1091 
1091 
1091 

1091 
1091 
1091 
730 
8 56 

730 
375 
730 
730 
1137 

- 

References 

1059,856 
946 
946 
946 
946 

946 
946 
946 
946 
946 

946 
839 
643 
643 
643 

946 
1057 
946 
1057 
946 

946 
643 
643 
946 
946 

946 
946 
946 
643 
946 
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A,. ( i n  AI I.evrls (I" 10' cm '1 Teiiiis J J  
i ~~ 

Notes 1 Referencrs  
~- 

8.752 
8.763 
8.775 
8.814 
8.862 

8.870 
8.9i5 

Io.8:j 
Io.9o:i 
10.')27 

10.03.3 
10.980 
I1.01H 
I 1.070 
1 1  .I45 

1 1.298 
11 .:uo 
1 I .333 
1 1 .:<(,I 
1 I .:39'1 

1 I .422 
1 1.440 
1 1.493 
1 LSIO 
I I .so4 

11.014 
I I .(>(I8 
I 1.692 
11.737 
1 1.748 

I I .87lJ 

12.174 
I I .win 

132.85 
136..53 

144.36 
147.24 
149.22 
154.27 
166.74 

17.3.3 1 
180.10 
221.33 
2fJ.3.76 

~~ 

Axs, (in AI 

1.588 
1 .S926 
1 ..5960 
1 .8.5;?0 
I .8.5h0 

I .8;?67 
I .8,579 
1.8580 
1.8600 
1.8620 

1204.57 - 12631. 
1071.87 - 1248.3. 
1204.57 - 12597. 
752.76 - 12000. 

1204.5: - 12481. 

2 - 3  
2 . :i 
2 - 2  
1 - 2  
2 - 2  

946 
946 

Q 643 
946 ' i 

2 - 2  
0 - 1  
2 - 1  

12 
22 

1 2 0 4 i 7  - 12481. 
1422.01 - 12615. 
472.13 . 9705.; 

0 
Q 

61.3 
643 
1057 
9.16 
046 

945,046 
946 
940 
945 
64.3 

046 
945,946 
1057 
643 
643 

1057 

9 46 
h43 
946 

946 
1057 
643.946 
946 
946 

643 
946 
643 
109 1.443 

I 057 

1091 

1091 
1091 
1091 
1091 
1091 

1091 
1091 
1091 
437 

472.13 . 0643.9 
472.13 - 9623.8 

379.16 - 9524.1 
0.0 - 9107.5 

2 - 2  
2 - 3 

0.0 - 9070.1 
752.76 - 9786.2 
< 32.76 - 9725.5 7-. 

45 -- 
.1 I 

;1'48.21 . 9108.0 
:379. I6 - 9209.2 
379.16 - 9198.9 
472.13 - 9272.9 
752.76. 9527.9 

l(171.87 - 9827.3 
472.1;3 - 9211.9 

1027.:17 - 'J728.d 
1071.87 - 07.53.1 
1204.57 - 9827.8 

1027.37 - 0637.4 
1071.87 - 9637.4 

0 -  1 
1 - 2  
1 - 1  
2 - 2  
1 - 1  

'P 'P  2 1 
'P 'D 2 3 
'P 'D 1 2 
'P 'P 2 2 
' D  'F  2 3 

1 - 1  
2 -  I 
2 - 3 
1 - 2  
2 - 2  

2 - 1  
0 - 1 
0 -  1 
0 -  1 
2 - 2  

1 - 2  
0 - 1  
1 - 0  
1 - 1  
2 - 2  

1 - 0  
2 - 1  
1 - 2  
0 - 1  

1071.87 - 0624.7 
752.76. 9272.9 

1204.5; - 9716.7 

472.1:$ - 8396.7 
1522.91 - 0827.3 
1422.91 - 9637.4 

0 .0 .  752.76 
4 7 2 . 1 ~  . 1 2 n ~ i  

379.16 - 1071.87 
348.21 . 1027.37 
752.76. 1422.91 
379.16 - 1027..37 
472.13 - 1071.87 

379.16 - 956.16 
472.13 . 102737 
i ~ 2 . 7 6  . 1204.57 --.  

0.0. 379.16 

IRON XXPV (Fe"')), Z = 24 

Ground State ls% ('S,,,) ( 3 electrons) 

Ionization Potential 15 500 000 em"; 2046 eY 

0.00 - 62972. 
0.00 - 62730. 

,520.70 . 54394. 
1 (1 
21 

~ 1106 
i 643.305 

0.00 - 53856. 1 
392.02 - 54230. ~ 1.1 

22 
1' )  
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Multipli 
~ 

.. . 

Multiple __ - 

~ 

~ 

id. Int 
~ 

12 
-23 

5 

40 

5 

5 
5 
5 
5 

15 
18 
18 
25 

36 

34 
25 
35 

25 
58 
19 

103 
80 

120 
185 
42 
61 

125 

300 
300 ~ 

A,,, (in A) 

1.8631 
1.8655 

........ ~. ~~~ ~ .......... __ 

1 .a729 
1.873.5 
6.365 

6.451 
6.527 
6.583 
6.617 
6.672 

6.752 
6.787 
6.808 
6.972 
7.000 

7.033 
7.066 
7.169 
7.370 
7.091 

7.438 
7.462 
7.983 
7.993 
8.231 

8.285 
8.315 
8.371 

10.619 
10.663 

11.030 
11.171 
11.187 
11.261 
11.426 

192.017 
255.090 

90 
19 
6 

34 

1.443 
1.461 
1.495 
1.5731 
1.5750 

1.7824 
1.7866 
1.7875 
1.7913 
1.7919 

1.8503 
1.8553 
1.8594 
1.8680 
7.795 

392.02 - 54066. 
520.70 - 54116. 
520.79 - 53904. 
520.79. 53880. 

0.00 . 1571 1. 

0.00 - 15501. 
392.02 - 15715. 

0.00 - 1.5191. 
392.02 - 15508. 
520.79. 15.510. 

392.02 - 15202. 
520.79 - 15255 

0.00 - 14689. 
392.02 - 14735. 
392.02 - 14.675. 

520.79 - 14740. 
520.79 - 14675. 

0.00 - 13949. 
392.02. 13961. 
332.02. 13922. 

520.79. 13965. 
520.79. 13922. 

0.00 - 12527. 
0.00 - 12511. 

392.02 - 12541. 

392.02 - 12465. 
520.79 - 12547. 
520.79 - 124.65. 

0.00 - 9417.1 
0.00 - 9378.2 

392.02 - 9459.7 
520.79 - 9472.5 
520.79 . 9459.7 
392.02 - 9272.6 
520.79. 9372.6 

0.00 - 520.79 
0.00 - 392.02 

Configurations 
.. .. .. . . . .____. . . . . . . . . . . . . . .. . . . . .. . .. .. . . . . . . . . . . . . . . . . . . . 

ls225. ls%p 
ls22p . 1 i29d 

ls'2p - Is%d 

1 5 2 2 6 .  15'6p 

15'25 - 1a27p 
ls'2p. h'8d 

ls22p - lj27d 
ls'2p - ls27d 

ls2?p - 1s%J 
19'2p ls'6s 

:s:!p - 1s26d 
J t p  - IsZ6s 

ls'2r - ls'5d 
1522s - ls25p 

122,. 1255 

122p - 1s25d 

15% - ls24p 

1 5 % ~ .  ls25s 
ls225 - Is24p 

ls22p - ls'4d 

lsz2p - 1nZ4s 
Isz2p - lS24J 
l,:211. ls'4s 
1s 2s - ls%p 
ls%. 1s"Rp 

12Pp - ls23d 
lsZ2p. 15% 

1s-2p - 123s 

122s .  I 2 2 p  
is22s. 1s22p 

1+p - ls'3d 

ls22p - Ls23s 

..................... ~~~ . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . 

.... 

.... ... 

- 

IRON XXV (Fe."'), Z = 26 

Ground State Isz ('So) ( 2 electrons) 

Ionization Potentia1 71 208 000 cm"; 8828.8 eV 

................. ~ ~ 

~ 

Levels (in 10% mi') 
~ ~ ............................ ~ 

0. .69300. 
0. - 68459. 
0. - G6912. 
0. - 63571. 
0. - 63496. 

54047. - 110151. 
53787. - 109759. 
53534. - 109478. 
54047. - 109872. 
53901. - 109708. 

0. - 54047. 
0. - 53901. 
0. - 53785. 
0. - 535.34. 

54047. - 66879. 

. . . . . . . . . . . . ..- .. . . . . . . . . . . . . . . . . . . . , . 

Configurations 

1s' - 1s6p 
15' - 1s5p 
16' - 1s4p 
12 . ls3p 
1 2 .  ls3p 

ls2p - 2p2 
ls2s - 2s2p 
1 ~ 2 ~ .  zSzp 
ls2p - 2pz 
1s2p. 2p2 

Is2 - ls2p 
12. 1s2p 
l S *  - ls2p 
l a 2  - 152s 

l d p  . Is45 

Terms 

~ - 
3 - 1  

0 -  1 
0 . 1  
0 - 1  
0 - 1  
0 - 1  

1 - 0  
0 - 1  
1 . 2  
1 - 2  
2 - 2  

0 - 1  
0 . 2  
0 1  
0 1  
1 - 0  

- 

- i;4m 643,305 

1059 
P 643,716 

P 643,736 
P 643 

613 
P 643 
P 643 

P 643 
643 
643 1 643 

Q 643 

1 643 
Q ~ 643 

643 

P 

P 

Q 

Q 

P 
P 
- - 

- 

V0tF.S 

P 
f' 
P 
P 
P 

P 
P 
P 
P 
1' 

P 
F,P 
P 
F,P 
Q 

643 
986 

643 
986 
643 
643 
643 

643 
643 
643 
643 
643 

643 
a3 
6-23 
64.3 
643 

977,730 
977,730 
~. . . . . . . ~. . . . . . . . 

Referenres _ .  

728 
918,839 
918,956 
918,956 
918,956 

626 
626 
626 
626 
626 

918,305 
375,30.5,918 
918,305 
375,303,918 
956 

~~ ~ 
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I 80 10003 
IO 038 
10321 

272 48 
384 62 

398 1.1 
961 5 

1298 7 
I449 J 

- 

1.392 
1425 
1.502 
I ..504 

~ 1.778 

1.784 
6.338 
6.404 
7.090 
7.171 

9.536 
9.674 
9.674 

53534. - 63531. 

,53787. - 63571. 
53,534. - 53901. 
53787. - 5404.7. 

1025 - l s3p  
53534. . 63496. I d a .  ls3p 

15%. . lS3,' 

1521 - ls2p 
152s - ls2p 

I 

53.534. . ,53785. I 
63427. - 63531. 

63427. - 63496. 

1 s2s - 1 s2p 
ls3s  - ls3p 
153s - l S 3 p  
ls3s - ls3p 

7 enns J J N o t P S  Referen 

1P I 2 P '118.736 
'P 1 1 P 018 

p -  

I 

:; ; ; ; 
' P  ' 0 1 P 918 

I 1  
'P 1 1 P 91R 
'P 1 2 P 918 
'I' 0 1 P 918 
'1' 1 I P I 918 

1 

IRON XXVI (Fe"'), Z = 26 

Ground StatP I S  ( 1 electrons) 

Ionization Potential 7 4  823 '700 em.'; 92'17.65 eV 

I 
- _______p - 

Levels (in 10' m i  ' )  (.o nfipurations 
~pp- 

0.0 - 71853.9380 
0.0 . 70179.2740 
0.0. 66561.5150 
0.0 - 66530.7870 
0 0 - 56241.5800 

0.0 - 56070.5000 
56075.22Oll - 71853.9380 
5624 I ..5800 7 1857.5 1 15 
56075.2200 - 70179.2740 
56241.5800 - 70186.2.543 

56075.2200 - 66561.5150 

56241.5800 - 66578.0490 ~ 

s6241..i800 - 66578.04~1 

Is - 5p 
Is - 4p 
Is - 3p 
Is - 3 p  
19 - 2p 

1s - 2 D  
22.5t 
2 p .  5d 
2s - 4 p  
2p - 4d 

2s - 3 p  
2p  - 3d 
2p - 3d 

P 

I' 
rJ 

1042 
1062 
10.1.2 
1042 
1042 

1042 
1042 
1042 
1042 
1042 

104') 
1042 
1042 
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E. Energy Levels of Iron, Fe I through Fe XXVI 

cbules Corliss' and Jack Sugar 

National Measurement Laboratory. National Bureau of Standards. Washington. DC 20234 

This is a revision of the compilation of energy levels of iron for all ionization 
stages make in 1975 by Reader and Sugar. New material has since been provided 
for all but two of these ions. The present compilation includes electron 
configurations, energy levels, term designations, calculated leading percentages for 
most ions, experimental g-values, and ionization energies. 

[Source: C. Corliss and J. Sugar, J. Phys. Chem. Ref. Data ll(l), 135-241 (1982)] 
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ENERGY LEVELS OF IRON 

'The NBS Atoiiiic Energy Levels Data Center has 
undertaken to provide new compilations of atomic 
energy levels, the program at  present being 
concentratcd on the elements hydrogen through nickel. 
'lhe data for each atom and its ions are being 
published as a separate paper. Already completed arc 
the compilations for the following elements: calcium, 
chromium, cobalt, scandium, and vanadium by Sugar 
and Corliss (1979, 1977, 1981, 1980, 1978); 
manganese, nickel, titanium, and potassium by Corliss 
and Sugar (1977, 1981, 19791, 1979b); and aluminum, 
magnesium, and sodium by Martin and Zalubas (1979, 
1980, 1981). The present work on iron is a revision of 
the compilation by Reader and Sugar (1975) and 
completes a new set of compilations for the iron pr iod  
(K through Ni) which we plan to publish as a single 
volume. Since the publication by Reader and Sugar 
appeared, new data have been added for every 
spectrum except Fe 111 and Fc V. 

Generally we have used only published papers as 
sources of data. Unpublished data are included when 
they constitute a substantial improvement oyer material 
in  the literature. For many of the higher ions the 
original paper3 do not give encrgy level values, but only 
classifications of observed lines. In these cases we have 
derived the level values. All energy levels are given in 
units of cm-'. 

Ionization energies found in the literature are 
usually given in eV or in cm-'. The conversion factor, 
8055.479 +_ 0.021 cm-'/eV, given by Cohen and 
Taylor (1973), is used here. In a few cases where 
adequate data were available but the ionization energy 
had not been derived, we carried out the calculation. 
For a number of the ions, no suitable series are known. 
In these caws we have quoted values obtained by Lotz 
(1967) by a met l id  of successive differences along 
isoelectronic sequences. Although uncertaintics are not 
provided with these extrapolated values, we find that 
they are accurate to 0.2% by comparing them with 
recently determined values. 

Nearly all of the data result from observations of 
various types of laboratory light sources. However, the 
laboratory data are sometimes supplemented by data 
obtained from solar observations. This i s  particularly 
true where spin-forbidden lines are needed to establish 
the absolute energy of a system of excited levels and 
where parity-forbidden transitions between levels of a 
ground configuration are used to obtain accurate 
relative energies for the low levels. Whenever both 
solar data and equivalent laboratoiy data are available 

preference is generally given to the laboratory 
measurements. 

When no observations are available to connect 
independent systcms of levels, an estimate of the 
connecting energy is adopted. Those level values 
affected by the estimate arb: denoted by .t x following 
the value. The value of x is the systematic errar of the 
estimatc;. 

For Fe XXY and Fe XXVI, which are isoelectronic 
with He I and H I, respectively, we give (in brackets) 
only calculated level values since they are at present 
more accurate than experimental x-ray wavelengths 
from which level values may be obtained 

For convenient general sourccs of wavelengths of 
iron lines we refer the reader to the compilation by 
Kelly and Palumho (1973) for the range 1-2000 '4. An 
accurate set of measurements of Fe I and Fe II in the 
range of 1900 9000 A was given by Crosswhite (1975). 

We have included under the heading "Leading 
Percentages" the T C S M ~ ~ S  of calculations that express the 
eigenvector percentage cornpsition of levels in terms of 
the basis states of a single configuration, or more than 
one configuration where configuration interaction has 
been included. 

In the "Leading percentages" column we give first 
the percentage of the basis state corresponding to the 
level's name; next the second largest percentage 
together with the related basis state. Sometimes the 
leading percentage in an alternative coupling scheme i s  
given. Generally, when the leading percentage i s  less 
than 4070, no name is given; for an unnamed lcvd, the 
term symbol follows the percentage. 

The user should of course bear in mind that the 
percentages are model dependent, so that the results of 
different calculations can yield notably different 
perczntages In the present tables, the percentages are 
taken mostly from published parametric calculations. 
When only ab initin calculations are found in the 
literature, we have used them if the calculated levels 
can be identified with the observed levels. 

i- or configiirations of equivalent &electrons, several 
terms of the same L S  type may occur. These arc 
theoretically distinguished by their seniority number. In  
the present compilations they are designated in the 
notation o Nielson and Koster (1963). For example, in 
the 3ds configuration there are three *D terms with 
seniorities of 1, 3, and 5.  These terms are denoted as 
'D1, 'D2, and 'D3, respectively, by Nielson and 
Koster Martin, Zalubas, and Hagan (1978) give a 
complete summary of the coupling notations used here, 
tables of the allowed terms for equivalent electrons, 
etc. The prefixing of terms by lower case letters (for 
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. ... %. 

example u, ’D, z, ’G, ctc.) has been dropped except for 
Fe I and Fe 11, where i t 9  use in connection with tables 
of classified lines is established in the literature. 

The text for each ion does not include a complete 
review of the literature but is intended to credit the 
major contributions. In assemblmg the data for each 
spectrum, we referred to the following bibliographies: 

i. Papers cited by Moore (1952) 

ii. C. E. Moore (1969) 

iii. 1,. Hagen and W. C. Martin (1972) 

iv. J. Reader and J. Sugar (1975) 

v. L. Hagan (1977) 

vi. R. Zalubas and A. Alhright (1980) 

vii. Card file of publications since June 1979 
maintained by the NBS Atomic Energy Levels 
Data Center 

This compilation includes all material available to us as 
of April, 198 1. 
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Fe I 

z= 26 

Ground state: ls22s22p63.3s23p63d '4' 'D, 

Ionization energy = 63 480k500 cm" (7.8703~0.06 eV) 

The principal contributors to the analysis of Fe I are 
Walters, laporte, Bums, and Catalan, who together provided 
404 energy levels. Following their work and utilizing new 
Zeeman effect data from the Massachusetts Institute of 
Technology, Russell, Moore, and Weeks (19M) were able to 
extend the analysis by the addition of 60 levels and to 
confirm the older analysis. A few high levels were later 
found by Kiess, Rubin, and Moore (1961). The five-place 
gvalues are from Childs and Goodman (1965), who give 
uncertainties of about +0.00005 with the values. The rest, 
from Russell et al., have an uncertainty of f O . O O 1  to 0.009 
depending on the determination. 

Redetermined values for many of the levels have been 
provided by Crosswhite (1975). His revisions result from a 

new set of observations made with a low pressure hollow 
cathode discharge. The values given below to three decimal 
places are due to Crosswhite. He ascribes an accuracy of 
k0.002 cm-' to these levels. A comparison of his results 
with the earlier data, which were derived from arc sources at 
atmospheric pressure, shows that the earlier values of levels 
belonging to the 3d8, 3d7Ar, 3d74p, 3d74d, 3d6h4p, 
3d 664d, and 3d 5Ar24p/wfconfiguration should be reduced by 
0.04 cm-' to obtain values consistent with observations from 
low pressure sources. This correction has been applied by us to 
all levels of these configurations whose values were not already 
revised by Crosswhite. These are given below to two decimal 
places. Insufficient information is available to establish corre- 
sponding corrections for levelsofthe 3d 6Ar5s, 3d 666F, 3d 64s7s, 
3d '&!id, 3d '!is, and 3d 66Sp configurations. The uncorrected 
values rounded off to two decimal places are given below. 

Litzen (1976) observed the spectrum from 13 350 to 
24 924 A and identified new terms in 3d '65p  and 3d '5p. 
He also determined revised level values for a few high even 
terms. His results are included here. 

A calculation of the even configurations 3d6dF2, 3 d 7 4 ,  
and 3d in intermediate coupling by Dembczynski (1980) 
provided leading percentages for these levels. 

The leading percentages for the levels of odd parity are 
from Roth (1981). He has calculated the 3d74p, 3d664p, 
and 3d '4'4p groups of levels with configuration interaction. 
Roth distinguished repeating terms of the 3d" core by the 
letters a, b ... rather than by seniority. His percentage 
composition for a given level is the sum of the percentages of 
states that differ only in the seniority of the core term. 

The alphabetic prefixing of final terms with lower case 
letters, which served to distinguish final terms of the same 
type, has been repeated here from the literature except for 
levels that have been redesignated as a result of a new 
theoretical interpretation. Similarly, the authors' numerical 
designations for uninterpreted levels have been retained. 

The ionization energy was derived from the 3d 'RF series 
(n=4,5) by Catalan and Velasco (1952). 

eferenres 

Burns, K., and Walters, Jr., F. M. (1929), Publ. Allegheny Obscrv. 6, 159. 
Catalan, M. A. (1930). Anales Sac. Espan. Fis. Quim. 28, 1239. 
Catalhn, M. A,, and Velasco, R. (19.52). Anales Real Sor. Espan. Fis. Quim. 

Childs, W. J. ,  and Goodman, L. S. (1965). Phys. Rev. 140 A, 447 .  
Crosswhite, H.  M .  (1975). I. Res. Nat. Bur. Stand. (U.S.) 79A, 17. 
Dembczynski, J .  (1980), Physica 100 C, 105. 
Kiess, C. C., Rubin, V. C.. and Moore, C. E. (1961), J .  Res. Nat. Bur. Stand. 

Laporte, 0. (1924). 2. Physik 23, 135; 26, 1 .  
Litzen, U.  (1976), Phys. Scr. 14, 165. 
Roth, C. (1981). At. Data Nucl. Data Tables. 
Russell, H. N.,  Moore. C. E., and Weeks, D. W. (1944), Trans. Am. Phil. 

Walters, F. M. (1924). 1. Opt. SOC. Ani. 8, 245.  
Waltcrs, F. M. (1923). J .  Wash. Acad. Sci. 13, 243. 

(Madrid) MA,  247.  

(U.S.) 65A,  1. 

SOC. 34-11, 111. 

Fe I 



E-5 

ENERGY LEVELS OF IRON 

Fe I-Continued 

Level 
(cm-') 

6 928.266 
7 376.760 
7 728.056 
7 985.780 
8 154.710 

11 976.234 
12 560.930 
12 968.549 

17 550.175 
17 726.981 
17 927.376 

18 378.181 
19 552.473 
20 037.813 

19 350.892 
19 562.440 
19 757.039 
19 912.494 
20 01 9.6.35 

19 390.164 
19 621.005 
19 788.245 

20 641.109 
20 874.484 
21 038.985 

21 715.730 
21 999.127 
22 249.428 

22 650.421 
22 845.868 
22 996.676 
23 110.937 
23 192.497 
23 244.834 
23 270.374 

22 838.318 
82 946.808 
23 051.742 

23 711.457 
24 180.864 
24 506.919 

23 783.614 
24 118.814 
24 338.762 

1.40021 
1.35004 
1.24988 
0.99953 

-0.014 

1.254 
1.086 
0.670 

1.666 
1.820 
2.499 

1.506 
1.500 

1.597 
1.642 
1.746 
2.008 
2.999 

1.163 
1.038 
0.811 

1.235 
1.073 
0.663 

1.197 
1.051 
0.756 

1.498 
1.498 
1.493 
1.513 
1.504 
1.549 

1.498 
1.489 

1.747 
1.908 
2.333 

1.200 
1.048 
0.761 

Leading percentages 

100 
100 
100 
100 
100 

98 
98 

98 

99 
99 
99 

55 
55 

55 

99 

98 
99 
99 
100 

100 
100 
100 

71 
71 
71 

88 

88 
88 

100 
99 
99 
99 
99 
100 
100 

92 
79 
19 

98 
99 
98 

88 

88 

88 

1 3d64623F2 
1 
1 

32 3 ~ 1  

32 
32 

21 3 ~ 1  

21 
21 

IO @4sZ3G 
10 
10 

4 3d64SZ3P1 
10 3&(2P)4s3P 
12 3d?(*P)4S 3P 

io 3d('G)4s3G 
10 
10 
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Fe I --d=oritinued 
. . . . . . . .. 

~ 

~. . . . . . . . . ~. . . . . . . .. 
Leading perccntages 

-. . . . _I___.._.__._... ~ 

. . . . . ... ._. . . . _- 

Configuration 

3d7 'P 14s 

3cl' ( ) 4s 

3d7 ( 'D2 14s 

3d7 ('P 14s 

3d7 'D2 ) 4s 

3d7 4s 

3$ ( 5D ) 4s4p ( 313" ) 

3d6 4s2 

3 8  4s' 

___ ..................l- 
Term 

z "" 

b 3H 

a 3~ 

* SFF" 

6 
5 
4 

3 
1 
2 

b 'G2 

2 3F" 

3 

4 

4 
3 
2 

24 335.754 
24 772 017 
25 091.597 

24 574.650 

25 899.98 7 
26 140.177 
26 339.691 
26 479.376 
16 550.1 76 

26 105.901 
26 351.039 
26 627.604 

26 224.956 
26 406.470 
26 623.730 

26 874.549 
27 166.819 
27 394.688 
27 559.581 
27 666. ;?d 6 

27 543.004 

28 604.606 

28 819.946 

29 056. -5'2 I 
29 4 6.9.020 
29 732.733 

29 313.003 

29 320.028 
29 356.740 
29 371.811 

29 798.933 

31 307.2.4249 
31 805.067 
32 133.986 

31 322.61 1 
31 686. $4 6 
31 937.31 6 

32 873.619 
33 412.713 
33 765.304 

1.484 
1.466 

1.001 

1.502 
1.500 
1.503 
1.495 

1.165 
1.032 
0.811 

1.335 
0.731 
1.178 

1.399 
1.355 
1.250 
1.004 

-0.012 

0.817 

1.028 

1.000 

1.657 
1.835 
2.487 

1.014 

1.326 

0.979 

1.250 
1.086 
0 682 

1.321 
1.168 
0.513 

1.264 
1.066 
0.677 

90 

81 
79 

90 

91 

91 

92 

92 

93 

100 

98 

98 

74 

45 
6 1  

95 

91 
94 
95 

96 

62 

64 

SR 

98 
91 
97 

100 

88 
81 
94 

62 

94 
97 

93 

90 
30 
91 

92 

92 

86 

8 3&(%2)4s 3D 
7 

4 

35 'G1 

5 3d7('F)4p 3F" 

5 3d7(4F)4p3F0 

8 3d?(*F)4p3D" 
8 
8 

3 3 d 7 ( 2 l ? ) b 3 F  

5 

6 
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Fe !-Continued 

Configuration Term 

y "" 

y 5F" 

2 3P" 

b 'D2 

z b' 

2 

y 3E"" 

y 'P 

d 3F 

y 'DO 

x 5w 

y 7F- 

x 5F" 

J 

4 
3 
2 
1 
0 

5 
4 
3 
2 
1 

2 
1 
0 

2 

5 
6 
4 
3 
2 

5 
4 
3 

4 
3 
2 

3 
2 
1 

2 
3 
4 

3 
2 
1 

4 
3 
2 
1 
0 

2 
3 
4 

5 
4 
3 
2 
1 

Level 
(CM.. ') 

.I____s 
33 095. .987 
33.507.120 

34 01 7.098 
.?4 181.58 

3.3 695. .394 
34 029.515 
3.4 398.749 
3.4 ,547.206 
34 692J.44 

33 94 6.929 
<5'4 362.871 
.?4 .5-55.60 

3.4 636.78 

34 782.416 

33 801.567 

34 843.94 
3.5.257.319 
35 611.619 
,1.5 856.400 

35 x9.206 
35 76r.561 
36 079.366 

36 686.164 

S7 521.152' 

36 766.96'9 
37 157.557 
37 409.542 

36 940.56 
36 975.60 
37 045.96 

38 175.350 
38 678.032 
38 .995. 7.5'0 

39 625.800 
89 96'9.844 
40 231.332 
40 404.506 

$7 1ti2.2'40 

40 491.274 

40 0.52..030 
40 207.086 
40 421.85 

40 257.307 
40 594.429 
40 842.151 
41 018.050 
4 1 130.627 

6 

1.496 
1.492 
1.495 
1.492 

1.417 
1.344 
1.244 
0.998 

-0.016 

1.493 
1.4% 

1.218 
1.332 
1.108 
0.887 
0.335 

1.248 
1.100 
0.791 

1.246 
1.086 
0.688 

1 661 
1.836 
2.502 

1.824 
1.151 
0.493 

1.489 
1 504 
1,501 
1.498 

2.340 
1.908 
1.75? 

1.390 
1.328 
1.254 
0.998 

-0.006 

61 

60 

56 

37 

4 2  

84 
81 
81 
82 

84 

91 
50 
%O 

67 

58 
94 

75 

86 

92 

61 
78 
89 

86 
84 
87 

Go 
03 
59 

92 

94 
96 

84 
85 
E6 

55 

54 
53 
53 
53 

97 

98 
91 

90 

82 
88 
88 
88 

L,eading percentages 

34 3d5(")424p sP 
35 

46 

6 3d33F 
5 
3 

8 3d6('Dj4~4p(~P") 3D0 
7 
I 

18 3d( 'F)4p 'D" 
19 

19 

20 

20 
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Fe I-Continued 

Configuration 

3d8 

Term 

3P 

z 5s" 

r 5 F  

y 

e 7D 

z 5H' 

w 5 D  

5D 

5F' 

y 5s' 

e 5D 

J 

2 
1 
0 

2 

3 
2 
1 

6 
5 
4 
3 
2 

5 
4 
3 
2 
1 

5 
4 
6 
3 

4 
3 
2 
1 
0 

4 
3 
2 
1 
0 

5 
2 
1 
4 
3 

2 

4 
3 
2 
1 
0 

3 

2 

Level 
(cm-') 

40 871.410 
41 178.406 
41 234.498 

40 894.986 

42 532.736 
4 2 859.770 
43 079.026 

42 784.35 
42 911.908 
43 022.975 
43 137.479 
49 210.021 

42 815.858 
43 163.327 
43 434.629 
43 633.534 
43 763.980 

42 991.62 
43 108.90 
43 321.08? 
43 325.958 

43  499.496 
43 922.664 
44 183.620 
44 411.151 
44 458.92 

44 022.535 
44 166.203 
44 664.068 
44 760.75 
44 826.88 

243.673 
.# 285.443 
44 378.3.38 
44 4 15.070 
44 551.330 

44 511.806 

44 677.004 
45 061.327 
45 333.874 
45 509.150 
45 595.08 

45 220.676 

45 281.831 

1.985 

1.650 
1.822 
2.464 

1.342 
1.203 
1.024 
0.905 
0.331 

1.585 
1.655 
1.755 
2.009 
3.002 

1.054 
0.871 

0.509 

1.492 
1.481 
1.533 
1.315 

1.444 
1.351 
1.378 
1.389 

1.382 
1.117 
0.283 
1.401 
1.386 

1.888 

1.502 
1.508 
1.503 
1.518 

1.352 

1.200 

Leading percentages 

85 
85 
83 

59 

86 
76 
85 

60 
53 
44 
38 
46 

65 
67 
64 
48 

51 
35 
44 
48 
45 

42 
39 
41 
40 
60 

84 
59 
81 
62 
45 

38 

29 3D. 

31 3D 

27 3' 
17 510 
30 514 
26 5G" 

29 5D0 

33 5D" 



.... 

E-9 

ENERGY LEVELS OF IRON 

Fe k-Continued 

.... 

Configuration 

3d ( 3H ) 4s4p( 3P" ) 

3 r f (  3H )4s4p( 3P" ) 

367 ( 4P) 4p 

3rf ( 4P) 4p 

3d7( 4F 15s 

Term 

y 'Go 

x 'Go 

31* 

w 5P" 

2 3 s  

y 3P" 

5D" 

3D" 

3F. 

z 3H" 

e 'F 

w 5 G .  

'D" 

z 'G" 

J 

5 
4 
3 

1 

6 
5 
4 
3 
2 

7 
6 
5 

3 
2 
1 

1 

0 
2 
1 

4 
3 
2 
0 
1 

2 
3 
1 

4 
3 
2 

6 
5 
4 

5 
4 
3 
2 
1 

6 
5 
4 
3 
2 

2 

4 

Level 
(cm-') 

L__.- 

45 294.846 
45 428.397 
45 562.970 

45 551,768 

45 608.917 
45 72'6.117 
45 833.20 
45 91.9.488 
45 964.959 

45 978.00? 
4 6 026. .Y4 
46 135.88 

46 137.10 
46313.57 
46 410.40 

46 600.814 

46 672.527 
46 727.068 
4 6 901.820 

46 720.836 
46 744.988 
47 136.072 
47171.48P 
4 7 177.225 

46 888.510 
47 017.188 
47 272.016 

46 88.9.143 
4 7 092.707 
47 197.014 

4 6 $82.34 
4 7 008.366 
47106.477 

47 005.508 
47 377.962 
47 755.539 
48 036.666 
48 221.314 

4 r .?63.~.9 
4 r 420.229 
47 590.047 
4 7 693.227 
47 831.150 

4 7 419.674 

4 7 4.52.71 6 

1.207 
1.053 
0.765 

0.556 

1.336 
1.269 
1.158 
0.928 
0.323 

1.149 
1.040 
0.833 

1.658 
1.822 
2.436 

1.888 

1.444 
1.600 

1.341 
1.397 
1.216 

1.410 

1.260 
1.34F 
0.767 

1.344 
1.159 
0.743 

1.200 
1.060 
0.850 

1.421 
1.331 
1.2% 
0.991 
0.007 

1.306 
1.305 
1.145 
0.931 
0.472 

1.137 

1.025 

Leading percentages 

57 
55 
54 

30 

65 

60 

55 
53 

52 

93 

91 
94 

45 

41 
38 

49 

37 

32 
31 

50 

' 54 

53 

52 

55 

51 
54 
47 

38 
51 
41 

36 
34 

31 

78 

73 

73 
42 

65 

36 

31 

3D" 32 5D" 

30 (3H)(3PP") 'Go 
32 

36 

40 

45 

3 3d('H)4p 31" 
3 
4 

35 .3&6S)4s24p 5p" 
31 
20 

14 3d(ZP)4p 3s" 

24 3d1(4P)4p 3P" 
36 
21 

17 ,@(a 3F)4s4p(3P") 5D' 
14 
19 
20 

21 

1.5 3&(a 3F)4s4p(3P) 3D" 
18 
20 

11 .3~f(~G)4p 'H" 

10 3&(a 3F)4s4p('P") 3G" 
18 3&(a 'F)4s4p('P") 3G" 
16 3d('G)4p 'F" 

7 .@(3G)4s4p(3P") 5F" 

12 3d7PP)4p 'D" 

23 3~l~(~H)4~4p(~P") 'Go 



Configuration 

3d7 ( 4P )4p 

Term 

Y "so 
u SFF" 

r " G "  

e 3F 

u 5P" 

SH" 

x 3P" 

z 'H" 

y 'Go 

w " F "  

u 3D" 

IF" 

71)" 

y 313' 

u 3G3 

z ID" 

I 

5 
4 
3 
2 
1 

4 
3 
5 

4 
3 
2 

3 
2 
1 

5 
4 
3 

2 
0 
1 

5 

4 

4 
3 
2 

3 
2 
1 

3 

5 
4 
3 
2 
1 

6 
5 
4 

5 
4 
3 

2 

-___-____ ..... 
Level 

(cw - 1 )  

4 7 555.598 

4 7 606.094 
4 7 .92.9.99.9 
48 122.928 
4 8 238.84 4 
48 .%0.601 

47 812.118 
4 1  834.218 
47 8&.S42 

47 960.941 
48 531.864 
48 928 359 

4 7,966.59 
48 165'"4.?8 
48 28.9.865 

48 231.270 
48 361.878 
48 475.668 

48 904.638 
4 8 4 60.098 
48 516.135 

48 382.597 

48 102.526 

49 108.890 
49 242.881 
49 433.121 

49 135.022 
4.9 242.599 
49 297.620 

49 227.12 

4 9 352.3'35 
49 558.724 
4 9  805.249 
50 008.515 
50 152.609 

49 434.156 
49 604.4 15 
49 726.977 

49 460.S90 
49 627.877 
49 850.581 

49 477.10 

1.884 

1.317 
1.264 
1.236 
1.267 
0.230 

1.061 
0.668 
1.203 

1.288 
1.107 
0.622 

1.646 
1.740 
2.213 

1.27? 
0.934 
0.584 

1.263 

1.547 

1.018 

1.063 

1.181 
1.165 
0.677 

1.211 
0.954 
0.562 

1 .1v  
1.075 
0.929 

1.163 
0.914 
0.763 

0.92? 

-. . . . ._. - 
Leading percentages 

60 

61 
55 
70 
74 

70 

51 

39 

49  

67 

44 
54 

36 
42 
39 

68 

36 

39 

97 
50 

31 
52 
47 

40 

43 

38 
42 

38 

41  

43 

9 

11 
20 

1 

7 
7 

22 
37 
18 



2 
.-- 

I 
z 
E 
P 
9 
5 
L 

P 

E 

z 
e 
P 
P 
9 

z 
8 
P 

0 
I 
Z 
E 
P 

I 
z 
E 
P 
9 

z 
I 
P 
8 
s 
9 

2 
t: 
P 

Z 

Z 
I 
0 

0 
I 
z 
E 
P 
9 
9 



E-12 

C. C O R L ~ ~ ~  AND J. SUGAR 

Fe :--Continued 

Configuration 

3d7('H ) 4p 

38(5D)4s (6D)4d 

3d( 3H )4s4p(P'  ) 

3&('D)4s (%)5p 

Term 

u 5F' 

x 3H0 

t 5D" 

f 

e 5S 

v 3F" 

e 3D 

g 5D 

u 3G' 

e 'S 

'H" 

11 5p" 

y 'Do 

x 'D" 

e 

J 

5 
4 
3 
2 
1 

6 
5 
4 

4 
3 
2 
1 
0 

5 
4 
3 
2 
1 

2 

2 
4 
3 

3 
2 
1 

4 
3 
2 
1 
0 

5 
4 
3 

3 

5 

3 
2 
1 

2 

2 

3 
1 
2 

Level 
(cm-') 

51 01 6.660 
51 381.460 
51 61 9.078 
51 827.413 
51 945.819 

51 023.152 
51 068.71 0 
51 409.117 

51 076.622 
51 361.390 
51 629.998 
51 827.854 
51 941.531 

51 103.187 
51 461.672 
51 604.102 
51 705.007 
51 754.490 

51 148.883 

51 201.284 
51 304.603 
51 365.308 

51 294.222 
51 739.920 
52 039.886 

51 350.491 
51 770.554 
52 049.814 
52 214.336 
52 257.33 

51 373.909 
51 668.189 
51 825.773 

51 570.084 

51 630.1 72 

51 692.007 
51 944.784 
52 11 0.607 

51 708.309 

51 762.067 

51 837.24 
52 019.67 
52 067.460 

g 

1.161 
1.038 
0.953 

1.486 

1.384 
1.355? 

0.967 

1.952 

0.803 
1.122 
1.096 

1.345 
1.125 
0.801 

1.487 
1.492 
1.57? 

1.140 
1.067 
0.801 

1.92? 

1.061 

2.633 

1.025 

0.883 

1.664 
2.432 

Leading percentages 

80 
14 
67 

31 
34 
36 

30 
35 
35 

39 

49 

56 

18 ( a Z D )  'D" 

15 3&(a 'D)4p 'D" 



E-13 

ENERGY LEVELS OF tRON 

Fe I-Continued 

.- ... .. 

Configuration Term 

u 3D" 

'p" 

3D" 

w 3H" 

3 ~ *  

3p" 

9 

g 

5G0 

2 'I' 

h 5D 

f 5p 

f 5G 

J 

3 
2 
1 

1 

3 
2 
1 

6 
5 
4 

6 
7 
5 

2 
1 

4 
5 
3 
2 

5 
4 
3 
2 
1 

6 
5 
4 
3 

6 

4 
3 
2 
1 

3 
2 
1 

6 
5 
4 
3 
2 

Level 
(cm-') 

51 969.079 
52 296.899 
52 512.445 

52 180.804 

52 213.226 
52 682.915 
52 857.790 

52 431.418 
52 61 3.084 
52 768.721 

52 513.549 
52 655. OO? 
52 898.971 

52 91 6.292 
53 229.942 

52 953.625 
53 084.791 
53 357.508 
53 749.405 

53 061.24 
53 393.68 
53 830.973 
54 257.505 
54 386.189 

53 069.350 
53 586.501 
53 610.414 
53 852.108 

53 093.5.21 

53 155.09 
53 545.847 
53 966.68 
54 132.550 

53 160.49 
53 568.68 
53 925.2'2 

53 169.17 
53 281.70 
53 768.969 
54 161.132 
54 375.68 

1.306 
1.156 
0.700 

0.801 

1.317 
1.145 
1.246 

1.177 
1.033 
0.810 

1.019 
1.147 
0.830 

1.495 
1.266 

1.010 

1.435 

1.323 
1.221 

1.142 

Leading percentages 

61 
53 
48 

41 

15 

60 
45 

63 
60 
61 

65 
88 

85 

55 
d l  

19 
21 
22 

20 

19 
11 
10 

17 
14 
18 

22 
0 
9 

19 
13 

65 21 310 



Configueatioil 

3d7(4F)4d 

3cr ( 4F )5p 

3d7 ( 4F )4d 

3d7 (4F) 5p 

3d7(4F) 4d 

3d7 ('F) 5p 

e 'H 

5Fs 

'53' 

y 'IT 

e 'G 

f 30 

3F" 

8 

5D' 

3n" 

e 

t 3G 

5p" 

3G" 

J 

7 
6 
5 
4 
3 

2 
3 
5 

4 
3 
2 
1 

5 

5 
4 
3 

3 
2 
1 

3 

5 
4 
3 
2 
1 

1 
3 
4 

3 
2 

6 
5 
4 

5 
4 
3 

3 

1 

4 
3 

3 

" 

53 275.16' 
53 352.98? 
53 874 26? 

54 491.04 

53 275.23 
53 651.09 

54 237.16 

54 013.747 

53 328.827 
53 733.583 
54 042 516 
54 224.402 

53 722.40 

53 739 433 
54 066.53 
54 379.40 

53 747.51 
54 066.758 
54 449.29 

53 763.272 

53 800.841 
54 124.724 
54 404.765 
54 611.691 
54 747.581 

53 808.353 
53 891.520 
54 301.334 

53 817.84 57 
5.4 342.762 

53 840.64? 
54 266.72? 
54 555.41? 

53 983.284 
54 237.415 
54 600.346 

54 004.78 
.54 112.218 
54 271 057 

54 017.573 
54 3557.395 

54 289.09 

1.30? 
1.191 
1.102 
0.90? 
0.484 

1.21? 
1.356 

1.03? 

1.248 
1.095 
0.842 

1.258 

1.079 

1.586 
1.65? 

1.418 
1.476 

1.225 
1.109 
0.871 

1.234 
1.183 
0.922 

1.70? 

kading percentages 

..........- 

P4 
84 
88 

77 

34 

72 

74 

89 

39 

34 
32 

$8 
47 

51 



E-15 

ENERGY LEVELS aF IRON 

Fe r4:ontinned 

Configuration 

3d7 ( 'F ) 4d 

- ... .. 

Term 

f 3 F  

w 'GO 

e 'F 

SGG" 

3H" 

W 'D' 

'F" 

u 3H0 

1 

2 

u 3F" 

3 

V 'G" 

x 3Xn 

t 

isD 

h 'D 

6 6G 

J 

4 
3 
2 

4 

2 
1 
0 

5 
3 
4 

4 
6 
5 

2 

5 

3 

6 
5 
4 

5 

4,5 

4 
3 
2 

4 

4 

7 
6 
5 

4 
a 
2 

4 
3 
2 

5 

G 
5 
4 
3 
2 

Level 
( C C ' )  

54 633.35 
55 124.93 
55 378.80 

54 810.841 

54 879.68 
65 3'76.08 
55 726.50? 

55 $63.815 
5.5 790.613 
5.5 905. .538 

55 44s.m 
55 489.77 
55 52L54 

55 754.239 

55 907.171 

56 097.829 

56 ;%73..957 
56 $82.66. 
56 4 23.279 

56 428.06 

56 452.04 

56 959269.9 
56 783.317 
56' 858.65.9 

56 842.70 

56 951 28286' 

57 027.52.2 
51 070.21 
57 104.22 

57 550.000 
57 6+#1.000 
57 708.74 7 

57 697.55 
57 813.940 
57 974.129 

67 807.17 

58 001 84 
58 271.46? 
58 520.14? 
58 710.02 
.58 824.77 

1.142 
1.071 
0.676 

1.001 

1.459 
1.459 

1.057 
0.908 

0.804 
1.169 
1.018 

0.990 

1 ~ 145 

0.857 

1.166 
1.029 
0.859 

1.148 
1.077 
0.68'1 

1.053 

1.145 
1.028 
0.832 

1.235 

0.698 

1.384 
1.415 

1.40? 

0.343 

14 

46 

Ec? 
G1 

59 
48 
47 

62 

33 ' FT"  

46 

44 
46 

60 

47 
.% 
47 

39 

86 
8.5 

84 

61 
60 

61 

22 

23 

21 

17 

11 
33 

23 

15 

31 

2.5 

47 

26 
18 

17 

20 

26 

23 

6 
7 
7 

15 
17 
16 



Configuration Tern 

4 

r 3G0 

t 3H0 

3 F '  

Limit 

J 

2 

5 
4 
3 

6 
5 
4 

3 

4 
3 

E-16 

C. CORLISS AND J. SUGAR 

Fe I 4 n t i n u e d  

Level 
(CK') 

58 213.121 

59 926.62.2 
60 172.06 
60 364.76? 

60 365.70.1 
60 549.18 
60 757.68 

60 563.61 

60 754.71 ? 
60 806.654 

63 480 

I 9  

1.190 
1.030 
0.780 

1.163 
1.040 
0.805 

Leading percentages 



..,. ... 

E-17 

ENERGY LEVELS OF IRON 

Fe iI 

.I_ ... . 

Z=26 

Mn 1 isoelectronic sequence 

Ground state: ls22s22p63s23p63d "4s 6D,,, 

Ionization energy = 130 563210 cm-' (16.18793-0.0012 eV) 

The earlier work on this spectrum was mainly by Dobbie 
(1938), Green (1939), and unpublished material of Edlkn. 
Johansson and Lit& (1974) found the complete set of 
3d 7'DPf levels as well as many new 3d 6.1d levels. 

The spectrum has now been reobserved in the regions 
900-2200 A and 4800-11 200 8, by Johansson (1978) by 
using a pulsed hollow cathode discharge. With the new 
measurements and Dobbie's list in the region 2200-4800 A, 
Johansson has contributed some 250 new levels to the 
presently known 576 levels. He has redetermined all the 
level values and discarded 23  earlier levels. The accuracy of 
levels given to three decimal places is about k0.01 CIII-', 

those with two places are about 0.1 cm-', and with one place, 
.*o.s cm-'. 

The 3d ', 3d 64ir, and 3d"6* configurations have been 
treated theoretically by Shadmi, Oreg, and Stein (1968), 
whose results confirm the assignments given by Johansson. 
The configurations 3d 64p, 3d 'Sp, and 3d '64p were 
calculated by Sinzelle and Wyart (1978, unpublished) with 

Configuration 

3d('DD) 4s 

3d7 

3d6 ('Dl45 

3d7 

3d7 

3d7 

Term 

a 6D 

a 4F 

a ID 

a 4P 

a 'G 

a 2P 

Fe ii 

Level 
(cm-') 

0.000 
384.790 
667.683 
862.613 
977.053 

1872.567 
2 430.097 
2 837.950 
3 117.461 

7 955.299 
8 391.938 
8 680.454 
8 846.768 

13 474.411 
13 673.185 
13 904.824 

15 844.65 
16 369.36 

18 360.646 
18 886.780 

configuration interaction. Since 3d 'G4p was not recoupled 
in the scheme which exhibits the highest percentages, we 
give only its admixture with the other two configurations. 
Experience has shown that 3d 'h4p should be coupled 
3d 5(S,,L,)4ir4p (S,,L,)S,,L,. A discussion of their calculations 
is given by Johansson, Litdn, Sinzelle, and Wyart (1980). 
Johansson's designations for the 3d '44p levels are quoted 
here. 

The g-values were derived by Weeks in 1949 and are 
taken from Moore (1952). The observations were made at 
M.I.T. The uncertainty in the g-value determinations varies 
from kO.002 to 20.009. 

1 he ionization energy was determined by Johansson from 
the 3d '('D)ns 6Dq,2 series. 

,. 
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g 

1.58 
1.58 
1.655 
1.862 
3.31 

1.33 
1.223 
1.02 
3.385 

1.419 
1.365 
1.200 

-0.05 

1.609 
1.737 
2.67 

1.28 

hading  percentages 



E-18 

Fe ir-Continued 

Configuration 

3d7 

3d7 

3 d (  "2 14s 

3 d ( " H  )4s 

_____. ._. .. . 
Term 

a 211 

a 'D2 

b 'P 

a 4~ 

b 'F 

a 6S 

a 'G 

b 'P 

b '11 

a 'F 

b 'G 

b 4D 

b 'F 

a zI 

c 'e: 

b 'I3 

a 2s 

J Level 
(cni- ' 1  

20 340.30 
20 805.77 

20 516.960 
21 308.04 

20 830.552 
21 812.055 
22 409.852 

21 251.608 
21 430.359 
21 581.638 
21 711 917 

22 637.205 
22 810.357 
22 939.358 
23 031.300 

23 317.633 

2.5 428.784 
2.5 805.328 
25 981.629 
26 055.423 

25 787.598 
26 932.748 

26 170.181 
26 352.766 

27 314.922 
27 620.412 

30 388.542 
30 764.485 

31 364.440 
31 368.450 
31 387.948 
31 483.176 

31 811.822 
31 999.048 

32 875.646 
32 909.905 

33 466.463 
33 501.253 

36 126.387 
36 252.918 

37 227.326 

c: 

0.92 

1.22 

1.583 
1.720 
2.68 

1.20 
1.119 
0.951 
0.661 

1.307 
1.210 
1.019 
0.398 

1.99G 

1.237 
1.15 
0.98 
0.574 

1.33 
0.67 

1.09 
0.927 

1.129 
0.851 

1.10 
0.898 

1.327 
1.41 

0.86 
1.124 

1.062 
0.92 

1.099 
0.88 

0.799 
1.179 

2.06 

Leading percentages 



Configuration J 

E-19 

ENERGY LEVELS QF IRON 

Fe II-Continued 

Level 
(cn-- 1 )  

38 164.194 
38 214.507 

38 458.981 
38 660.043 
38 858.958 
39 013.206 
39 109.307 

41 96R.046 
49 114.818 
42 237.033 
42 -734.822 
42 451.mZ 
4.2 43*9.822 

42 658.224 
43 238.586 
43 620.957 

4.1 232.512 
44 a3.799 
4.5 079.879 
4 5  289.801 

44 4.46.878 
44 784.76'1 
4.5 54.168 
4.5 206.450 

44 915.046 
44 929.55 

46 967.444 
4 7 389.179 
4 7 626.076 

47 674.721 
48 039.090 

49 100.976 
49 506.934 
50 212.826 

50 075.910 
50 142.786 
50 15'7.452 
50 187.81.3 

5% 299.39 
52 582.51 
52 965.82 

54 063.459 
64 902.315 

M 232.195 
54 273.641 
54 275.637 
54 283.220 

g 

_ . - ~  

1.176 
0.7'3 

1.542 
1.584 
1.653 
1.86 
3.85 

1.43 
1.899 
1.304 
1.04 

-0.647 

1.702 
1.869 
2.398 

1.32 
1.29 

0.445 

1.40 
1.35 
1.15 

-0.021 

i.am 

1.592 
1 .I17 
2.70 

Lading percentages 

99 

9% 
98 
99 

99 

99 
96 
96 
97 

98 
95 

53 
95 
86 

96 
91 
93 

96 

90 

91 
93 

96 

96 

96 

3 u54s4p 
3 

3 

2 M%4p 
2 
2 



E-20 

C. CORLISS AND J. SUGAR 

Fe rr--Continued 

Configuration 

38pF1) 4s 

3d5 4s' 

3dc( 'G1) 4s 

3d6( 'P2)4p 

3d5 4s' 

3d6 ( 3P2 ) 4p 

3d6(3H ) 4p 

3d6 (3P2 1 4 ~  

3$(3H)4p 

Term 

d 'F 

d 4P 

d '6 

z 'S" 

c 'D 

y 4p" 

z 'Go 

z 'H" 

Z ZD" 

z 'I' 

y 4D' 

y 6p' 

z 'Go 

y 4F" 

z 21. 

J Level 
(cm-') 

54 870.528 
54 904.222 

57 411.065 
57 493.321 
57 578.484 

58 631.531 
58 666.258 

59 663.456 

60 270.339 
60 384.370 
60 441.033 
60 445.275 

60 402.34 2 
61 035.287 
61 332.764 

60 625.449 
60 807.230 
60 956.781 
61 041.748 

60 837.569 
60 887.598 
60 989.444 
61 156.835 

61 093.413 
62 125.600 

61 34 7.61 4 
61 51 2.634 
61 527.616 
61 587.214 

61 726.077 
62 689.880 
62 829.075 
62 962.205 

61 974.933 
62 049.025 
62 171.615 
62 065.521 

62 083.108 
62 322.431 

62 151.561 
62 158.110 
62 244.520 

62 293.164 
62 662.244 

8 

1.89 

1.58 
2.613 
1.74 

1.24 
1.155 
0.969 
0.799 

0.720 

1.01 
1.019 

1.411 
1.349 

1.14 

1.68 
1.198 

1.097 

1.025 
1.33 
0.43 

1.069 
0.910 

Leading percentages 

16 

46 
52 
28 

66 
53 
50 

48 

47 
44 
45 
64 

42 
35 

00 
56 
49 
51 

56 

49 
60 
45 

31 4F0 

61 
38 

61 
63 
66 

90 
93 

36 ( 3 ~ 1 )  4 p .  

42 
22 

24 (3F2) 'Go 
29 
33 
35 

26 (3H) 4H" 
43 
42 

33 (3~1) 4~ 

n 
32 
25 



.-.-. 

E-21 

ENERGY LEVELS OF IRON 

Fe n-Continued 

,.. . . 

...-.. 

Configuration 

3d (3F2) 4p 

3 d  (3F2 )4p 

Term 

x 4D" 

y 4G" 

z 2F" 

z 2p" 

y 'Go 

z 2H' 

x 4 c o  

x 4F. 

z 2s" 

y 4H0 

y2D" 

Y *  

x 4p" 

y 2li- 

X 2G 

z 

3 Level 
(cm-') 

62 945.038 
63 272.976 
63 4 65.109 
63 559.488 

63 876.31 7 
63 948.790 
64 040.886 
64 087.418 

64 286.345 
64 425.408 

64 806.487 
64 834.073 

64 831.943 
65 109.679 

65 363.595 
65 556.280 

65 580.041 
65 696.038 
65 931.334 
66 078.269 

66 01 2.750 
66 377.283 
66 529.304 
66 612.656 

66 248.66 

66 41 1.686 
66 4 63.528 
66 589.008 
66 672.394 

67 000.517 
67 273.826 

67 51 6.332 
68 000.788 

69 102.38 
69 302.09 

69 426.98 

69 606.552 
69 650.484 

70 314.604 
70 523.706 

70 986.677 
71 432.680 

1.385 
1.351 
1.21 
0.013 

1.24 
1.15 
0.975 
0.617 

1.135 
0.82 

1.329 

1.101 
0.896 

1.066 
0.913 

1.00 
0.62 

1.21 
1.02 

1.13 
0.959 
0.69 

1.16 
0.719 

1.07 
0.907 

1.13 
0.857 

1.11 
0.87 

1.05 

Leading percentages 

60 
67 
71 
71 

50 
41 
29 
26 

30 
32 

45 
54 

62 
67 

39 
51 

53 
48 
76 
83 

53 
71 
67 
67 

58 

89 
79 
83 

85 

64 
59 

55 
59 

62 
63 

78 
73 

99 
00 



-. . .. . . . . . .- 
Configurnticn 

-. . . . . . . . 
Term J 

-. . . . . . . . . 
LWd 

(em- '1 

T i  964.71 0 
72 043.0% 
72 4 2.9.71 I 

72 130.39 
T8 861.729 

7'2 168,998 
72 138.5 1 .? 
72 352.024 
72 650.658 

72 212.978 

12 SZ4.566 
72 619.490 
72 651.876 

73 016.147 

73 054.881 

73 091.590 
73 143.288 

73 187.28/1 
73 189.11 

73 393.745 
73 395.93 
73 492.215 
73 637.34 

73 603.50 
73 751.882 

7,? 966.832 
73 969.767 

74 498.057 
74 606.8.41 

75 600.931 
75 915.215 

76 129.44 6 
76 577.482 

77 230.90 

77 742.730 
78 137.364 

77 861.625 
78 237.685 
78 525.407 
78 725.790 
78 843.992 

1.66 

0.91 
1.08 

0.9 

1.125 
0.844 

1.34 

1.13 

- 
Leading percentages 

86 

54 

51 

51 
42 

58 

71 

GI 

86 

41 *Fa 

63 

79 

49 

31 4D" 

32 'F" 

58 

55 

66 

70 

44 

68 

98 

89 

91 

91 

51 

50 

37 

41 

60 
65 

16 ( 'G2) 'F" 
22 

31 ('D2) 'Po 
21 (3D) 'F"" 



.. . 

- ..... 

Configuration 

3d6( 'D) 4d 

, 

Term 

2G 

Lu %' 

Lo Z P Q  

x 6P" 

e 4D 

2F2 

e 6F 

v 2G" 

6D 

V 2D" 

e 6G 

6P 

f 

e 'G 

J 

E-23 

ENERGY LEVELS OF !RON 

Fe II-ContiIlued 

Level 
(cm--') 

78 185.03 
78 677.28 

75 4S7.1&? 
?'S 6.90 846 

18 841.96 
79 2.43 60 

79 246 17 
7-9 BC5.  I 1  
73 331.50 

I9  439.467 
I 9  885.493 
80 177.975 
80 346.016 

81 633.26 
81 134.75 

82 853.658 
82 978 677 
83 136487 
83 $08 194 
83 459.67 
.a 558.54 

83 305.251 
83 871.184 

83 713.536 
83 726.364 
83 812.316 
83 990.063 
84 131.563 

83 S68 45 
34 359 80 

84 035.14 
84 296.83 
84 527.778 
84 710.685 
84 844.834 
84 938 18 

84 266.556 
84 326.912 
84 424.37 

84 685.198 
84 870.863 
85 048.602 
85 1'72.809 

84 863.351 
85 184.734 

85 462.862 
85 679.698 

1.33 

1.8 

Lading percentages 

92 
94 

30 

85 



Configuration 

3 8  ('D )4d 

3d6 ( 5D)4d 

38(5D)4d 

3 8  ( 3P1 )4p 

3$ ( "D ) 4d 

3 8 (  5D )5p 

3d6 (3F1 )4p 

3d6( 5Dl Sp 

Term 

6S 

4s 

e 'F 

u 'Do 

u 'F" 

y6F" 

6D" 

4P 

6DD" 

2s" 

6P" 

4G" 

6F" 

J 

E-24 

c. caRLiss AND J, SUGAR 

Fe Ii-Continued 

Level 
(cm-') 

85 495.304 

85 728.806 

86 124.301 
86 416.333 
86 599.738 
86 710.837 

86 388.82 
86 54-?.974 
86 767.577 
86 929.649 

86 482.75 
86 54 7.49 

87 340.983 
87 4 71.765 
87 537.652 
87 572.431 
87 602.25 
87 898.12 

87 635.99 
87 964.65 
88 059.38 
88 209.45 
88 614.52 

87 985.628 
88 157.116 
88 189.030 

88 723.400 
88 853.533 
89 119.457 
89 331.195 
89 4 71. .?65 

89 003.46 

89 128.561 

89 444.458 
89 625.940 

89 727.342 
89 890.373 
90 042.779 
90211.70 

89 924.1 75 
90 067.34 7 
90 300.625 
90487.810 
90 593.497 
90 648.217 

1.29 

Leading percentages 

35 

33 

30 

25 

88 

90 

36 (3F11 4D" 
38 

40 

45 

2 ('G2) 'F" 
2 

90 8 3d54s4p 
53 19 (5D) 6Po 
71 12 (5Dl 6P" 
84 6 (5D)6P 
97 2 3d564p 

61 32 2s. 

40 6D' 22 6 p "  

77 

76 

70 

75 

87 

39 

59 
Ti 

82 

83 

17 ( 3 ~ 2 )  4 ~ 0  

17 
16 
18 

12 3d54s4p 
45 4F" 
26 (%) 4F0 

9 (5D) 4F0 
13 3d54s4p 
15 3d54s4p 



Configuration 

_..- 

3&( 5D )5p 

3d( 'Dj5p 

3 8  (5D) 5p 

3$( 3F1) 4p 

3d6( 3F1 )4p 

3d5( 4G)4s4p( 3P" ) 

3d(3F1)4p 

3 d p F 1  )4p 

Term 

'F" 

4D" 

4s 

4p" 

4p" 

w G P O  

6F" 

x 'HH" 

u 2G" 

u 2IY 

u 4F" 

4D" 

u 4F4 

J 

E-25 

ENERGY LEVELS OF IRON 

Fe n--Continued 

Level 
(cm-') 

90 386.528 
90 780.621 
91 070.54 7 
91 208.887 

90 397.868 
90 638.822 
91 048.256 
91 199.74 6 

90 629.902 

90 839.486 
90 898.873 
92 274.12 

90 901.124 
92 225.538 
9.2 314. ~ 5 8  

91 167.937 
91 575.139 

91 843.470 

91 850.722 
91 915.95 
92 01 8.729 
92 154.165 
92 300.277 
92 $32.136 

92 089.26 
92 116.78 
92 166.60 
92 250.21 

92 171.716 
92 602.703 

92 21 6.32 
92 695.374 

92 282.46 
92 329.89 
92 358.61 
92 426.98 

92 453.46 
92 647.51 
92 899.20 
93 129.90 

93 328.48 
93 395.36 
93 484.58 
93 487.65 

Leading percentages 

48 

6" 

67 
64 

I 7  
69 

65 

97 

61 

52 

28 
45 

79 
91 

95 

53 

*% 

28 4p" 

50 

62 

46 
50 

42 
36 
26 
18 

46 

45 

54 
35 

44 (5Dj 6F" 
18 (5D) 'DIP" 
13 (5D) 'D" 
28 ( 5 D ) d D .  

19 'F" 

1 4p" 

12 

30 4F" 

16 4D" 
5 

1 

39 3d54s4p 
38 

24 3$('D)5p6P" 

25 ('PI) 4D" 
25 
23 
22 

17 (3~2) 4 ~ .  

11 
21 
13 



Configuration 

3&( 'Gl )4p 

.... 
Term 

......_. ... ............. 
J 

.___i__- 

Level 
(cm- 1)  

..... 

93 830.979 
93 84 0.34 
93 987.457 
94 031,378 
94 057.773 
93 988.11 
94 073.24 
94 148.51 
94 189.88 

94 211.739 
94 739.17 
94 880.74 

94 685.09 
94 763.21 9 

94 700.66 

95 0~19.2 

95 046.10 
95 019.64 

95 767.70 
95 858.05 
95 995.69 
96217.42 

96 062.06 
96 239.20 

96 279.49 
96 356.96 

97 326.27 

91 851.35 
98 278.77 

98 130.131 
98 294.401 
98 445.400 
98 565.912 

98 196.00 
98 3.5.4.66 
98 535.85 
98 596.65 

98 338.28 

98 391.33' 
98 505.10 
98 710.14 
99 007.70 

98 898.71 

R Leading percentages 

37 

43 

56 

54 27 (3P2) 2D" 

26 (3P2) 

20 3d54sQ 
20 

62 
63 

43 

22 ('G2) 2F' 



E-27 

Configuration 

.... 

Term J I k e V d  

(em .- 3 )  

99 093.452 
99 332.102 

99 573.225 
99 688,337 
99 824.045 
99 918.569 

.Y9 635.52 
99 6 x 2 2  

39 75% 12 
39 808.40 

loo 4on.36 

100 492.02 
100 749.81 

101 4 02.38 
101.5%Y.9/3 

101 698.489 
10% c)30.912 
102 334.112 
102 543.648 
102 666.699 

102 340.3 
1 02 48.9.9 
102 8.51.82 

102 394.718 
102 802.312 
103 118.400 
103 '265.694 

I02 44.9.10 
3 0-2 50.5'~ 81 

102 584.963 
102 842.119 

I Q2 831.32 
10.2 85f.36 

102 840.2.5 
IO2 893.98 

102 R82 37 
102 887.I.2 

102 .!?.$2.20 
I02,952.12 

102 951.5 
102 980.3 
103 190.9 
103 232.1 

Leading percentages 

42 
44 



E-28 

Fe w4ontinued 

Configuration Level 
(Cm-') 

103 019.67 
103 04 0.32 

103 024.29 
103 034.76 

103 094.73 

103 110.79 
103 125.65 

103 183.7 
103 334.1 

103 325.95 
103 352.68 

103 326.41 
103 340.64 

103 364.84 
103 385.73 

103 391.29 
103 406.25 

l0.3ljl7.91 
103 437.28 

103418.08 

103420.16 
103 421.18 

103 600.44 
103 751.66 

103 608.909 
103 983.51 

103 645.22 
103 660.98 

103 668.69 
103 676.22 

103 676.78 
103 698.4.1 

103 680.64 
103 711.57 

103 691.05 
103 701.72 

103 857.74 
103 869.02 

Leading percentages 



Configuration 

. . .-. .. . 

3cE6(5D)5d 

Term 

E-29 

ENERGY LEVELS OF IRON 

Fe Ir-€ontinued 

Level 
(m-7 

103 873.99 
103 882.69 

103 878.34 
104 064.67 
104 174.27 

103 936.60 
103 950.59 
104 380.94 
104 426.46 

103 967.49 

103 969.76 
103 987.99 

104 000.81 
104 120.27 
104 630.43 

I04 022.89 
104 046.35 

104 119.71 
104 315.37 

104 189.38 

104 366.82 
104 593.2'7 
104 868.50 
105 065.63 
105 205.79 
105 288.53 

104 411.69 
104 588.71 
104 705.42 
104 757.11 
104 828.16 

104 569.23 

104 659.26 
104 81 6.80 
104 937.8 
105 028.6 

104 761.10 

104 840.02 

104 863.43 
105 211.14 
105 449.54 
105 630.75 

Leading percentages 



Configuration Term J 

E-30 

e. CQWLsSS AND 3. S&BCAaR 

Fe ra -Continued 

Level 
( C N ' )  

104 873.23 
105 127.77 
105 230.29 

105 063.55 
105 155.09 
105 291.01 
105 414.18 

105 231.06 

105 238.77 

105 288.847 
105 398.852 
105 524.461 
105 589.42 

105 711.73 

105 763.270 
106 018.643 

106 183.1 
106 524.4 

106 690.17 
107 006.95 

106 836.0 
107 219.5 

108 483.87 
108 570.56 
108 629.25 
108 631.09 

108 630.429 
108 648.695 

108 72516 
108 809.31 
108 868.98 
108,006.64 

108 804.667 

109 149.68 
IO9 271.71 

109 449.53 
109 455.25 
109 463.22 
109 473.65 
109 486.15 

130 553 
. . . . . . . . . . . . . . . - 

. . . . . . . . . . . . . . . . 
R Leading percentages 



..-. 

E-3 I 

ENERGY LEVELS OF lRON 

Fe 111 

Z=26  

Cr 1 isoelectronic sequerice 

Ground state: J.szZsz2p63.s23p63d 'D4 

Jonization energy = 247 220+-100 ciiii-' (30.652k0.01 e!') 

remaining levels, it appears that thrir purity is at least 90%" 
For the 3ds4p configuration we have used the resillts of 
Moth (1968). Ruth distinguished rcpeatiiig terms of 3d"  hy 
the lctters a ,  6 ... rather than by seniority, Each of his 
percentages is the s~iin of LS term contributions differing 
only in  the sejiiority of the cor<? tertrr. 

. .  

The present list of energy levels for Fe 111 is a cornbir~a~ion 
of the results of Edldri and Swings (1942), who observed the 
spectrurn from 500 to 6500 A, and those of Glad (1956), 
who reobserved the long wavelength portion from 2600 to 

8600 A. A correction of 0.8 c n . '  llras been added tu the 
published level values to place the grouod state at zero. No 
discusGon of thz level accuracy was given. 

The percentage compositions for levels of the 3d" 
configuration were taken from the theoretical work of 
Pasternak and Goldscbmidt (1 972). For the 3d 5Q 

configuration, we have used the percentages given hy 
Shadmi, Caspi, and Oreg (1969), who listed compositions 
only for highly mixed states. Although no statement was 

made concerning the percentage compositions of the 

Transitions among levels of the 3d configuratioilp 
observed in nebular spectra have been given by Bowen 
(1960). 

The idnization energy was determinrd hy Glad from the 
3d '('sj.5 'S  led^ (a = 5,6,7). 
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Configuration Term J 

4 
3 
2 
1 
0 

2 
1 
0 

6 
5 
4 

4 
3 
2 

5 
4 
3 

3 

6 

2 
1 
3 

Fe III 

Level (em-') 

0.0 
436.2 
738.9 
982 4 

1027 3 

19 404.8 
20 688.4 
21 208.5 

20 051.1 
20 300.8 
20 481.9 

21 462.2 
21 699.9 
21 857.2 

24 ,558.8 
24 940.9 
26 142.4 

30 088.84 

30 356.2 

30 716.2 
30 725.8 
30 857.8 

Leading percentages 

100 
100 
100 

I00 

100 

61 
62 

62 

100 

99 
97 

74 
77 
79 

99 
!+? 
98 

100 

99 
100 
100 

3s "i 
38 
37 

21 
21 
20 



-~ 

Configuration 

3 8  

3d 

3 d  

3d5( 6S 14s 

3 8  

3 8  

3 d  

3 8  

3d5( 'G14.s 

3d5(4P)4s 

3d5( 'D)4s 

3d5( 4G)4s 

3d5('P)4s 

3d5( 'D) 4s 

3d5( '1 )4s 

3d5&) 4p 

3d5(2D3)4s 

Term 

'G2 

's2 

'D2 

5s 

'F 

3 ~ 1  

3 ~ 1  

'GI 

5G 

5P 

5D 

3G 

3P 

3D 

31 

7p" 

3D 

J 

4 

0 

2 

2 

3 

0 
1 
2 

2 
4 
3 

4 

6 
5 
4 
3 
2 

3 
2 
1 

4 
0 
1 
3 
2 

5 
3 
4 

2 
1 
0 

3 
1 
2 

7 
6 
5 

2 
3 
4 

3 
2 
1 

E-32 

C. CORLISS AND J. SUGAR 

Fe rir-Continued 

Level (cm-') 

30 886.4 

34 812.4 

35 803.7 

40 999.87 

42 896.9 

49 148 
49 576.9 
50 412.3 

50 184.9 
50 276.1 
50 295.2 

57 221.7 

63 425.17 
63 466.39 
63 486.78 
63 494.00 
63 494.56 

66 464.64 
66 522.95 
66 591.68 

69 695.73 
69 747.40 
69 788.19 
69 836.83 
69 837.76 

70 694.03 
70 725.01 
70 728.75 

73 727.64 
73 849.10 
73 935.96 

76 956.79 
77 075.30 
77 102.43 

79 840.12 
79 844.74 
79 860.42 

82 001.73 
82 333.92 
82 84 6. Ti9 

82 382.87 
82 410.94 
82 494.88 

Leading percentages 

65 

76 

77 

99 

62 

62 

61 

80 

78 

78 

65 

100 
99 

100 

76 

69 

66 

34 'G1 

23 'SI 

22 'D1 

38 3 ~ 2  
38 
39 

20 3 ~ 2  
22 

21 

35 'G2 

16 (*F2) 3F 
17 (4F) 5F 
34 (4F) 5F 



Configuration Term 

'F 

'I 

3F 

'D 

'F 

"H 

5 p "  

3G 

3F 

'H 

3F 

'e; 

'F 

"13 

'D 

5GG" 

3G 

1_1 

J 

6 
4 
3 
2 
1 

6 

4 
2 
3 

2 

3 

4 
5 
6 

3 
2 
1 

3 
4 
5 

2 
4 
3 

5 

4 
3 
2 

4 

3 

1 

1 
2 
3 

2 

2 
3 
4 
5 
6 

5 
4 
3 

E-33 

ENERGY LWELS OF )RON 

Fe Ilr-Continried 

_I___ .- ............. 
Level (em-') 

83 138.23 
83 161.48 
83 237.86 
83 358.88 
83 646.98 

83 429.61 

84 159.55 
84 369.92 
84 671.87 

36 847.11 

87 901.87 

88 663.87 
88 694.67 
88 923.07 

89 084.79 
89 334.51 
8.9 491.,?.9 

89 697.52 
89 783.59 
89 907.85 

90 423.68 
90 472.53 
90 483.94 

92 5B.91 

93 388.75 
93 392.45 
93 412.93 

93 512.64 

97 641.38 

98 662.68 

105 89.5.35 
105 906.23 
105 929.tti 

109 570.84 

113 584.20 
118 60.5.57 
SS3' 63.5.34 
11 3 677. Of 
1 IS 7e39.62 

114 325.36 
114 339.95 
114 351.92 

77 
66 

98 
98 
98 

68 

5 5  

96 

91 
80 
88 

30 

( I G ) " - -  r Y  

8 
9 
7 



E-34 

Fe nni-Continued 

Configuration 

3di( 4G )4p 

3d5( 4G 4p 

3d5( 4P)Q 

3d5( 4P ) 4p 

3d5( ‘G1) 4s 

3di ( 4G )4p 

3d5( 4G )4p 

3d5( 4P J4p 

3d5( 4P) 4p 

3d5( 4D J 4p 

3d5 ( 4Cr )4p 

3 d 5 ( 4 P ) 4 ~  

3d5(4D)4p 

3d5 ( 4P )4p 

3d5(4P)4p 

- . 
Term 

5 ~ 0  

5F’ 

5D” 

Sss” 

‘G 

3F” 

31J0 

5P” 

3p” 

5F0 

3G” 

3D0 

J 

3 
4 
5 
6 
7 

5 
4 
3 
1 
2 

0 
1 
2 
3 
4 

2 

4 

2 
3 
4 

6 
5 
4 

3 
2 
1 

2 
1 
0 

1 
2 
3 
4 
5 

3 
4 
5 

3 
2 
1 

3 

2 

1 

114 948.55 
115 110.92 
115 289.91 
115 474.25 
115 642.23 

116316.63 
11 6 467.4 1 
I 1  6 475.44 
116 937.57 
116 975.05 

116 364.76 
116 380.07 
116419.39 
I I7 068.56 
117 521.91 

I I 6  898.22 

117 950.32 

118 163.56 
118 246.52 
1 I 8  350.24 

I I 8  355.01 
118 557.25 
11 8 686.25 

118 442.92 
118 721.60 
118 867.87 

119 697.64 
119 982.26 
120 I 79.95 

120 697.10 
120 826.17 
I21 008.78 
121 241.67 
I21 4 66: 82 

121 91 9.74 
121 941.29 
I21 94.9.62 

122 346.61 
122 628.34 
I22 843.03 

122 829.55 

122 898.84 

122 921.37 

94 

90 
90 
92 

100 

90 
81 

55 
76 
57 

SO 
61 

46 

49 

75 

92 

90 

75 
89 

96 

97 

95 

53 

$9 
78 

66 

71 
76 

85 

84 

84 

87 

92 

94 

95 
95 

53 
46 
46 

36 

40 3D” 

41 3D” 

10 (4B) 5p” 

22 (‘D) 5P’ 
19 
14 

18 (‘D) 3Y” 
18 

17 

11 (4G) SF” 
10 

8 

7 

6 



69 

os 
I8 

t.9 
9L 

PS 
5s 
t'9 

L3 

06 

69 
L9 

L8 
98 

06 

RS 
ZP 
% 

68 

69 

.ar 

IL 

81 

Z8 

a01 
9L 
E8 

ZL 
VL 
Li 

96 

88 

98 

06 

P8 
PO 
IL 

':P 

99 

9s 

SL 

ijl 

9 
9 
P 
E 
Z 

P 
9 
E 

P 

0 
I 
Z 

P 
9 
9 

P 
Z 
E 

L 

9 

Z 

L 
9 
9 

8 
L 
9 

Z 
I 
0 

1 

Z 
E 
P 

I 
2 
u 

E 
z 
I 

0 
P 

f 



E-36 

c, 

.. . 
J 

,I*___ 

3 
1 
2 

13 
1 
2 

6 

4 
3 
2 
5 
1 

3 

2 
4 
3 

4 
3 
2 
1 
0 

4 
5 
6 

5 
4 
3 

1 

5 
4 
3 

5 
6 
7 

2 

4 

3 

3 
2 
4 

2 
3 
1 

32 
60 
62 

65 

66 

36 

50 

74 
65 
39 

88 
76 

31 IFF" 

46 
42 
41 

95 

74 
77 
85 

91 

46 

43 - 
46 

41 
43 
41 

71 

43 
42 
42 

79 
87 
96 

si6 

40 

72 

42 
42 

45 

88 

64 
84 

, . . . . . . 

_i. .-. , 



.... ..., 

"c__ 

Term 
- 

J 

6 

4 
3 
2 

4 
5 
6 

5 
4 
? 

4 

2 
3 
4 

5 

5 

3 

2 

3 
4 
5 

1 
2 
a 
4 
5 

1 
2 
3 

0 
1 
2 

4 

3 

3 3 

2 
1 
4 
0 

.~ 

. .__. . . . . . , . . . . . , . . . . . -. . . . . . .. . , . . . . . . .. _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . 



Configuration Term 

IP" 

5s 

ayF" 

31)' 

lF'" 

3P" 

'D" 

311" 

9" 

9" 

5p" 

'H' 

'G" 

lF" 

5H 

5F 

J 

1 

2 

2 
3 
4 

1 
2 
3 

3 

2 

2 

4 
5 
6 

2 
3 
4 

4 
3 
2 

3 
4 
5 

3 
2 
1 

5 

4 

3 

3 
4 
5 
s 
7 

5 
4 
3 
2 
1 

E-38 

Fe rll-Continued 

Level ;em- ' ) 

151 637.33 

151 757.67 

157 684.S 
157 982.0 
158 562.7 

158 257.37 
158 417.31 
158 729.89 

159 4.93.0 

160 037.9 

162 084.8? 

165 719.20 
165 939.4 7 
166 ia7.50 

166 144.63 
166 252.74 
166 421.33 

166 222.2 
166 498 
167 002 

167 085.12 
167 207.30 
167 299.60 

168 329.67 
168 489.99 
168 4 77.36 

168 780.1 

169 2 77.6P 

170 310.6? 

179 178.62 
179 194.22 
179 207.57 
179 216.47 
179 221.45 

179 579.83 
179 630.77 
179 661.48 
179 676.89 
179 682.91 

.. . . . . . ... _. . . . . . . _. -_ -...... 
Leading percentages 

7 8  

7 5  

61 
94 

95 
7 6  

67 

82 

81  

92 

93 

90 

98 

81 

5@ 

93 

53 

85 

91 

35 

96 

67 12 ( c2D)  IF' 



€539  

. .-. 

Configuration 

3d5(%)4d 

Us( 'G ) 4d 

3d5( 4G) 5s 

3d5 (4P)4cl 

3d5(4G)4d 

3d5 ( 4G) 4d 

3d5( 4G) 5s 

3ds( % )  4 f 

3d5 ( 6s) 4f 

3d? 4P) 5s 

3dj!4D)4d 

Term J 

6 
5 
4 
2 
3 

4 
8 
5 
7 
6 

6 
5 
4 
2 
3 

5 
4 
3 
2 
1 

2 
3 
4 

5 
6 
7 

5 
3 
4 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 

3 
2 
1 

2 
3 
4 
5 
6 

ENERGY LEVELS OF IRON 

Fe IrI-Continued 

179 725.31 
179 748.17 
179 757.98 
179 759.49 
179 760 72 

179 876.7 1 
179 889.03 
179 893.56 
179 904 56 
179 904..56 

181 772.59 
181 508.70 
181 82,567 
181 828.66 
181 890.02 

182 379.86 
182 412.65 
182 444 70 
182 480.72 
182 486.40 

182 392.55 
182 408.91 
182 418.70 

182 810.66 
182 830.76 
182 852.05 

183 431 28 
153 456.69 
183 457.15 

184 181.A9 
184 247.16 
184 316.58 
184 374 5.9 
184 417.27 
184 447.38 

184 777.3 
184 777.6 
184 778.5 
184 779.5 
184 780.8 

184 951.fi2 
185 003.35 
185 061.35 

186 268.69 
186 303 44 
186 378.94 
186 454.09 
186 597.30 

hading percentages 



3d5(4DMd 

3d5 ( 4n ) 5-  

3d"('ll)Fis 

3d"( 4G I5p 

- 
J 

1 
2 
3 
4 

4 
0 
3 
1 
2 

3 
4 
5 

3 
2 
1 

1 
2 
3 
4 
5 

3 

2 

0 
1 
2 
3 
4 

7 
6 
5 

2 
6 
5 
3 
4 

2 
3 
4 

3 
4 
5 
6 
7 

5 
4 
3 
2 
1 

. . . . . . . . . . . . . . . . 
Lcvel (cm- 1) 

186 712.02 
185 791.78 
185 882.98 
186 998.60 

188 013.40 
188 109.32 
188 109.58 
188 131.70 
188 142.64 

188 955.56 
189 011.84 
189 024 53 

189 679.07 
189 784.52 
189 796.03 

190 393.27 
190 397.71 
190 404.31 
190 413.57 
196) 425.72 

190 918.17 

192 006.91 

193 596.30 
193 599 54 
193 605.99 
193 610.92 
193 611.37 

196 881.419 
196 886.01 
195; 901.27 

198 333.56 
198 333.76 
198 336.58 
198 337.06 
198 338.62 

198 606.37 
198 655.66 
198 737.05 

198 658.80 
198 71 7.60 
198 113.95 
198 821.39 
198 848 .?8 

199 139.16 
199 21 2.72 
199 262.44 
199 300.15 
199 327.95 



E - 4  1. 

ENERGY LEVELS OF IRON 

Fe IfI-Continued 

..... 

Configuration 

3d5( 4F) 4d 

3d5 ( 4P 1 5p 

3d5 ( 4F ) 5.s 

3d5( 4D )5p 

3d5(411j5p 

-.- 
J 

2 
3 
4 

6 
5 
4 

3 
4 
5 
6 
7 

4 
3 
5 
2 
6 

3 
4 
5 

2 
3 
0 
1 
4 

2 

5 
4 
3 
2 
1 

3 
2 
1 

1 
2 
3 
4 
5 

4 
1 
3 
2 

3 
2 
1 

Level (cm-') 

1.99 511.71 
I99 5%. 30 
199 6OC?. 61 

19*9 63432 
I99 660.84 
199 700.83 

199 701.82 
199 804.81 
199 884.39 
799 906.03 
200 003.70 

200 325.56 
200 384.28 
200 395.33 
200 437.94 
200 656.02 

200 504. ,99 
200 52.4.46 
200 524.12 

201 164 21 
201 166.35 
201 170.10 
201 178.01 
BIT  207.29 

201 293.75 

201 892.44 
201 919.53 
202 030.38 
202 156.13 
202 429.04 

20," 200.51 
202 282.65 
202 .?.94.39 

204.901.13 
ZO4 94126 
205 002.4 7 
2Or5 092. ,53 
20,5 19615 

205 672.01 
20.5 694.09 
20.5 7??2.97 
205 73'7.51 

206 180.41 
306 2JJ.31 
206 295.81 

Leading percentages 
. . .I_I. - ___.-.... 



OPL GIZ 

fO'&?L 612 
SSs%S9 612 
80'999 612 
L6'1Lf' 612 
19Ylf 612 

t37Z91 6-13 
Y8'260 658 
CS.f'O0 612 
80'&26 81Z 
Cf'098 812 

WZ?O ?I2 
2G'OIO ?I2 
Zf'f'L6 &I2 

80%9S GI2 
GLYOS GlZ 
28'LSf $12 

IZ'919 OIZ 

ZE'IIB OIZ 
I9'POP OIZ 
L9'66U 0 lZ 
00'96U 01Z 
L9'&6E 012 

9'6P9 LO2 
KIP9 LO2 
E'EP9 LOZ 
T'FPS L0Z 
6'ZW LOZ 

&'IP9 LOZ 
I'IP9 LOZ 
6'0P9 LOZ 
6'0P9 LOZ 
8'0P9 LOZ 
8'0P9 LOZ 

a XL2 LO2 
2'892 LO2 
0 X9Z LO2 
8%52LOZ 
S'ZSZ LO2 

1'021 LO2 
9'611 LO2 
1'611 LO2 
9.811 LO2 
1'811 LO2 

22'8ZG 902 
68'fZG $02 
GZ'19Z $02 

L-1 

I 
Z 
E 
P 
9 

9 
9 
P 
E 
z 

P 
9 
9 

9 
9 
L 

E 

9 
P 
& 
Z 
1 

2 
& 
P 
9 
9 

z 
E 
P 
9 
9 
L 

9 
P 
& 
Z 
I 

2 
E 
P 
9 
9 

E 
Z 
P 

f 

4 (S,)P& 



_...x.. . 

E-43 

ENERGV LEVELS OF iRON 

Fe m-Continired 

Configuration 

.- ..... 

Term 

5H0 

5H 

5G 

61 

sG 

3G 

5P 

% 

3D 

Limit 

J 

6 
5 
4 
3 
2 

2-8 

3-7 

7 
6 
3 
4 
5 

5 
4 
3 
2 
1 

6 
5 
2 
4 
3 

8 
4 
7 
5 
6 

6 
5 
4 
2 
3 

5 
3 
4 

3 
2 
1 

4 
3 
1 
2 

3 
1 
2 

219 741.9 
219 741.9 
219 742.0 
219 742.1 
213 742.1 

119 7 m 2  

,219 780.6 

222 590.86 
222 li02.*50 
222 605.24 
222 605.82 
222 611.16 

222 699.09 
222 734.33 
222 750.23 
2% 774.22 
222 776.89 

222 714.80 
222 744.69 
222 758.28 
222 765.97 
222 766.04 

222 797.97 
222 823.33 
222 824.71 
222 832.48 
222 834.77 

223 272.06 
223 309.37 
223 326.76 
223 327.87 
223 330.71 

224 038.73 
224 051.63 
224 055.70 

226 381.91 
226 447.88 
226 506.54 

229 421.73 
229 509.66 
229 530.67 
229 570.36 

230 192.86 
230 248.26 
230 257.15 

247 220 

Leading percentages 



Z= 26 

V I isoelectronic sequence 

Ground stqte: ?sZ2s22p63s23p63d5 'SS,* 

lonizxtloii energy = 442 000-t-1000 em-' (54.830.1 eV) 

The early work of Krirger and Gilroy (1935) and E d e n  
(1963) has now been superseded by that of Ekberg and 
Edlkn (1978), who have made a nearly complete analysis of 
the three lowest configurations. 'They have classified 706 
lines fronm; the transition array 3d '--3d44p iy the region 
4%-789 A and 560 lines of the 3d44+3d44p array in the 
region 1247-2028 A. Only four of the 280 possible levels 
are undiscovered. The uncertainty of the 3 d 5  level values is 
t0.4 rm-l and of the 3 d ' 4  and 3d44p levels is f0.2 cm-'. 

The leading percentages for 3d5 were provided to E:kberg 
and Edl tn  by R. Poppe, A. J. J. Raassen, and Th. A. M. van 
Kleef. The rest were calculated by the authors. 

Fe IV 

rn 1 ransitions among levels of the 3d configuration 

obseived in neh*llar spectra !lave been identified by Bowen 
(1960). 

The ionization energy is taken from an isoelectronic 
extrapolation by Loiz (1967). 

Bowen, 1. S. (1960), Astrophys. 1. 132, 1 .  
Edltn, B. (1969). Won. Not. R .  Astron. SOC. 444. 391. 
Ekberg, J. 0.. and EdlCn, 9. (1978), Pbys. Scr.  18, 107. 
Kruger, P. G., and Gilroy, H. T. (1935). Phys. Rev. 48, 720. 
Imtz, W. (1367), J .  Opt. 5oc. Am. 57, 873. 

Configuration 

365 

3d5 

3$" 

3d: 

3d5 

3d5 

3d5 

3d5 

3 d 5  

3d" 

6S 

'G 

4P 

4D 

21 

2D3 

9 2  

4F 

2s 

"2 

-. . . . . . . . . 
J 

0.0 

32 245.5 
32 292.8 
32 301.2 
32 305.7 

35 253.8 
35 333.3 
35 406.6 

38 779.4 
38 896.7 
38 935.1 
38 938.2 

47 078.6 
41 090.5 

49 541.5 
50 051.4 

51 394.2 
52 166.7 

52 620.7 
52 695.4 
52 837.1 
52 838.0 

56 058.3 
56 368.8 

57 408.0 
57 121.2 

5 2F2 

14 'G2 

14 'H 



Configuration Term 

E-45 

ENERGY LEVELS OF #RON 

61 156.5 
61 254.4 

66 720.1 

I4 096.6 
74 133.1 

82 894.9 
82 897.3 

100 118.0 
100 126.0 

loa 242.1 
108 258.3 

127 766.15 
127 929.12 
128 191.54 

128 967.67 

137 700.81 
137 949.29 
138 338.83 
138 844.03 

153 651 74 
154 474.85 
155 744.87 

154 18.5.85 
I54 325.96 
154 512.67 
154 731 29 

156 01 229 
166 049.32 
156 123.77 
156 224.88 

158 738.69 
159 010.39 
159 227.90 
159 342.88 

160 01.5.88 
161 571.59 

160 311.64 
160 778.60 

162 074.42 
162 087.81 

164 950.50 
165 392.53 

128 541.85 

Leading p e r m t a p  

99 
98 

100 

100 
100 

100 

100 

100 
100 

96 

76 

100 
190 

100 
100 
100 

101) 
100 
100 

100 

60 

60 
61 

98 
98 
99 
100 

I8 
77 
76 

76 

96 
95 

93 

92 

59 
E@ 

36 

93 

77 
74 

94 
98 

23 %3 
24 

21 (3F1) 4F 
21 
20 

19 



E.--46 

Fe Iv-Continued 
-I..___ 

Configuration Term J Level (cm-') 

165 493.10 
165 600.96 
165 720.94 
165 804.47 

167 712.50 
167 795.92 

168 526.37 
168 566.43 

170 729.49 

171 345.33 
171 476.35 

177 005.97 
177 066:i2 

183 155.61 
183 164.49 

187 878.81 
188 086.05 
188 4 2%. 78 
188 904.55 
189 515.88 
190 276.85 

189 885.11 
190 008.28 
190 226.91 

189 975.01 
190 811.79 
191 337.82 

130 318.34 
190 406.45 
190 424.14 
190 435.47 

191 021.18 
191 694.11 
193.54 9.25 

192 595.28 
193 120.3'~ 
193 271.27 
193 386.17 
193 78.9.19 

195 864.15 
196 875.62 

196 131.19 
196 220.71 

Leading percentages 

100 

99 

99 

99 

65 

64 

100 

99 

78 

99 
99 

78 

78 

99 
99 

99 

99 

99 
99 

99 

100 

96 
97 
99 

61 
EO 
60 

80 
78 

79 

i 8  

70 

61 

54 

55 
72 

66 

97 

94 

61 

60 

EO 
79 

20 ('SI) 

39 ("'2) 4P 
39 

39 

20 (3F2) 4P 
22 

20 

21 



E-47 

ENERGY LEVELS OF IRON 

Configuration 

4F" 

2G 

413" 

'HH" 

4D" 

'Go 

410 

4P" 

2G= 

4F" 

4G. 

2D" 

J 

Fe Iv-Continued 

Level (cm - -  1 )  

196 186.88 
196 334.69 
196 549.59 
I96 84 6. 82 

201 178.05 
201 212.22 

201 91 9.38 
209 085.22 
202 328.53 
202 608.33 

212 13'5. 79 
212 374.04 
212 714.,77 
21 3 163. 5<9 

212 812.66 
213 445.0.5 
214 31 7.21 
215 220.67 

214 821.74 
215 083.81 
215 385.23 
216 002.72 

21 5 155.69 

21 6 967.80 
216 877.39 

215 860.50 
217 03'1.89 
218 023.81 

216 111.69 
216 428.44 

21 7 466.19 
218 478.36 
218 601.03 

21 7 60% 71 

21 7 845.29 
218 159.77 
21 8 238.51 
Zl8 375.12 

21 8 195.66 

.2I 8 615'. SS 

218 871.21 

219 091.67 

m 808.91 

Leading percentages 

66 

66 

08 
98 
97 
37 

77 
75 

76 

80 

48 
47 
44 

26 

41 
27 
2 4 
26 

R7 

92 

94 
100 

32 

56 
26 

46 
36 

42 

71 

70 

26 4P" 

31 

51 
50 

31 

30 4F" 

25 2P" 

37 

21 2D" 



Configuration 

-. ................. 

Term J Level (cm-') 
-. ......... 

21 9 333.90 
220 360.44 

219 564.46 
219 640.76 

219 590.84 
21 9 700.5.3 
219 826.61 
220 059.33 

220 197.25 
220 649.22 

220 461..33 
921 161.02 

220 658.04 
221 104.17 
221 64 7.49 
222 154.99 

221 21 9.29 
221 239 2'1 
2221 3.20.54 
221 34 6 06 

222 020.09 
222 880.23 

222 840.58 
222 851.68 

223 398.62 

2.23 4 78.96 
224 046.02 

LAY 550.14 
22.3 745.82 

223 629.59 

224 04596 
224 2.10 60 
224 57643 
224 870 85 

226 851.93 
226 892.10 
226 983.58 
221 258.80 

227 604 73 
227 660.25 

227 91.9.05 
228 589.67 
229 037.02 

-- ^ 

Leading percentages 

33 
27 

89 

89 

30 

23 

39 

43 

ZG 

21 

51 

40 

17 

56 
46 
I 9  

44 

60 

58 
56 

34 

41 

I 9  

79 

32 

48 

44 

50 

41 

18 4G" 

55 

55 

42 
47 

86 

81 

60 

X I  

64 

60 

63 

82 

90 



E-4 9 

Fe rv-Contirrued 

Configuration Term 
. _I__. 

J Levcl (cm-') 

228 19167 
22.9 138..90 

228 .204..?3 
228 d15.0e? 

228 793.86 
229 306.61 

228 862.61 
2%9 062.58 
2,29 288.02' 
29.94.94.74 

288 94 6.59 
2.U 78fi. 72 

229 428.91 
23J 927.12 

299 4 72.89 
230 I .95.02 

&?I .47 
2.?1 80 

Z.?.? 272.8 4 
802. 12 

233' 180.86 
2.?4 106.72 

234 .6 7%. 00 
234 984. .?.5 

236 91 8.79 
237 283.09 

238 512.84 
239 071.40 

342 259.25 

242 614.60 
242 96.5.62 

244 759.25 

24 6 s.?O.ao 
248 077.97 

250 195.07 
250 24.9.29 
2.50 279.06 
2.50 502.29 

24 5 742.2.9 

l_l ..,. 
_II l_.......____........ ...... . 

Ideading percentages 

53 
53 

39 

89 

51 

5 2  

69 

65 

71 
80 

39 

33 

52 

48 

72 

100 

47 

44 

80 

rC, 

70 

70 

fii) 
68 

54 

44 

59 

.5n 

68 

74 

66 

91 

34 

61 

64 

73 

78 

14 

84 



FL 
EL 

PL 
ZL 

9L 

9L 

Lt 
IP 

6P 

85 

6F 
L9 

99 

ZP 

SS 

I9 

I9 

ZS 
6P 

OF 
09 

SL 

SL 

os 

99 

ZS 

SZ 

FZ 

9L 

EL 
29 
M 

oat cz 

OE 

LE 

zz 

6E 
FP 

8E 

000 ZBV 

LL'818 682 
2'. DO ? 682 

Z'.?~O 986 
1. 2% 982 

OG'9tfi I82 
LG'SSL 082 

?ZY&$992 
60'181 992 

8 f''69G s92 
W'f80 S92 

16'9L8 &9Z 
IO'S66 292 

?S.IIO ?92 
L. XSS 892 

9&'8?& Z9Z 

f'9'18S 6S2 
8?'110 6SZ 

%?Si? 6% 
ZS'G81 6SZ 
?9 '986 8% 
26.169 852 

z. $&O 6% 
20 '999 892 

9a.cos AS27 

C1'691 % 
6s X26 &% 

GP.898 &SZ 
S9'S.E CEZ 

?8?91 ?SZ 
&?XZ8 GSZ 
rs%z 6% 
S?'fiSS 2SZ 

tO'tf6 192 

OK?86 ISZ 
fiG'8S9 1% 

20'?10 1% 

f'6.896 1% 
F6'9SI IS2 
SO"r68 0% 



E-5 1 

. ...- ENERGY LEVELS OF IRON 

Fe v 
z- 26 

Ti 1 isoelectronic sequence 

Cruond state: ls22s22p63s23p6,3d4 'I), 

Ionization energy = 605 000f1200 em" (75.0k0.2 eV) 

Bowen's contribution in 1937 established ternis of 3d 4, 

3d3&, and 3d34p, greatly expanding the start made by 
White (1929). Additions to all three configurations have been 
made by Fawcett and Henrichs (1974). The analysis of thcse 
configurations has been greatly extended by Ekberg (1975); 
who reobserved the spectrum from 302-1715 A. He 
improved the level uncertainty lo k0.4, cm-'. 'The leading 

Fe v 

percentages given below are also due to Ekherg, 

transitions among Ievt.15 of the ~d configuration, 

extrapolation of h t z  (1967). 

Bowen (1960) has observed lines in nebular .ipectra due to 

The ionization energy i s  from the isoelectronic 

References 

h w a n ,  1. s. (1937). Pbys. Rev. 52, 1153. 
Bowen, 1. S. (1960). Astmphys. J .  132, 1. 
Ekhrrg, J. 0. (197.51, Phys. Scr. 12, SZ. 
Fawcett, 5. C., and Henrichs, 11. F. (1974), .\strun. Astrophys. 18, 157. 
Lotz. W. (1967). J .  Opt. SW. .h. 57, 873. 
Wliite, 13. E. (1329), Phys. Rev. 33, 114. 

" 

Configuration 

-. ..... 

3d" 

3 d 4  

3d 

3d4 

3x" 

3d4 

3d 

3d4 

3 8  

3ri4 

3d 

-I___ 

Term 

50 

3x32 

?H 

'FZ 

3G 

'G2 

'1) 

'I 

IS2 

'D2 

'F 

J 

0 
1 
2 
3 
4 

0 
1 
2 

4 
5 
6 

2 
3 
4 

3 
4 
5 

4 

3 
2 
1 

ti 

0 

2 

3 

0.0 
142.1 
417.3 
803.1 

1282.8 

24 055.4 
24 972.9 
26 468.3 

24 932.5 
25 225.9 
25 628.5 

26 760.7 
26 842.3 
26 974.0 

29 81'7.1 
30 147.0 
30 430.1 

36 586.3 

36 630.1 
36 758.5 
36 925.4 

37 511.7 

39 633.4 

46 291.2 

52 732.7 

~ - _ _ I  

Leading percentages 
-I 

- 
lGO 
1FO 
100 
100 

l(i0 

59 

60 

GO 

97 
99 
100 

7s 
75 
75 

96 
84 
99 

65 

100 
99 
1W 

100 

78 

7s 

99 

40 "1 
40 
39 

E2 "1 
20 

19 

21 's1 

P1 %l 



Configuration 

3171 

3F1 

'GI 

'DP 

IS1 

5F 

3F 

5P 

3G 

3P 

'G 

3P 

3n 

3€I 

'P 

ID 

'13 

3F 

J 

2 
1 
0 

4 
2 
3 

4 

2 

0 

1 
2 
3 
4 
5 

2 
3 
4 

1 
2 
3 

3 
4 
5 

0 
1 
2 

4 

2 
1 

1 
3 
2 

4 
5 
6 

1 

2 

5 

4 
3 
2 

-__-_____I___- 

Level (cm-'] 
. . . . .. . . . . . . . . 

61 854.4 
6% 914.2 
63 420.0 

62 238.1 
62 321.1 
62 364.4 

71 280.3 

93 832.3 

121 130.2 

186 433.6 
185 725.5 
187 157.5 
187 719.0 
188 395.3 

195 196.3 
195 933.0 
196 838.6 

204 729.9 
204 975.4 
205 536.4 

208 838.2 
209 110.1 
209 523.9 

212 .542.1 
21% 818.1 
213 649.2 

213 534.1 

214 52.5.8 
214 611.4 

215 782.6 
216 538.1 
216 592.7 

216 779.1 
21 6 860.4 
217 122.5 

219 486.9 

220 621.0 

221 305.2 

233 633.6 
233 848.9 
234 027 4 

..._.__ ~ - 
J.easDing percentages 

.. . . . . . . . . . . . . . .. . .. .......... ~ 

61 
60 
60 

80 
78 

78 

39 3 P 2  
4Q 
PO 

20 9 2  
22 
21 

66 34 'G2 

22 9.92 78 

79 21 '52 

l@O 

100 
100 

1 no 
100 

100 
100 

100 

49 
99 

I00 

100 
99 

98 

85 

88 

91 

94 

61 

12 

5s 

80 
55 

94 
33 

100 

30 

17 

99 

100 
100 

100 



J 

3 

2 
3 
4 
5 
6 

1 
2 
3 
4 
5 

2 
0 
3 
1 
4 

3 
2 
1 

1 
2 
3 

2 

3 
4 
5 

0 

3 
4 

1 
2 
3 

0 
1 
2 
3 
4 

2 
0 
1 

4 
5 
6 

3 
4 
5 

Level (cm - ’) 

10% 

99 

99 

99 
92 
100 

38 

51 

18 
90 
94 

48 
96 
71 
12 

89 

80 

79 

78 

19 

92 

91 
ex 

91 
94 
24 

98 
96 
98 

51 
59 
58 

94 
96 

52 36 (“p)  5D” 

43 40 
51 35 

‘79 
73 

78 

77 

78 

‘79 

16 (‘H) 3H” 
18 
21 



E-54 

Fe v-Continued 

Configurati 

3d"ZG)Q 

3d" ( 'P ) 4p 

3d? 2@ )4p 

3d3 i 4P) 4p 

3d' ( 'G ) 4p 

3d3 ( 4P') 4p 

3d3 ( 'G ) 4p 

3d3 ( 'P ) 4p 

3d"( 'P) 4p 

3d3 ( '211 1 4p 

3d3(%2)4, 

3d3(*D2)4, 

3d3 ( 'P ) 4p 

3d3( 4P )4p 

3dVP )4p 

3d3( 'H) 4p 

3dl i%2) 4 

3d3 ( 'H ) 4s 

3d3( 'HI 4s 

3d3 ('D2 )4 

3d3('D2 )4 

Term 
- . 

J 

4 
2 
3 

1 
0 

4 

2 

3 

2 

5 

2 

1 
2 
3 

4 
5 
6 

1 

2 
4 

1 

3 
1 
2 

3 

5 
6 
7 

1 
2 
3 

4 

5 

2 
1 
0 

3 

-___ 
I . . . . . .__ 

Level (cm- ') 
.l_ll_ 

280 367.2 
280 539.7 
280 832.8 

881 944.9 
282 234.5 

282 038.1 

282 423.5 

282 571.6 

282 604.8 

282 871.9 

283 686.3 

289 7;5/,.0 
284 911.2 

285 474.0 

884 690.3 
284 790.8 
285 196.1 

285 961.7 

286 154.9 
287 620.2 

286 187.7 

286431.3 
286 855.3 
286 862.7 

287 109.6 

287 440.5 
288 167.2 
289 171.9 

288 669.R 
289 .?89.7 
289 913.0 

289 545.9 

290 099.1 

290 .I 07.7 
290 583.7 
29Q 903.4 

291 231.4 

Leading percentages 

46 
60 
64 

52 
50 

50 

n 5s" 

67 

49 

72 

27 3P" 

81 
65 

54 

69 

78 

77 

40 

45 
70 

83 

41 
48 
52 

33 3D" 

93 
98 

100 

58 

65 
57 

75 

75 

38 

43 

45 

53 



.- 

Configuration 

3dJ (2N 1 4p 

,3d3 ( 211 ) 4p 

3d3 ( 4P ) 4p 

3&( 'D2)4p 

3d3( 'P )4p 

3d3( 2F )4p 

3d?( )4p 

3d3 ( 'F ) 4p 

3d3 (2F) 4p 

3d3 ( 'F)4p 

@d3 ('F)4p 

3d3( 'D1 j 4p 

3dq('D1)4p 

3&('D1)4p 

3dS('D1)4p 

3ds( 'Dl) 4p 

38('D1)4p 

Fe VI (4F3,2) 

Term 

3G" 

'I' 

3EY 

'DO 

'p" 

3F" 

3G" 

%" 

ID' 

'G' 

'F 

3D" 

'JY 

3 P  

'F 

'p" 

Limit 

J 

5 
4 
3 

6 

1 

2 

1 

2 
3 
4 

3 
4 
5 

3 
2 
1 

2 

4 

3 

1 
2 
3 

2 

2 
3 
4 

2 
1 
0 

3 

1 

E-55 

ENERGY LEVELS OF IRON 

E'e v-Continued 
I_ 

Level (cm-') 

292 287. 6 

2Y2 513.2 

292 365.9 

,294 644.0 

29s 7i6.4 

295 973.2 

302 292.7 
352 377.1 
302 602.5 

306 193.9 
306 622.8 
307 064.4 

307 288.7 
308 165.0 
308 671.5 

307 644.4 

311 180.9 

31 I 538.7 

327 533.8 
327 605.4 
327 924.4 

329 848.6 

3*?1 333" 8 
c?t?l 367.0 
3333% 01 7.9 

334 509. i 
335 267.8 
335 642.7 

335 94 7.4 

$42 462.2 

605 000 

292 430.7 

.I_- 

Leading percentages 

83 

82 
82 

98 

83 

46 

62 

92 

90 
90 

86 

86 

93 

85 

75 
40 

62 

so 

92 

76 

75 

76 

47 

57 

70 

76 

75 

75 

75 

15 

76 



levels of which are from Fawcett and Cowan. Ekberg's levels 
are stated to be uncertain by t 0 . 4  cm-' and those of 
E'awcett and Cowan by 2z 100 c n - ' .  

Riiwen (1963) has ohserved lines in nebular spectra due to 

transitions within the 3d" configuration. 
?'he ionization enerey is from an isoelectronic 

extrapolation ti): Lotz (1967). 

Refeasnces 

Hoxrn. I. 5. (1960). Astroptrys. J.  132. 1 .  
Ihn io .  1. 5.  (193~5). I'hys. R e v .  47, 924. 
Kkherp, J .  0. (1975). Phys. Sci. 11, 23. 
Fawcrtt ,  H C . ,  and Cowan, R .  D. (1973) Solar Physics 31, 339. 

b'a*wtt. 11. (I., and Hrnrichs. 14. F. (1974). Astron. Astrophys. 18. 157 
I.otz. $1;. (I'K17). J .  Opt. SOC. Am. 57, 873. 
t'a\teriial.. 5. (19401. Astrophys. J .  92. 140. 

___. . . . . . . . . . . . . . . . . . . . .. . .............. 

(loniigui-ziion J 

0.0 
511.3 

1 188.3 
2 000.6 

18 738.3 
18 942.0 
19 610.8 

20 616.4 
21 315.0 

26 214.9 
26 495.5 

28 484.3 
28 627.9 

28 724.3 
29 m2.9 

46 217.3 
46 603.7 

71 707.6 
72 048.9 

261 841.4 
262 368.4 
263 135.9 
264 118.3 

Leading percentages 

100 

100 

100 

100 

99 

98 

100 

100 

Ye 

58 

99 

80 

46 

9e 

100 

100 
100 

SO 

78 

100 

99 

99 

100 

20 2Dt 
40 'P 

20 %2 
22 



E-57 

Fe VI-Continued 

.-. , 

J Level (cm- 1) 

269 140.2 
270 672.6 

280 901.5 
281 217.8 

281 477.0 
282 035.0 
282 951.9 

287 919.2 
288 638.3 

292 313.0 
292 330.1 

m 2x4 
339 4 77.0 
34 0 935. o 
??42 7.30.6 

339 53,9.8 
340 344 0 
34 1 365. S 
342 4.244 

342 572.5 
sgs 608.2 

349 21210.3 
343 619.3 
344 273.3 
.?45 422.6 

344 653.6 
345 907.1 

348 962.1 
350 01 7.8 

,751 80.5.8 

355 657.1 

357 755.2 
35.9 099.3 

358 334.6 
359 884.0 

,759 3A5.9 
35.9 78.1.3 
360 707.1 
,762 270.0 

36 I 858.2 
362 602. .9 

~~ --.-- 
Leading percentages 

99 
93 

61 
51 

100 
51 
62 

100 
98 

100 
1co 

91 
92 
43 

100 

34 
94 
91 
91 

55 
54 

56 
92 
63 
53 

47 
62 

94 
94 

98 

90 

ao 
51 

E3 

77 

52 
DO 
R5 
R2 

80 
76 



Configuration 

3d'( 3P )4p 

Term 

E-58 

C. CBRL%fS AND J. SUGAR 

Ye Lrl-Continued 

363 945.7 
364 <?92 9 
365 494 0 

365 077.0 
365 2G6.6 

370 538.1 
370 579.6 

372 095.6 
J73 106.1 

374 088.9 
374 425.6 

377 951.8 
379 077.6 

408 207.4 
410 389.5 

575 930 
576 990 

603 230 
604 230 
605 420 
606 230 

603 340 
605 740 

61 7 520 
61 8 290 

630 24 0 
631 240 

634 110 
635 430 

Leading percentages 

9n 
97 
87 13 (ID) '1)' 

93 
94 

i n  
80 

98 

100 

88 

95 

95 
97 

97 
98 



..... 

E-59 

ENERGY LEVELS OF IRON 

Fe VI1 

- ..... 

Ca I isoelectronic sequence 

Ground state: ls'22s22p63s23p63d 3F2 

lonization energy == 1 008 000+100 cm-' (124 .98 t0 .01  eV) 

The initial work by Cady (1933) on this spectrum was 
gradually extended by numerous contributions. Ekberg 
(198 1.) has completely reobserved the spectrum and greatly 
extended the analysis. His paper gives more than 400 lines 
in the region 104-270 8, classified a s  transitions to the 
lowest configuration, 3ph3d ', and 20 lines between 1010 and 
1362 A in the 3d4-3d4p transition array. He states that the 
uncertainty o f  the levels of 3 d 2  is + 1  cni-', while for the 
excited configurations the uncertainty increases from 3-4 to 
t 2 i 0  cm-' a s  the level value rises. H e  has made parametric 
calculations for  3d2, 3 d 4 ,  3dnJ n=4-6, and 3p53d26. In 
the calculations for 3d+f configuration interaction with 
3p5M3 was included. Yhe repeating terms of 3d3 were 
distinguished by the letters A and B by Ekberg. No 
indication of seniority contributions was given. 

Configuration 

3p6 Sd2 

3p6 3d2 

3p6 3d2 

3p6 3d2 

2p6 3d2 

3p6 3d 4s 

3p6 3d 4s 

3p6 3d 4p 

3p6 3d Q 

3p6 3d 41, 

3p6 3d 4p 

Terpin 

3F 

'D 

3P 

'G 

'S 

3D 

'D 

3D" 

'D" 

3F. 

3 P  

J 

2 
3 
4 

2 

0 
1 
2 

4 

0 

1 
2 
3 

2 

1 
2 
3 

2 

2 
3 
4 

1 
0 
2 

, I  I he 3dQ configuration has been calculated by Warner 
and Kirkpar rick (1.969). Their percentage compositions as 

communicated privately to us are given here. 
A number of forhidden transitions among levels of the 3d' 

configuration have been listed by Bowen (1960). Their 
wavelengths %re improved by k:kberg. 

The icnization energy W R S  determined hy Ekberg from five 
different 3dt{ series. 

eferences 
Bowen, 1 .  5. (1960). Astrophys. J. 132, 1. 

Ekberx, J. 0. (1981). Phy3isa Scripta 23, 7. 
Warner, E., and Kirkpatrick, R. C. (1960), Mon. Not. R.. Astroir. Suc. 144, 

fady, w. M. (1933), I'11ys. Rev. 43, 324. 

3'37. 

Fe vu 

1-eve1 (cm -- 1) 

0.0 
10.51.5 
2 331.5 

17 475.5 

20 040.3 
20 430.1 
21 278.6 

28 927.3 

67 078.3 

344 463.3 
345 028.7 
346 262.2 

350 332.6 

425  118.6 
417 784.7 
430 948.6 

415 386.1 

430 913.4 
431 609.5 
433 871.2 

4+?6 9t52.2 
437 001.5 
437 558.0 

-I _-I-- 

Leading percentages 

100 
100 
100 

83 

100 
100 
94 

100 

100 

100 
37 
100 

37 

37 
83 

75 

76 

12 

77 
100 

92 
100 
96 

6 3P 

6 'r) 

2 'p" 

I 'D" 
23 3 F  

21 SF" 

23 SD' 
15 'D" 

6 'Pa 



E-60 

I 

Configitration 

556 422 

561 333 
565 27.5 

564 425 
566 256 
568 118 

598 638 

603419 
603 757 
604 270 

605 489 

623 69<9 I 
630 283 

659 91 7 

660 015 
660 358 
661 169 

663 097 
663 950 
664 482 

653 871 

3p63ddf 

3p6 3d4f 

3p6 3d4f 

'F" 

'p' 

'H" 

3G" 

ID' 

3D" 

3F" 

lP' 

3D" 

'G" 

", 

'P" 

'G" 

3F'" 

'13" 

lF' 

J 

3 

1 

5 

5 
4 
3 

4 

3 
4 
5 

2 

2 
3 

2 

3 

1 
2 

2 
3 
4 

1 

3 
2 
1 

4 

1 

1 

4 

2 
3 
4 

3 
4 
5 

2 

3 

L,-vel jcn- 1 )  

439 811.6 

44.1 447.0 

464 0,?4 

472 559 
4 72 903 
481 435 

4S6 4.54 

51 0 086 
510 158 
514 133 

538 290 

93 

92 

94 

94 
70 

87 
94 
97 

It0 

58 

(j 3p" 

25 3F" 

30 3D" 



. ..- 

E-6 1 

.. . 

3p6 3d4f 

3p6 3d4f 

3p6 365f 

3p6 3d5f 

3p6 3db f 

Term I 

1 
2 
3 

2 
1 
0 

5 

1 

1 
2 
3 

5 
4 
3 

2 
1 
0 

3 
1 

2 

4 
3 

4 

4 

2 
3 
4 

3 
4 
5 

2 

1 
2 
3 

2 
1 
0 

3 

1 

5 

Level (can-- 1) 

665 822 
665 923 
666 651 

667 899 
668 253 
668 489 

669 978 

672 820 

745 556 
74 6 $65 
749 166 

766 991 
768 813 
769 391 

768 425 
771 6112 
773 488 

778 410 
779 57.5 

77.9 6'09 

782 6,QO 
78s J d 9  

784 174 

784 477 

784 733 
785 011 
785 809 

786 732 
787 73T 
788 I46 

786 82Q 

787 94.5 
788 030 
788 303 

788 .9.9"5 
789 172 
789 365 

780 2'1.5 

790 708 

791 168 

92 

85 
66 

85 
92 
99 

98 

90 

78 
73 

67 

04 
P3 
50 

35 
35 
97 

45 

36 

45 

72 
52 

48 

50 

E6 
90 

Id 

78 
91 
97 

74 

75 
51 
60 

56 

78 
100 

64 

93 

88 

5 3P" 
10 9" 
91 'F" 

11 3D" 

6 %" 

29 'G' 

12 'DO 

21 '0" 

16 'F" 
5 QF" 

31 31)" 



E-62 

Fe vll--Continucd .... . . . .- .. . . .. . . . __ . 

Configuration 
__ 

3 p 5 W 1  3d2(")4s (4F) 

3p6 3dGf 

3p6 3d6f 

3p6 3d6f 

3p6 3d6f 

3p6 3d6f 

3.u' 3d6f 

3p6 3d6f 

3p6 3d6f 

3p6 3d6f 

3p6 3d6f 

3p6 3d7 f 

Term 

3G" 

'G" 

'14" 

IF' 

3D' 

3D0 

3s" 

ID" 

3G" 

3s 

3H" 

3F'" 

3G" 

'14" 

3D" 

IF" 

3p" 

'H" 

3F' 

-___ 
-___. 

J 
_. .......... 

3 
4 
5 

3 

4 

5 

3 

3 
2 
1 

1 
2 
3 

1 

2 

5 
4 
3 

1 

4 

4 

2 
3 
4 

3 
4 
5 

2 

1 
3 

2 

3 

2 
1 
0 

5 

2 
3 
4 

Level (cm-') 

794 149 
797 712 
800 S33 

797 257 

802 4 62 

806 033 

807 627 

812 086 
813 877 
817195 

822 689 
824 184 
827 533 

826 106 

829 626 

832 889 
832 893 
833 128 

837 J$ 72 

852 601 

853 307 

853 4.?.? 
853 697 
854 767 

854 ?60 
855 969 
856 260 

854 838 

855 346 
856 109 

855 903 

856 797 

856 81 1 
856 975 
857 082 

857 881 

894 718 
894 944 
896 382 

Leading percentages 

45 

65 
69 

38 3@" 

67 

61 

64 

63 
65 
71 

79 
15 
81 

97 

72 

88 
91 
93 

97 

61 

33 311" 

77 
79 

63 

65 
82 

93 

40 

64 
49 

38 ID" 

61 

48 

71 

100 

94 

34 'Go 

30 'G" 

19 'D" 
11 3G" 

24 'F" 
11 3F. 

34 3P" 

22 3P" 
19 3F" 

29 3r)" 

32 3D" 

31 'Ga 

6 3H' 

48 3D' 
28 3D' 



. .... . .  

Configuration 

3p6 3d7f 

3P6 M f  

3p6 3d8f 

3p6 3d8f 

3p6 3d8f 

3p5(2P") 3dZ("P) -- (4P 

3p6 3d9f 

3p6 3d9f 

3p6 3d l O f  

-. ... . 
3p6 3d l O f  

Fe VIII ('D3,2! 

Term 

3G" 

'H" 

3F" 

3G0 

'H" 

3 p o  

3G0 

'H" 

31=g 

'H' 

Limit 

J 

3 
4 
5 

5 

3 
4 

4 
5 

5 

2 

4 
5 
5 

4 
5 

5 

E-63 

ENERGY LEVELS OF IRON 

Fe vir-Continued 

Level (cm-') 

895 744 
891 017 
897 254 

898 243 

9.21 694 
92.3 292 

923 71 6 
923 838 

924 419 

928 684 

9.41 918 
.942 022 
9.42 477 

954 904 
954 966 

955 307 

1 008 000 

Leading percentages 



E-54 

c. C#%LBSS AHD 2" SUGAR 

Fe VI48 

%-26 

K 1 isoelectronic sequence 

Ground state: 1 ~ ~ 2 ~ ~ 2 p ~ 3 . s ~ 3 p ~ 3 3 d  zD3,2 

Ionizat.itIn energy = 1 2 1 8  380k100 cm? (151.0hlf0.012 eV) 

' h e  5peCtrU;ll ha3 no?; been remeasured between 33 and 

2 3 3  ,k with an uncertainty of k0.003 A by Ramona5 and 
Ryabtsev (1980). ?'hey have redetermined all the known 
level values and extended the analysis. Their results are 
given below. The leading percentages were supplied privately 
by Cowan. 

The ground-term splitting was determined by Cowan and 
Peacock (1965) by mean5 of four pairs of lines arising from 
the 3p53d configuration. This upper configuration was 

interpreted by the same authors. Earlier, Krtrger and 
Weissberg (1937) reported the one-electron terms 3p6('S) 5s, 
6s. 4p, 4/, 5J 6J and 7f. With lighi sources allowing 
differentiation among highly ionized speciri .4lexander, 
Feldnian, and t'raeilktl (1965) deterrniued that the lines 
used by Krvger et al. to establish 5s, 6s, and Q were 
erroneously assigned to Fe VI[]. This finding has been 

coilfirmed privately by klkberg. 
The lcvels of 3p53d4 were deduced by Cowm (1967) from 

lines reported by Feldinan and Fraenkel (1366). 

We have determined the ionization energy f i o n  the new 
measurements of the n/ series. The 7f term is predicted to be 
590 cm-' belou the observed value. 

WbfeBenC@s 

Alexander. E., E'cidrnan. U., and Frdenk.d. FI. S. (1965), J .  Opt. Sur. .%tn 

Cowan, R .  D., and Peacock. N .  J. (1965). Astrophys. J .  142, 390. 
Cowan, R .  pi. (lOb7), Astrophy.. I. 147, 377. 
Feldman. (I., and Frdenkel, B. S. (1966). .4sirophys. I. 145, 959. 
Kruger. P. (;., and Wrissbr:rg. 5. G. (1937). P l i p  Rev. 52. 314. 
Rarnunas, A. A,,  and Ryabtsev. A.  N .  (1980). Opt. Spertrosr. 48. 631. 

55,  650. 

-. ................. .......... .- 
Term 

-. ........ 

'1) 

ZF" 

ZP" 

ZF" 

qj D 

ZF" 

J 

Fe V I I I  

0 
1836 

4.31 250 
434 555 

447 656 
459 361 

508 518 
520 822.2 

510 277 
515 550 

5.95 909 
541 755 

591 964 
595 15.2 

596 4 6.9 
597 G65 

763 703 
763 799 

857 661 
842 829 

.- ...... __ 
Leading percentages 

. _  .......... .. ~ 

14 

45 

1 2  

91 

61 

77 

53 

50 

45 ( * P O  

48 

7 2  

7 3  

7 1  
71 

98 

98 

9s 
95 

14 IP 
16 



-. ..... 

Configuration 
-. .. 

3p.5 3d( "))its 

3p5 Sd ( "E"" ) 4s 

. i -. 

Tern J 
.... 

35 

32 

RB 

847 145 
843 883 
852 84.91 

855 100 
860 615 

874 711 
876 7'6s 
877 4 76 
%78 264? 

87;8 021 
881 345 

884 331 
881 3'25 

889 113 
890 84.5 

927 059 
927 102 

1 016 560 
1 016 57'0 

I a a  873 

1 z i a  3ao 

1 070 0.29 

.................... .~ . ._ ................. 

94 
BY 

a1 
74 
76 

98 

48 
77 

46 

78 

!1X 
68 



E-66 

z- 26 

A r  I inoelertronic sequence 

Grounti .,late: I.c'~s'~~,''~~s~~~~'' IS,, 

Ionization energy = 1 884 000+3000 cm-' (233.6ir0.4 eV) 

This spectrum was  first investigated by Kruger, 
Weissherg, a i ~ d  Phillips (1937), who identified the resonance 
lines arising from the two /=1 levels of the 3pS& 
ronfiguration. The present values of these levels are taken 
froin th.- paper of Fawceit, Cowan, Kononov, and Hayes 
(1972). 

A l l  levels of the 3s23p"3d configuration were determined 
from combinations with 3s,?p"3d by Svensson, Ekherg and 
Edltn  (1974). Using t h e x  levels to predici forbidden 
transitions within 3s23p'3d, EdlCn and Smitt (1978) 
identified a number of well-measured solar lines obtained 
with Skylab and redrtrrmined most of the level values. Their 
results are quoted here. The 3s3pf'3d levels are from Smiti 
and Svensson (1978). The unrertainty of the connection of 
these two configurations to the g i o ~ n d  state is :k> CIK'. 

The 3ps4d and 3ps5s levels were found by Alexander, 
Feldman, and E'raenkel (1965). The present values for the 
two 3p'4d Ipvel. are obtained from the measurements of 
Fawcett et al. The uncertainty is less than 100 cm.'. 

Configuration 

3P6 

3p5 3d 

3p5 3d 

3p5 3d 

3p5 3d 

3p5 3d 

3p5 3d 

The 3 ~ ~ 4 - f  level values given here were derived by 
coiirhining the 3p53d-3ps4f line identificaiions of W-agner 
and House (1971) and of Fawcett et al. with the level values 
of 3p53d of EdlPn and Sniitt. The 3p54J levels clearly follow 
a J , L  coupling scheme, the designations having been assigned 
by comparison with isoelectronic spectra. 

?'he 3s3p64p term is from Kastner, Crooker, Rehring, and 

Cohen (1977). 
We have derived the ionization energy from the 3p5G and 

3ps55s configurations under the assumption of a change in 

effective quantum number An* =n*(Ss)-n*(G)= 1.024, as 
observed in similar spectra. The stated uncertainty in the 
ionization energy is based on an estimated uncertainty of 
kQ.005 in the value of An*. 

Alexander, E., Feldniail, U. ,  and Fraenkel, B. S. (19653, J. Opt. Soc. Am. 

E d e n .  R., and Srnitt, R. (1978). Sol. Phys. 57, 329. 
Fawcett, B. C., Cnnan, R.  D., Kononov, E. Y., and Hayes, R .  W. (1972), J. 

Kastner, S. 0.. Croohcr, A. If., Behring, VI'. E.. and Cohm, I.. (1977), Phys. 

Kruger, P. G . .  Welssberg, S.  C., and Phillips, L.. W. (1937). Phys. Rev.  51, 

Sinitt, R . ,  and Svensson, I.. A.  (1978), .4tornic Spectroscopy, Univ. of Lund, 

Sbensson, 12. A,, Ekberg, J.  O. ,  and Ed& B., (1974). Sol. Phys. 34, 173. 
Wagner, E'. J., and House, 1,. 1.. (1971), Astrophys. J. 166, 6883. 

55, 650. 

Phys. B5, 1255. 

Rrr. A 1 6 ,  577 .  

1090. 

A1lrlu.d Report. 

Fe IX 

Tcrm 

IS 

3Pa 

3F" 

3D" 

ID" 

IF" 

'P" 

J 

0 

0 
1 
2 

4 
3 
2 

3 
1 
2 

2 

3 

1 

Level 
(cm - I )  

-. . . . . . . .. .- 

0 

40.5 779 
408 315.1 
413 669.2 

425 809.8 
429 31 0.9 
4W 818.8 

455 612.2 
460 616 
4 62 616.6 

456 752.7 

465 828.4 

584 .546 



E-6 7 

... 

ENERGY LEVELS OF IRON 

Fe Ix-Continued 

Configuration J 

-_-- 
1 
2 
3 

2 

1 

1 

1 

1 

1 
2 

5 
4 

3 

3 
4 

3 

3 
4 

1 

1 

1 

Level 
(Gm- 1)  

726 734 
727 560 
728 935 

749 871 

9.50 500 

965 570 

1 198 230 

1 213 150 

1 300 920 
1302 8.10 

1 304 600 
1 3% 320 

1 305 760 

1310 160 
1311 750 

1 323 660 

1 324 720 
1 324 800 

I 358 140 

1 371 910 

1 372 670 

1 884 WO 
__ 

-. ..... 



LY P6 

8L 

9s 

SF 
96 

t'P 

9 

06 
$6 

68 
PF 

SF 
P6 

96 

L6 

F80 ISP 
TSL 09P 

iO€L ZSP 
OF8 0BP 

1% IPP 
008 PIP 

PI9 PEP 

826 TFP 

8% ezP 
19L 928 
96L ZZP 
€99 LIP 

9% lB€ 
090 061 
GOL 881 
6OL 886 

6PZ 682 

89-2 



Configuration J 

E-69 

ENERGY LEVELS OF I R O N  

Fe x-Continued 

485 983 

541 879 

564 198 
569 985 

572 9 M  
686 244 

1022 100 
1 029 630 

1 040 350 
1048 890 

1 063 690 
1064 191) 

1 118 4901 

1 130 430 

1 161 930 
1165 710 

1 178 8502 

1 284 270 
1 285 180 

1 286 540 

1 288 210 

1 295 260 

1 315 690 
1317 390 

1321 270 
1 322 960 

1 388 450 

1 397 130 
1 3999 850 
1 40.9 730 

1 408 650 

Leading percentages 
...____ 

84 

69 

73 

52 
54 

66 
61 

84 

65 
58 

I7 

R2 

79 

47 
61 

49 

14 ( 3 P )  4d 

14 2F 
20 dP 

18 (3P) 2P 



E-70 

Term 
- .. . . . . . . . 

*HO 

2G" 

2F0 

Limit 
.. . . . . . . . .. 

I_____ 

J Level (cm-'j Leading percentages 
.. . . _. . . . . . . ._ ... 

1 449.900 

% 1.641 660 

5/2 1 484 290 

2 114 DO0 

11 
12 

___I. . . . ._._ _-_-_ 

-.. . . . 

Configuration 



E-7 1 

3P 

ID 

IS 

3p" 

ENERGY LEVELS OF IRON 

Fe XI 

2 
1 
0 

2 

0 

2 
1 
0 

*I- 

Z= 26 

S I isoelectronic sequence 

Ground state: ls22sz2p63s23p4 3P2 

Ionization energy = 2 341 000+5000 cm-' (290.3f0.6 eV) 

This spectrum was first investigated by Edlen (1937), who 
observed and identified the g!oup of 3sz3p4-3s23p34 
transitions occurring at  about 90 A. He established most of 
the levels of these two configurationsd Grotrian (1939) 
identified a solar coronal line at 7891 A as the transition 
between the 3s23p4 3P, and 3P, levels. This was subsequently 
confirmed by Edlen (1942), who also identified a coronal 
line at  3986.9 8, as  the 3sz3p4 transition 3P,-'D,. 

The separations of these levels quoted here are derived 
from wavelengths from the coronal observations of defferies 
(1969). He assigns an estimated accuracy of f 0 . 4  A, which 
corresponds to about f l  cm-' in the levels. T h t  3s23p4 IS, 
level is derived from the solar line at  1467.08 A observed 
by Doschek e t  al. (1976), which was identified by both 
Svensson (1971) and Jordan (1971) as  the 3s23p4 transition 

The 3s23p4-3s3p5 array was analyzed by Fawcett (1971). 
The more accurate measurements of Smitt, Svensson, and 
Outred (1976) are used here to obtain the levels of 3s3p5 and 
the 3P, level of 3s23p4 with an uncertainty of f 5  cm-I. 

The 3sz3p34 levels are  derived from the 1937 
observations of EdlCn, with the dropping of the identification 
of the original singlet-triplet intercombination lines at 86.149 
and 89.771 A, as  noted by Edlen in 1942. The level 
uncertainty for this configuration is +50 ~6' .  The line at  
89.771 A has been given by Fawcett, Cowan, Kononov, and 
Hayes (1972) a s  the 3s23p4 'S,-3s23p34 'P; transition in 
Fe  XI. However, this identification is inconsistent with 
EdlCn's identification of the line at  86.513 A as the 
3s23p4 'D,-3s23p3Q 'PT transition, which fixes the position of 

3P,-'s,. 

Configuration 

3s2 3p4 

3s2 3p' 

3s2 3p4 

3s3p5 

Term I J 

the 3sZ3p:'4 'Py level. The 3s23p:'44 'SS and 'Po terms have 
not yet been located. 

The classifications for the 3p4-3p'"3d array are  from 
Bromage, Cowan, and Fawcett (1977) and Fawcett (1971). 
The leading percentages for the 3p"3d were calculated 
including configuration interaction with 3s3ps, 3p53d and 
3s3p33d by Bromage et al., but only the results for 3p33d 
were published. Levels are derived with an uncertainty of 
f 2 0  cm-', from the more accurate solar wavelengths 
(k0.008 A) of Behring, Cohen, and Feldman (1972). 

The 3s23p34d levels are taken from the work of Fawcett, 
Cowan, Kononov, and Hayes and are reliable to f 1 0 0  cm?. 
These authors have also observed a number of lines 
identified as  3sz3p33d-3s23p34f and 3s23p33d-3s23p34p 
transitions of Fe XI. However, it is not possible to derive 
level values from these identifications inasmuch a s  none of 
the levels involved is part of the system of levels given here. 
The leading percentages for the 3s23p34d'D," level are from 
Fawcett et al. 

The ionization energy is from an isoelectronic 
extrapolation by Lotz (1967). 
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Fe XI 

Level (crn-') I Leading percentages 

0.0 
12 667.9 
14 312 

37 743.6 

80 814.7 

283 558 
293 158 
299 163 



Configuration 

3s3p5 

3s2 3p3 (2P" ) 3d 

3s' 3p3('Do)3d 

3s23p3('Do)3d 

3s' 3p3 ('DO ) 3d 

3 2  3p3 ( 4s" )3d 

3s' 3p3( 2D" )3d 

3s2 3p3 (2D" ) 3d 

32 3p3 ( 2P0 ) 3d 

3.52 3p3 ( 4s" 4s 

3s' 3p3 ( 'Do )4s 

3s' 3p3( 'Do )4s 

3.92 3p3 ( 'PO ) 4s 

3.92 3p3(4S" )4d 

3s'3p3('Do)4d 

3s' 3p3 ( 'Do )4d 

Fe XII ('S&) 

Term 

'p' 

3P" 

3P. 

3s. 
3D. 

'D. 

'F" 

'P" 

3s" 
3D0 

'D" 

'P" 

3D" 

'DO 

'F" 

Limit 

J 

1 

2 

1 

2 
1 
0 

1 

3 
2 
1 

2 

3 

1 

1 

1 
2 
3 

2 

1 

3 

2 

3 

E-72 

C. CORLISS AND J. SUGAR 

Fe XI-Continued 

Level (cm-') 

361 842 

496 090 

526 480 

531 290 
541 390 
541 720 

533 450 

554 300 
561 610 
566 380 

578 860 

594 030 

623 080 

1 121 230 

I 148 590 
1 149 100 
1 152 450 

1 160 030 

1 193 640 

1 376 750 

1 420 680 

1 423 440 

2 341 000 

Leading percentages 

80 

38 3s" 

74 

42 

62 

53 

46 

41 

42 

70 

62 

90 

72 10 (2D") 3D" 



E-73 

...7 ... 

2-26, 

Y I isoelectronic W ~ ~ J ~ J I W  

Ground state: ls22s22ph3s23p3 "S:,, 

Ionization energy := 2 668 OOO+-ZOOO cm-l (3~0.8- t -0 .6  eV) 

The level valves of the 3s23,n3 ground configuration are 
determined from foiir solar coronal lines. The lines at 12/22: 
and 1349 A wcr? identified by Rurton, R-idgeky, and 
~ i l s o n  (1967) as 3p3 'S;,,-3p3 2?'.i,2,1/2 New nieamrc:nicnt:. 

for these lines by Doschek et al. (1976) with an tincertainty 

of +-o .o~ A are used here,  he line at  2169.7 A rneasnred 

by Gabriel et al. (1971) wa5 identified as 3p3 'S,",,-3p3 21)3,,. 
~ l l e  transition 3p3 2~ j , , z  - 3p3 2pI lz ?vas ,asaignea by Itivenneon 

(1971) to the coronal Lm reported at 3072.0 A by Jefftxiei 
(1969). The level uncertainty in  the g r ~ u n d  configuration i s  
f 5 can-1. 

The classifications of the 3s23p3--3s3p4 and 
.3~~;3p~--3~~3,0~.3$  transition arrays are due to Fawcett (LY71), 
who  p j i n t s  nut that they are strrmg in the solar spectrum 

between 180 and 39O& and to Brnmage, Cowan, and 
Fawcett (197R), who alsc provided the leaditig p~rcentay;es 
frsr 3s3p4 and 3s23pz3J. Configuration interaction between 
thew was iiicluded in the calculation. Improved 
n~~asiirements of these wavelengths ply B~hring,  Chhen, 
Fcldrnan, and Do~chek (1975) w i r h  an iincertainty of 

Ito.nodr A made from mlar observatioris arr m e i l  to obtain 
the ievels with an unccrtainty of  crn-'. 

Configncation 

.- .... 

J 

Fe X I J  

0 

/ , I  566 
16 075 

74 109 
80 51s 

274 3'73 
284 00.5 
288 307 

340 020 
341 70.7 

389 706 

394 120 

501 800 

......... .............. - .......... ............. 
Leading perceritages 

--" .... 1 .......... II__ -_-.I.. . 
_II____ 

89 
89 
88 

18 
I 9  

4x 

41 

4 1  2p 
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Configuration 1 l-erm 

Fe x~~-Coiitinued 

. . . .. _. . . . . . . . . . . . . .- .. . . . . . . . . . . . . . . . . . . . . . .. . __._I. llllll_ 

L e ~ d i ~ g  percentages 
_. . . . . . . . . . . . . .- 

a6 8 3s3p4 4P 

.J.. Level (cm -. I )  

_. - 

512 510 

519 770 80 8 
516 740 R2 8 

513 850 35 2P 32 3s23p2 ( ID 13d *P 

526 120 46 40 (3P) 'D 
538 040 41 43 

554 030 78 14 3s3p4 *D 
554 610 71 17 3p2('S)3d 

568 940 58 24 (3P) 
577 740 61 26 

576 740 49 35 (ID) 'F 
581 180 61 31 

579 630 72 14 3S3p4'S 

603 930 47 31 (Is) *n 
605 480 55 41 

1 242 000 
I 249 660 
1 258 050 

1 257 730 
1 266 360 81 

1 287 700 
1 289 060 82 

1 508 360 35 

1517 340 6.5 

1514 070 49 

1 516 030 77 

1523 140 39 

1532 160 48 

1 534 990 67 
1 536 480 

1 549 250 
1 551 400? 

1551 640 

1 565 720 

1569 410 

2 668 000 

81 
40 

40 

~...........I_. .......... .................... ~ 

t 

3s2 3p2 i "P 1 3d 

3s' 3p2i 3P 14s 

3s23p2(3P)3d I 4P 

3s3p4 

2D 

4P 

2D 

3s2 3p* i 3P )4d 

3s* 3p* ( 9? ) 4d 

2P 

2D 

4P 

4F 

2F 

4D 

2D 

2F 

26 i'D) *F 
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ENERGY LEVELS OF !RON 

Fe Xllf 

...-. 

%=26 

S i  1 isoelectronic sequence 

Ground state: 1s22~22p63s23p2 'Po 

Ionization energy = 2 912 OOOk6000 cm-' (361 .Or+_O.7 eV) 

The 3P and ID terms of the 3s23p2 configuratiorr are from 
solar coronal line identifications by Edlen (19rE2). We used 
the improved warelength measurements givm by Jefferies 
(1969). The level uncertainty i s  t0.4 cm-I. The IS term i s  
due to Doschek et al. (1976). From laboratory observation>, 
Fawcett (1971), interpreted the 3s23p2-3s3p3 array except for 
the 'Po-'DU; transition, which was established through a solar 
identification by Widing, Sandlin, and Cowan (1971). 
Fawcett also identified the 3s23p3d confignration. 

Rehring, Cohen, Feldmarn, and Doschek (1974) observed 
the -7s23p2-3s3p3 and 3s23ppRd transition arrays with 
improved accuracy (kO.004 cm-') in the spectrum o f  the 
quiet sun in the region from 200 to 350 A by using a rocket.- 
borne spectrograph. The level values are mostly from their 
observations and have an uncertainty of k10 cm-'. 'They 
also identified the 333~' '1'; level. 'The leading percentages 
fur 3s3p3 and 3s23p3d are taken from the calculations of 

Broniage, Cowan, and Fawcett (1978), vi110 also identified the 
3p.M 'I?: level. Configuration interaction between them Wac: 

included. 
The level values for 3p4d and the level values and leading 

percentages for 3p4f are from Kastner, Swartz, Khatia, and 

Lapides (1978). The icncrrtainty of the level values is 

The configiirations 3 s 2 3 p 6 ,  4p, 46, and 4f were found also 
by Fawcett, Cowan, Kononov, and Hayes (1972) from 
observations in the region 60-100 A. Solue of the lines they 
identified involve transitions to the unlr~town 3F0 tern] of 
3s2+3d from 3s23p4f Levels, and thereforb: cannot be useel to 
establish connected l ~ v z l s  of the latter configuration. In the: 

same paper percenrage winpositions are given for levels 
whose first component i s  not "high," generally less than 

90%. The uncertainty of the IrveI values is -t:200 ,:m". 
'The ionization energy was taken from 1,otz (1907). 

.-!! 1oo cm-'. 

efexenees 

Jelferies, J.T. (lYdQ), M m .  Sor. Roy. Sci. L ~ P ~ P ,  Collect. 17, 213. 
Kaatner, S.O,, Swdrtr, M., D a h l i a ,  A .K. ,  and Lapide?, J .  (197R), J. Opt. 

Lot&, W. (1967), J. Opt. So.:. Am. 57, 873. 
IVirflng, K. G., Sandlin, G. D., and Cowan, R. D. (1971), Astrophp. J. 169, 

SOC. Am. 68, 1558. 

,205. 

Configuration 

3s2 3p2 

3 2  3p2 

3 2  3p2 

3s3p3 

3s3p3 

3s3p3 

3s3p3 

3s3p3 

3P 

'D 

's  

3D" 

3P" 

'D" 

35" 

'p" 

J 

0 
1 
2 

2 

0 

1 
2 
3 

1 
2 

2 

1 

1 

Fe xi11 

Level (cm-') 

0.0 
9 302.5 
18 561.0 

48 068 

91 508 

287 205 
287 360 
290 21 0 

329 647 
330 279 

362 330 

415 462 

438 050 

_- 
I- 

Leading percentages 
.- 

86 

83 

89 

86 
7a 

54 

78 

69 

10 3p3d3DL)" 
10 
10 

9 3p3d3p" 
9 

39 3p3d'D" 

17 'P" 

19 35" 



-- ................... 
ConClguratiorr 

................ ............... 
J 

2 
1 
0 

2 

1 
3 
2 

3 

1 

1 
2 

1 

2 

1 

1 

2 
3 

3 

3 

1 

2 

4 

4 

.̂  -.I__x, __l__,_l ...... ........ - 
1 , C ~ i C l  (cm - 1 )  

__ .............................. 

486 358 
494 942 
503 340 

4.98 870 

506 5 0 .  
509 17'6 
509 25G 

556 RTU 

570 6% 

1 GK?6 220 
1 354 680 

1361 830 

1 4 8 8  110 

1 515 2607 

1 6C3 770 

1 604 220 
1 606 800 

1 619 600 

1 630 6,50 

1 650 620 

I r w 8 o o  

I 7 4 1  2% 

174.3 460 

2 912 IEPQ 
- 

................ .___I^ _. - 

... .~ 

43 

49 
eo 

32 

dR 

86 

61 

97 

PS 

$4 1s IF" 

84 16 3P" 

86 13 3P 

39 35 '13 

59 

61 

45  

84 12 3F 

56 44 ?G 
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E-7'7 

2=26 

AI 1 isoelectronic seqwm:" 

Ground state: ls22s22p6~s23p 'P;,, 

lonim1itrn energy = 3 163 000k6000 cm? (392.2kO.8 eV) 

The early laboratory work on this cim.electron spectrum 
conristcd of Edlln's (1936) identification of the 3p-42 
resonance lines at about 59 A.  ~ a t e r  ~ d ~ i i  (1.942) identified 
the strong solar coronal line at  5382.86 A 3 s  the traaiditinn 
between the 3sz3p 'P;",, and 'P& levels, 'This identification 
serves as the basis for the ground term splitting in this ic9n. 
The iinceetainty i s  it2 cn-'. 

The f i r s  excifed configwation in Fe ?bfV, 3.~3p', w m  

identified from the laboratol-y observaiions o f  Fawcett and 
Peacock (1967) and by Fawcett (1970). The 3s23d levels 
were found by Peacock, Cowan, and Sawyer (1369). 'The 
level values for these cwo configur-ations are dbrived from the 
more accurate solar islzfiervations of Bohring, (:ohen, 
Feldmart, and ~ o s c h e k  (1~76)  in the region 210-200 A, 
which give an uncertainty of 3-20 cm?.  he 3,'(k, 3s2ap9 
and 3 s z v  levels m e  derived from the work of Fawcett, 
Cnwan, KQ~ROPOOV, end Hayes (1972) with a level uncertainty 
of 2200 cm-'. ........ 

~~~~~~~~~$ 

Bchring, W. E., Cahen, L., Fzldmaa, II., nnd Dnsciick, 6. A. (19761, 
A5t~nphys. I. 203, 521 

Edl&l, u. (1936). z. P+. 103, 536. 
Edli-n R. t1042). %. Astmphys. 22, 30. 
Paacrtt, R. C . .  and P ~ ~ c Q c ~ ,  N .  1. (1967). PIDL, Bhys. Sor. (landon) 91, 

Fawcatt, R. C .  (1970), J. Phys. BR3. 1,722. 
Faw-rtt, R. C., Cowau, K. D., Knnowv. E. Y., and Iiayrs, R .  W. (1572), 1. 

Fischer, C .  F. (1979), Penn. Slate U'niv. Depl. Computer Sci., CS-78-21. 
h t n ,  W "  (1967). J .  Opt. 90c. Am.  57, 873. 
Pewol-k, N. I., Cnsvan. R .  D., a d  Sawyer, G .  A,, I'rur 7th 1st. Conf. on 

, Belgrade. 1967 (Belgrade: Gradcvinska 

973. 

Phys. BS2 325.5. 

loni:<etiuii I'bmnm~na. in 
Knjiga). 
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ENERGY LEVELS OF IRON 

Fe xv 

. .-. 

2.=26 

Mg 1 isoelectronic sequence 

Ground state: ~sz2.sz2p6~3sz IS, 

Ionization energy = 3 686 000t20 000 CIUI-' (457.012.5 eV) 

EdlGn's (1936) work on this spectrum cori&ted of the 
observation of the multiplets 3s'S - 3s4p1P0, 
%3p3PQ .-- 3s4d %, 3s3d 'D - 351-f ' F a n d  3s3d 3D - 3s5f 'F'". 
lhese  groups were anconnected and the relative positions o f  
the terms were estimated by isoelectronic extrapolation. 

The ahsolute energy of  the system o f  excited triplet levels 
is based on the rnensurement of 3s' 'SO-3s3p 'P; a t  

417.258 A in the solar spectrum by Hehring, Cohen, 
Feldman, and Doschek (1976). The error in this wavelength 
i s  stated to be <0.01 A, giving an error in  the intersystem 
connection of 5 cm-'. The error in the levels due to Kdkn is 
about 1.00 cm-I. 

Peacock, Cowan, and Sawyer (1967) gave the classification 
of the  3s3p-3s3d array and the 3s' IS,-?3p 'Py resonance 
line measuted in the range of 224-204 A with an accuracy 
of k0.05 A. Several o f  these lines are found in the list of 
solar lines of Bebring et al. (1976) with improved acruracy 
and are used here. The resulting level. values have an 
uncertainty of 20 CIII-'. They are  3s' 'S0-3s3p I€'; and 
3s3p-353d 'F';-'D2, 3P;-3D,, and 3Pp3-3D 
at 284.160 A, 243.700 A, 227.208 1, and 233.8.57 A, 

respectively. 
The values of the levels of the 3p2 configuration are 

derived with an uncertainty of 20 cni-' from the 

classifications of Fawcett (1971j and Fawcett, Cowan, and 
Hayes (1972). The 3p2 IS, level has been tentatively located 
by Cowan and Widing (1973). The observations by Fawcett 
(1970) provide values for the  three levels of the 3p7d3F" 
term. 

The meamremenb of Edltn were used to obtain the 
values of the 3s4f 3!?o, 3.4d 'FI, and 3s5f 'F0 levels. 

I .  

~ h t :  levels of 3 ~ 5  'S and 3s~d''D g i v m  here are derived 
from the work of Feldrnan, Katz, Kehring, and Cokcn (1971). 
The 3vU 'D and 3s4f1'Fo levels arc taken from the paper of 
Fawcett, Cowan, Kononov, arid Hayes (1972). The 3s5s 'S, 
3s5p ' Y ,  3s5f'F" and 3s6f'-'FF" levels are from Fawcett, 
Gabriel, Irons, Peacock, and Saiinderx (1966). Eklierg (1 971) 
has noted that the Rs5f 'F"  and 356f'I.'" levels are 
quesiioriahle. We have trot inc ludd  theun here. 

The transitions 3p3d-3p.1.f are classified by Kastner, 
Swartz, Bhatia, and lapides  (1978j, who gave percentages 
for 3p+J 

With observations CJf 1,-series satellite spectra, Burkhalter, 
Cohen, Cnwan, and Feldnian (1979) Ilavc. made some 
tentative assignments to 2p"3.s3p2ps3s?3p transitions. They 
are  not quotrd here. 

The ionization energy has been derived here from the 

3mf "F; (n =4-6) levels. Comparison with lower members of 
the isoelectronic sequence indicates that the ionization 
energy has an uncertainty o f  about 2 2 0  000 cm-' (2.5 eY). 
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ENERGY LEVELS OF %RO 

Fe XVI 

%- 26 

Na 1 iioelectronir sequence 

The 2 ~ ~ 3 . 5  n l  confiigrtratims are frorn clamifirations of 
/,-series satellite spectra by Hurkhalter, Cohen, Cowan; and 
Feldriian (1979). 'The leading p e r c e n t a p ,  in two alternate 
coupling schemrs, are taken from this paper. Other inrlrr. 

The original work on this spectrum by EdlCn (1336) in the 
region 40-66 A gave the position of only tlw 4p *P" term 

relative to the gruirnd state, but included transilions from 4, 
4d, and Sd to the 3p *1'" term, and transitions from 4f and Sf 
to 3d2D.  Peacock, Cowan, and Sawyer (1967) brought these 
unconnected systems together by identifying the 35,-3p and 
3p-3d transitions in  the region 2.50-360 A. We have used 

improved wavelengths of Edl& (1978) for- the 3 3 - 3 ~  and 
3 p 3 d  transitions together with his earlivr measurements for 
t he  level values. The uncertainty of the n = 3  levels is 
probably S cm-' and tlw higher ones -12200 CIII-'. 

Higher series members of m, np, nd, and nf were 
identified by Fawcett, Gabriel: l ror i3 ,  Peacock, and Saunders 

7d, and 8ci terms given below were derived by using the 
wavelengths of Feldinan et a!. (1971). .Their uncertairity is 
ROO cm-'. The Sg term is froin Kononov, Kovalev, Hyabtivv, 
and Chririlov (197'7). 

(1966) I W ~ W W ~  2 7  and 64 A". 'The valut:.j of the Sp, f p ,  fd, 

Configuration J 

'The ionization energy was determiired Croiri a polarii;,ttion 
formula applied to the nf series by Edldn (1978). 'The 
uncertainty is ,200 cm-'  (0.025 eV). 
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E'e X V I  

Level (cm - 1) 

0 

277 206 
298 155 

675507 
678 412 

1867 550 

1978 040 
1 986 100 

2 124 200 
2 125 370 

2 184 640 
2 18.5 160 

2 662 000 

2111170 
2 7.21 160 

2 788 060 
2 788 630 

____. 

Leading percentages 
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Configuration 

2p6( 'S )6d 

2p6( 'S )6f 

J 

E-82 

C. CORblSS AND J. SUGAR 

Fe x k d o n t i n u e d  

Level (cm-') 

2 818 620 
2 818 910 

2 822 100 

3 076 000 

3 106400 
3 108 900 

3 146 070 
3 146 670 

3 163 130 
3 163 190 

3 323 000 

3 341 000 

3 360 500 
3 360 800 

3 371 070 
3 371 210 

3 488 000 

3 498 SO0 
3 499 coo 

3 505 700 
3 505 800 

3 587 000 

3 595 000 
3 599 000 

3 600 000 

3 946 280 

5 773 000 
5 873 000 

5 982 000 
6 001 000 

6 013 000 
6 013 000 
6 042 000 

6 075 000 

6 089 000 

98 

92 

69 

93 

I1 

68 

88 

Leading percentages 
-. .. . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . .___ 
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Z- 2 6  

Ne I isoelectronic sequence 

Ground state: ls22s22p6 'So 

Ionization energy = 10 180 00048000 cm-' (1262.211trl.O eV) 

TyrCn (1938) identified resonance lines in the region of 
12-17 A arising from the 2p%, 2p53d, 2ps4d, and 2 . 2 ~ ~ 3 ~  
configurations. The magnetic quadrupole transition from the 
2p53s 'P; level to the ground state was first observed by 
Parkinson ( I  973). New laboratory observations in the region 
10-17 .& were reported by Gordon, Hobby, and Peacock 
(1980), who identified resonance transitions from 2 p 5 h ,  
2p51d, 2p5Sd, 2p56d, and 2s2pb4p. Their results, with a 
reported wavelength accuracy of t0.005 A are used to 
obtain the present levels (all J= l )  with an uncertainty of 
f3000 cm-'. From solar coronal observations Hutcheon, 
Pye, and Evans (1976) identified resonance lines from 2p%, 
6s, 7s, Sp, and 8d and obtained the value for the ionization 

energy quoted here. Their measneeiinent uilceriaiarty is given 
as  -1-0.003 '4, giving a level uncertainty of k2000 cm-'. 
We use their wavdengih for the magnetic q t r d . h p o k  
transition from 2 ~ ~ 3 s .  

Parametric calaculations made by us for Sc XII and N i  xIX 

show that the 2ps3s configuration is best described in / j -  
coupling and the 2p53d in LS-coupling. 

Classifications in the 2p53d-2p54f array at  59 A by 
Fawcett, Bromage, and Hayes (1979) could not be used to 
derive additional levels because they are not connected with 
the known system. 
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Fe XVII 

Configuration J 

0 

2 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

__ 
Level (CIPP.. I) 

___ -.._..._l.... ___ 

0 

5 84.9 000 
5 863' 700 

5 960 500 

6 4 12 500 

6 552 200 

6 660 000 

7 198 900 

7 234 $000 

7 885 800 

1 983 000 

8 116 000 

8 154 000 

8 24.9 000 

8 757 000 
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E'e xvrr-Continued 
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Term 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Level 
(em-') 

8 860 000 

8 860 000 

8 887 000 

8 982 OOO 

9 056 OOO 

9 072 OOO 

9 216 000 

9 285 W 

9 383 W 

9 479 000 

9524 Oao 

9 628 OOO 

9 690 000 

9 784 OOO 

9 878 OOO 

9 878 OOO 

10 180 000 

- ..... 
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The 2p'Sd and 61 levels are from observations of 
exploding wises at 10 A by Burkhalter, Dozier, Stallings, 
and Cowan (1978) with a waveuurnbcr uncertainty of 

-a000 cm-'. These levels are designated by the authors in .+ r 

LS coupling. although J j  coupling is probably more 
appropriate. &'e include designations from both coupling 

Ionization e n r r p  = I O  08.5 0 0 0 ~ ~ ~  000 ('ri1-l  ( I X Q ~ J .  e\') 

sche1rre5. 
Thr  1 ~ 2 . ~ ~ 2 , ~ "  'S level was obtained from the x-ray 

observations of Fraerikel and Schwob (1972). .4n uncertainty 
of 1 3 0  000 cm- '  is esti inaied for this level. 

We derived the value for the ionization energy from the 
2 p " ' ~ ) n d  2 ~ ) , ( , 2  series for n=3-5. 

8 @ ! f M M K 6 ? S  

Burkhalter. 1'. (;., Dozier. C. M., Stallingr, E., and Cowan, R .  D. (1978), J .  

Frldrnan, I:.. I h w h r k ,  G .  4. ,  Cowan. R .  D.,  and Cohen. L. (1973). 1. Opt. 

Feldman, U.. 1)osrhek. 6 .  A , ,  Nagrl. D. J.. Hrhring, W. E.. and Cohen, L. 

FrAerikc.1. B. S.. and Srhwoh. J .  I,. (1972). Phys. l,eti. 40.4, 83. 
Gordon. H.. Hobby. M. (;., and Peacork. N. J .  (1980). J .  Yhys. Bl:%, 1985. 

Appl. Phys. 49, 109:?. 

hoc. A m .  63. 1445. 

(lY7,3l, .4stroph!~. J .  183, 1.43. 

Configuration Term 

"> 

4P 

2P 

'D 

2s 

4P 

TI 

'P 

..__l_.l__ 

Level (cm ' )  
.......... ... 

0 
102 650 

1064 600 

6 222 000 
6 301 200 
6 317 900 

6 248 100 
G 342 600 

6 4QQ 000 
6 403 800 

6 5'75 100 

6 858 200 
6 872 400 
6 903 700 

6 330 400 

6 903 200 

6 319 000 

6 347 300 

........... .......... _II 
l_l__l ._l_ll . ....... ........ -. 

hading  percentages 

90 

84 
fig 

57 

90 

90 
E6 

80 

61 
48 
42 

26 'F 

53 

29 4D 

49 



E-8 7 

.. . 

ENERGY LEVELS OF IRON 

Fe XY I 11-Con ti n ued 

Configuration Term 

20 

2D 

2P 

2P 

J 

3/2 

"2 

92 

92 

72 

/2 
3 

92 

Level (cm-') 

6 963 800 

7 014 300 

7 038 400 
7 0'14 200 

7 040 800 
7 066 100 

7 166 400 
7 184 300 

7.164 400 

7 4 7 7  200 
7 567 000 

7 487 800 
7 508 100 

7 508 100 
7 529 900 

7 599 400 

7 763 400 
7 783 900 

7 786 000 
7 794 400 

8 428 200 

8 517 200 

8 591 100 
8 593 000 

8 676 000 
8 676 000 

8 727 500 

8 727 600 

E 756 600 
8 759 900 

8 829 200 
8 829 200 
8 843 900 

8 829 200 

8 843 900 
8 829 200 

8 989 200 

Leading percentages 

42 

83 

66 

61 

44 
65 

72 
72 

38 'D 

50 
4 5 

59 
58 

44 

62 

88 

96 

93 
89 

88 or 

or 

50 or 
88 or 

73 or 
86 or 

73 or 

66 or 

94 or 
E8 or 

62 or 
68 or 
49 or 

86 OF 

52 OB 
61 or 

79 OF 



. . . . . .. . . .. . . . . . _._. . . 

___ 
Term J Level. (CRK ') 

.. . ._.. 

9 510 000 

9 613 000 

9 640 000 

9 650 000 

9 680 000 

9 680 000 

9 9'iQ 000 

10 120 000 

10 120 000 

10 985 000 

51 902 000 -. 

-I__.. ... ..... ..... 
Leading percentages 



E-BY 

ENERGY LEVELS OF i R 0  

Fh lax 

........ 

Z- 26 

0 I isoelectronic sequence 

Ground state: is22s22p4 3 ~ 2  

Ionization energy = 11 8.50 000-?:30 000 cm-' (14693~4 eV) 

All levels of the ground configuration ext:ept 3P, are 

dt:termined from forbidden lines observed in solar flares. 
TheEe transitions within the 2p4 configuration permit the 
determination o f  the levels with an micertainty of 10 cn3.l. 

The transition 3P2-3P1 at ?118.1:1-0.1 was reported b! 
Doschek et a!. (1975). The linen at  592.16 A and 424.26 A 
are classified as  'yz-- 1 ~ ~ 2  and 3~1-1S,, respectively, k y  W'iding 
(1978). 

The value far the level 3Po of the ground configarmtion and 
h o s e  of the first excited configuratiou 2s2p5 were derived 
from the spectral observatioris of iron plasmas produced by 
high power laser pulses by Fcldman, Ihscliek, Nagel, 
Behring, and Cohen (1973). They report a wavelength 
iirrcertainty of 0.003 A. Fawcet!, Galanti, and Peacock 
(1974) identified the transition from 2p6 'So to 2sZ,05 'P; at 

WaveIengths in the range of 10-14 '4 obsrrved in a laser- 
produced plasma by Cordon, Hobby, and Peacock (1980a) 
were c lasdied in the transition arrays 2p4-2p33a, 2p33d, and 
2p31$. A wavelength accuracy of 0.005 A ii reported, 

115.42 A. 

permitting an energy level accuracy of -1-31008 cm-'. Their 
calculated leading perceniages in J j  and LS coupling appear 
in a Cirlham Laboratory Repon (1980b). 

The 2p3M and M levels are froan observations of 
exploding wires betweeti 9 and 19 A by Rurkhalter et al. 
(19'78). 'I'he umcertnirity in their level values is 
t 5 0  000 cm-'. Designations for these coniigarations are 
availsble only in L.5' coupling. 

A position for the ls2s2+' coofiguratiov. of 
52 138 000 cm-' was obtained from the observation of 
Fe XIX by L i e  and Elton (1971). 

W-e derived the value for the ionization energy from the 

z ~ ' ( ' s ) I L ~  3 ~ 3  series for n = 3 to 5 .  

~~~~~~~~~$ 

Borthalter, P. G. ,  Dozier, C. M., Stalling-, E., and Cowan, R. D. (1978), J .  

Appl. Phys. 49, 1092 
Do>rhrk, G.  A., Fnldman, IJ. Dere, K. F., Sandlin, G .  U., Van Hooiier. b!. 

E. Brllpckncr. G .  E.. h i c e l l ,  J. D., and Tousey. R .  (1975), Astrophys. J .  

196; 117.7. 
Fawrctt, U. C. ,  Calmti, M., arid Pescock, N. J .  (lY74), J .  Phys. R7, 1149. 
FelJiiian, U., Doirhek, G. A., Nagel, D. J., Behring, W.  E., and Cohen, L.. 

(1973), Aitroptiya. J. 183, L43. 
Cardmi, E[., Hobby, M. G . ,  and I 'eazo4 ,  N. 1. (l?8Oa).  1. Pltys. BP3, 1985, 
Ccrdon. Il., IioLby, M. (;., and Pe8m-k. N .  J .  ( IWOb),  &[ham laborattli) 

I,k, T. N., and Elbm, R. C. (1971), Phyq. Rev. A3, 865. 
Widin?, K. G. (1978). Astrophys J .  222, 735. 

Report ho. ClXP592, Abingdon, England. 

Configuration 

.- ...... 

Term 

3P 

'I) 

' S  

3P" 

'P" 

IS 

3 s  

ID" 

J 

2 
0 
1 

2 

0 

2 
1 
0 

1 

0 

1 

2 
1 
3 

2 

Fe XIX 

0 
75 296 
89 413 

168 873 

325 118 

922 766 
984 6%il 

1 02.9 837 

1 267 450 

2 133 900 

6 680 OOO 

6 787 OOO 
6 788 OOO 
6 818 000 

6 834 000 

Leading percentages 

81 

64 

76 

99 

75 



_. . .. . . . . . . . . . . - 
Configuration J 

0 
1 
2 

1 

3 

2 

3 

2 

3 

3 
2 

2 
3 
1 

1 

2 
1 
3 

3 

2 

3 
2 
1 

3 
2 

3 
2 

1 

3 
1 

1 

3 

2 
3 

2 

3 

-- 
Level ( c n  1 )  

6 907 000 
6 9.23 000 
6 970 000 

6 985 000 

7 249 000 

7 370 000 

7 396 603 

7 405 000 

7 449 000 

7 450 000 
7 468 COQ 

7 5.54 000 
7 565 000 
7 567 000 

7 606 000 

9 242 OOO 
9 214 OOO 
9 248 000 

9 359 000 

9374 om 

9 383 W 
9 395 000 
9 403- @tW 

9417000 
9417000 

9 483 000 
9 4.92 000 

9494 000 

9 552 000 
9 556 000 

9 573 000 

10 19d QOO 

10 330 008 
10 330 000 

10 360 OOO 

10 390 000 

Leading percentages 

99 
76 

72 

63 

52 

55 

44 

73 

37 

69 
62 

57 
51 
48 

55 

68 

81 
59 

37 

70 

62 

93 

57 

64 
93 

97 

99 

97 

72 

56 

57 

or 

OT 

or 

or 

or 

or 
or 

or 
or 
or 

or 

or 
or 
or 

or 

or 

OT 

or 
or 

or 
or 

or 
or 

O'c 

or 
or 

or 



I .  

Configuration T e r n  J 

3 

1 
3 

3 

1 

3 

1 

2 

3 

1 

3 

E-9 1 

ENERGY LEVELS OF IRON 

Fe xrx-Continued 

Level (cm-8) 

io 420 ooo 

1 0 ~ 5 0 ~  
10 500 om 
10 so0 oo(6 

10 500 

10 500 OOO 

10 510 ooo 
10 680 

10 710 

10 760 000 

11 030 000 

11 850 000 

... . 



2-26 
N 1 isoclectrnnir sequence 

Ground state: ls'2r2Zp3 'Si,, 

Ionization cnrrgy = 12 7 0 8  0 0 0 ~ 4 0 0 0  c i f l  (1582.0kG.S eV) 

The array 2s22p4-2s2p4 was identified in the range of 
90-132 A from spectra of a laser-produced plasrria by 
Doschek, Feldnnan, Cowan, and Cohen (1974) and by 
E'eldaan, Doschek, Cowsn, and Cohen (1075). Further 
classifications in the same wavelength region by Doschek, 
h'eldinan, Davis, and Cowan (1975) provided the 2p" *Po 
term. 'I'hcse arrays were reobserved by Laivson and P P B C G C ~  
(1980) with improved accuracy of t O . O 1  A. They also 
identified intersystem transitions connecting the quartet and 
doublet levels. Their results are used here to obtain level 
values with an uncertainty of L i O O  cizi-' for the 2s22p", 
Zs+' and 2,o' configuratiotis. 

A measurement of the zs72pp' 21)3,2-2D;,2 transition at 
2665 '4 was o b t a i n d  by Suckewer and Hinnov (1979) from 
a tokamak discharge. 

Transition arrays between the ground configuration and 
2p23d, izii, and 5d are analyzed in the report of Bromage et 
al. (19 i7)  who used laser-produced plasnia spectra ohserved 
in the iange of 8-18 A. The estimated wavelength accuracy 
is about 0.005 A. The levels derivcd from their 
measiirerrients have an uncertaiirty of t3000 cm-'. Bromagc 

and Fawceii (1977) have given the leading percentages for 
the 2p23d levels. Bogdanovich et al. calculated the leading 
percentages cf the levels of the ground configuration, 2sz2p3, 
by the IIartree-Fock method. 

'The identificetiorl of the inner shell transitions giving the 
position of the ls2s22,p4 configuration at  52 4.70 000 cm-l 

% e  derived the value foi. the ionization energy from the 
made by l i e  and Elton (1971). 

2p2('D)nd 'F series. 

R*fsr4%leee 
P. O., Bogdanovichenr, M. I . ,  Grud~iiiakss. L. I., Rudsikah, Z. 

B. ,  Tutlis, V. I . ,  and Phad+i.ene, S. D. On t h P  theory o f  energy spectra 
of milltielectron atoms and ions, C h p t e ~  2 in Spectroscopy of Multiply 
Chzigesl Cons, Moscow, Academy of Sciences USSR. 1980, (in R U S S I B ~ ) .  

Bromagz, C. E., Cowan, R. D.. Fawcztt. B. C., Gordon, H..  Hobby, K. G., 
Peacork, N. I., and Ridglry. A. (1977). UKAEA Report CLMR 170, 
Cwlhani l a h .  

Bromage, 6. E., and Fa.wcett, B.C. (1977), PAon Yot. R .  Astr. SOC. 179, 
683. 

Doschek, G.  A., Fsldman, U.. Cowan, H. D., and Cohen, L. (1974), 
Astrophya. J .  I P S ,  4 1 7 .  

Dowhek, G .  A., Feldrnan, U., Dauls, J., and Cowen, R.D. (1975), P h y s  Rev. 

A12. O M 0  

Feldman, V., Duschrk. G. A..  Cowan, R .  D., and Cohen, L. (1975). 
Astrophys. J. 196, 613. 

1 awson, K .  D., and Peacork. N .  1 (19SO), J .  Phys. BP3, 3313. 
Lie, i. N., and Elton. R .  C (1971) P l ~ y s .  Rev. A3, 865. 
Suckewer, S., and Hinnut. E. (1979), Phy,. R w .  AZO, 578. 

Fe xx 

Configuration 
~ . -  

292 2p3 

7s' zps 

2s zP4 

2s 2p4 

2s 2p4 

2p5 

. . .. ..... .. 
Term J 

0 

138 270 
175 810 

260 09Q 
323 180 

752 730 
820 820 
842 740 

1042 210 
1058 130 

1 194 850 

1 242 080 
1 339 680 

1 954 150 
2 061 730 

79 

100 

100 

79 19 'D" 



.... 
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ERGY LEVELS OF !RON 

Fe xx-Continued 

Configuration 

.... 

J Level (cm- ') 

7 802 0~ 
7 802 000 

7 820 000 

7 843 000 
7 859 000 

7 913 000 
7 919 000 

7 935 000 
7 983 000 

7 967 000 

8 047 000 

'3 880 000 
10 009 000 
10 009 000 

9 942 000 

9 964 000 
10 019 000 

9 992 000 

10 019 000 
10 043 000 

10 130 000 
10 142 000 

10 142 000 

10 149 000 

10 149 000 

10 269 000 
10 289 000 

10 930 000 
11 048 000 
11 048 000 

10 994 000 

10 998 000 
11 047 000 

11 036 000 

11 048 000 

11 153 000 



____...I_ ..ll_ll_II ................... .. 
Configuration Term J 

E-94 

Fe xx-Continued 

k v e l  (cm-') Ixading percentages 
ll_.I..____---l ____ 1 

11 153 000 
11 180 000 

11 169 000 

11 163 QOO 

12 788 000 
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ENERGY LEVELS: OF !RON 

Fe fix! 

z= 26 

C I isoelectronic sequence 

Croiind state: 1s22s22p2 3 ~ o  

ionization energy = 13 620 O O O t B Q  000 cm-' (1689k.2. BY) 

Identifications of transitions in the 2s22p2-2sZp3 array- 
were reported by Feldman et al. (1975) in the region 
91-121 8 .  Kononov et a]. (1976) extended the analysis and 
found transitions from 2p4, hiit reported no intersystem linea. 
h ~ s o n  and Peacock (1980) remeasured this spectrum and 
found the connection among all the terms. Their reslrlte, 

acciirnte to ahout 2.50 cm-', are used here. The wavelength=, 
of these groups fall in the range of 84 A-182 A. 

The 2s22p2 3P splitting5 are obtained from forbidden 
transitions within the "I' term. The 3Po-3P, interval i s  
derived from a solar line at 1354. l t0 .1  A observed by 
Doschek et al. (1975) from Skylab. Hionrtv a d  Suckcwer 
reported private1 the observations of the 'P,-"Po transition 

level values of the groanil tenti have an uncertainty of 
-t 6 cin-l, 

Roiko, Faenov, and Pikua (1978), nsirig their 
measuremerits and the predictions of Fawcctt and Haye3 
(1975), give the levels 'D; and IF: of the 2p.W configuration. 
Hmmage and Fawcett (1977) add the rest of the levels given 
here. l'he 'F4 level of 2s2p23J i s  from Boiko et al. 

The trpsitions 2p2 - 2 p M ,  2p5d in the range of 
8.5 A-9.5 A were observed by Bromrage et al. (1977). Their 
classifications provide the levels of 2pikl and 2p5d included 
here with an uncetaainty of & 6000 cm-I. 

at 2298.03~0.3 w (in air) using the PIX tokamak. Thrs the 

Configuration 
-I- 

2s2 2p2 

'The Jesonance line reported by Lie and Elton (1971) at  
1.896 A arising froin the ls2s22p3 configuration was 
resolved iiito three componeritj by Feltlman, Doschck, and 
Xrcplin (1980), each classified as a hleiid of thrw lines. A 
center of gravity value for  the configiiration i s  about 

52 910 000 cm?. 
The ionization energy i s  from Lots (1967). 
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Fe XXI 

J 

0 
1 
2 

2 

0 

2 

1 
2 
3 

0 
1 
2 

1 

Level (cm-.') 

0 
73 850 
117 350 

244 030 

371 520 

487 

776 780 
777 28Q 
so3 930 

916 380 
924 900 
942 320 

1 0.9t; .5m 
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F'e xxl-Continued 
. . . . . . . . . . . . . . . . . . . . . - 
I_ 

Configuration 

2s2 2p4d 

___-_ -. . . . . .. . .. . 

. . . . . . . . 

-_I___ 

J 

__I_ 

2 

1 

2 
0 
1 

2 

0 

2 

2 
3 

2 

1 

3 

4 

3 

2 
1 

1 
2 
3 

2 

3 

3 

1 

2 

3 

Level 
(cm- '1 

~ 

1 126 610 

1 260 650 

1 646 290 
1735 690 
1740 420 

1817 240 

2 047 800 

8 098 000 

8 187 400 
8 211 800 

8 230 800 

8 293 600 

8 300 700 

8 669 100 

10 554 000 

10 580 000 
10 688 000 

10 581 000 
10 655 0@0 
10 688 000 

10 675 000 

10 681 000 

11 802 000 

11 810 000 

11 810 000 

11 814 000 

13 620 000 
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ENERGY LEVELS OF IRON 

Fe XXil 

.. .. 

2 = 2 6  

B 1 isoelectronic sequence 

Ground state: lsz2s22p 2Pp,2 

Ionization energy = 14 510 000+-30 000 cm-' (1799+4 eV) 

Spectra in the range of 100-160 8, arising from 
transitions among configurations 2sz2p, 2s2p2 and 2p3 were 
analyzed by Kononov et al. (1 976). New measurements and 
some corrections to 2p3 were made by Iawson and Peacock 
(1980), whose wavelengths appear to be uncertain by 
k0.01 A, corresponding to a level uncertainty of 2 5 0  cm-l. 
The results of Lawson and Peacock are used below. They 
have identified the intersystem line 2s2p2 4P,,,-2p3 *I)pj2 at 
109.53 A. Sandlin, Rrueckner, Schemer, and Tousey (1976) 
identified the intersystem multiplet 25'2~ *P"-2s2p2 4P porn 
solar flare data which predicts the value 109.45It0.03 A for 
the line of Lawson and Peacock. We adopt the Lawson and 
Peacock value. 

Bromage, Cowan, Fawcett, and Ridgeley (1978) using the 
wavelength measurements of Boiko, Faenov, and Pikuz 
(1978) in the region of 9-12 A and Hartree-Fock 
calculations, classified spectra arising from the transition 
arrays 2sZ2p-2s23d, 2s22p-2s2p3p, 2s2p2-2s2p3d, and 
2 . ~ 2 ~ '  - 2s2p4nl. The uncertainty in the level values derived 
from these data is f 2000 cni-I. 

Exploding wire spectra were analyzed by Burkhalter et al. 
(1978), who reported the ohaervation of the 
2s22p 'Po-2sz4dZD and 2s22p 2P0-2s26 'S lines at 9 8, 
measured with an uncertainty of It0.03 A. 

The transition array 1 ~ ~ 2 5 ~ 2 p  - ls2s'2p2 was measured in 
solar flare spectra at -1.8 8, by Feld~man, Dosehek, and 
Kreplin (1980) and an uncertainty of +0.0005 was given. 
The level accuracy is _t 14 000 crn-'. 

The ionization energy is from the isoelectronic 
extrapolation by Lotz (1967). 
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Configuration 

Fe XXII 

Term 

2P' 

4P 

2s 

2P 

4s" 

2 u "  

2P" 

21) 

J Level (cm - I) 

0 
118 260 

405 590 
461 030 
513 840 

736 490 
75Y 560 

853 460 

978 200 
992 260 

I 256 510 

1 396 380 
I 42'6 830 

I 569 61 0 
1 627 680 

8 498 000 
8 507 000 



E-98 

Fe xxll-Continued 

Configuration 

1s' 2s2p3p 

1s' 2s2p ( 'P" ) 4d 

2P 

2D 

4F" 

4P" 

4D" 

2D" 

2P" 

2F. 

2D" 

*Po 

2F" 

2s 

2D 

4F" 

4D" 

2F" 

*D" 

ZF" 

2D" 

-..______ 
J 

I- . ... .. . . .. . .. __. .- 
Level (cm-I) 

8 584 000 
8 688 000 

8 740 000 
8 845 000 

8 864 900 

8 874 000 
8 972 OOO 
8 973 000 

8 882 000 
8 888 000 
8 962 000 
8 973 000 

8 938 000 

8 967 000 
9 180 000 

9 030 000 
9 062 000 

9 134 000 
9 272 000 

9 168 000 

9 242 000 
9 249 000 

11 050 000 

11 149 000 
11 161 000 

11 492 000 

11 526 000 
11 618 000 
11 618 OOO 

11 558 000 
11 900 000 

11 61 1 000 

11 6.9 000 
11 897 000 

11 906 000 
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Fe xx~r-Continued 

Level (cm-1) 

14 510 000 

53 122 000 
53 242 000 

53 124 000 
53 166 000 

53 327 000 

. .  



E - 1 0 0  

Fe XXill 

z= 2 6  compositions for only the highly mixed levels of this group. 
The 2s3s and 2p3s levels were given only by Boiko et al, 

Spectral. lines at -1.8 A were identified in the Be I isoelectronic sequence 

Ground state: ls22s2 'So ls22s2p-ls2s2p2 array by Kononov, Koshelev, and 
Sidelnikov (1977). The complete designations are  given by 

Ionization energy == 15 797 000&30 000 cm? (1958.6k3.7  eV) Safronova and Lisina (1979). The line at 1 .8704 A was 

The 2s2--2s2p and 2s2p-2p2 arrays in the range of 
132-180 classified by Lawson and Peacock (1980) 
establish all the levels of these configurations with an 
uncertainty of  50 cm-'. The percentage compositions of the 
2s2, 2s2p, and 2p2 configurations with mixing of 2s' and 2p2 
were calculated by Scott and Burke (1980). We give the Lwo 

leading percentages. 
Laser produced spectra of iron in the range of 6-17 A 

arising from L-shell excitations were reported by Roiko, 
Faenov, and Pikuz (1978) with a n  accuracy of 
0.001-0.003 A. Their classification of a group of these lines 
with levels of Fe X X t l l  was revised and extended by 
Bromage, Cowan, Fawcett, and Ridgeley (1978), who 
obtained the spectra with improved ionization discrimination. 
They made new calculations of the energy level structure and 
used the wavelengths of Boiko, Pikuz, and Faenov 
(distributed in 1 9 7 6  in report form). The classifications by 
Brornsge et al. are used to determine the levels of the 2sn. ,  
Bsnd, 2pnp, and 2pnd configurations ( n = 3 - 5 )  with an 
uncertainty of f5000 cm-l. They also gave percentage 

assigned to ls22s2 's0-ls2s22p 'P; by Feldman, Dosehek, and 
Kreplin (1980). The uncertainty of these level values is ahoiit 
f 1 0  000 cm-I. 

15 797 000-1-30 000 cm-' for the ionization energy from the 
2snp 'P; and the 2snd ID, series. 

We obtained an average value of 

Boiko, V. A., Faonov, A. Y. ,  and Pikuz, 5. A. (1978). J .  Quint. Spectrosc. 

Brornage, G .  E., Cowan, R. D., Fawcett, B. C., and Ridgeley, A. (1978), J.  

Feldman, U., Doschek, G.  A,, and Kreplin, R. W. (1980), Astrophys. J.  

Kononov, E. Y., Koshelev, K. N., and Sidelnikov, Y. V, (1977), Sov. J. 

lawson, K. D., arid Peacock, N. J.  (19801, J .  Phys. B13, 3313.  
Safronovn, U. I . ,  and Lisina, T. G .  (1979), At. Data Nucl. Data Tables 24, 

Scott, N. 5.. and Burke, P. G .  (1980), J .  Phys. R13 ,  4299.  

Rndiat. Transfer 19. 11.  

Opt. Soc. Am. 68, 4.8. 

2311, 365. 

Plasma Phys. 3, 375. 

49. 

Fe XXIII 

Configuration Term 

'S 

3p. 

'P' 

3P 

'D 

'S 

3s 

3p" 

'P' 

0 

0 
1 
2 

1 

0 
1 
2 

2 

0 

1 

1 

1 

Level (cm-') 

0 

348 2.5'0 
379 180 
472 150 

75.2 780 

956 180 
1027 390 
1071 890 

1 204 590 

1 422 900 

8 894 000 

9 076 000 

9 107 000 

Leading percentages 

96 

100 
96 

100 

96 

94 
100 

16 

1 6  

90 

I0  

64 

4 2pZ'S 

2 'p" 

2 3p. 

6 's 

24 'D 

24 3P 

6 

29 'P" 

30 3P" 



Configuration 

1s' 2s3d 

1s' 2p3s 

1s' 2s3d 

1s' 2p?p 

1s' 2p3s 

1s' 2p3d 

1s' 2p3d 

1s' 2p3d 

ls22p3d 

Is2 2p?p 

1s' 2p3p 

1s' 2p3d 

ls2 2s3s 

1s' 2p3d 

1s' 2p3d 

ls2 2s4p 

1s' 2s4d 

1s' 2s4d 

1s' 2p4d 

1s' 2p4d 

1s' 2p4d 

ls2 2p4p 

1s' 2p4d 

1s' 2p4d 

1s' 2p4d 

Term 

3D 

3p" 

'D 

3D 

'p" 

JF" 

3D0 

'DO 

RP 

'D 

3PQ 

'S 

'p" 

'F" 

'p" 

3D 

'D 

3D" 

3F" 

3D 

'DO 

3p" 

'F" 

J 

1 
2 
3 

0 

2 

1 
2 
3 

1 

3 

1 
3 

2 

2 

2 

2 

2 

0 

1 

3 

1 

1 
2 
3 

2 

2 

1 
3 

3 3 

2 

2 
1 

3 
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ENERGY LEVELS OF IRON 

Fe xxm-Continued 

h v e l  (cm-') 

9 199 000 
9 209 000 
9 212 000 

9 295 ooa 

9 273 000 

9 455 000 
9 524 000 
9 624 000 

9 470 000 

9 625 OOO 

9 637 000 
9 749 000 

9 728 000 

9 638 000 

9 644 000 

9 709 000 

9 753 000 

9 783 000 

9 828 OOO 

9 830 OOO 

12 044 000 

12 073 000 
12 M5 000 
12 081 000 

12 098 000 

12 481 OOO 

12 488 OOO 
12 608 OOO 

12484 OOO 

12 560 000 

12 597 000 

12 614 000 
12 615 000 

12 631 000 

Leading percentages 

35 3P 29 'De 

46 29 'DO 

54 40 3D" 

44 ?Po 35 3D' 

56 

SO 

21 3D" 

42 



Term 

3D 

Ip" 

'D 

3r'" 

3D0 

3u 

'13" 

lP" 

Li.mit 

'p" 

3P 

31) 

3s 

'D 

'P 

's 

J 

1 
2 
3 

1 

2 

3 

2 
3 

3 

2 

3 

1 

a 

1 

1 

2 

1 

0 
-_-.- 

E- 102 

Fe xxlrl-Continnaad 

Levc! (em-') 

13 369 090 
13 400 000 
13 404 000 

13 383 OOO 

13 438 000 

13 804 0100 

13 805 000 
13 9% 830 

13 904 000 

13 922 000 

13 945 OOO 

15 797 PO0 

53 4 6.4 000 

53 707 000 

53 800 000 

53 925 000 

54 c45 000 

54 182 000 

54 252 000 
-- 

.... -- ___._I-_ 
Leading percentages 



ENERGY LEVEL$ OF IRON 

Fe XXIV 

,.-. 

Z= 25 

I i  I isoelectronic sequence 

Ground state: 1 ~ ~ 2 s  2S,,, 

Ionization energy = 16 500 000+4000 +XI-' C2045~8-3-Q*S e V  

measurement uncertainty of 1-0.0003 A. The designations 
are obtained from Vainstein and Fjafronova (1978). Klapisch 
et al. (1077) reported two resonance lines frorn the l s2~3p  
configuration. 

The ionization energy was calculated t 'y  E d e n  (19756). 

The 2s-2p transitions have been ohsewed with an 
uncertainty ilf 10.02 A at 192.04 and 255.10 A in sdar  
flares from Skylab as reported by Widing and Purcell 
(1976). 

The transitions to n = 2  from n = 3  and 4 were observed 
by Fawcett, Ridgeley, and Hughes (1979) between 8 and 
11 A by means of a laser-produced plasma. We used their 
results hut substituted for their blended lines the more 
accurate predicted wavelengths of  Edlin (1979) for 2p-3s 
and 2y-4.s transitions. Fawcett et al. report a wavelength 
accuracy of better than 0.001 A. 

The Is2np and ls2nd levels with n>4 are from the 
observations of Hoiko, Faenov, and Pikuz (1978) at -7 8, 
with a laser-produced plasma. They report a mea5urernent 
uncertainty of k0.003 A. 

The levels above the ionization energy are from the 
analysis by Kononov, Koshelev, a;d Sidelnikov (1977). They 
obtained the spectxvm at -1.8 A from the x-ray emitting 
hot spot in a low inductance spark discharge with a 

Configuration 

1 2  29 

1 2  zp 

l s 2  3s 

le2 3p 

Is2 3d 

l s 2  4s 

1 2  4p 

12 4d 

IS* 5p 

le2 5d 

ls2 6p 

a f e re n ce s 
R ~ ~ i k o ,  V. A., Faenov, A. Y., end Pikuz, S. A. (1978). J.  Quant. Spectrosc, 

Edlgn, H. (1979), Phys. Scr. 19, 25.5. 
Fawrett, B. C., IEdgeley, A,, nnd Hughes, T. P. (1973), &Ion. Not. R. 

Klapisrb, M., Schwoh, J. L., Fraenkzl, 8.  S., and Oreg. J. (1977), 9. Opt. 

Kononov, E. Y.: Koshelev. K. N., and Sidslnikov, Y.  V.  (1977). Sav. J .  

Vainstein, 1,. A., and Sdronva, U.  I. (19781, At. Data Nucl. Darn Tables 21, 

Widing, K. G., and Purcell, J .  D. (1976), iistrophys. 1. 204, 1.151. 

Radiat. Transfer 19, 11. 

Astron. Soc. 188, 365. 

SOC. Am. 67, 148. 

Plasma Phys. 3, 375 

49. 

Fe XXlV 

J 

0 

x92 000 
520 720 

9 271 700 

9,979 000 
9 416 ooa 

9 460 000 
9 470 005 

12 464 000 

12 $13 ooo 
12 $25 OOO 

12 541 000 
12 546 000 

13 $49 Qoo 

13 %I 000 
13 965 000 

14 734 000 
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LllSS AND d. SUGAR 

Fe XXIV-continued 

Configuration 

ls2 7p  

1s' 7d 

Fe xxv ('So) 

ls(2s 182p (3p" 

1s PS ) b2p( 'P" I 

ls2p2 

ls2p2 

ls2p2 

lS2d 3s, 13p 

1~2s ( Is0 13~1 

lsZp3s 

ls2p(3P"l3d 

ls2p3p 

ls2p3p 

ls2p3d 

Term J Level (cm - *) 

14 735 000 
14 739 000 

15 185 OOO 

15 209 000 

16 500 000 

53 390 000 

53 657 OOO 
53 752 OOO 

53 SO6 000 
53 877 000 
53 937 000 

53 844 OOO 
53 903 000 

54 070 000 
54 126 000 

54 077 000 
54 244 000 

54 385 000 

62 790 000 

62 970 000 

63 209 000 

63 281 000 

63 543 000 

63 572 000 

63 61 8 000 



ENERGY LEVELS OF lRQN 

Fe xxv 
8- 26 

Ac 1 isoelectronic sryraeiace 

Ground stnte: hs2 'So 

Ionization energy = 71 ZCi.3 200t2000 CIIIC' (8828.14+0.2~ eV) is,+ 1 , 3 p i  were o,,seryed by Klapjscir cl 

binding energies for the excited states from the binding 
cnergy of the ground state obtained by Safronova. The 
radiative corrections are reduced considerably w i ~ h  
inrreasing n,  which shoiild bring the two calculations into 
closer agreement for n > 2. Resonance tvansitions from 

(1977) at 
1.5738 A and 1 ..5755 A. Values from the p i e n t  calculated 
levels are 1.5732 A and 1.5750 A. 

The mixing coefficients for the Isnp ''3P levels were 

obtained from Ermolaev and Jones. 

Safronova (198 I) has calculated the term values for the 
l e v d a  of this ion for n = 1  and 2, taking into account the 
I e d i i i g  relativistic and radiative correctir)n?. We have used 
her. wwlts, with an exception noted below, since they are at 
p r w x t  probably more atcciirate than the measurements of 
the resonance lines occuririg at - 1  -4. N ~ J  estimate of 
uncertainty is made by Snfrorrova. Her level iiiicertainty i s  
probably ahout t2006) cm-'. Kononov, Koshelev, and 
Sidelnikrrv (1977) have ineasiired the wavelengtb;i of the 
ls2-l.d?p 'PT and 'P: transitions with an estimated 
uncertainty i k f  k . 3 ~  10.' A. Their values arc  I SSIO A and 
1 .~592 A respectively, coinparer1 with cnlr;irlate<l values of 
1.85048 A and 1 . 8 . ~ ~  A. A beam foil observation of the 

1.52s %,-1s2p 'Pl line by Buchet et al. (1981) gave a 
w : > ~ ~ t h ~ g t h  o f  271..02+0.09 A. The calculated value by 
Sairunn;a i s  27U.929 A. ,4 new calculation of 
ls2s 'S1--ls2p 3P,",, by DeSsrio (1981) gives the values 
428.594 A and 271.350 a for these transitiuns. ye use the 
experimental value for the 3S,-31p; transition by ~ a c ~ i e t  et al. 
tc, set the value of 1s2p 'Yq relative to 152s 'S,. 

For 0-3 tn 5 we give the calculated levels by Errnolaev 
and Joncs (1971). Thcsr are obtained by subtracting their 

eferences 

But.hcl, J. P., Riirhet-Po~iliear, M. C.. Dznk,  A.. Desesquel!es, J,, and 

Druetla, M. (1981), Phys. Rrv. A2& 3354. 
DeSerio, R. (1981), 1'11.D. Dissertation "The 2s-2p transitiorrs In helium-like 

silicon, sulphur, and chlorine," I h p .  o f  Physics, l lnivzrsity of <:hicap, 
Chicago, I I .  

Ermolacv, A. M., and Jonrs. M. (lY74). 1. Phys. 07, 199. 
Kannnov, E. Y., Kcshrlrv. K. N., mid Sidehikov, Y. V.  (1977), S8,v. J. 

Klapisrh, \I., Schwnh, J. L., Fraenkel, B. S , ,  and Oreg, I. (1977). J. Opt. 

Safronova, IJ. 1. (1981). Phys. Scr. 23, 241. 

Plssrnn Phya. 3, 375. 

Soz. Am. 67, 148. 

J 

0 

1 

0 
1 
2 

0 

1 

1 

0 
1 
2 

0 

1 

1 

Fe xxv 

Level (cm - I )  

0 

[.53 527 100 J 

[ 53 760 9001 
[ 53 779 2001 
[ 53 896 1001 

[53781300] 

[.54 040 0001 

[ 63 421 6001 

[ w 486.3001 
[ 6.3 490 7001 
[ 63 52.5 7001 

[63488400] 

[ 63.565 500 J 

[ 66 847 0001 

______-_.. 
Leading percentages 

9 'P' 

9 3P" 

11 'p" 

11 3P" 



Configuration I Leading percentages 

ls4p 

ls4s 

ls4p 

Is& 

ls5s 

ls5p 

ls5p 

Fe XXVJ (*s,,%) 

89 11 'p" 
I 

Term 

I68 454 0001 

3P" 

'S 

' p" 

3s 

'S 

3P" 

'p" 

Limit 

89 11  3p" 

J 

0 
1 
2 

0 

1 

1 

0 

0 
1 
2 

1 
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Fe xxv-Continued 

Level (crn-.') 

[ 66 874 0001 
[ 66 875 8001 
[ 66 890 6001 

[66 874 1001 

[ 66 906 8001 

[ 68 423 7001 

[ 68 437 2001 

[ 68 437 3001 
[ 68 438 2001 
[ 68 44.5 ROO] 

89 11 'P" 

89 11 3p" 

I 71 203 200 
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ENERGY LEVELS OF #RON 

Fe XXVl 

. .-. _. 

Z= 26 

H I isoelectronic sequence 

Ground state: 1s 

Ionization energy = 74 828 700+-300 cm-'(9277.65+-0.04 eV) 

The theoretical values calculated by Erikson for terms of 
this hydrogen-like ion are given below through n== 5. The 
binding energy of the 1s electron is reported with an 

ground state taken as zero will also have this uncertainty, 

Lie and Elton (1971) observed the 1s - 2p transition at 
56 210 000 f 160 OOO cm-' by using a spark discharge. 

uncertainty of -1-300 cm-'; the levels measured from the References 
Erikson, G. W. (1977). J .  Phys. Chem. Ref. Data 6, 831. 
Lie, T. N., and Elton, R. C. (1971). Phys. Rev. A3, 865. 

" 
although relative values should be better. 

Fe. xxvi 

Configuration 

1s 

2P 

2s 

3P 

3s 

3d 

4P 

4s 

4d 

5P 

5s 

5d 

5f 

Term Level (cm-') 

0 

[ 56 070 5001 
[ 56 241 5801 

[ 56 075 2201 

[ 66 510 7901 
[ 66 561 5201 

[ 66 512 2101 

[ 66 561 4201 
[ 66 578 0501 

[ 70 157 8901 
[ 70 179 2701 

[70 158 4901 

[70 179 2401 
[70 186 2501 

[ 70 186 2,&?] 
[ 70 189 7401 

[ 71 843 0001 
[ 71 853' 9401 

[71 843 3101 

[71853 9201 
[ 71 857 5101 

[ 71 857 5001 
[ 71 859 3#0] 

[71859 2901 
[71860360] 

74 828 700 
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F. Atomic Transition Probabilities for Iron 
(A Critical Data Compilation of Allowed Lines) 

Atomic tranhitiun probahilitiea for t h e  r le inrn t  iron in all stages of inniLatioii h a w  hern  <.ritically eraluated and 

c8)nil)ihi .  411 aviiilahl? literator? hiiiircrs hdve t l r r n  P o n d e r e d .  Systematic t rends  a 1 . q  i5r)elertronic 5 P q l l ~ n r e s  

habe I iwn exphtited t i l  predirt  ofri l lator strengths (f-wlries) whencver no data were availablc in tlir l i terature.  The 

data a re  p r r , ~ n t e d  i n  q a r a t e  tahlrs for r o r h  rlr inrri t  and  dage of ionisation and a r e  arranged atutirding tn 

niiiltiplet.. and. w l i i ~ r ~  apprilpriatr ,  a1.o according to traoiitil)ii array> and inrreasing rpantriiii i i u i r h r r ~ .  For each 

l i n e  t h e  transit ion prohaliility for bpmtaneous  emiqsion, the absorpti,rn owilIator etrtmgth, and  the  line strength a i r  

p i ~ e r i .  alon;! with t h e  s p e ~ t r o w o p i c  &\igiiation. the wavelength. tlir statistical weiglils, a n d  the energy levels (when 

availalilr) of ttir u p p ~ r  and 1ou.w atnmit. states. I n  addition, thr estiiriatrd accuracy diid thc litcraturt, referenre a re  

Indi<,ated. 111 i l i i l r t  introductions which precede the tahle-i for rach spectrum, the main justif i talions for  the chnice 

of t l ir  adopted da ta  and  f,ir t h e  acviiracy ratings are  d i s n w e d .  A grnera l  introduction roirtairib additional details 

on thi. eiali iation pr i red i i re .  

ISourw: J .  R .  Fuhr, G. .4. Martin. W. 1.. Wiear and  S. M.  Younger, J. Pliys. (:hem. Rcf. Dnta 10 ,  305 (198l)l 

Note: The following tables of atomic transition probabilities for iron are excerpted from the recent critical compilation of atomic 

transition probabilities for iron, cobalt and nickel by Fuhr  st nl. cited above. In the interest of economy the general 
introduction to tht-se tables is reprinted for this compilation in toto, without making any changes for the fact that only the 
iron tables are presented here. Since 80 to 90% nf the introductory comments pertain to iron, the few remarks which 
address cases i l l  nickel or cobalt should be disregarded. 

..... 
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'I'KANSITION PKOBABILITIES FQM IRON 

Page 

1. Introductory Kemarks . .  . . . . . . . . . . . . . . . . . . . . .  F3 Iron 

2. Method of Evaluation ....................... F3 
2.1. Review of Data Sources. . . . . . . . . . . . . . . . .  F4 

2.1.1. Experimental Data Sources . . . . . . .  F4 
2.1.2. Theoretical Data Sources and 

Systematic Trends F6 

Coupling.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  F7 
3. General Arrangement of the Tables . . . . . . . . . . . .  F9 
4. 

5. References . . . . . . . .  F12 
6. Tables of Spectra.. . . . . . . . . . . . .  

2.2. Spectroscopic Designations and Electron 

Key to Abbreviations and Symbols 1Jsed in 
the Tables 

Spectrum 
Iron Fe I . . . . . . . . . . . . . . . . . . . . . . . . . .  F'14 

Fe I I . . . .  . . . . . . . . . . . . . . . . . . . . .  F85 
Fe 111 . . . . . . . . . . . . . . . . . . . . . . . .  F91 

Pagz 

. . . . . . . . . . . . .  F99 

. . . . . . . . . . . . .  F100 
Fe X I  . . . . . . . . . .  
Fe X U . .  . . . . . . . . .  

. . . . . . . . . . . . . . . .  F119 

Fe X V I I  . . . . . . . . .  

Fe xx . . . . . . . . . . . . . . . . . . . . . . . .  F141 
. . . . . . . . . . . . .  .F14'4 
. . . . . . . . . . . . . .  F150 

Fe X X I V . .  . . . . . . .  
Fe xxv  . . . . . . . . . . . . . .  
Fe ~ X V I  . . . . . . . . . . . . . . . . . . . . . . .  F168 
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Tn ::valuating 3 source of data, onr firit i.r)iisiders the  ~eriri-dl  

acciuracy arid reliability of rewlt:.  prui1xit:cd by t l rc  theoretical OF 
rq~wiiiiental method med. The ma:, strp i i  to ascertain w h r t l x r  arid 



F-4 

TRANSITION PROBABILITIES F 

piihlished results into c:itallished systematic trends along isoelec- 

tronic sequences of the lighter elements. Applied rnaiiily to the 

higher ions, this technique becomes in essence air additional critical 

factor on which the accuracy of the data can be judged. 

Soiiw general remarks on the sclecterl sources of data are  given 

below. A more detailed discussion mu be found in the short iiitro- 

ductions which accompany the tables for individual spectra. 

2.1.1. Experimental Data Sources 

The experimental data for iron, cobalt, and nickel are  essentially 

limited to neutral and singly ionized sp s, as has been the case for 

other elerncnts nf the iron gruup. For these species the experimental 

material is the dominant source of information and is far superior to 

the existing theoretical data. Some additional experimerrtal data are  

available for more highly ionized species, mainly in the form of life- 

time ineasurements froin beam-foil spectroscopy experiments. 'These 

data have contributed in a n  indirect way to this compilation, either 

by providing checks on theoretical data or by- providing material for 
establishing systematic trends along isoelectruiiic sequences, which 

often yield interpolated /-values for highly ionized species. 

K~latiw transition probability data have been supplied by emis- 

sion experiments and, to a lesser extent. by absorption and anoma- 

lous dispersion ("hook") measurements. Absolute scales for these 

data have frequently been determined by experiments of a quite diff- 

erent kind, typically by determinations of atomic mean lives of a few 

important excited levels, such as lifetime; of the upper levels of reso- 

nance lines. I t  is thus convenient to discuss the experimental data 

sources for relative and absolute scales separately. 

(a)  Krlrrtiw transition probabilities. The quantity that is direct- 

ly measured in the emission, absorptiou, or hook techniques is 

proportional to the product of the tramition probability and the 

population of the initial atomic state (Le.. the upper state in eitiissiun 

experiments and the lower state in absorption or hook experiments). 

Measurements a re  sometimes restricted to transitions originating 

from d single atomic state, as in the branching ratio technique. In 

such a caFe the population of the initial state is constant and does not 

enter into relative transitioir probability measurements. In other 

experiments, howev-er, the determination of the relative popuLatton5 

of the various atomic states is one of the most critical problems. For 

the discharges or hot vapors involved. the existence of partial local 

thermodynamic equilibrium (PLTE). i.e., a Boltzmann distribution of 

excited atomic levels, rriay be assumed. Equilibrium criteria have 

indeed established that PLTE conditions for the excited atomic states 

hold for the typical experimental situation. But to relate thc various 

level populations quantitatively, knowledge of the temperature is 

required-and these temperature measurements ar? often d sonrce 

of considerable systematic uncertainty. 

For the first spectrum of iron there are  by far many more data 

available than for any other species compiled here. For this reason, 

and also because many of these data are  the results of rather 

advanced experimental work, we feel that Fe I deserves a relatively 

detailed discussion. 

The majority of the compiled data originate from two comprehen- 

sive emission experiments, both performed with stahilized arcs: Msy 
et al. [7] and Bridges and Kornblith [8] have measiired a total of 

about 1 5 0 0  fairly arciirate f-values (with uncertainties in the 25 ~ 

50% range). which represent nearly a third of the data tabulated in 

this compilation. The data overlap for ahout 1 7 0  transitions, and, 

with the exception of a few linps, the agreement between these two 

experiments i s  very good, as  is clearly seen from figures 3 ,  4, and 

5 of the t'e 1 introduction; for example, 84% of the data compared 

agree to within 25%. These figures also show that no systematic diff- 

erence!; betwecii the two sets of data are  apparent when f-value 

ratios are plotted againht wavelength (except for four ultraviolet 

lines, see fig. 3 of that introduction), log gf (intensity) (fig. 4), or 

upper energy level (fig. 5). (For a more detailed disciissinn, see the 

Fe 1 introduction.) While the two experiments are  quite similar in 

conception. the technical approach used by Bridges and Kornblith is 

rnore atlvdnced. In contrast to the photographic recording method 

used by May et al., the data acquisition technique of Bridges and 

Kornblith is based on photoelectric detection and digital data proces- 

sing. Furthermore, the arc  source used by the latter authors is 

equipped with a Pelf-regulating system. Guided by sigrral monitors, 

the gas flows in the arc  chamber a re  closely controlled by feedback 

circuits. When variations in the signals occur, valves a re  activated 

to self-stahiliie the source. Furthcrinore, Bridgcs and Koriihlith used 

a temperature measuremcnt technique which rninirrrized systematic 

uncertainties associated with the PLTE model. For their deterinilia- 

tion df the arc' temperature, they utilized available lifetime data for 

ahout 40 different Fe I energy levels which span a wide range of 

excitation eriergics. May et al., in turn. normalized their relative data 

to the scale established by Bridges and Kornblith. 

.A third experiment of key importance for the Fe 1 spectrum is the 

absorption work of Rlackwell et al. [9-1 I] with a precisely stabilized 

electric furnace. l h e i r  measurements represent a new level of sophis- 

tication in experirnerital /-value determinations of complex atoms. 

Precisions of ahoiit 0.5',!& have been obtained on a common relative 

scale for many of the measured lines. Their spectrometric detection 

system is fully computer-controlled and the data are  processed on- 

line. Two spectrometers are  employed to measure various line pairs, 

whirh are  then linked together in loops through overlapping lines and 

are rhccked and adjusted for internal consistency. Their nieasure- 

ments are,  however, limited to groups of lines originating either from 

low-lying levels or from levels of the ground term itself, so that only 

about 1 0 0  transitions could be treated. 

Another important source of data are  the "hook" measurements 

performed by Ituber arid co-workers [ 12- 141. In  these experiments, 

an  absorbing column of hot Fe atoms has been generated either 

in an electric furnace or in a shock tribe. The shock heating tech- 

nique could be used 'to study transitions from highly excited levels, 

while the electric furnace allowed the measnrrmant of lines orig- 

inating only from lower excited levels or from levels of the ground 

term. With shock heating, however, spectroscopic temperature 

measurements which again involve the assumption of PLTE-- 
sensitively affect thr tramition probability data.  A comparison with 

the data of Bridges and Kornldith, illustiated in figure 1,  shows an  

energy dependent trend (plotted here versus loiorr energy level), 

iridicating a likely temperature error. It appears that the source of 

error lies with the Huher and Parkinson data, since Bridges and 

Koriihlith have m i n i i n i d  their terriperatirre measurement uncer- 

tainties by fitting their data to numerous independently determined 

lifctimei, aj discussed earlier. On the other hand, the electric fur- 

nace work by Banfield and Huher covers a very limited range of 
energy levels, and the teitrpei-ature measurements should be more 

precise. Thus m e  w u l d  not expect any energy dependent syste- 
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matic errors, which i s  indeed borne out by the excellent agreement 
between their data and those of Bridges and Kornblith, shown in 
figure 2. 
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Next to Fe I ,  the largest sets of experimental data exist for Ni J 

and Co I ,  consisting of approximately 280 arid 220 lines, respec- 
tively. The selected sources of relative data for Ni I are the anoma- 
loirs dispersion (hook) work (supplemented by a few weak lines 
measured by the absorption technique) by Huber and Sandenian 
[ 151 and branching ratio measurements by 1.cnnard et al. [ 161 with 
a hollow cathode discharge. The two data sets are quite consistent, 
with three-fourths of the overlapping lines adhering to a common 
scale to within 25% or better. The data for Co I are from a similar 
group of experiments; the relative values are results of the hook 
measurements by Cardon and Smith [ 171 and the branching ratio 
tecbnique of Whaling [lR] with a hollow cathode discharge. As in 
the case of Ni 1, the two sources of data are fiilly consistent. 

Relative data for the singly ionized species are even less plentiful. 
Fairly reliable results exist for only ahout 130 lines of Fe 1 1  and are 

ET AL. 
from the following sources: the emission experiments with wall- 
stabilized arcs by Bridges [19] and Baschek et al. [ZO]; the shock 
tube-emivion work by Wolnik et al. [213 the branching ratio 
measrirenients by Smith and Whaling [ 2 2 ]  with a hollow cathode 
discharge; the hook experiment by Hiiber [13]; and the analysis of 

solar spectra by Rlackwell et al. [ 2 3 ]  and Phillips [24]. For Ni 11, the 
principal sourcc for the about 50 tabulated lines is the wall-stabilized 
arc experiment by Bell et al. [25]. For Co 11, however, the scatter 
am<Jng the few available (and w r y  limited) sets of experimental data 
is very large ----up to factors of IO-and cannot be definitely traced 
to any particular S I I I J ~ C ~ ,  so that no attempt to tabulate numerical 
material was made 

(b) Absolute transition prohahilitias. As noted earlier, in emis- 
sion as well as absorption or hook experiments the quantity that is 
directly measured is proportional to the product of the transition 
probability and the iriitial atomic state population. To obtain absolute 
data the populations have to be detertnincd on an absolute basis, 
which is far more complex and involves more-stfingent assumptions 
(e.g., complete LTE) than do relative transition probahility measure- 
merits, as discussed atmve. Consequently, the derermination of ahso- 
lute data by any of these approaches is subject to considerable 
additional unrertainties. 

If, however, a common relative scale for the transition probabili- 
ties of a species is establiahed, the conversion to an absolute basis can 
be accomplished by an independent absolute measurement for only 
one transition. Precision measurements for one or a few key lines of 
a spectrum - - - -  primarily resonance transitions---- are indeed readily 
accomplished via atomic lifetime techniques. 'Thus in recent years 
the combination of lifetime measurements with one of the methods 
discussed earlier has emerged as a very useful approach for deter- 
mining large numbers of absolute transition prohabilities in a reliable 
mafiner. We haw therefore converted relative transition probability 
data to an absolute scale via the results of lifetime measurements 
whenever possible. 

Before reviewing the sources of lifetime data, we wish to point out 
that the lifetime method, while representing a conceptually straight- 
forward time-decay measurement, is not without problems of its own. 
For example, soiiie lifetime techniques are based on the non- 

selective exritation of atomic states, which leads to cascading effects 
due to the simultaneous excitation of higher feeder states and the 
associated lengthening of observed lifetimes. Another limitation is 

that lifetimes are inverse sums of transition probabilities, comprising 
all possible downward transitions from a given excited atomic state. 
For complex spectra such as those encountert:d here, these sums 

often invoive many lines, and the relative transition probability data 
may be quite incomplete, thus precluding the utilization of lifetime 
measiiretnent~. For the first and second spectra of Fe, Co, and Ni, 
however, many of the available lifetime data could be utilized, since 
either the transition probability sums are complete or the missing 
terms are estimated to he small. Furthermore, a nuntber of the data 
were obtained with selective excitation techniques, which are very 
accurate. 

Especially for the upper level ( z  ' F a  of the Fe I resonance line 
3720 A: Some very accurate lifetime data have been obtained, as 
seen in table 1. A large variety of techniques has been employed: the 
Hank effect by Hilborn and de Zafra [26J; the delayed coincidence 
method by Klose [27]; the optical double resonance technique by 
Wagner and Otten [28]; arid the high frequency deflection tech- 
nique by Brsozowski et al. [2P]. By including the contributiorrs of 
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species. Additional, somewli‘it I 
hased on the ST’E’ niettiod are tti 

co-workers [ h i  -671 for C -  and Ne-like Fe and Ni.  as well as Fe X I I I  

Anif \yf i i :  PiIs~uri arid ro-worker; [68,69] for Fe xi, k l b ,  and X X I ;  

Kastner and co-workers [i’O ?2] in Ft: X I I I ,  X C ,  arid XI? ,  <is well as 

(:u XYI:  Hayes [73] for Fe X\.I\; both Hiemont [74,] and Kurucd and 

l’eytrerrianri [75] for Fr 111 a d  Ni 1 1 1 :  and Wiirncr arid Kirkpatrick 

[76] for Fv \ I I  and Co \ I I I .  

earlier, t h r  results of several :,ornewhat Irss.soplii;tic;ller1 Ilartrre- 

Fock (HF) appnxiinatinris hare betxi usd.’These include the interme- 

rl iait: zuirpling approache$, with limited dicwance fur ~~unf igura~ion 
interai~ion, of (hipmaii and Shadmi [ 7 7 ]  fur F-like ions, of Rhauiry 
[78]  for Rr-like ions, and of Dankwort ;md Trrfftz [79] fur R-like 
ions; thi. Hartrrr-Fock-Pauli (IIFP) a~~pruxin-iationx of Weiss [RO] 
for thr 1.i sequence, arid of Riigdanovicius et al. [ 81 ] for E’e XIX; the 

single-configuration IIF’ calculatiuris of Hie~iiont [ H x J  anit ’ I i i l l  r t  al. 
[83] for Na-like iuris, and of Ctiapnian [84] for b’e X Y I ~  and X S I I I .  

A iiunihrr of Ilartree-Fork calc.lil;itimis have incorpnratsd rirrpir- 
ical adjustments to railid integrals. This technique has  been used in 

conjuri4on with Cowan’s HX (Hartree- 

change) a i d  Hartree-Xi3 (HX. with relat 

with explirit allwvaiire for runfiguration interac.tion irk wine casec, 

to calculate g{-talirc.i fur inany ioris uf Fe as rvell as a few d N i :  
Fe \III [85]; Fe I \ - ~ c  [86]; Fe X,SI [ S i ] ;  Fe X I ,  Ni Y I I I ,  X I \  [88] ;  
Fe XII, X I I I  [SS]: Fe xv  [go]; Fe X \ i l  [OI]; Fe X V I I I .  X I X  1921; 
Fe XI\ [93]; Fe x x  [%I]; Fe X X I I .  XXIII  [%I Fe X Y I I I ,  XXII  [96]; 
Fe X X I V  LW]; and Ni X X V ,  WX\’I [98] .  The ralculalions of Blaha [99] 
for Fe X I \  also utilued a semi-empirical tlariree-Fock approarh.  

.A relativihtii: riiiilticonfiguratiun i’aramrtric-potelilia1 method has 

been applied by  Ayuiar and Luc-Kocrrig [loo] to the &dation of 
f-vahlrs for the sequence. A sin~lc-~:onfigurat i~~l  pardmetric- 
pottmtid ralculatiou has heen performed in intermcdiatr cuuplirig b y  
Cranre [ l o l l  for Ne-like iutli.  

‘The nuch’-chargc ( % - ) q a i i h i n n  approach 1ia.j been applied hy 

several autliurs to the determination of oscillator strengths for IIe- 
like ion?: the “imified relativistic” rahmlations of Drake 11021; the 

method of Brown and Cortez [IO31 b;i~ed on variational war-P 

frinctions for low-% iorii. and the less supliisticated approach of 
Laughlin [ 1 O S ] .  A nonrelativistic rnulticonfigitration %-expansion 

cal~.:ulatiun has been reported hy Fox and 1)alpini i  [ 10.51 fnr a few 

multiplets involving doubly i ~xr i t ed  states in I,i-like species. Z- 
ewpaniion perturbation theory tias been applied by Vainshtein and 
Safroriova [I Oh] to the detrrminatinn of transitiori prohbilitics for 

He- and Li-like :sdtellites to resouanre lines in 1-1- and Ht,-like species, 
rcspectively. Froese Fischer [I971 has used a “simulated %- 
c.qmnsion techniqix” to parametrize transition integrals fur nirrner- 

nus rriiiltiplets in the Na .ieyuence. 

A riutnber off-values fnr 1.i-like ions are the results of studies by 
Smith and Wiese [ 1081 a n d  Vart in  and Wiese [ IOO] nf systematic 

trendi of oicillator strrngths along the isoelectronic irqumce. 

Quite a few sources of thcoretit-ally derived data have been 

rejected by us in the course of our critical eriiliiatiori proress. Ch~e 

source in particular contai value data for iii~~ricrous transitions: 

thc! scaled ‘I‘lromas-Fermi ( ) approxirriatiuii of Kurucz and Pry- 
tremann [75] fnr the neutral atoms. a? well as the singly to quatlrii- 

ply ionized speries, of Fe-group elemerrts. Tlhrir work has already 

tiecn critically reviewd in a previous cornpilation [3]. wIii~:h in- 

cluded ievcral graphical comparisons of thc data uf ref. [;;] with 

In addltiorl to the LICIIF awl W H F  calidations mentioned 

the more reliaI)lr eupcrimmtally determined values. In view of the 

outcome of thosr comparisons, as well as the lather crude nature of 

the tbrorvti*:al method n s t d  hy Kurucz and Peylrcrriann to calculate 

o.iciJIatoi- Ptrwigtli:, for I i im of t k  c-omplex transition array5 h n d  

in E’r-group eleinents, we quote their results for otily two of thr: 
spvctra (El? I I I  and N i  111) covered in the presrnt crrinpilntion. 

Orrc of the rcvxrrffly: prublerns t:m:uirntered iri rvaha?ing and 

conipilirrg data for thrse tahles was tlie assignment of spretrcwopic 

desigmtions to the upper a d  lower states of transition.. Spcc. 
troeropiits have somewhat divided opuiions 011 the subject. One 

pcssiibility i i  ?o label a $talc according to the laigcst component of 

its (calcu1ats:d) eiKenvector, although this approach does not yield 
iiniqrrr drsien;rtioris if h e r e  exist two i)r more states with a comiiiuii 

Iradiiig cornprier i t .  Alternatively, tlw iystnniatic khavior  of rvave- 

id intensiiirs uf a “Siven transition” along an isoeiectronic 

seqlleii,’f> +Egests that wininon name be applied to the upper or 

Irmrr ..tat,! of all ions, reprdlcs:: r i f  changes in the quarrtiim meclian- 

ical character uf that state along the sequence. 

Ihcrc  are p r o l h r i ~  whirh arise in  hoth of these approaches. 

Certairrly calculated rigcii\ectors provi.fe a qiiantitativt:, and there 

fore wppo-rdy  more objt-ctive, framework (iii which to ba5e d c c -  
sioni rnnwrrii i ig nornenclatirre. ‘The acciiracy a d  reliahility of re- 

sults of such B:alr:ulations. however, depends quite hcavily on the 
theorrtiral *,r ..eiiii-empirical int:thrd used to prnrluc~? them. (Evtw 

quite sophih1icatt:d theoretical hes can yield erroneous re- 

i d ~ , i  if applied to atuinic or i t rms i n  which two or more 

eigenjtates are very nrarly deD mergetically.) The alterna. 

tivr approarh of applying tlie same notatiori tu a given state of all 

ions in a11 iwelectronir sequence, h a d  on :,ystem;rtir: trends in 
wavelength, aiid intensities qf observed spertral lilies, fails to recog- 

nize the true qi.iarrtuin character uf the state in question. Changes in 

~lir cigcnvector :hug the seqneiice may lead to a reversal of the 
duriiiiiant component iri ionr of nuclear r:li.nrge beyond wuie 

In RUIUC c,ases, moreuver, a change in the 
icoupling notation at some point in the sequence may bc desirable. 

In  i h c :  prows? of ev;rliiating and rompilinp transition probability 

data srs-era1 prohlcrn ai txib rrlated to thn designation of energy Iwe!s 

and to changes in electrnri coupling coiiie to light. It is particularly 

perplrxirig. frjr example, to f i i r d  that calculated usrillator strengths, 

energy levels, and eigenver?ors available froin nile source of &ita 
cannot be nnequivor:ally matched with experimentally deterniined 

eiicrgy levels from anothnr because of differences in nomenclature. 

Further diilic:ulties arise whenever interpolation techniqrrei are used 

to prrdict Jvaliies for ;iti io,, which lies within an interval in the 

pertirirrit i d e c t r o n i c  wquericc where a rharige in the rnripling 
scheme tdk+h  p1ac.c. In such ,;ases the uncertainlies in calculated 

eigenvectur cumponmts would probably be of such a magnitude crs 

to precludr n Adinitivr assignment. Certainly the interpolated f- 
values W C J U ! ~  have to hr rorisidererl 10 hr quite itnreliable, and the 
pairing of such predicted oscillator strengths waitti particular spec- 
troscopic designations roiild he misleading. 

For the present compilation we have designated the eigenstates 

according tn tlic dominant eigerivector component whenever such 

information WHS available and sufficicntly uiianihigtioiis. For certain 

i t a t r -  nf srv ixa l  species wi: have adopted notatiuns such as J l j  

r 1  
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and/or JI 1 coupling if this constituted an iniprovement over the 

Russell-Saunders ( L S  )designation. This was particularly true for the 

Ne-like ions of Fe through Nl, for example, where the LS-coupling 

designations given by Loulergue and Nusshaumer [65] for the two 

J = 1 levels of the 2y53s configuration in Fe XVII and N i  XIX were 

indicated by them to be representative of the correapontling levels in 

lower.% ions. 'Their calculated eigenvectors for these levels in 

suggest that the names should be interchanged. hut that the purity 

in C S  coupling is rather low. A transformation to the JIj-coupling 

scheme dearly demonstrates a significant improvement, as seen in 

tahlr 2 below. The validity of such a transformation is horne out by 

1'.\111 I 2 .  Etp,w~\c< tor < om1ioiicnii arid prrr.entdg:r ( ~ o n ~ [ m s i l i ~ ~ ~ ~  frorrl r d  [6,j] for 

J = I \tdte\ of the 2,) ':j\ cunfigur;ttir,rr 111 Fi. \ \ IH  

~~. . . . . . . . . . . 

the calctilatiunj of Crance [ I O l ] ,  who laheled the 2p'ns ( n  2. 3) 
states of these ions in JI/-coupling notation (although he did not 

publish his calculated eigenvectors). Crance's calculatedJ-value data 

support this action as well, since in pure LS coupling the oscillator 

strength for a 'SI,- 'Pi (Le.. intercomhination) transition is zero, while 
Crance's results predict virtual equality of the f-values for transi- 

to the two J - 1 levels in Ne-like chromium. 

One of the more striking examples in which the reported existence 

of state mixing influenced us in the preparation of this compilation 

was the evaluation off-value data for resonance transitions to states 

of the 2pJ3s and 2p '3d configurations of F-like ions. Oscillator 

strengths and eigenvectors were calculated by Chapman and Shadmi 

1771 for F-like Sc, Fc, and Cu. According to their results the purity 

of some states is less than 50%. In certain of those cases the same 

basis state constitutes the dominant component of two different 

eigenvectors, so that the corresponding levels cannot be labeled 

uniquely. In other cases a single basis state is distributed among so 

many eigenstates that no one level could he laheled as such. The 

mixing becomes more severe along the isoelectronic sequmcc, so 

that the interpolation of f-value data for F-like Co and Ni was a 

difficult undertaking. 

An example of Chapman and Shadmi's published results is 

presented in table 3 below. Energy levels for J = K states of the 

21, '3d configuration are tabulated in asreriding order for each of the 
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LS coupling andf-values for transitions from the ground-term levels 
(21.'' 'PP.,., :!). (Chapman and Shadmi tabulated only the dominant 
eigenvector components for each state by terminating the process 
when at least 75% of the eigenstate was accounted for. Thus the sum 
of percentage compositions for any given eigenstate (row) or hasis 
state (column) is in general less than loo%.) The only level that 
seems to be unambiguously identifiable for all three ions presented 
is the ('D)'S, although the/-value for the %-% transition undergoes 
a rather drastic increase in the interval between Sc and Fe. Uesigna- 
tion of the remaining states in Sc is rather straightforward. but in the 
case of Fe and Cu the average purity (is. ,  the percentage of the 
largest component averaged over all levels) reduces to 59% and 
55%, respectively. Intermixing is so severe that it is virtually impos- 
aible to predict oscillator strength data for Co and Ni by interpolating 
along the sequence. Predicted /-values have been tabulated in this 
compilation for a few of these transitions, but they must he consid- 
ered rather uncertain. Even the puhlished data for transitions to the 
(?)'Dl and (:'P)?'l levels in F-like iron have been excluded-in 
the former case because of the relatively small difference (52% vs 
42%') in (:'P)'D character between two of the eigenvectors, and in the 
latter because of the lack of any one eigenvector containing a 
significant percentage of (3P)'Y character. A similar but somewhat 
more intricate situation is found for the levels of the 2p43d 
configuration having J = % and J = E, since each eigenvector 
contains eight basis states and (in some cases significant) mixing with 
states of the 2s 2ps3p configuration is indicated. Transformation of 
Chapman and Shadmi's calculated eigenvectors to another basis set 
resulted in significant improvements in the purities of only a few 
levels, while others became more diluted, so that the overall advan- 
tage was questionable at best. Additional difficulties arose in at- 
tempting to match observed wavelengths for these transitions with 
the calculated ones, since the energy levels are fairly closely spaced 
and the relative positions determined by theory may be, in error. A 
result of the totality of problems and uncertainties involved in the 
study of high ions in the fluorine isoelectronic sequence is the 
possibility of considerable error in our tabulated results, which is 
reflected in the accuracy ratings, and the essentially inevitable exclu- 
sion of possible oscillator strength data for many transitions at this 
time. 

This rather extensive discussion of the Ne-like and F-like ions is 
not intended as a criticism of the work of the authors referenced 
herein, but rather as an?exposition of some of the peripheral factors 
that enter into the evaluation and cornpilation of transition proba- 
bility data-----par.ticularly for heavier species, where relativistic (such 
as spin-orbit) effects begin to play an important role. It is hoped that, 
in the future, producers of theoretical /-value data will accompany 
their published results with as much information as possible (espe- 

Reference 

cially eigenvector components!) so that evaluat,ors can make hetter 
and informed judgments as to the suitability of including such/.value 
data in compilations of this type. 

Probably the most outstanding presentation of eigenvector data 
relevant to this com[~ilation is the work of Shorer [35] on the Ne 
sequence. He provides graphs of percentage compositians in LS, 
and I l l  coupling for the J = 1 levels of the configurations 2ps33s 
2pr'3d. (For the sake of convenience, he also supplies matrices of 
transformation coefficients indicating the relationships among these 
three pure coupling schemes.) Thus the reader can see at a glance 
how the electronic coupling varies along the isoelectronic sequence, 
and particularly how it is affected in regions of significant level- 
crossing.induced configuration interaction. This mode of p s e n t a -  
tion, together with the relatively high level of sophistication of the 
f-value calculations and the detailed comparison of results according 
to the size of the various configuration bases used, could be consid- 
ered as a model. 

3. General Arrangement of the Tables 
The same general format has been maintained throughout the 

series of NBS compilations [ 1-51. For the more complex spectra, we 
have omitted the transition array column, and the multiplet designa- 
tion scheme introduced by Moore [110-112], which labels the 
terms with lower case letters (a,b,c, . . .  ,x,y,z) ,  has beeu used to 
identify the upper and lower states of a transition. In some special 
cases, we have designated the transition, where appropriate, in a 
coupling scheme other than Russell-Saunders (LS  ), such as the I l j  
coupling encountered in Ne-like ions and Jl j  or J l l  coupling for 
Ar-like species. 

The major sources of wavelength and energy level data are the 
tables of Moore [ 1 10-1 121, Kelly and Palunibo [ 1 131, and Reader 
and Sugar [114]. For some spectra, particularly for the highly 
ionized species, few or no data were available from these sources. 
We thus had to search through the literature on these species to 
obtain the appropriate data. To this end, the bibliographies on atomic 
energy levels and spectra [ 1 151 were quite helpful. In additiop, we 
made use of the facilities of the NBS Data Ceriter on Atomic Energy 
Levels in locating the most recent sources of original data. All 
sources of wavelengths and energy levels other than refs. [ I  IO] 
through [ l l 4 ]  which have been used in this compilation are given 
in table 4. 

In the main tables, calculated or extrapolated energy levels are 
enclosed in square brackets, as are experimentally derived energy 
levels which are uncertain with respect to the ground state. The 
same i s  true of wavelengths that have been calculated from energy 
level differences rather than obtained from experiment. 

~ ' A I I I  I: 4. Special source inalerial far xavelengfh and or~erpy level ddta. Complete citations are givcn below. 

Fe I 
Fe II 
Fe \II 
Fe \ 111 

Fe I \  

Fe x 
Fe hl 

Fe XI I  1 
1 
2 
3 
4 

5.6.7 
53.9  
5,Q.IO 
5 , l l  

Spectrum 

Fe XIII 

Fe \i 
Fe ktII  
Fe krlll 

Fe \I\ 
Fe X\ 
Fe A \ I  

Fe x \ l i  

.......... .................. -___ ........................... 

Reference 

___-___._____ 

5.1 1,12,13,14 
5,12,15 
164 7,18,19,20 
21,22,23,26 
24.25,26,27,28 
24,27,29,30 
27.29.3 I ,32,33,34 
27,29.35,36,37 

... ..... .- 

Sp-rtl-uin Reference 

__ - ................. .................... 

Fe ~ \ I I I  37,36,37.38.39.40,4 1 
Fe ~ \ I V  39.42,43,44.45,16 
Fe x \ i  47,48 
Ca VI11 

c o  *I\. 
c o  X V I  

12,51,52 
12,53,54 
53.55 

-. ~ .................... ............. 
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We have agairr [;ladied the tin< ertaintian in thz atomic transition 

proLahdity data with the same notation used in our enrlicr com- 

pilatioris, i.e., 

for uncertainties within 3 percent: 

for iincertaintirs w i t l r i i i  1 0  percent, 

C . , . . for unrertdintics within 25 percent, 

I) . , . . for uncertaintirs within 50 percent, 

I: . . . . for iiiicertiintie!j grcater than 50 percent. 

The word unrrrtuiaty is wcd her? with t 

extent of the deviation from thc true Y R  

cedure i s  h a d  (in onr evaluation of randorn errors as well 'is our 

ejtirnates of the tnaximum effect of possible sysiematic errors Isre 

sec. 2). We h a w  often made d further diEereritiation in the 

classification scheme b y  assigning plus or mutus signs to some tran- 

sitions to indicate that these Iinei are estirriatcd tu  lie somewliat 

believ or ww,e than sirnilar h e %  Thes: nhniild tlierrfort: be the first 

or last ctiuicr: among sirnilar transitions. 

.4 suinniary of ttir abbreviations and special synibols used in  thi: 

tion 4. Also, for convenience, we have inclwkd 
the relations between linr: anti multiplet values irr the case of I,S 
coupling. In table 5, we prcsiidc a table r j l  conversion factors which 
wc have uscd tliroiighout this compilation to i:ritivert lrorii transition 

probabilities to nscillator strengths and lint: strengths, and v ice  vcrsa. 

1. Symhols for iridication of accuracy: 

A . . . . onrcrtainiirs withiii 2 percent: 
U . . . . uncertainties within 10 perccot; 
C nxl.certairiti,cs hitlain 25 percmt, 
D . . . . rmccrtainties within 50 petwilt, 

F: . . . . uncertainties greater than 50 percent. 

2. 4bhrcviatimfis appearinl! in  llie source col~irnri of allowed I E K -  

sit irm: 

I s  := i,,'i -coupling rides applisd 
I :  = norm:ifiirrl to a scale: d i f h e n t  than that of h e  author (ah 

explained in ilic intmtlric'inry rt:niarks to the pe&i,7bl !;pec:trurr!) 
iaterp. = h i v d  by an iiiterpollation teciitiyue, rather than 

taken diw-er:hy from the litrrature 

3 .  5pw.i.d symbols n.ir:d in the wavelength and energy level col- 

The nurttber in parei i the:  I d a r  the multiplet designation rabers 

to ihr iiiriiiing nunher nf ref. [ i  101 ( R c v k ~ d  Mirlt$,let 'fhble). I f  
letters " u w "  are adtfnd, we refer tn the running number id i d .  [l 113 
(IJltmvio1t.i Msrlrildplet 'I'aMe). 

Numbers in it,$lics indrc.stcr multiplet values, i.e , weighted aver 

Ni i i i ihe~~  in iqirare hack& indicate approxiinate calcnlated or 

l n n l l ~ :  

agPS aJf l ine VBIIIAS. 

entrqdated values. 

lJ.s$iiL Rdations 

(A) Starihtical Wcighrs: 
The statistical weights are rclatd to tht: inner quantum nutnber 

,I,, (fur one-electron ,>pectra: j,. ) of a level (Le., initio1 or firial state 
of a h?) by 

g,, ---= 25, - I -  1, 

and io the ijoantum niirnhrs of a terrtr (iriitial or final state of a 

naulriplri} by 

g-,r = (2C + l ) ( Z S  + 1). 

(h "multip!et" valni:.j g,, may also tit: iibtained by srrnming owr 

all possible "line" valirtss g, . S i s  the resultant spin.) 
(B) I%ela~iwrs hetwecn thr: strengths of lines and the total mrrltiplet 

itrength: 

1. Linc 3trr:ngtli S: 
S ( i , k )  = 2 S(J , ,9 ,  1 

J,.A 

or 

( k  dcnirtee the upper arid i the lower term) 
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2. Absorption oscillator strength : 
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The mean wavelength for the multiplet, A,, , may be obtained 

the ~ i g h t t ~ i  energy levels. Ofteii the wavelength differences for the 

lines within a multiplet are small, 50 that the wavelength factors may 

he neglected. 

3. Transition probability .,IA,: 

Relative strengths S(J,.J, ) of the components of a multiplet are  

listed for the caqe of L S  coupling in Allen, C. W., Astrophysicnl 
Qunnfiries. 3rd Ed. (The Athlone Press, London, 1973);  White, H. 
E.. and Eliason, A .  Y.. Phys. Rev. 44, 753 (1933);  Shore, B. W., 
and hlenzel, D. € I . ,  Princ ipks  0f .4 t~~mic Struclurr,  p. 4 4 7  (John 

Wilc;i 8; Sons, Inc., New York. 1968); Goldberg, I,., Astrophys. J. 
82, 1 (1935)  and 84, 11  (1936).  

Ac 
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~. . . . . . . . . . . . . . . . . . . ___ ___ 
Va"<4ength rn, 

.3.372.07 
80.1 I 
82.40 

3.183.98 
3:192.65 

3391.liU 
.'1.196.98 
:1:!99.3:3 
'1.102.26 
3'106.44 
.M(i7.46 

3410.1 7 
3111.35 
34 1.3. I 3 
.'14!7.27 
3417.84 
3418.51 
3424.28 
3125.01 

:14?7.12 
3428.19 
3 228. i 5 

3443.88 
31'15 15 
3.i.li.28 

3 Ii0.33 
3162.35 
3.I43.30 

3176.70 
3477.85 

34.in.99 

:i.i83.01 
:(118$ :34 
349:1.28 
.3-19.'1.69 
349.5 29 
3496.19 
3.L9'7.10 

3497.8.4 
3500.57 
3504.86 
3.5135.07 
35G6.50 

3508.19 
:15w. I 2  
35IlY.87 
:1.?, 10.44 
351 1.74 
3512.22 

:is 13.8 2 
351 4.63 
3.5 16.4 1 
:3.516.56 
35 18.68 
:!.518 82 
3520.8.5 
3521.84 
3522.27 
3522.90 
.3.>L.i.3 1 
8524.08 
3,524.24 

3527.79 
3529.82 

3530.39 

3.513.m 

. ~, . 

~. . . . . . . . 

NO. 

86 
188 
8 9  
86 

87 
87 
43 
87 

3.38 
368 

87 
198 
187 
87 
43 
87 

88 
295 

84 
88 
4Ai 

6 
6 

88 
85 
85 
84 
64 

4 
9 5 
L2 
83 

64 
186 
164 
134 
33 
6 

164 
1 05 
278 
I 08 
258 

200 
83 

I10 
I64 
200 

64 
42 
! 3 3  
258 
200 
201 
81 

I64 
8:i 

200 
203 

I6:r 
I08 
200 
200 
'00 

87 

?no 

3531.44 
353 1.53 

56 
3537.73 
3537.90 

35.10.12 
3 .i 40.7 I 
3.>.1!.00 

R,i4.7.39 

3543.67 
33 1463 
35511.02 
.'!519.86 
3.551.11 
35.52. I I 
3552.03  
3553.74 
3ii6.83 
3559.50 
3,560.0; 

3560.70 
35iiJ.1 I 
3565.38 
3ihh.31 
3567.01 
3567.37 
3568.42 
3,568.82 
3 568.98 
35 ill. 10 
3571.22 

35 3.qYa 

3 . m  nz 

3576.76 
3578.30 
3,578 67 
3i81.19 
3582.20 
9583 33 
7585.32 
358.5 71 

186.98 
-8Y.! 1 

:I5'10.08 
3591.00 
i591.35 
3591.48 
3393.47 
359:!.67 
3592 89 
3393.32 
:3591..63 
3595 30 
3595.8(, 
3594.20 
3597.02 
,3598.72 
3599.62 
3602.08 
3603.20 
7603.67 
3603.82 
3 m . ~ ~ ~  

No 

132 
135 
200 
It15 

201  
435 
202 

41 
200 
200 
I33 

397 
I65 
277 
64 

195 
278 
I95 
434 
20 I 
278 

195 
365 

64 
42 

I04 

199 
I33 
I95 
366 
I84 
12 
63 

I95 
199 
366 
337 
I95 

I04 
41 

336 

317 
41 
41 
41 
41 

257 
316 
195 
312 
163 
31 3 
82 

315 
I96 
I96 
131 
131 
313 
367 

4.3.3 
I96 
18s 
162 
277 
Id4  

3Gn6.68 
3608.86 

36!0.16 

3612 07 

3613.15 
361 3.15 
36 11.77 
361 5.19 
31~15.64 
3616.1 5 
3616.32 

3617.7Y 
3618.77 

3620.21. 

3021.46 
1622.00 
362 :3. I9  
3624.06 
3hi*.31 

3627.US 
3029.053 

3630 35 
36? L .,MI 
3432.0'1. 
3 6 3  2 ..i5 
3633.84 
363.5.1 9 
3636.99 
3637.25 
3637.86 
3638.Y0 
3640.39 

1611.&=J 
364,1..58 
36 11.80 
3645.82 

3647.81 
3613.51 
7h,7>0 07 
RtlT'I .47 
3653.76 
365 1.64 
16 i i .46  
.7657.14, 
3657.89 
3658.55 

16i9.52 
3661.36 
366?.15 
?MI?  95 
166 1.54 
3664.69 
06(;11.91. 
3667 25 
366.9.21 
3608 87 
3669.15 
3469 52 
?ili0.09 
3670 81 
1672.69 

3074.77 
3076 31 
3676.88 

x,in.70 

3 ( m a 2  

N O  

184 
41 

193 
197 
199 
I98 
365 
235 
3 1 3  

63 
313 
I06 
277  

41 

198 
184 
! 8 i  
130 
114 
107 
432 

82 
2.50 

197 

41 
27 7 
255 
257 
273 
I 60 

I30 
.._, 937 
184 
I85 
197 
I61 

314 
377 

41 
I82 
23.2 
I85  

82 

223 
I08 
235 
I 59 
I30 
I28  
254 
25,t 
233 
232 

63 
314 
312 
I 57 
25.5 

I82 
254 
I08 
I30 

223 
I58 
231 

I 3n 

3677 31 
3677.63 

3h78 86 

3679.91 
3081.44 
3h82.24 
3680.05 
3684. I 1  
3bG6.00 

1686.26 

3687.46 
3688.18 
3hE8.88 

3687.1n 

3h89.02 
3489.90 
R690.73 
3693.01 
36QJ.OI 
3hW.J.E 

3698.60 
3690.15 
3701.09 
3702.07 
3 71XLh53 
3703 82 
3704.01 
3704.46 
3705 i 7 
3707.82 
3700.2r, 
3711.22 
3711.11 
37 15.91 
3 7 18.4 1 
3 7 I9.W 
3722.56 
37% L38 
3725.4CJ 
3726.03 
3727.0') 
3'727.bL 

3728.637 
3730.39 
3730.95 

3731.3 7 
3 7 3 2 .-LO 
3733.32  
3714..86 
3735.02 
3 i 37. I 3  
3738.31 
3739.12 
3139.32 

3742.62 
3713.36 
3744.10  
3745.56 
3'i45.*90 

37%:19 

374h.9):1 
37?.8.26 
3749.48 
3 7 5  1.06 
3151.82 

3740.2t 

. .. . .. . . . -~ -~ 

40. 
-. . . . . . . . . . . 

415 
I82 
105 

5 
2 3 2 

414 
5 

I R 3  
227 
I05 
80 

39 
364 
I20 
I 2 8  
294 
43 i 
254 
?34 

231 
27 1. 
273 
22: 
223 
23 I 
223 
270 
181 

5 
5 

39 
1 58 
275 

183 
5 
5 

103 

2% 
227 
229 
39 

I56  
294 
1.8 
1 5 4  
81 

5 
39 

230 
5 

315 
80 

79 
36'2 
229 
39 

227 
S 
5 
38 

223 
5 

39 
3hR 
179 

103 



Wavelength (A) 

3 7 5,3. I 5 
3759.61 
3754.51 
3756.07 
3756.94 
3757.45 
3758.2.3 
:3760.05 
,3760.53 
3761.41 
,3762.21 
376,'3.79 
,376.5.54 
3766.09 
:\766.67 
,3767.19 
3768.01 
3770.30 
, 3 , ,  1.50 
:i ?./3..3(l 

:i77:3.70 
3774.82 
3775.86 
3776.45 
.3 < < I .06 

3 ,  I I 45 
3778.32 
.3: :8.51 
3778.70 
:378 I . I9  
3781.94 
37 82. .% s 
:3782.6l 
3785.71 
3785.95 
3786.19 
,3786.68 
3787.16 
3787.88 
r3789.18 
3789.82 
:{79(l .SI9 
3791.50 
,3791.73 
3792. I 5  

3792.81 
3793.87 
3794.3 2 
3795.00 
3797.95 
3798.51 
3799.55 
3801.68 

3802.28 
3804.01 
.3805.:35 
3806 22 
3806.70 
3807.54 
3808.29 
3808.73 
3809.04 
3810.76 
381 1.89 
3812.96 

,17 

. 7<_1  

, -,-- 

, -.. 

,380z.on 

No. 
. . . . . . . ......- 

I27 
78 

228 
79 

430 
360 
39 

127 
81 

156 
388 

39 
334 
I55 
528 
39 
78 

I79 
333 
293 
228 

78 
179 
80 

253 
153 
222 
360 

78 
79 

478 
230 
274 
334 
127 
222 
40 

477 
39 

I80 
385 
40 

153 
386 
179 
79 

222 
127 
39 

1 50 
.3 9 
39 

222 
387 
361 
385 
334 
396 
333 

78 
272 
151 
222 
36 1 
179 
40 

F-16 

TRANSITION PROBAHILXTIES FOR IRON 
List of tabulated line? Continued 

Wavelength (A) 

3813.63 
3813.88 
3814.52 
38 15.84 
3816.34 
3817.64 
3819.50 
3820.43 
3821.18 
3821.83 
3824.44 
3825.88 
3826.84 
3827.82 
3829.13 
3829.7 7 
3833.31 
3834.22 
3836.33 
3837.13 
3839.26 
3839.61 
3840.44 
3841 .OS 
3843.26 
3845.17 
3845.69 
3846.00 
3846.41 
3846.80 
3848.29 
3849.96 
3850.82 
3852.57 
3853.46 
3856.37 
3859.21 
3859.91 
3863.74 
3865.52 
3867.22 
3867.93 
3871.75 
3872.50 
3872.92 
3873.76 
3 8 7 6.0 4 
3878.02 
3878.57 
3883.28 
3884.36 
3885.15 
3885.51 
3806.28 
3887.05 
3888.51 
3888.82 
3890.39 
3890 84 
3891.93 
3893.39 
3895.66 
3897.4.5 
3899.03 
3899.71 
3900.52 

NO. 

177 
454 
40 
62 
78 

384 
386 

38 
334 
150 

4 
38 

177 
62 

490 
I52 
150 
38 

360 
150 
292 
51 I 

38 
62 

29 I 
103 
413 
386 
429 
360 

151 
38 
40 
78 

2s 1 
4 

I26 
4 

175 
38 

27 1 
I so 
25 I 

38 
I78 
I26 
40 
38 

4 
359 
176 
252 
103 

4 
38 
62 

27 I 
311 
175 
394 
252 

4 
25 1 
126 

4 
309 

........ ~~~ - __ 
Wavelength (A) 

3902.95 
3903.90 
3906.48 
3906.75 
3907.47 
3907.93 
3909.66 
3909.83 
3910.84 
391 1 .OO 
3913.63 
3914.27 
3916.73 
3917.18 
3919.07 
3920.26 
3920.84 
3922.91 
3925.20 
3927.92 
3930.30 
3931.12 
3935.31 
3937.33 
3940.88 
3941.28 
3942.44 
3943.34 
3944.75 
3944.89 
3945.12 
3946.39 
3948.77 
3949. I 4  
3949.9s 
3951 . I6  
3952.60 
3953.1s 
3953.86 
3955.34 
3955.96 
3956.45 
3957.02 
3960.23 
3961. I 5  
3962.35 
3963.10 
396L52 
3966.06 
3967.42 
3967.96 
3969.26 
3969.63 
3970.39 
3971.32 
3973.65 
3974.40 
3974.77 
3975.21 
3975.85 
3976.61 
3977.74 
3 9 7 9.6 5 
3980.65 
3981.11 
3981 .77 

N O  

62 
251 

4 
360 
178 
175 
309 
221 
I78 
307 
I01 
31 I 
332 

38 
252 

4 
31 1 

4 
31 I 

4 
4 

309 
219 
174 
38 

307 
221 

77 
220 
252 
175 
306 
331 

395 
77 

358 
174 
252 
219 
307 
27 1 
331 
307 
476 
220 
310 
307 
220 

62 
331 
306 
60 

356 
27 I 
I73 
412 
308 

77 
115 
502 
394 

77 
306 
1 I5 
102 
174 

~. ... . . ............. 

Wnvslerlgth (A) 
- 

3933.96 
3985.39 
3989.86 
3990.37 
3994.1 1 
3995.20 
3995.98 
3996.97 
3997.33 
3998.05 
4000.27 
4000.46 
4001.66 
4003.76 
4005.24 
4006.31. 
4007.27 
400 .7  1 
4010.18 
401 1.42 
4011.71 
4014.53 
4017.15 
4018.28 
40 19.05 
4020.49 
4021.87 
4024.1 1 
4024.72 
4030.18 
403 1.96 
4032.63 
4036.37 

4040.64 
4044.61 
4045.81 
4049.34 
405 I .92 
4054.18 
4054.37 
4055.03 
4057.34 
4058.22 
4058.75 
4059.73 
4062.44 
4063.59 
4065.40 
4066.59 
4067.27 
4067.98 
4069.08 
4070.77 
4071.74 
4073.76 
4074.79 
4076.23 
4076.63 
4078.35 
4079.18 
4079.84 

4080.89 
4082. I3 
4082.44 
4084.49 

4080.21 

172 
358 
41 I 
290 
289 
33 1 
173 
489 
I74 
172 
30 1 
250 
77 

393 
60 

330 
172 
77 

475 
I48 
115 
428 
290 
305 
149 
476 
174 
172 
305 

77 
357 
61 

173 
357 
218 
60 

148 
383 
302 
382 
148 
I73 
303 
101 
410 
218 
60 

382 
249 
147 
304 
302 
303 
60 

303 
288 
270 
303 
141 
383 
218 
303 
302 
382 
414 
382 



F-17 

Wavelength (A) No. Wavelength (A) Wavelength (A) 

~ 269 
488 
355 
354 
37 

213 
37 
37 

216 
36 

216 
267 
379 
381 
213 
114 
114 
487 
213 
370 
245 
I14 
378 
287 
509 
375 

59 
620 
453 
375 

3 
212 
114 
213 

3 
378 
426 
510 
269 
114 
375 
375 
378 
286 
212 
58 

268 
3 

1'14 
114 
37 

245 
378 
473 
409 
21 I 
354 
510 
212 
472 

269 
100 
I14 
59 

620 

378 

4085.00 
4085.30 
4085.98 
4087.09 
4088.57 
4089.22 
4090.09 
4090.98 
4091.55 
4092.46 
4095.27 
4095.97 
4097. I O  
4098.18 
4100.74 
4101.27 
4101.68 
4 104.97 
4106.27 
4106.44 
4107.49 
4 108. I3  
4109.07 
4 109.80 
4112.35 
4112.96 
4114.45 
4114.96 
4118.54 
41 18.90 
4120.21 
4121.80 
4122.51 
4125.88 
41 26.18 
41 20.88 
4127.61 
4129.22 
4129.46 
4132.06 
4132.90 
4133.86 
41 34.68 
4136.51 
4137.00 
4137.42 
4139.93 
4141.86 
4142.63 
4143.87 
4145.21 
4146.06 
4147.67 
4149.37 
4150.25 
41 52. I7 
4 153.90 
4 154.80 
4 lS6.80 
4158.79 
4 161.08 
4 I6  I .48 
4167.86 
4168.63 
4168.94 
4169.78 

No. 

217 
304 
550 
379 
474 
247 
383 
380 
216 
36 

551 
147 
303 
303 
36 

382 
101 
379 
I47 
38 1 
215 
304 
303 
216 
380 
567 
215 
380 
427 
304 
2 48 
214 
214 
215 

215 
216 
382 
380 
60 

215 
382 
215 
379 
392 
567 
36 

247 
567 

60 
171 
247 

59 
379 
380 

36 

379 
216 
380 
375 
247 
329 
375 
379 

380 

380 

378 

4170.90 
417 I .69 

4172.12 
4172.74 
4173.32 
4173.92 
41 74.9 I 
4175.64 
4177.59 

4 182.38 
4182.79 
4183.03 
4184.89 
4187.04 
4187.79 
4189.56 
4191.68 
4196.21 
4196.53 
4198.30 
4198.64 
4 199.09 
4200.09 
4200.92 
4202 03 
4203.67 
4203.94 
4205.54 
4206.70 
4207.13 
4210.34 
42 13.65 

4171.90 

4181.75 

4216.18 
4217.55 
4219.36 
4220.05 
4220.34 
4222.21 
4224.17 
4224.51 
4225.45 
4225.96 
4226.42 
4229.75 
4 2 3 0.5 8 
4232.73 
4233.60 
4235.94 
4237.07 
4237.67 

4239.36 
4240.37 
4241 . I  I 
4242.73 
4243.79 
4245.26 
4246.08 
4247.43 
4248.22 
4249.32 
4250.12 
4250.79 
4253.55 

m 8 . 8 1  

4258.31 
4258.62 
4258.95 
4260.47 
4264.20 
4264.74 
4266.96 
4267.83 
4268.75 
4271.15 
4271.76 
v275.72 
4276.68 
4277.41 

4279.48 
4279.86 
4280.53 
4282.40 
4284.42 
4285.44 
4285.83 
4286.44 
4288.15 

4278.23 

4288.96 
4290.38 
4290.87 
4292.13 
4292.29 
4294.12 
4298.04 
4300.21 
4300.83 
4302.18 
4304.54 
4305.20 
4:30.5.45 
4307.90 
4309.03 
4309.37 
43 10.37 
4315.08 
43 17.04 
4325.76 
4326.75 
4327.09 
4327.92 
4337.05 
4338.26 
4343.28 
4343.70 
4346.55 
4347.24 
4347.85 
4348.94 
4351.54 
3352.73 

4360.81 
4365.90 
4367.58 
4367.90 
4369.77 
4372.99 
4374.50 
4375.93 

43sa.50 

3 
21 1 
246 
114 
377 
509 
170 
269 
354 
114 
59 

1 46 
so1 
145 
376 
509 
21 1 

76 
244 
327 
471 
242 
170 
145 
243 
21 1 

75 
75 

285 
500 
50 1 
285 
242 
406 
266 

59 
452 
242 
510 

76 
408 

59 
24 I 
407 
327 
58 
75 

352 
283 
328 

2 
444 
242 
240 

76 
240 
470 
24 1 
242 

58 
284 
264 
353 

2 

328. 

sa 

4377.80 
4382.77 
4383.54 
4384.68 
4387.89 
4388.41 
4389.24 
4390.46 
4390.95 
4391.87 
4392.58 
4395.29 
4401.29 
4401.44 
4404.75 
4407.71 
4408.41 
4409.12 
44 13.40 
4415. I2 
4422.57 
4423.14 
4423.84 
4427.31 
4430.19 
4430.61 
4432.57 
4433.22 
4433.78 
4435.1 5 
4436.92 
4438.34 
4439.63 
4439.88 

4440.82 
4442.34 
4442.83 
4443.19 
4445.47 
4446.83 
4447.13 
4447.72 
4450.32 
4450.77 
4452.62 

4440.48 

4454.38 
4455.03 
4456.33 
4456.63 
4459.12 
4.461.6s 
4464.77 
4466.55 
4466.94 
4469.37 
447 1 .68 
4478.04 
4481.61 
4482.17 
4482.74 
4483.78 
4484.22 
4485.67 
4485.97 
4487.74 

NO. 

352 
425 

58 
265 
266 
446 

2 
24 1 
242 
508 
498 
444 
4 4 $1. 
210 

58 
73 
73 

352 
537 

210 
240 
446 

2 
263 
73 

424 
446 
442 

2 
282 
444 
281 
99 

445 
508 

73 
74 

210 
2 

4 24 
74 
73 

266 
497 
49s 
210 
499 
282 
498 
73 

2 
263 
210 

446 
2 

74 
443 

2 
444 
469 
444 
446 
442 
326 

sa 

508 



F- 18 

1835.87 

1.8:38 51 
4839 55 
4840.32 
'$841 .;a 
4842 79 
484:l. I .4 
4844.01 
4848.90 
4849.67 
1.854.89 
1859. I :3 

TRANSITION PROBABILITIES FOR 1 

547 
37:i 
321 
5'47 

549 

548 
373 
1.00 
9; 

421 

536 
547 

No. 

4871 3 2  

4872.11. 
487? 7 1. 
4875.87 

l.876.19 
4877.61 
4878.21 
4890.75 
'taqi. 19 
'4892.87 
48%). 11 
19iJ3..3l 
4901 1:; 
490; 7 3  
491 I 59 

4911 78 
4917.2:3 
4918.0I 
1918.99 
1920.511 

492.1 7; 
4927 42 

49:30 :3 1 
4939.69 

4.3: 
2 

262 

495 

498 
I ,3 

443 

442 

423 
300 

28 1 
194 
26:3 

325 
7 4  

'1 15 
191 
3 5 1 

7 3  
i t ,  

:li  1 

,326 
3 2 5 
468 

56 
40.5 

497 

I94 

350 
'1.1 I 
:35 1 
299 
35 I 
:391 

I94 

437 
299 

98 
?h? 

443 
3 0 0  

4" 
196 

5h 
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From the large number of articles containingf-value data on Fe 1, 
we have selected most of the recent experiments (refs. 11-201) for 

this tabulation. Most of the material is taken from two very compre- 

hensive sources, the stabilized-arc emission experiments by May et 
al. [5] and by Bridges and Kornblith [4]. 

We established the absolute scale by utilizing accurate data for 

the principal resonance line at 3719.93 A. The atomic beam work 
by Bell and Tubbs [ZO] yields thef-value of this transition directly, 

and lifetime measurements of its upper level, z 'F:, may also be 
converted into f-values, since the other downward transitions 

contribute-at most a few additional percent to the total lifetime 

and can be approximately corrected for. Very accurate lifetime 

measurements of this upper level have been performed by Wagner 
and Otten [16], who used the method of optical double resonance; 

Klose [ 171, who used the delayed coincidence technique; Nilborn 

and de Zafra [ 183, who eniployed the Hank effect; and Brzozowski 

et al. [ 191, who used the high frequency deflection technique. The 
averagef-value resulting from these four lifetime measurements and 
the atomic beam experiment isf .:.z 0.0413, with a standard devi- 
ation of the mean of only 1% (these lifetime data are given in 
table 1 of the general introduction). Thisf-value (obtained by includ- 
ing the effects of the other weak transitions involved) is estimated to 
have an overall uncertainty not to exceed five percent and fornis the 
basis of the absolute scale for this spectruml to which all other 

measurements discussed below were normalized. (For most refer- 
ences, changes (usually small) in the absolute scale had IO be made, 
and we have indicated this by an "n" in the reference column.) 

1 he spectrum of Fe I is very rich in lines of uiderate  strength in 
the visible and near uv. Recently, two large-scale measurements of 
relativef-values were carried out by May et al. [5] and by Bridges 
and Kornblith 141 for this spectral range. Both experiments were 
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performed in emission with stabilized, steady stildte arc sources. The 

most comprehensive set of data on this spectrum is the one measured 

by May et al. [5], who determined relative oscillator strengths for 

over 1000 lines with a convection stabilized arc and employed 
photographic detection. Bridges and Kornblith determined data for 
534 lines with a mole sophisticated photoelectric data acquisition 

technique; this included a self-regulating system for the arc 
discharge in which fluctuations in the spectral line signals were 

monitored and controlled in order to maintain stability in the arc 
chamber. Since the data of May et al. and of Bridges and Kornblith 

overlap for 168 lines, we were able to make several graphical 

comparisons (figs. 3-51), plotting log &(May et al.) - log &(Bridges 
and Kornhlith) (in the graphs denoted by Alog) vs wavelength, vs log 
&(of ref. [4]), and vs upper energy level. These studies show that 

the mutual scatter is only about + 0.1 dex and essentially caridom, 

Le., there are no intensity or energy level dependent trends. How- 
ever, there is some marked disagreement between the f-values of 

refs. [4] and [ 5 ]  for the lines of shortest wavelength, especially A = 
3495.29, 3699.15, 354'0.12, and 3521.84 A. This may be due to 

scattarad light prohlems for the radiometric standards at  short wave- 
lengths. Since Bridges and Kornblith took this problem into account 
by application of appropriate filters, WE used their data exclusively 
in these cases. 

The data of Bridges and Kornblith could be subjected to another 
important check: they overlap for 69 lines with the data of Blackwe!l 
et a]. [ 1,3] (to be discussed later) which are of outstanding accuracy. 
The comparison, illustrated in figure 6, shows quite g o d  agreement; 
for example, 78% of the data are within 25% of each other. Never- 

theless, tbere are a few differences' outside the mutually estimated 
uncertainties. The graphical comparison also indicates: (a) a system- 
atic trend in the data with line intensity (or log gf), (b) a srnall 
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difference in akolnte scales, and (c) a serious disagreement for the 
4427.31 A line. (a) The trend is probably due to two unrelated facts. 
First, the weak lines measured by Bridges and Kornblith, which have 
lower accuracy ratings, appear to be systematically too strong, a 
tendency which has also been observed for some other emission 
measurements of iron group elements. Secondly, the log gf-values 
for the strongest lines measured by Bridges and Kornblith may be 
slightly too small because of undetected minor amounts of self- 
absorption present (Bridges and Kornblith note that their self- 
akorption check is good to only a few percent). (b) The small 
difference in absolute scales is not unexpected, on account of the 
different normalization procedures employed. Bridges and Kornblith 
used an hverage based on various lifetime data involving numerous 
lines, while Blackwell et al. utilized only the very accurate data for 
the resonance line at 3719.9 A. Since the high precision measure- 
ments of Blackwell et al. combined with these resonance lime data 
determine the absolute scale very accurately, we have used that 
scale to renormalize the data of Bridges and Kornblith. Considering 
only the most accurate data of ref. [43, Le., those designated by a 
10% (“a”) accuracy (see fig. 6), we found the log &-values of these 
lines to be, on the average, about 0.03 dex or 7% greater than those 
measured by Blackwell et al. We have thus lowered all log &-values 
of Bridges and Kornblith by this amount. Since May et al. nor- 
malized their scale to that of Bridges and Kornblith, we have accord- 
ingly lowered all their log &-values by 0.03 as well. (c) A serious 
disagreement between Blackwell et al. and Bridges and Kornblith is 
seen in the case of the 4427.31 A line. Here, thef-value of ref. [4] 
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I”l(:tlRE 4. Plot of Alog == lo): (May et at. [SI) - log d(Brr lges and Kornblith 
[4]) vs log & (Bridges and Kornblith). 

is greater than that of ref. [l] by a factor of 3.5. A likely reason for 
this discrepancy may be the blending of the 4427.31 A line, the 
a ’D, - z ’Fy transition, with another line at 4427.30 A, the 
z - g ‘D2 transition. The arc of Bridges and Kornblith is capa- 
ble of exciting both the z ‘Fpand g ‘D2 levels, berice producing the 
blended feature, whereas Blackwell’s furnace, operating at a much 
lower temperature, excites preferentially the z ’FFlevel. Therefore, 
we have tabulated only the data of Blackwell et al. for this line. 

After the few apparently unreliable f-values from ref [4] were 
eliminated, data for over five hundred lines remained. We have 
utilized these as the principal reference source of accuratef-values 
for Fe 1 and have normalized and/or compared the other, much less 
comprehensive data sources (to be discussed later) to it. Our error 
estimates for the very weak and very strong lie6 were adjusted to 
reflect the possible deficiencies detected by the comparison with the 
data of Blackwell et al. [ 1,3], as discussed above. Blackwell et al. [3] 
also suggest a temperature error in the data of Bridges and Korn- 
blith. However, we have found.no indication of this from our detailed 
graphical comparisons. We should also note that temperature errors 
in the experiment of Bridges and Kornblith are minimized. since 
their absolute scale is based on numerous lifetime data for levels 
spanning a large range of excitation energies. 
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, .  I he iiiost accurate rdative oscillator s i rzngih for Fe I are pro- 

vidcc! t jy the ahsoi!,iion ewperimcn?i nf Blarkwell et al. [1-3]. Their 

work centers on Imps originaiing from the ground stdie or stales of 

very lo- excitation p o t w i d .  A n  extremely stable and well rliagncssd 
Kiiis-type furnace was wed a5 the absorption tube, and intensity 

ratios were determined phoruelectrically for various line pairs, which 

by appropriate overlaps were built up to a network that could bc 
cross-checked and optimized for internal cnnistcncy. The relative 

data thus obtained-which span a large range of gf-values-were 

cstirriaid to be accurate to within 0.5 percent. 

The fourth important data source is the experimental wnik by 
t l u t ? r r  and c o - ~ ~ r k ~ i  [5,7,11,12.13] which makes use of the 

anomah i s  dkperwm arid absnrption techniques. ,khjiiional, smaller 

sources of data, which were utilized to supplernerlt our material, a i e  

the hrani.hing ratio c~nission experiment of Martinez-Garcia et al. 
[8] with a hollow cathode source, the shock t u h  ernission work of 
Wolnik et al. [9,14,], and the emission expeiiiiiaiits with stahillzed 

arcs iy Carz and Kock [ I O ]  and Richter and WuIK [15]. 
All these data were cxtensively inte:comparc,d in a series of 

graphic, plots to establish their mutual t:onsisiency and, if necessary, 

to find appropriate renormalization factors. Noimally, Alog was 
plotted versus upper energy level for emission iw r l  and versus lcwer 

t n q y  level for the anomalous dispersion and absorption experi- 

iiicnts. Furthermore, Alog was also plotted versus wavelength and 

versus log gf. The material by Bridges and Koiirhlith 02- by May et 

al. served as reference materia! since their work covcacd so inany 

lines. ?he graphs, of which figs. 3-6 plus figs. 1 and 2 of the general 

introduction are samples, are instructiv-e indicatois of systematic 

trends vhich arc &pendent on upper or I G W Z ~  energy level, the 

magnitude of log a", or the waveleugth. Severa! disagreements in 
ahsolute scales were readily detected, and in three case2 an  energy 

level &:pendent trend was noticed and a kast squares fit was then 

peifoormzd for a renormalization. In other cases no renormalization 

was required at all. The resulting renormalizatiori factors a re  shown 

in the following tahle. 

-0.03 
-0.03 

1-0.02 

-0 35 + (0.00000789) b,: 
1-0.2; 

---0.23 
-0.06 - (0.00000727) E, 
-0.13 
-0.61 + (0.0000128) E, 
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a s  

0 4  

0 3  

0 2  

0 1  

0 

-0 1 

Fe I 
* 4427.31 8. (probable blend - ase text) 

. . h  

P ,  lhe graphs are also a wry  good iadimtor of the scatter in the 
various sets of data. By intercomparing all overlapping data, one can 
readily isolate the principal sources of scatter. Our error estimates 
take this into accuunt, in addition to an evaliiation of the critical 
factors involved in each method and the error statenients provided 
by The authors. When overlaps in the data occur we have selected 

data of refs. [l-31 as our first choice. Next, w e  have 
given equal weight to the data of refs. [4--8], averaging them when 

they overlap. Data from ref$. L9-1-51 were tabulated with equal 
weight too, hut o d y  in those ra .w where no material from the earlier 
cited uiithors was available. In toto, we have compiled /-value data 
for 1630 lines. 

In this compilation, we hnve generally omitted blsrrded lines. 
Wavelengtlis have been taken from the work of Crosewhite [21]. 
Energy level values and term designations as listed in oiir multiplet 
column have been taken friom the compilation of Reader and Sugar 
[22J Particular attention was paid to the fact that the desigiations 
of some energy levels and multiplets have changed from the original 

classifications by Moore [23,24]. Also, sonie multiplet designations 
appear to be identical as WI: hare listed them, for example, Nos. 20 
and 26 in our tables, since the present setup does not contiplctely 
identify the multiplets hy I heir ~ ~ p i . c t i v e  ~ra i~ i t ion  arrays. For 

furthtx details on niultiplet and teriu dasigriations the reader is 

referrtd to ref. [22]. 

IVotote Addcd in Proof 

Dr. Blackwzll has informed iis (private rommunii;ution, 1980) 
that errors due to possible blends may be present in his log ,$values 
for b u r  lines. He has recommended that the following lilies be 
withdrawn from consideration: 4427.31 A, 3812.96& 4602.!?4& 
and 4733.59 A. We wmply with Dr. Blackwell’s analysis and 
therefore request that the readers of this conpilation view the 
f-values for these hies as beirrg unreliable. 



..... ~ .... __ 
No. 

__ 

1.  

2. 

3.  

4. 

5. 

__ 
Filultrplet 

5166.28 
5247.05 
5254.96 
5250.2L 
5110.41 
5168.90 
5204.58 
5225.53 
5060.08 
5127.6a 

4:375.93 
4427.31 
4461.65 
4482.17 
4489.74 
4347.24 
4445.47 
417 1.68 
4389.24 
4435.15 

42 16. I8 
4206.70 

4232.73 

.IRH2.7 

4258.31 

3859.91 
3886.28 
3899.7 1 
3906.48 
3824.44 
3856.37 
3878.57 
3895.66 
3922.91 
3930.30 
3927.92 
3920.26 

3719.93 

3737.13 
3745.56 
3748.26 
3745.90 
3679.91 
3705.57 
3722.56 
3733.32 
3683.05 
3707.82 
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TRANSITION PROBABILITIES FOR IRON 
Fe I: Allowed tramitions 

0.0 
704.0 
888.1 
978.1 

0.0 

415.9 
704.0 
888.1 

0.0 
415.9 

0.0 

415.9 
704.0 
888.1 

978.1 
0.0 

704.0 
888.1 

415.9 
704.0 

0.0 
415.9 
704.0 
888.1 

102.9 

0.0 
415.9 
704.0 
888.1 

0.0 
4 15.9 
704.0 
888.1 
415.9 
704.0 

978.1 
m a .  I 

0.0 

415.9 
704.0 
888.1 

0.0 
415.9 
704.0 
888.1 
415.9 
704.0 

978.1 

__ ...~~ ....... 

i ( c m - ' )  
___ 

19351 
19757 
19912 
20020 
19562 
19757 
19912 
20020 
19757 
19912 

22846 
22997 
23111 
23 192 
23245 
22997 
23 192 
23245 
23 I92 
23245 

23711 
24181 
24181 
24507 

2fj1.51 

25900 
26140 
26340 
26179 
26140 
26340 
26479 

26550 
25900 
26 140 
26340 
26479 

16875 

27167 
27395 
27560 
27666 
27 167 
17395 
27560 
17666 
,7560 
17666 

- 
P. 
- 

9 
5 
3 

1 
9 

5 
3 
9 
7 

I 

9 

5 
3 

1 
9 
5 
3 
7 
5 

9 

5 
3 

25 

, 

9 

7 
5 
3 
9 

5 
3 
7 
5 
3 
1 

, 

9 

7 
5 
3 
1 
9 

5 
3 
7 
5 

I 

-- 

PA 
- 

1 1  

5 
3 
9 

5 
3 
7 
5 

I 

I I  
9 

5 
3 
9 
5 
3 
5 
3 

9 

7 
5 

25 

1 

9 
7 
5 
3 

5 
3 
I 
9 
7 
5 
3 

I 

1 1  

9 
7 
5 
3 
9 
7 
5 
3 
5 
3 

.... ~~ 

. 4 , , ( IO8  S C ' )  

......... ~~ 

1.45( --S)" 
3.92( -6) 
8.32( ---6) 

9.3q-6) 
4.93( - 5) 
3.83( - -  5) 
2.2%- 5) 
1 3 - 5 )  
1.3( - 6) 
3.8q 

2.95( --4) 
3.42( -4) 
2.95(-4) 
?.IO( --4) 
I .  19( - 4) 
1 . B - 6 )  
2.45( -6) 
1 . I  2( -6) 
1.81(-5) 
4.72( - -5 )  

1.84(-4) 
8.7( - 5) 
2.54( - - 5 )  
8.79(-6) 

0.103 

0.0970 
0.0530 
0.0258 
0.00833 
0.0281 

0.0464 
0.072 
0.0940 
0.0108 
0.019 
0.026 
0.0260 

0.163 

0.142 
0.115 
0.0915 
0.0733 
0.0138 
0.0322 
0.0497 
0.065 
0.0030 
0.0072 

7.09( -6) 
2.26( - 6) 
5.7 4( - 6) 
1. I5( -5) 
l.93(-5) 
1.53( - 5) 
9.31(--6) 
5.42( -6) 
3.9(-7) 
I .07( - 7) 

I .03( - 4) 
1.29( - 4) 
1.23(-4) 
1.05( - 4) 
1.0&-4) 
3.4%-7) 
7.24(-7) 
3.37( -7) 
3.73( -6) 
8.36( - 6) 

4.9q-S) 
2,3(-5) 
9.66( -6) 
3.93(-6) 

0.0232 

0.02 17 
0.0120 

0.00589 
0.00190 
0.00483 
0.00739 
0.0098 
0.007 I3  
0.00319 
0.0060 
0.010 
0.0179 

0.0413 

0.0381 
0.0339 
0.0321 
0.0462 
0.00280 
0.00662 
0.0103 
0.014 
4.4(-4) 
8.Y-4) 

0.00 109 
1.96( --4) 
2.98( -4) 
1.39(-4) 
0.00292 
0.00183 
7.98(- 4) 
2.80( - -  4) 
s.a(-s) 
1 X - 5 )  

0.0134 
0.0132 
0.00906 
0.00466 
0.00160 
4.49(--5) 
5.3q-5) 

3.77(-4) 
1.49( - 5) 

6.10(-4) 

0.0061 1 
0.0022 
6.77(-4) 
1.64(-4) 

7.41 

2.48 
1.07 
0.378 
0.0735 
0.547 
0.657 
0.63 
0.274 
0.288 
0.39 
0.39 
0.232 

4.55 

3.28 
2.09 
1.19 
0.570 
0.305 
0.565 
0.633 
0.50 
0.037 
0.055 

-4.195 
-4.946 
-4.764 
-4.938 
-3.760 
-3.969 
-4.332 
-4.789 
-5.46 
-6.125 

-3.031 
-3.044 
--3.210 
-3.501 
-3.966 
--5.503 
-5.441 
-5.995 
-4.583 
-4.379 

-3.356 
-3.79 
-4.316 
-4.928 

-0.237 

-0.710 
- 1.076 
-1.531 
-2.243 
- 1.362 
-1.286 
-1.31 
- 1.670 
- 1.651 
- 1.52 
-~ 1.52 
- 1.746 

-0.430 

-0.574 
-0.771 
-1.016 
- 1.335 
- 1.599 
- 1.334 
- 1.287 
- 1.39 
-2.51 
- 2.35 

. . . . . . . . . . . . . . 

Accuracy 

B+ 
B+ 
B - t  
B+ 
B f  
B + 
B+ 
B+ 
B+ 
B i  

B+ 
B+ 
B+ 
B+ 
B+ 
B+ 
B+ 
B+ 
B+ 
B i- 

B+ 
C 
Bf 
D +  

C f  

B+ 
B+ 
B+ 
R+ 
E+ 
B+ 
D- 
E+ 
B t  
C 
C 
B 1- 

B t  

B+ 
B+ 
B+ 
E-1 
E+ 
E-I 
B+ 
C 
C 
C 

1 
1 
1 
1 
1 
1 
1 
1 
2 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
411.512 
1 
1 

1.4n ,13n 

1 
1 
1 
1 
1 
1 

13n 
1 
1 
4n 
4n 
1 

16.1 7.18, 
1920 

1 
1 
1 
1 
1 
1 
1 
4n .6n 
4n ,6n 
6n 
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- 
~ 

No. 
__ 

6. 

7. 

8. 

9. 

10. 

11. 

Multiplet 

3440.99 
3443.88 
3497.84 
3476.70 

3193.23 

3021.07 
30 17.63 
2983.57 
2994.43 
3000.95 
3008.14 
3059.09 
3047.60 
3037.39 
3025.84 

8065 9 

2966.90 
2973.24 
2973.13 
2965.25 

2947.88 
2953.94 
2957.36 
29 12.16 
2929.01 
2941.34 

2936.90 

2981.45 
2969.36 
3007.28 
2986.46 
3024.03 
2994.50 

2874.17 
2869.31 
2835.46 

6 (c1n-l) 

415.9 
704.0 
888.1 
978.1 

0.0 

415.9 
888.1 

0.0 

415.9 
704.0 
888. I 
415.9 
704.0 
888.1 
978.1 

w9.0 

0.0 

41.5.9 
704.0 
978.1 

0.0 
415.9 
704.0 
888.1 

0.0 
415.9 
704.0 

415.9 
888.1 
704.0 
888. I 
888. I 
978. I 

0.0 
415.9 

0.0 

29169 
29733 
29469 
29733 

3 1307 

33507 
34017 
33507 
33802 
340 I7 
34 122 
330% 
33507 
33802 
34017 

31/18 

33695 
34040 
34329 
34692 
34040 
34329 
34547 
34692 
34329 
34547 
34692 

33947 
34556 
33947 
34363 
33947 
34363 

34782 
35257 
35257 

- - 
R. - 

7 
5 
3 
1 

9 

7 
3 
9 
7 
5 
3 
7 
5 
3 
1 

25 

9 
7 
5 
1 
9 
7 
5 
3 
9 
7 
5 

7 
3 
5 
3 
3 
1 

9 
7 
9 

I_ - 
Kb - 

5 
3 
5 
3 

9 

7 
3 
7 
5 
3 
I 
9 
7 
5 
3 

35 

11 
9 
7 
3 
9 
7 
5 
3 
7 
5 
3 

5 
1 
5 
3 
5 
3 

I 1  
9 
9 

0.098 
0.073 
0.031 
0.064 

0.0053 

0.456 
0.0682 
0.280 
0.44 
0.642 
I .07 
0.18 
0.284 
0.32 
0.348 

0.324 

0.272 
0. I83 
0.135 
0.116 
0.14 
0.20 
0.189 
0.177 
0.035 
0.073 
0.066 

0.0654 

0.0273 
0.00219 
0.0488 
0.0149 

0.0366 

0.013 
0.015 
0.0090 

0.012 
0.0078 
0.0094 
0.035 

8.N-4) 

0.0624 
0.0093 I 
0.0290 
0.042 
0.0520 
0.0485 
0.032 

0.075 
0.143 

0.0598 

0.0553 

0.0438 
0.0313 
0.0251 
0.0460 
0.018 
0.027 
0.0247 
0.0232 
0.0035 
0.0067 
0.0051 

0.00622 
0.00161 
0.003'71 
2.92( -4) 
0.01 1 I 
n.oo6oi 

0.0020 
0.0023 
0.00 I I 

S(at. u.) 

0.99 
0.44 
0.32 
0.40 

0.076 

4.34 
0.277 
2.57 
2.9 
2.57 
1.44 
2.3 
2.78 
2.2 
1.43 

14.6 

3.85 
2.14 
I .23 
0.449 
I .6 
I .8 
1.20 
0.678 
0.30 
0.45 
0.25 

0.427 
0.04'13 
0.184 
0.00862 
0.333 
0.0593 

0.17 
0.15 
0.091 

- 1.06 
-1.41 
-1.55 
-1.46 

-2.14 

-0.360 
- 1.554 
-0.583 
-0.53 
-0.585 
-0.837 
-0.65 
-0.556 
-0.65 
-0.844 

0.175 

-0.404 
-0.660 
-0.901 
- 1.337 
-0.79 
-0.73 
-0 908 
- 1.157 
- 1..w 
-1.33 
-1.59 

- 1.361 
-2.315 
-1.732 

- 1.476 
-2.221 

-3.057 

-1.74 
-1.79 
-2.01 

Accuracy 

C 
C 
C 
C 

c 

B +  
R+ 
B+ 
C 
B+ 
Bf 
C+ 
B+ 
C+ 
B+ 

B 

B+ 
8+ 
B+ 
B+ 
C+ 
C 
B+ 
Bf 
C 
C 
C 

B+ 
B+ 
B+ 
Bf 
B+ 
B+ 

C 
C 
C 

Source 

4n 
4n 
4n 
4n 

6n 

1 
1 
1 
6n 
1 
1 
4n ,6n 
1 
4n ,6n 
1 

I .4n ,6n 

1 
1 
1 
1 
4n ,6n 
6n 
1 
1 
4n .6n 
6n 
4n 

1 
1 
1 
1 
1 
1 

6n 
6n 
6n 
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No 

12. 

13. 

14. 

15. 

16. 

1 7 .  

.___ ...~... ..... 

NA) 

2719.01 
2720.90 
z m . . s  
2750.14 
2742.41 
2737.31 
2756.:1,'3 
2744.07 

2632.59 

2522.85 
2.527 43 
2529.13 
"501.1.3 
2510.83 
2.5 1 8. I O  
252.4 29 
2519.61 
2545.98 
2540.9: 

2535.61 

? S l " : W  

2483.27 
2488.14 
2490.M 

2491. 15 
2462.65 
2479.78 
2'662.18 

2:1::1.62 

2371.43 
2389.97 
2381.83 
2374.52 

.. .~ 

b': ( C m - ' )  

0.0 

415.9 
704.0 

.4 I 5 0 
704.0 
888.1 
888.1 
978.1 

704.0 

0.0 

415.9 
704.0 

0.0 
415.9 
704.0 
888 I 
415.9 
704.0 
888.1 
9 :n. I 

415.9 

0.(! 

415.9 
704.0 
888.1 

0 .0 
704.0 
415.9 

415.9 
704.0 
704.0 
888.1 
978.1 

I.', (ern-') 
- .~ 

36767 

37158 
37410 
36767 
37 158 
37410 
37158 
37410 

33078 

:3952tI 

39970 
40231 
39970 
4023 I 

20205 
.10?91 
396% 
39970 
602'(1 

40.10.5 

10207 

HI257 
40594 
40542 

41018 
40594 
41018 
41018 

425:{3 

42SR3 

43079 

42860 

u a 6 o  

- - 
R. 

9 

5 

5 
a 
3 

I 

5 

9 

5 
9 

, 
> 
3 

5 
3 

1 

9 

> 
3 

9 
5 

5 
5 
3 
I 

- - 
Ki 

5 
3 

5 
.< 

3 

, 

, 

5 

9 

5 

5 
3 

I 
9 

> 
3 

I I  

9 

5 
9 
5 
> 

5 

5 

3 

A,, (10" L 

1.4 
1.1 
0.64 
0.39 
0.63 
0.85 
0.20 
0.35 

0.015 

2.9 
1 9  
0.98 
0 68 
I . 3  
I .9 

3.4 
0.36 
0.67 
0.92 
0.97 

0 . 0 2 ;  

4 9 
4.7 

3.8 
3.0 
0.58 
1.8 
0.15 

0.067 
0.052 
0 050 
0.054 
0.29 

0.12 
0.081. 
0.043 
0 042 
0.071 
0.095 
O.G:M 
0 I? 

0.001 6 

O."H 
0.18 
0.09.1 
0.050 

0.053 
0.1 1 
0.1! 
0 045 

0.091 
0 1 5  
0.28 

1).(IO25 

0.5t, 

0.56 
0.49 
0.4; 
0.053 

0.1: 
0.0099 

0 00.57 
11.004? 
0.0060 
0,007 6 
0.071. 

~ ~~ 

~~ .~ 

s (at. ".) 

9.6 
5.3 
I .9 
2.8 
3.2 
2.6 

1 .0 

1 . 1  

0.067 

" I  
IO 
:1.9 
3.7 

i. I 
4.5 

2.7 
2.7 
:1.8 
3.; 
2 1. 

0 .  I5 

41 
3% 
20 

12 
3.9 
6.9 
0.56 

0.31 
0.17 
0.24 

0.18 
0.58 

. . . . . . . . . . . 
~ .... ~~ .... 

!os gf 

0.03 
.- 0.23 

-0.61 
-0.51 
--0.45 
-0.55 
-0.94 
-0.92 

- 2 . 1 1  

0 40 
0.10 

-0.33 
-0.35 

-0.21 
-0.27 

~ 0.50 
-. 0.34 
-0.35 
-0.55 

-0 49 

~ 1.75 

0.70 
0.59 
0.39 
0.15 

-0.42 
- -  0.07 
-1.16 

- -  1.40 
-~ 1 .6<1 

1.52 
- 1.64 
-1 .13 

c 
C 
C 
C 
C 
c 
c 
C 

c 

C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 

C 

C 
c 
c 
C 
C 
c 
C 

c 
c 
C 
c 
c 

Source 

6n 

6n 

6 n  

6n 
bn 
6n ,i 
hn 
Sn 

On 

6n 
6;1 

611 

6n 

6rr 

6 n 

6n 
6n 
On 

6 n  

6n 

6 n  

6n 
6n 
6n  

611 

6n 
6n 

6n 

6n 
6 n  

6n 

6n 

6n  
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-- 
NO. 

- ..... . .  

- ..... 

18. 

19. 

20. 

21. 

..... $7 

23. 

21. 

25. 

26. 

27. 

Milltiplet 

2276.03 
2287.25 
2294.41 

23 13.10 
2,309.110 
2301.68 

2 m . 3 6  

2259.51 
2272.03 

231):$.58 
2303 4 2  

22.50.79 

2300. 1 ~1 

2265.05 
22.59.28 
9292.52 

2267.08 

2228.17 

2 166.77 
2 191.84 
2196.04 
2200.72 

2191.20 

2176 84 

2132.02 
2 14s. I 9  
2153.01 
2161.58 

21.38..59 
217 1.30 
2173.21 

_.___ -. .. ... . . . . . . . 
t.;(vrn-') 

0 0  

888 I 
415.9 
7 l P . I )  

888.1 
978.1 

7o-i.n 

0.0 
415.9 
704.0 
888.1 
978.1 

0.0 

415.? 
415.9 
415.9 

415.9 

415.9 

0.0 

704.0 
888. I 
888. I 

978.1 

978.1 

0.0 

4159 
704.0 
888.1 

70.1 n 
888. I 

I_ ..____.... 

(cm- 
. . .. . . 

43923 
44411 
44459 
43499 
43923 
44184 
4441 1 

44214 
44415 
44166 
44285 
I.l.378' 
44415 

445.5 1 
4466.1 
4402.3 

44.5 1 2 

45282 

46 I J7 
463 I4 
4 6 4 l C  
'I63 14 

,1660 1 

26?02 

41rm 
47017 
47 136 
47136 

16745 
16745 
16889 

..... 

A 
- 

9 
5 
3 
7 
5 
3 
1 

9 
7 
5 
3 
1 
9 

I 
7 
7 

7 

7 

9 
5 
3 
3 

1 

I 

9 
7 
5 
3 

9 
5 
3 

..... ..... 

8 
__ 

7 
3 
I 
9 
7 
5 
3 

11 
9 

7 
5 
3 
9 

7 
5 
9 

5 

5 

7 
5 
3 
5 

3 

3 

9 
7 
5 
5 

7 
7 
5 

~. . . . . .. .......... -. . ..- 

A * , ( l d  s-l) 

0.17 
0.34 

0.6 I 
0.12 
0.14 
0.15 
0.13 

0.070 
0.038 
0.080 

0.076 

0.019 
0.094 

n 020 

0.013 
0.043 

n m i  

0.021 

2.7 
I .2 
1.2 
0.28 

0.073 

0.10 

0.076 
0.057 
0.069 
0.050 

0.028 

0.083 
0.051 

. . . . . . .- 

JL 

0.010 

0.016 
0.016 
0.0 13 
0.016 
0.020 
n.o:m 

0.0065 

0.0038 

0.0089 
0.010 
0.022 
0.0014 

o.onis 
7.0(--4) 
0.0043 

0.0039 

0.001 I 

0.1.5 
0.083 
0.086 
0 034 

0.016 

0.022 

0.0052 
0 .00~9  

o.no.t8 
0.0058 

).onis 
1.0050 
)009tJ 

s (at. u.) 

0 . ~ 8  

0 60 
0.36 

0.68 
0.59 
0.46 
0.23 

0.44 
0.20 

0.23 
0.34 

0.17 
0.095 

0.080 
n.mh 
0.23 

0.21 

0.057 

9.6 
3.0 
1.9 
0.74 

0.1 I 

0.16 

0.33 
0.19 
0.1: 
0.12 

0.095 

0.18 
0.21 

~ -. . . . .. . . . . . . . 

1% d 
.... 

- I .oa 
-1.10 
-1.32 
.-. 1 .e5 
.. 1.11 
-1.22 
-1.52 

---  1.23 
- - I  58 

-- I .35 
- 1.52 
- -  1 .65 
- 1.89 

- 1 .Y/ 
-2.31 
-1.52 

- -  1.56 

-2.11 

0.13 
---0.38 

-0.99 
-. n 59 

- -  1.80 

-1.06 

- -  1.33 
-- I .56 
.-- 1.62 
-- 1.76 

- 1.w 
~ I .60 
- 1.53 

Accuracy 

C 
C 
c 
C 
c 
C 
C 

c 
C 
c 
C 
C 
c 

C 
C 
C 

C 

C 

C 
c 
c 
c 

C 

C 

C 
C 
C 
C 

C 
c 
c 

Source 

6 n  

611 
6 n  

6" 

6" 
6 n  
( > I ,  

bn 

6 n  

611 

6n 
6 n  

611 

611 

h,Z 

61, 

hn 

6n 

6 n  

611 

h,l 

6 n  

hn 

6 n  

ha 
6rr 

611 

611 

611 

h18 
bn 
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ANSITION PROBABILITIES FOR IRON 
Fe 1. Allowrd liansitioo4-Conlirllld 

. . ..... _I.. . . . 

No. 
__ 

28 

29 

30 

31 

3 2 

3 3 

34 

3s 

. . . . . 

NA) 

2084. I2 
2 102.35 
2112.97 

1937.27 

1934.54 
1940.66 

7912.87 
$075.13 

6.358.69 
6280.63 
6498.95 
6574.24 

5956.iO 

5269.54 
5328.04 
537 1.49 
,5405.77 
5134.52 
5397.13 
5429.70 
5446.92 
5501.46 
5506.78 
5497.52 

5012.07 
5051.63 
5083.34 
5 107.45 
5123.72 
4939.69 
4994.13 
5079.74 
5127.36 
5 150.84 
5151.91 

0.0 
415.9 
978.1 

0.0 

0.0 
4 15.9 

6928 
7377 

6928 
6928 
7728 
7986 

6928 

6928 
7377 
7728 
7986 
815s 
7377 
7728 
7986 
7728 
7986 
8155 

6928 
7377 
7728 
1986 
8155 
6928 
7377 
7986 
7377 
7985 
8155 

. . . .- 

{.i(cIl-')  

47967 
47967 
48290 

5 1 6 1 9Y 

51692? 
51945? 

19562 
19757 

22650 
22846 
23111 
23192 

23711 

25900 
26 1 40 
263.40 
26479 
26550 
25900 
26 140 
26340 
25900 
26140 
26340 

26875 
27167 
27395 
27560 
27666 
27 I67 
27395 
27666 
26875 
27395 
27560 

... - 

8, - 

9 
7 
I 

9 

9 
, 

I I  
9 

1 1  
I I  
7 
5 

11 

11  
9 

5 
3 
9 
7 
5 
7 
5 
3 

I 

11 
9 
7 
5 
3 

I I  
9 
5 

9 
5 
3 

- - 
f i r  - 

7 
7 
3 

7 

7 
5 

9 
1 

13 
I I  

7 
5 

9 

9 
7 
5 
3 
I 
9 
7 
5 
9 
7 
5 

11 
9 
7 
5 
3 
9 

3 
1 1  
7 
5 

, 

'4,,(1OU s - I )  

0.37 
0.088 
0.19 

0.22 

0.25 
0.26 

1.68( - 6) 
1.27(-6) 

4.32(-6) 
6.31( --6) 
4.51(-6) 
3.3(-6) 

S. l% -6) 

0.0127 
0.0115 
0.0105 
0.0109 
0.0171 
0.00259 
0.00427 
0.0062 
3.2( - 4) 
5.0 1 (- 4) 
6.25( --. 4) 

5.50-4) 
4.66( -4) 
4.OM---4) 
4.19( - -4)  
7.24( - 4) 
1.3'2-4) 
3. I8( - 4) 
5.19( - 4) 
1.14( - ~ 4 )  
3.6(---4) 
2.39( --4) 

0.019 
0.0058 
0.038 

0.0095 

0.011 
0.010 

1.29( -6) 
9.63( -7) 

3.09( --6) 
3.73(--6) 
2.86( -6) 
2.1(-6) 

2.2q-6) 

0.00434 
0.00380 
0.00324 
0.00286 
0.00252 
0.001 13 
0.00189 

1.9(-4) 
3. I 9( - 4) 
4.72(-4) 

0.0028 

2.07( -4) 
I .78( --4) 
1.57(-4) 
1.64( - 4) 
2.85(-4) 
4.16(-5) 
9 2q-5) 
I .2 I (  - 4) 
S.48( -5) 
2.0-4) 
I .59( - 4) 

S (at. u.) 

I .2 
0.28 
0.26 

0.54 

0.64 
0.46 

3.7q-4) 
2.3q --4) 

7.13( -4) 
8.48(-4) 
4.28( -4) 
2.3(-4) 

4.87( -4) 

0.828 
0.600 
0.400 
0.255 
0.135 
0.181 
0.236 
0.25 

0.024 
0.0285 
0.0256 

0.0376 
0.0267 
0.0184 
0.0138 
0.0144 
0.00743 
0.0137 
0.0101 
0.00832 
0.017 
0.00808 

__ 
1% d 

--0.77 
- 1.39 
- 1.42 

-1.07 

- I .00 
-1.14 

-4.848 
--5.062 

-4.468 
-4.387 
-4.699 
-4.97 

-4.605 

-1.321 
- 1.466 
- I .64S 
- -  1.844 
-2.122 
- 1.993 
- 1.879 
-- 1.86 
- 2.88 
-2.797 
-2.849 

--2.642 
-2.795 
-2.958 
-3.087 
-3.068 
-3.340 
-3.080 
-3.220 
-3.307 
-3.00 
-3.322 

. ...... . . . . .. . 

Accuracy 

C 
C 
C 

C 

C 
C 

B +  
B +  

B+ 
Bf 
B +  
C 

B+ 

B+ 
B-1- 
E+ 
B +  
Bf 
B i- 
B +  
C 
C 
B+ 
E+ 

B+ 
B-t- 
B+ 
B+ 
E+ 
E t- 
E +  
B i- 
B+ 
C 
B+ 

Source 

6 n  

6 n  

6n 

6 n  

6 n  

6n 

3 
3 

3 
3 
3 
5n 

3 

3 
3 
3 
3 
3 
3 
3 
4n 
4n 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
4n 
3 
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31307 
31805 
31307 
31805 
32134 

FUHR ET AL. 

I I  9 2.9q-4) 6.02(-: 
9 7 3.1(---5) 6.1(-6) 
9 9 3.72(-4) 9.72(-: 
7 7 3.24(-4) 8.37(-: 
5 S 1.83(--4) 4.70(-5 

B+ 
C 
B +  
B+ 
B+ 

B+ 
B+ 
C 
Bf 

B+ 
B+ 
B+ 
B+ 
U +  
B+ 
B+ 
B+ 
R+ 
B+ 
B+ 

B+ 

U +  
B+ 
U+ 
B+ 
B+ 
B+ 
B+ 
B+ 
B+ 
B+ 
B+ 
B+ 
B+ 

3 
Sn 
3 
3 
3 

3 
3 
5n 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

9.8(--5) 
5.97(-6) 

0 0067 
5.83(-4) 

0.193 

0.189 
0.161 

83.3 

25.5 
17.9 9 

11 

9 

I 5  
' 3  

~3 
I 3  

7 7  
5 5  
3 3  

9 
9 7  
7 5  
5 3  

11 
7 9  
5 7  
3 5  

7 5  
3 
1 

5 5  
3 
5 

0 764 

0.544 
0 640 
0.0801 
0.156 
0 225 
0.260 
0.0323 
0.0732 
0.115 
0.129 

0.0792 
0.0268 
0.0277 
0.0166 
0.00624 

0.116 
0.136 
0.0134 
0.0251 
0.0334 
0.0528 
0.00855 
0.0204 
0.0347 
0.0461 

0.0123 
0.00347 
0.00199 
0.00369 
0.00136 

B+ 
B+ 
B+ 
B+ 
B+ 
c 

3 

3 
3 
3 

25 
4n .5n 

No. 1 Multiplet 1 A&) 
_I 

36. a "F - : "F0 

6928 
7377 
7377 
7728 
7986 

0.00894 
7.4 - 4) 
0.0120 
0.00801 
0.00320 

-3.179 
-4.26 
- 3.058 
-3.232 
-3.629 

4100.74 
4092.46 
4177.59 
4152.17 
4139.93 

37. 

-2.969 
-3.074 
-3.31 
-4.379 

4174.91 
4172.74 
4173.92 
4237.07 

7377 
7728 
7986 
7728 

3 1937 
3 I323 

5 
7 

3 

7 
6.3( -4) 
2 . Z - 5 )  

38. 

3820.43 
3825.88 
3834.22 
3840.44 
3849.96 
3887.05 
3878.02 
3872.50 
3865.52 
3940.88 
391 7.18 

6928 
7377 
7728 
7986 
8155 
7377 
7728 
7986 
8155 
7728 
7986 

33096 
33507 
33802 
34017 
34 I22 
33096 
33507 
33802 
34017 
33096 
33507 

I 1  
9 
7 
5 
3 
9 
7 
5 
3 
7 
5 

9 
7 
5 
3 
1 
9 
7 
5 
3 
9 
7 

0.668 
0.598 
0.453 
0.470 
0.606 
0.0352 
0.0772 
0.105 
0,155 
0.00120 
0 . 0 o m  

0.914 

0.120 
0.102 
0.0713 
0.0624 
0.0449 
0.00798 
0.0174 
0.0236 
0.0347 

0.00140 
3.5%-41 

16.5 
11.6 
6.30 
3.94 
1.71 
0,919 
I .56 
1.50 
1.33 
0.0326 
0.0902 

0.119 
-0.037 
-0.302 
-0.506 
-0.87 1 
-1.144 
-0.914 
-0.928 
-0.982 
-2.600 
-2.155 

35 35 0.829 39. 3 750.2 7 160 31118 

3734.86 
3749.48 
3758.23 
3763.79 
3767.19 
3687.46 
3709.25 
3727.62 
3743.36 
3798.51 
3799.55 
3795.00 
3787.88 

6928 
7377 
7728 
7986 
8155 
6928 
1377 
7728 
7986 
7317 
7728 
7986 
8155 

33695 
34040 
34329 
31547 
34692 
34040 
34329 
34547 
34692 
33695 
34040 
34329 
34547 

11 
9 

0.317 
0.161 

-0.027 
-0.238 
-0.389 
-0.833 
-0.646 
-0.631 
-0.785 
-1.114 
-0.8116 
-0.761 
--0.859 

11.6 
7.16 
5.06 
1.78 
2.76 
2.87 
2.02 
0.962 
1.78 
2.17 
1.73 

40. 

38 12.96 
3790.09 
3786.68 
3850.82 
3814.59 
3876.04 

7728 
7986 
8155 
7986 
8155 
8155 

33947 
34363 
34556 
33947 
34363 
33947 

I .08 
0 216 
0.0743 
0.234 
0.0513 
0.024 

- 1.064 
-1.761 
--2.225 
-1.734 
-2.389 
-2.72 

...-.. 
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0.00 
-0.100 
--2.115 
-1.lR7 
-0.7h 
---0 80 
-2.66 

-1.159 
-2.92 

0.153 
-0.18 

T ~ A ~ ~ I T I ~ N  PROBABILITIES FOR PHON 

c+ 
B +  
B+ 
B-I- 
c 
c 4 
c 

B I- 
D 
B t 
C t  

n t h  
-0  66 

- 0 8 5  

1 0 I  
- 1  13 
-!14 
! 79 

- I  27 
I 1 9  
I 40 

- 0 0 2  

C +  
r+ 
c+ 
C 
C 
c 
C 
c 
c 
C 

C 

7 
5 

7 

11 

5 

3 

3 

7 

0.15 
0 .13  

00 ' ; ;  

0.035 

O.ili7 

0.18  

0.10 

o.06J<> 

.............. 

S(a t .  11.) 

................. 

:15111.19 
3tl47.84 

3631.10 
3618.77 
:i608.86 
3589.1 I 
3585.71 
3585.32 
3586.98 
354.0.71 

6928 
7377 
7148 
7986 
8155 
6928 
7377 
7728 
798ll 

7377 

I 1  
9 

5 
3 

1 1  
9 

< 

13 
11 
9 
I 

5 
11 
9 

5 
i 

1.02 
0.292 
0.517 
0.73 
0.814 
O.n(!wl 
0.0Ri3 
0.13 
0.17 
o.oni7 

.'30.0 

11 0 
12 

7.68 

9.44 

0.767 

2 1  
1 .9 
0.02(, 

0.090, 

3 
3 
3 
4n ,611 

3 
3 
3 
bn 
4 n  b n  
5 n  

5 

42. 

6928 
, 3 <  I 
7377 
1 / 2 8  

7 -- 
--. 

0 80' 
n.01 t 

16 7 
7 8  

3 
12'i 
3 
J n  

4:1. 

11 . 

3336.98 
3417.27 

37158 2 . q  - 4) 0.023 

0.0041 
I 2 n  

12n 3 3 

:$057.45 

3067.24 
3075.72 

3083.74 
3091.58 
3100.67 
3134.1 1 

5 .7 

3.5 

2 . 2  
1.5 

I .7 
0.20 

n.on 

4n 
4', 
4n 
4n 

I n  

4 n  

4r 

0. 4: I).(Ji 1 

o.:io 0 1131 

0.64 0.010 
0.16 0.023 
0.01 1 0.0027 

0 .15 n m )  

0.35 n.mo 

7728 

7728 
39970 
3964h 

(I  "F - x ?I.'' 
(30) 

45. 

2999.51 
3009.5: 

:IllZ(l.4fl 

2987.29 

3010.43 
30fI.2.06 
3012.02 

3018.9~ 

m i  63 

30 1 I R 

3.4 

2 2  
1 .z 
0.91 
(?.71 
0.71 

0:40 
0 .% 
0.65 
0.  bo 

46. 

2788 1 0  13 I 0.63 8.8 bn 
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. . . . .. .. . . . . .. . . . . 

Miiltiplet 

47. ,I "F - i i i  ?io 

(uv 44) 

48. (I 'F - " F O  

49. f, <F - x 

(uv 52) 

.......... .- 

2733.W 
2735.48 

2079 06 

2584.54 
3hM.83 
2623.53 
26 18.02 

2277.1 1 

5270.36 
5341.02 

4733.59 
4738.73 

4602.94 
4680.29 
4531.15 
4592.65 
4632.91 
4547.02 
m n o o  

4674.6s 
4765.48 

FUHR ET AL. 

7 17 
7 

6 n ,  7 
7 
7 
7 

611 

S n  

5n  

4 R  

4n 
9 

4n 
5n 

4n 
1 4 ~  

Sn 

Sn 
Sn 
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6, 
. . 

9 
7 
5 
9 
7 
5 
9 

21 

TRANSITION PRQBARII,ITZES FOR IRON 

gr .4r.(10ns-L) 

I 1  0.46 
9 0.25 
7 0.13 
9 0.037 
7 0.012 
5 0.0018 
7 2.9(--4) 

27 0.41 

Fe I :  Allowed Imneitioni-Cnotinued 

0.16 
0.094 
0.053 
o.oio 
0.0035 
5.3(-4) 
6.1( --S) 

0.14 

.. ... . .. . 

NO. 

21 
9.6 
3.8 
1.3 
0.35 

0.038 
0.0077 

43 

9 
7 
5 
9 
7 
9 

I1 0.25 
9 0.35 
7 0.51 
9 0.11 
7 0.11 
7 0.0059 

0.082 
0.12 
0.20 
0.030 
0.029 
0.0012 

10 
12 
14 
3.7 
2.9 
0.15 

11976 
12561 
12969 
11976 
12561 
12561 
12969 

36686 9 
37163 7 
37521 5 
37163 9 
37521 7 
36686 7 
37163 5 

11976 

I2107 

36767 9 7 0.0025 1 4.7( - 4) I 0.057 

18507 21 15 1 

11976 
12561 
12969 
12561 
12969 

38175 9 7 1.3 0 22 25 
35678 7 5 1.1 0.18 16 
38996 5 3 1.4 0.18 12 
38175 7 7 0.24 0.054 4.9 
38678 5 5 0.27 I 0.060 3.9 

12969 41131 

12969 45552 

3 0.0060 6.8(-4) 0.040 

0.49 .5 i 0.12 0.0098 

. . . . . . . . __-_ ____ 
Accuracy L(cm-')  Source Q (cm-I) 

58. 

I1976 
12561 
I2969 
11976 
12561 
12969 
11976 

34752 
35257 
35612 
35257 
35612 
35856 
35612 

Ct 
Ct 
C+ 
C 
C 
C 
C 

4n 
4n 
4n 
4n 
4n 
5n 
5n 

4383.54 
4404.75 
4415.12 
4294.12 
4337.05 
4367.90 

0.16 
--0.18 
-0.58 
- 1.04 
-1.61 
-2.58 
-3.26 

0.48 I 59. I2107 D 4n .9.13n ( I  'F - : ''Go 
(42) 

n 'F - Y 'Fo 
(43) 

11976 
12561 
I2969 
11976 
12561 
11976 

35379 
35768 
36079 
35768 
36079 
36079 

D... 

C +  
C +  
D 
D- 
C 

1311 
4n 
4n 
9 

13n 
4n 

427 1.76 
4307.90 
4325.76 
4202.03 
4250.79 
4147.67 

1057.8 

-0.13 
-0.06 

0.00 

-0.57 
-0.69 
-1.97 

0.71 60. C - t  4n,13n 

0.22 1 
0.08 

9 

5 
7 

' 9  
7 

, 

I S  

0.75 
0.69 
0.80 
0.24 
0.22 
0.16 
0.13 

0.18 
0.17 
0.20 
0.043 
0.038 
0.052 
0.047 

22 
16 
13 
5.1 
3.5 

5.0 
3.2 

C +  
C +  
C +  
C +  
C f  
C+ 
D- 

4n 
4n 
4n 
4n 
4n 
4n 

13n 

4045.81 
4063.59 
4071.74 
3969.26 
4005.24 
4143.87 
4 132.06 

4032.63 

.3H.10..1 

3815.84 
3827.82 
3841 .OS 
3902.95 

3888.51 
3966.06 

0.00 

-0.41 
-0.57 
-0.44 
-0.63 

-2.37 

0.69 

0.30 
0.09 

-0.04 
-0.42 
-0.52 
-1.56 

-2.88 
-3.17 
-2.53 

61. 

62. 

I I  
C 

C +  

5n 

4n  .5n ,6n l o ' 2 3  I 62 

.5 

I i l l  
C t  
C+ 
C +  
c t- 
C +  
C 

4n ,6n 
4n 
4n 
4n 
4n 
4n.5n I2969 38175 0.017 0.0055 0.36 5 

6.3. 

64. 

I I976 
I2969 
1 I976 

39626 
40231 
39970 

z ,  
9 

7.5(-4) 
6.7( .--4) 
0.0022 

1.5(-4) 
1.q-4) 
3 3 - 4 )  

0.016 
0.0082 
0.035 

C 
C 
C 

Sn 
5n 
5n 

361.5.66 
3666.94 
357 I .22 7 5 1  

40591 
41018 
40842 
41018 

9.2( - -4 )  
0.0016 
0.00 I I 
0.0037 

1.7( --4) 
3 .0-4)  

5.0-4) 
1.3-4) 

0.01 7 
0.018 
0.015 
0.040 

5n 
5n 

1211 
5n 
5n 

3493.28 
3564. I I 
3463.30 
3513.05 

-2.82 
-2.82 
- 2.87 
-2.46 

hS. 

-1.31 I I 3068.17 C 4n 
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____ .- 

NO. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

Multiplet 

2920.69 

6430.85 

6151.62 
6173.34 

6297.ao 

6062.89 
5892.80 

601 2.2 1 
6163.56 
6082.72 
6240.66 

5224.30 
5143.73 

5202 34 
5145.09 
5 198.7 I 

477 I .70 
4745.13 
48 17.77 

4528.fJl 
4494.56 
4459.12 
4442.34 
4447.72 
4407.71 
4408.41 
4430.61 

4447.13 
4518.58 
4478.04 
4442.83 

12969 

17550 
17927 
17550 
17927 

17550 
17727 

17927 
17727 
17927 
17927 

I7550 
17727 

17550 
17727 
17927 

17727 
17927 
17927 

17550 
17727 
17550 
17727 
17927 
17550 
17727 
17927 

17727 
17927 
17727 
17550 

47 197 

33096 
33802 
33802 
34122 

34040 
34692 

34556 
33947 
34.363 
33947 

36686 
37163 

36767 
37158 
37158 

38678 
38996 
38678 

39626 
39970 
39970 
40231 
40405 
40231 
40405 
4049 1 

40207 

40052 
4ocm 

40052 

- - 
8. 

5 

7 
3 
7 
3 

7 
5 

3 
5 
3 
3 

7 
5 

7 
5 
3 

5 
3 
3 

7 
5 
7 
5 
3 
7 
5 
3 

5 
3 
5 
7 

- 
m - 

5 

9 
5 
5 
1 

9 
3 

I 
5 
3 
5 

9 
7 

7 
5 
5 

5 
3 
5 

9 
7 
7 
5 
3 
5 
3 
1 

7 
5 
5 
5 

A,, ( in '  s - ' )  

0.061 

0.0017 
5.6(--4) 
1.q -4) 
0.00 18 

I .7( -5 )  
7.0--5) 

I .5( - 4) 
6.0( - 5 )  

I . 5 (  -4) 
l.S(-4) 

2.7(-5) 
6.y-5) 

0.0097 
3 5 - 4 )  
0.0039 

I. l(-4) 
7.8(-5) 
2.0(-4) 

0.063 
0.035 
0.028 
0.047 
0.063 
0.0097 
0.026 
0.1 1 

0.0015 
8.8( --5) 
1.6(-4) 
0.0019 

0.0078 

0.0015 
5 s - 4 )  
6.q-5) 
3 . q - q  

1.2( -5) 
2 2 - 5 )  

2.7(-5) 

8.4( -5)  
I .5( - 4) 

3.4( --5) 

1.q-5) 
3.a(-5) 

0.0039 
1.4+ 4) 
0.0026 

3.6( -5) 
2.6(-5) 
1.2(-4) 

0.025 
o.015 

0.01 4 

0.0084 

0.019 
0.0020 

0.010 
0.00~16 

6.q-4) 
4 3  .-5) 
4.7(-5) 
4.q-4) 

0.37 

0.20 
0.034 
0.0090 
0.021 

0.0017 
0.0021 

0.0016 
0.0034 
0.0050 
0.0090 

0.00 17 
0.0032 

0.47 
0.012 
0.14 

0.0029 
0.0012 
0.0055 

2.6 
1.1 
0.86 
1 .0 
0.82 
0.20 
0.33 
0.45 

0.044 
o.oo2n 
0.0035 

. 0.041 

- 1.41 

-2.02 
-2.78 
-3.35 
---2.99 

--4.07 
-3.96 

-4.09 
-3.77 
--3.60 
-3.36 

-4.01 
-3.72 

-1.56 
-3.16 
-2.10 

--3.74 
-4.10 
-3.46 

-0.76 
-1.12 
-1.23 
- 1.16 
-- 1.25 
- I .85 
- 1.64 
--1.51 

-2.52 
- 3.87 
-3.63 
--2.55 

Acruracy 

C 

D- 
C 
C 
C 

C 
C 

c 
c 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

c t  
C 
c 
c 
C 
C 
c 
D 

C 
C 
C 
C 

Source 

4n 

14n 

5n 
5n 
5" 

5n 
5n 

5n 
5n 
5~ 
511 

511 
5n 

4n 
5n 
4n 

5n 
5n 

5n 

4n 
4n ,5,, 
4n 
4n 
4n 

4n 
9 

411 

5n 
5" 
5n 
5 n  



76. 

_-  , , .  

78.  

4338.26 

4292.1.3 
4292.29 

1.70;. / 

4282.40 

4315.08 
4352.73 

.I'M8 2 

4001 66 

3977.74 

3974.7: 
,3949.95 
3943.3.4 
4o.m I 8 
4009.7 I 

3 8,5 2.57 
3816.34 
3807.54 
3778.70 
377 L.82 
37.5,7 b l  

3746.49 
3768.03 

,'378 I .  19 
3792.83 
3756.07 

3739.32 

1 365266 

fi,', (rnr-') 
. . . . . - ., 

17,550 

17550 
I7727 

I 708 / 

17550 

17727 
17927 

/;ha 1 

17550 

I 7 7 2 7  
I7927 
17.550 
I7727 
17727 
17927 

17550 

17727 

17927 
1772: 
1792; 
17550 
IT727 
I7927 

I7727 

1792, 
1x511 
I7550 

17550 
17927 
17550 

I i72i 
I7927 

1772: 

17727 
17927 

40594 
, m i 2  
,11018 

40895 

40895 
40895 
$0895 

127.5 / 

.4253:3 
42860 

43079 
42R60 
43079 

49533 

42860 

43499 
43923 
44 I84 

44 I84 
,4441 I 
44184 
1.1 '1.1 1 
441.59 

'I-l-lbh 
44285 
4s 1 66 
1.$'85 

,44023 

146 64 

42664 

,445 I 2  
44512 

1.5282 
4 5 i i 2 
45282 

7 1  9 

5 

1 5 

I 

5 

3 

15 

5 
3 

7 

5 
5 
3 

, 
1 

1 
5 
3 

5 
3 

3 

I 

:i 
I 

> 
3 

1 

3 

3 

5 

5 
5 
5 

I S  

5 
3 
5 
3 

1 

9 

5 
5 
3 

5 

3 

1 

5 

5 

9 
5 
5 

1 

5 

5 

3 
> 

7 . 7 - 4 )  
5 s - 4 )  
0.0014 

0.26 

0.13 
0.090 
0.045 

0.081 

0 0092 

0 082 
n.0042 

n . o m  
0.0092 
0.003 4 

0.062 

0.034 

0.027 

0.010 
0.061 
0.11 
0.01'3 
0.098 

0 097 

0.0094 

0.0040 
0.0065 
0.0054 

0.0 I 7  

0 00; I 
0.028 

o.zi 
0.0s; 

0.0061 
o.on.37 
o.001 7 

__ 
h 

2.8(-4) 
1.5( - 4) 
3 . 9 -  1) 

0.024 

0.025 
0 025 
o.m 

0.019 

o.oo2z 
0.020 
9.8( - ~ 4 )  
0.0 12 

0.00 I3 
0.00 I2 
0.02s 

0.0097 

0.0081 
o 03s 

0.0022 
0.013 
0.017 
0 00 I 7 

n.oo:o 

1).0028 
0.00 1s 
0.00 I4 
n.o( - 4) 

0.0048 
0.0025 
0.0040 

0.059 
0.020 

0.0012 
4.31-4) 
5 , s -  4) 

S(a t .  u.) 

0.028 
0.015 
0.028 

5.2 

2.5 
I .a 
0.93 

3.8 

0.20 
I 3 
0.039 

1.1 
0.084 
0.076 

0.9R 

0.86 

0.5 I 
1 .:3 

0.14 
0.48 
I .5 
0.10 
0 26 

0.18 
0.055 
0.12 
0.069 

0.42 

0.09 1 
0.34 

3.6 
0.75 

0.072 

0.025 
0.020 

1% d 

-2.71 
-2.97 
-2.71 

-0.44 

-0 76 
-0.90 

-1.19 

--. 0.51 

- 1.81 
--1.01 
- 2.53 
- I .09 
-2.19 
-2.24 
-1.13 

-1.1: 
- 1.39 
- -  0.98 

- 1.96 
-1.41 

-2.08 
- 1.68 

0.92 

- I .85 

- - 2  36 

-2.25 
-2 02 

- -1 .$7 
-2.13 
- 1.55 

---0.5:3 
- 1.22 

-2 .22 
-2.67 

-2.78 

4ccurary 
- 

C 
C 
C 

C+ 

C +  
CS 
c 

C 

C 
C 
C 
C 

C 

C 
c 

C 
C 
C t  
C 
C 
C +  
C 
C 

C 
C 
c 
c 

C 
C 
C 

C +  
C 

C 
C 
C 

Souace 

5 n  

5" 
5 n  

Sn .Sn 

4n  .5n 

4n 
4n 

4n .Sn 

4" ,sn 

4n  

5n 
5" 

sn 
5 n  

4n 

4n 

5" 
4 n 5 n  

4 n . h  

4n,5n 

5n 

5" 

SR 

5" 

5" 
5n 
5,! 

4n ,Sn 
5 n  
5n 

4" 
4n ,sn  

5 n  

S l l  

5n 
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__ __ 
Nu. 

~ 

a:$. 

8.1 

8.5. 

86. 

87 

88. 

89. 

90 

91. 

___.... 
NA, 

. .. -... ...-.. 

3497.10 
3409.87 
3485.34 
3518.32 
3521.84 

3462.35 

3477.85 
3447.28 
3450.33 

3427.12 

3372 07 
3 .m.98  

3407.46 
3413.13 
3392.65 
3399.33 
3417.84 
3394.58 
3418.51 

3424.28 
3428.19 
3445.15 

3:W:LO 

3258. i 3 
3257 55 

3284.59 
3'292.59 
3265.62 

3305.97 
3306.36 

3271 .on 

. .. . .. . . . . . . . .. . .. .. 
<, (cm-' 

17551) 
I7927 
I7727 
17727 
17927 

17727 

17927 
17727 
17927 

17550 
17550 
17550 

I :550 

I7727 
17550 
1 i727 
17927 
17727 
17027 

175511 
17727 
17727 

17.550 

17927 
17550 

17727 
17927 
17550 
17727 
17727 
17927 

$6137 
1.64 10 

$6137 
t6314 

:ti410 

2660 I 

1.667 7 
46727 
46902 

46721 

47091 
47 197 

40889 
47017 

47017 
47136 
47177 
47177 
47171 

1.6745 
46889 
46745 

47 I06 

48219 
18239 

48163 
48290 

48270 
47967 
48161 

48163 

..... .._.. 

R. 
___ 

7 
3 
5 
5 
3 

5 

3 
5 
3 

7 

7 
7 

5 

5 
3 

5 
3 

7 
5 
5 

7 

3 
7 

5 
3 
7 
5 
5 
3 

..... - 
FA 

7 
3 
3 

7 
5 

3 

I 
5 
3 

9 
7 
5 

9 
7 

5 
3 
3 
I 

, 

5 
7 

9 

5 
5 

5 
3 
5 
3 
7 
5 

....... .......... 

.li,(1OU s - I )  

._.I__ 

0.15 
0.018 

0 0073 
0.11 

0.16 

0.013 

0.039 
0.11 
0.24 

0.56 

0.1 I 
0.0W3 

0 60 

0.37 
0.26 
0.39 
0.52 

0.12 
1.3 

0.21 
0.22 
0.28 

0.0085 

0.095 
0.15 

0.063 
0.31 
0.39 
0.67 
0.48 
0.66 

D.nz7 
0.0033 
0.017 
0.00i9 
n.025 

n 0014 

n.oo2,t 
0.0 I9 
0.043 

0.13 
0.019 
0.0011 

0.13 
0.089 

0.068 
0.092 
0.012 
0.078 

an45 

0.037 
0.038 
0.071 

0.0019 

n 026 

0.01: 

0.010 
0.050 
0.044 

0.1 I 
0.18 

0.065 

.?(at. 11.) 

2.1 
0.12 
1 .0 

0.11 
1.2 

0.088 

Q.081 
1.1 
1 .s 

i n  

0.088 

1.5 

10 
5.0 
3.5 
3.8 
3.1 

2.6 

0.67 

2.9 
2.2 
4.0 

0.15 

0.84 
I .3 

0.55 
I .6 

3.3 
3.5 
6.0 
5.8 

__ 
l_l 

1% d 
........ ... . 

-0.73 
---2.00 
- I .06 

-2.02 
-0.98 

--2.14 

-2.15 
- I .02 
--om 

--0.0.5 

-0.88 
-2.10 

-0.03 
-0.35 

- -. 0 .so 
-0.47 
-0.56 
-- 1.22 
- O . M  

-0.59 

- 0.15 
-0.72 

-1.88 

-1 .11  
-0.92 

-1.29 
-0.82 
.- 0.51 

-0.26 
- - O X  

4 . 4 9  

C4- 
C 
C 
c 
C i- 

D 

D 
C 
C +  

C +  
c+ 
D 

cc 
C-1 
C +  
C L  
C -t 
C 
C+ 

C -k 
c-t 
C+ 

D 

C 
D- 

C 
C +  
C+ 
Ct 
C t  
D- 

SOWtt? 
. . . . . . . . 

4n 
5n 

I n  

511 

4n 

1211 

1211 
4 n 
4 n  

4n 
4n 

12n 

4" 
4n 
4n 
4n 
4" 
4n 
4" 

4n 
4, 
4n 

I 2n  

4n 
I ln 

4.n 
4 n 

.In 

.In 

4n 

1 In 



~ ~ 

No. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 

100. 

101. 

102. 

Multiplet 

- -. 

A(A) 

3246.91 
3268.2: 
3290.95 

6608.03 
7016.08 
648 1 .8a 

6421.35 
6750.15 
6254.26 

5322.04 

5436.59 
5253.03 

5049.82 
4924.77 
$848.90 

1630.12 
$834.51 
1574.72 
$794.36 

L439.88 

1249.32 

,913.63 
,058.75 
,101.68 

981.11 

F-36 
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. . . . . . . . . . . . . . .- 

fix; (cm-' 
~ 

17727 
17927 
17927 

18378 
19552 
I8378 

18378 
19552 
18378 

18378 

18378 
18378 

38378 
I8378 
18378 

18378 
19552 
18378 
19552 

18378 

:9552 

8378 
9552 
!0038 

9552 

-~ 

?, (cm- 
~ 

485 I 6  
48516 
48305 

"3507 
33802 
33802 

33947 
34363 
34363 

17163 

36767 
37410 

18175 
18678 
18996 

89970 
,0231 
,0231 
,0405 

0895 

3079 

3923 
4184 
441 I 

1661 

.... - 

.K 
- 

5 

3 
5 

5 
3 
5 

5 

5 
5 

5 
5 
5 

5 
3 
5 
3 

5 

3 

5 
3 
1 

3 

~ 

,K 
- 

f 

5 
5 

5 
3 
3 

1 

7 
3 

, 
5 
3 

7 

5 
5 
3 

5 

3 

7 
5 
3 

5 

0.1 1 
0.055 
0.071 

2.4( - 5) 
2.q-4) 
3.2( -4) 

0.0036 
0.001 3 
0.0019 

3.7(-4) 

1 .S( - 4) 
1 . I (  -- 4) 

0.017 
0.0039 
4.4(-4) 

0.0013 
2.6(--4) 
a.q-41 
l .q-4) 

9.1( -4) 

0.0010 

0.017 
0.0083 
0.0040 

0.001 1 

~ 
~ 

JL 

.~ ...... 

0.010 
0.0088 
0.019 

2.2( - 51 
2.4(-4) 
2 . q  --4) 

0.0022 
9.2( - -4)  
6.W-4) 

2.2( -4) 

9.q - 5) 
2.7(-5) 

0.0039 

9.4( ~- 5) 
0.0014 

5.q-4) 
1 5 - 4 )  
2.5( - -4) 
3 5 - 5 )  

2.7(--4) 

1.8( - 4) 

).0055 
).0034 
).0030 

1.4(-4) 

.S(at. u.) 

0.54 
0.28 
0.62 

0.0024 

0.017 
0.022 

0.24 
0.061 
0.070 

0.019 

0.0086 
0.0023 

0.74 
0.11 
0.0075 

0.045 
0.0073 
0.019 
0.0017 

0.020 

0.012 

0.35 
0.14 
0.041 

0.017 

.- 1.30 
-1.58 
-1.24 

-3.96 
-3.14 
-2.99 

- 1.95 
-2.56 
-- 2.47 

-2.96 

-3.32 
-3.87 

~~ 1.35 
-2.15 
-3.33 

---2.53 
-3.34 
-2.90 
--3.98 

-2.87 

-3.07 

-1.56 
-1.99 
-2.52 

-2 .RX 

Accuracj 

E 
D 
C 

C 
C 
C 

D- 
C 
C 

C 

C 
C 

C 
D 
C 

C 
C 
C 
C 

C 

C 

C 
C 
C 

C 

Sollrce 
............ ~ .... 

I I n  
12n 
4n 

5n 
5 n  

5n 

14n 
5 n  

5n 

5n 

5n 
5n 

4n 
I On 
5n 

5n 

5n 
5n  

5n 

511 

5" 

4n .5n 

4n 
4n 

5n 
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..... 

103. 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

Multiplet 

3724.38 
3885.51 
3715.91 
3845.17 

3578.67 
3566.31 

3504.86 
3686.26 
3678.86 

3616.32 

362'1.31 

3524.24 
3657.14 
3670.81 
3506.50 

3347.93 

3317.12 
3510.44 

3053.07 

2954.65 

2894.50 
2899.42 
2996.39 

I.'; (rm-') 

18378 
19552 
18378 
195.52 

18378 
18378 

18378 
19552 
19552 

19552 

19552 

18378 
19552 
20038 
18378 

18378 

18378 
20038 

19552 

18378 

18378 
18378 
19552 

.. .. ... . .. . . . 
K,(cm-') 

45221 
45282 
45282 
45552 

46314 
46410 

46902 
46673 
46727 

47197 

47 136 

46745 
46889 
47272 
46889 

48239 

48516 
48516 

52297 

52213 

52916 
52858 
52916 

- __ 
d __ 

5 
3 
5 
3 

5 
5 

5 
3 
3 

3 

3 

5 
3 
1 
5 

5 

5 
1 

3 

5 

5 
5 
3 

__ - 
8. 

7 
5 
5 
3 

5 
3 

3 
I 
5 

5 

5 

7 
5 
3 
5 

5 

3 
3 

5 

7 

5 
3 
5 

0.13 
0.069 
0.037 
0.085 

0.019 
0.034 

0.020 
0.14 
0.047 

0.0085 

0.012 

0.051 
0.013 
0.026 
0.086 

0.047 

0.033 
0.052 

0.18 

0.12 

0.63 
0.61 
0.19 

b 
. . ... .. . .. .. . 

0.037 
0.026 
0.0076 
0.019 

0.0036 
0.0039 

0,0022 
0.0094 
0.016 

0.0028 

0.0040 

0.013 
0.0045 
0.016 
0.016 

0.0080 

0 0032 
0.029 

0.042 

0.021 

0.080 
0.046 
0.042 

.$(at. u.) 

2.3 
0.99 
0.47 
0.7 I 

0.21 
0.23 

0.13 
0.34 
0.58 

0.099 

0.14 

0.77 
0.16 
0.19 
0.92 

0.44 

0.18 
0.33 

I .3 

1 .o 

.3.8 
2.2 
1.2 

-0.73 
-1.11 
-1.42 
- 1.25 

-1.74 
-1.71 

-1.95 
-1.55 
-1.32 

-2.08 

-1.92 

-1.18 
-1.87 
- 1 .80 
-1.10 

- 1 ..Lo 

-1.79 
-1.54 

-0.90 

-0.97 

-0.40 
-0.64 
-0.90 

Accuracy 

C +  
C 
C 
C 

C 

c 

C 
C 
C 

C 

C 

C 
C 
C 
C 

C 

D 
C 

C+ 

C+ 

C+ 
C+ 
C +  

Source 

4n 
4n.511 

4n .5n 
4n,5n 

5n 
5 n  

5 R  

5 n  

4n .5n 

5n 

5n 

4n .sa 

Sn 
5 n  

4R,5tJ 

4n 

12n 
5n 

4n 

4n 

4n 
4n 
4n 



No. .. 1 Miilrrptet 

I I I. - ' D O  - I' I) 
( 1  52) 

1 1,;. 

1 I O .  

11:. 

118. 

119. 

I 20. 

121. 

~... .... ... - -. .~~ 

A(A) 

4260.47 
4"35.9.4 

4222 21 
5210.34 
4198.30 
4187.79 
4187.04 
4271. 15 
4250.12 

4233.60 

3980.65 

3975.21 

401 1 . T I  

3225.79 
3196.93 
3 175.45 
3 160.66 
3205.40 

3222.07 

3199 53 
3215.94 

3219.58 

321 7.38 

3227.80 
3230.96 
3228.75 

3268.20 

3233.9: 

3230.21 

3207.0; 

3161.95 
3168.85 

. . . . . . . . . . . . . . .. . . . . . . . . . . . 
t,', (cnl-') 

193.5 I 
19562 
19757 

20020 
19351 
19562 
19757 
19757 

19912 
20020 

19562 
19757 

19312 

19351 
19562 
1935 1 
19562 

20020 

19351 

19562 

19912 
19757 

I 935 1 
19562 

197.57 
IF912 
19757 

19562 

19912 

19351 

19351 
19912 

....... ~~-. ...~ ..... 
I:, (cm- 
__ 

4 m i o  
43363 
43439 

43764 
43 163 
43435 

43634 
43163 
43435 
43634 

?2.677 

44677 
45061 

503'1.2 
50833 
50833 

51192 
5 1208 

50378 
50808 

50999 
50808 

90423 
50534 
50699 
50880 
50534 

50475 
50861 

50523 

50968 
51461 

~..~. ~ .- 

Rs - 

1 1  
9 

3 
11 
9 
7 
7 
5 
3 

/ 

9 

5 
I 

I I  
9 

I 1  

9 
3 

I I  
9 

5 

11 
9 
7 
5 
, 

9 
5 

1 1  

I I  
5 

.... -. 

R i  
- 

I I  
9 

3 
9 

5 
9 

5 
, 

9 
9 

1 3 
I 1  
1 1  
9 
3 

1 1  
9 
5 
9 

9 

5 
3 
7 

9 

5 

13 

13 

,4,,(10' * - ' J  

0.37 
0.23 
0.063 

0.20 
0.19 
0.10 
0.23 

0.19 
0.2.3 

0.20 

2.6( - 4) 
0.001 I 
0.0012 

I .o 
0.96 
0.13 

0.19 
I .2  

0.3s 

0.27 
0.81 

0.67 

0 23 

1.7 
0.39 
0.48 
0.22 

0.20 

0.21 

0.0 1 2 

0.12 
0.053 

Jt  - ... 

0.10 
0.062 
0.017 
0.053 
0.027 
0.034 

0.013 
0.067 
0.085 

0.092 

6.2(-5) 

3 . q  - -4 )  
4. I (  - 4) 

0.19 
0.18 

0.020 

0.029 
0.18 

0 . 0 5 5  

0.0?1 

0.13 
0.13 

0.029 
0.21 
0.044 
0.045 
0 . m  

0 032 

0.032 

0.0021 

0.021 
0.01 1 

S (at. u.) 
..... ~ 

15 
7.8 
I .6 
2.2 
4.2 

4.2 

4.2 
6.6 
6.0 
3.8 

0.0074 

0m2 
o . n n  

22 
17 
2.3 
2.7 
5.8 

6.4 
3.9 

6.7 
9.9 

3.3 

3.3 

2.4 

2.6 

20 

3.1 
I .; 

0.25 

2.4 
0.59 

1% K f  
~ 

0.04 
-0.25 
-0.93 
-0.80 

-0.52 
-0.52 

-0.52 
-0.33 

-0.37 
-0.56 

-3.25 

-2.62 
--2.69 

0.32 
0.21 

-0.66 
-0.59 
-0.26 

-0.22 
-0.43 

- 0  20 
-0.03 

-0.50 
0.28 

-Q.SI 
-0.69 
--0.61 

-0.54 
--0.79 

- I .63 

-0.63 
- 1.25 

-. ~ - -  , . ......... ~ 

A c F u r n. c y 

I) 
I) 
C +  
C+ 
n- 
c i- 
C+ 
D- 
C-! 
c+ 

C 
C 
C 

C+ 
D-  
c 5 

C f  
C +  

I)- -  
C +  
C k  
I) - 

C t  
D- 
c 1- 
I) - 
C f  

C f  
I)-- 

I) 

C +  
D 

-. ... . . . . . . .. - .. 

Sourrr 

9 
9 

4n  

4n  

13n 
4n 
4n 

13n 
4n 
4n 

5 n 
5n  

5" 

4n 
I I n  

4n 
4n 
4" 

I I n  
4" 
4n 

I I n  

4" 
1 I n  

4n 
1 I "  
4n 

411 

1 I n  

12n 

.En 
1211 



..-. .... 

F--39 

. .. . . .... ___ 
No. 

.-. 

122 

123 

124 

1 2 i  

I26 

I27 

I28 

I29 

130 

131 

Multiplet 

ri 'H - y "FO 
(167) 

(I 'H y ' G O  

(175) 

n 'tl 'Fa 

6988.53 

6593.88 
6462.73 
6494.98 
6393.60 

6252.i.5 
6 I9 1-55 
6344.15 
6256 37 

5916.25 

3859.21 
3873.76 
3899.03 

3760.05 
3 7 8 5.9 5 
3 794.34 
3751.15 

3689.02 
366 1.36 

3688.8R 

3623.19 
365V.52 
3637.25 
3653.76 
3672.69 

3596.20 
359s 86 

19390 

19621 
19788 
19390 
19521 

19390 
19621 
19621 
19788 

19788 

19390 
I962 I 
19788 

19390 
19621 
19788 
19390 

19621 
19788 

I9788 

19390 
19738 
19621 
19621 
19788 

I962 I 
iwaa 

33695 

34782 
35257 
34782 
35257 

35379 
.3:5'768 
35379 
35768 

36686 

45295 
45428 
-15428 

45978? 
46027 
461'36 
,46027 

46721 
47093 

46889 

46982 
47 106 
4i 106 
46982 
47008 

47420 
47590 

- ..... 

S. 

13 

I 1  
9 

13 
11 

13 
I I  
11 
9 

9 

I ?  
I I  
9 

13 
11 
9 

'1 3 

I I  
9 

9 

13 
9 

1 1  
1 1  
9 

I I  
9 

__ - 
Si 
..... 

11 

11  
9 

11 
9 

1 1  
9 

1 1  
9 

9 

1 1  
9 
9 

15 
13 
I I  
13 

9 
7 

9 

13 
9 
9 

13 
I I  

1 1  
9 

.4,,(1O8 s- ' )  
. . . . . . . . . . . . . . . . . . 

3.2( --- 5) 

4.8( --  4) 
5.2( ~ 4) 
0.0067 
0.0046 

0.003 1 
0.0052 
I .8(-4) 
S . 3 ( - -  4) 

2.5( - 4) 

0.087 
0.0R2 
0.0097 

0.057 
0.049 
0.046 
0.00 I2 

0.0047 
0.0030 

0.0016 

0.076 

0.0083 
0.0053 
0.0037 

0 068 

0.0055 
0.0023 

_____ 
h 

. .. .. . .- 

2.q-5)  

3.2( - 4) 
3.3( -4)  
0.0036 
0.ii023 

0.0015 

I . I (  -- 4) 
0.0024 

3.1(-4) 

1.3( 4) 

0 016 
0.01.5 
0.0022 

0.014 
0.013 
0.012 
2.5( ~- 4,) 

7.9(--4) 
4.6( - -4)  

9 3 - 4 )  

0.015 
0.01,1 

0.00! 3 
9.0(-4) 

0.0013 

0.001 I 
4.5(---4) 

.S(at. u.) 

0.059 

0,075 
0.063 
1 .0 
0.53 

0.4 I 
0.55 

0.058 

0 . m  

0.023 

2.7 
2.1 
0.26 

2.3 
1.7 

1.4 
0.041 

0.11 
0 050 

0.10 

2.3 
I .5 
0.18 
0.17 
0.098 

0.11 
0.048 

. . . . .. - -. . . . .. 

1% d 
.. 

-3 59 

-2.46 
-2 53 
- 1.33 
- 1.60 

--1.70 
- 1.57 
-2.92 
- - 2 . 5 5  

-2.93 

---0.67 
-0.78 
- 1 .70 

-0.74 
-0.86 

-~ 0.96 
--2.40 

-2.06 
--2.m 

--2.07 

-0.71 
-0.91 
-- 1.83 
- 1.86 
- 2.09 

- 1 .93 
--2.39 

. . . . . . . . . . . . . . . 

Ac.:,,rxcy 
- 

C 

C 
C 
D- 
D... 

D- 
D-- 
C 
C 

C 

C+ 
Ct 
C 

C f  
c 
C +  
c 

C 
C 

C 

C+ 
Ci- 
C 
c 
C 

C 
C 

S C U W  

5n 

5f1 
5n 

14n 
14a 

14n 
14n 

58 

Sn 

5t1 

40 
4n 
4" ,sn 

4n .5n 
Sn 
4n ,Sn 
St l  

Sn 
5" 

5n 

4n 
4" 
5n 
S l l  

Sn 

Sn 
5n  



No. 

132. 

133. 

134. 

1 ,%5. 

136. 

137. 

138. 

1.39. 

140. 

141. 

142. 

3531.44 

3514.63 
3543.39 
3567.37 

3496.19 

3325.46 

31 19 49 
3120.43 

3009.09 
30 15.92 

3005.31 
3039.32 
3018. I4 

2986.65 

2656.15 
2669.49 

6839.83 

6609. I2 
6575 02 
6475.63 

F-40 

TRANSITION PROBABILITIES FOR I 

Fe I: Allowed transition~-Continued 

19621 

19390 
19621 
I9788 

19788 

19788 

19621 
19788 

19390 
1962 I 

19390 
19621 
19390 

19621 

19390 
1962 1 

20641 

20641 
20874 
2064 I 

47930 

47835 
47835 
478 12 

48387 

4985 1 

51668 
51826 

52613 
52769 

52655? 
525 I4 
525 I4 

53094 

57028? 
57070 

35257 

35768 
36079 
36079 

- 

6, 
- 

I I  

13 
I 1  
9 

0 

9 

11 
9 

13 
1 1  

13 
I 1  
13 

I 1  

13 
11 

9 

9 
7 
9 

..... 

61 - 

9 

I I  
I I  
9 

1 1  

7 

9 
7 

I I  
9 

15 
13 
13 

13 

1 5 
13 

9 

9 
7 
7 

A,,(10" 5 - ' )  

0.0028 

0.0044 
0.0036 
0.0041 

2.9(-4) 

0.020 

0 096 
0.10 

0.079 
0.069 

0.024 
0.016 
0.0 I2 

0.0085 

0.28 
0 . l i  

6.6( -- 5) 

3.1(-4) 
3.9(-4) 
3.1(-4) 

__ 
/;1 

4.4(-4) 

6.9( -4) 
6.:(-4) 
7.9(-4) 

6.5(-5) 

0.0025 

0.01 I 
0.012 

0.0090 
0.0077 

0.0038 
0.0026 
0.0016 

0.0013 

0.034 
o . m i  

4.6(-5) 

2.0(--4) 
2.5( -- 4) 
l.y -4 )  

S (at. u.) 

0.056 

0.10 

0.086 
0.083 

0.0068 

0.25 

1.3 
1.1 

1.2 
0.85 

0.48 
0.29 
0.21 

0.15 

3.9 
2.1 

0.0094 

0.040 
0.038 
0.029 

1% d 

--2.32 

-2.05 
-2.13 
-2.15 

-3.23 

- 1.64 

-0.90 
--0.97 

-0.93 
- 1.07 

-1.31 
-- 1.54 
- 1.67 

-1.83 

-0.35 
-0.63 

-3.38 

-2.74 
-2.75 
-2.87 

__ 
I_ 

Accurz 

C 

C 
C 
C 

C 

D 

C +  
C +  

C +  
C 

C 
C 
C 

C 

C 
C 

C 

C 
C 
C 

Source 

5 n  

5n 
5n 

5f1 

8 

12n 

4n 
4n 

4n 
4n 

8 
8 

8 

8 

8 
8 

5n 

5n 

5n 
5n 



F-4 1 

FUHR ET AL. 
Fe I: Allowed tnnsitions-Gmtinud 

_ _  ..... 

143. 

144. 

143. 

146. 

147. 

148. 

149. 

I SO. 

151. 

152. 

153. 

Muhipkt 

- 
NA) 

6230.73 
6137.69 
6065.48 
6200.32 

5567.40 
5778.47 
5667.67 
5833.93 

4288.96 
4277.41 

4275.72 

4067.27 
4095.97 
4078.35 
4106.27 

4055.03 
4049.34 
401 1.42 

1019.05 

3833.31 
3821.83 
3797.95 
1867.93 
3837.13 

m08.73 
W48.29 

1829.77 

1791.50 
1777.45 

(cm-'1 

2064 I 
20874 
21039 
21039 

21039 
2087.1 
21039 
21039 

20874 
21039 

20441 

2064 1 
20874 
2 I039 
20874 

20641 
20874 
20641 

21039 

2064 I 
2 I039 
20874 
20874 
21039 

20641 
21039 

E064 I 

1064 I 
2064 I 

- - 
E, (cm-' - 

36686 
37163 
37521 
37163 

38996 
38175 

38175 
38678 

44 184 
4441 I 

44023 

45221 

45552 
45221 

45282 

45295 
45563 
45563 

45913 

4672 1 
47197 
47197 
46721 
47093 

46889 
47017 

46745 

47008 
47106 

- - 
r% - 

9 
7 
5 
5 

5 
7 
5 
5 

7 
5 

9 

9 
7 
5 
7 

9 
7 
9 

5 

9 
5 
7 
7 
5 

9 
5 

9 

9 
9 

I - 
P - 

9 
7 
5 
7 

3 
7 
5 
7 

5 
3 

9 

7 
5 
3 
7 

I 1  
7 
7 

7 

9 
5 
5 
9 
7 

9 
7 

7 

1 
9 

0.0087 
0.0078 
0.010 
94 -4 )  

0.00 13 
8.6( - 5) 
4.q - 4) 
7.a-5) 

0.0025 
0.0014 

6.q-4) 

0.025 
0.037 
0.050 
0.0033 

0.0069 
0.0029 
0.0028 

0.0012 

0.059 
0.089 
0.021 
0.0072 
0 015 

0.048 
0.0050 

0.0078 

0.0039 
0.0 IS 

0.0051 
0.0044 
0.0058 

7.q-4) 

3.7(-4) 
4.3 - 5) 
2.a-4) 
S.I(-5) 

5.q-J) 
2.2( -4) 

1.q-4) 

D.0049 
D.0067 
D.0074 
84 -4 )  

3.002! 
74-4)  
5.2( -4) 

3.q-4) 

1.013 
).020 
).0032 
h002 1 
).0047 

).010 
1.0016 

1.0013 

) .OcIO 
LO053 

= 
S(.t. u.) 

0.94 
0.62 
0.58 
0.078 

0.034 
0.0057 
0.020 
0.0049 

0.049 
0.016 

0.024 

0.58 
0.63 
0.50 
0.480 

0.25 
0.067 
0.062 

0.026 

I .s 
1.2. 
0.28 
0.18 
0.30 

1.2 
0.098 

0.15 

0.12 
0.37 

-1.34 
-1.51 
- 1.54 
-2.42 

-2.73 
-3.52 
-2.% 
-3.59 

-2.46 
- 2.95 

-2.77 

-1.36 
-1.33 
-1.43 
-2.23 

-1.73 
-2.30 
-2.33 

-2.71 

-0.93 
-1.01 
- 1.65 
- 1.84 
-1.63 

-1.07 
-2.11 

-1.92 

-2.03 
-1.53 

-- 
Accuracy 

D- 
D- 
D- 
c 

C 
C 
C 
C 

C 
C 

C 

C 
C 
C 
C 

C 
C 
C 

C 

C+ 
C+ 
C 
C 
C 

C+ 
C 

c 

c 
E: 

Source 

1411 
14n 
1411 
5 n  

Sn 
5n 
5 n  

Sn 

5n 

Sn 

50 

6, 

4n ,5n 
4n ,5n 
5n 

5n 
4n,5n 
5n 

5n 

4n .5n 
4n .5n 

5n 

4n ,5n 
4n .5n 

4n ,5n 
4n 

5n 

5n 

4n ,5n 



~ 
~ 

N O  

-. . 

154 

155. 

156. 

1.57. 

158. 

159. 

160. 

161. 

162. 

163. 

164. 

165. 

166. 

7 5  

Multiplrt 
...................... 

/, 'F .. ' ,GO 

(225) 

h 'F - '1)' 

I,  'F - z ' G O  

(227) 

h 'F - 1 ,  'FO 
(229) 

/, 'F . ..HO 

L 'F - I' "Po 
(23 I )  

b 'F ~ I(. '(;o 

(233) 

h 'F - .I 'Po 
(235) 

h 'F ~ z 'H'  

h 'F ~ > I G O  

(23i) 

h 'F - 1, To 
(238)  

b 'F ~ I )  'Do 
(239) 

'I 'F - I (  'Do 
(258) 

....... 

NA) 
~~~ 

3731.37 

3766.09 

3728.67 
3761.41 

3668.89 

3676.31 
3711.22 
3730.95 

3658.5.5 

3636.99 

3644.58 

1603.67 

1592.47 

1 5  I 1.74 
3520.85 
3495.29 
L500.57 

1524.08 

1537.73 
1544.63 

11 76.36 

............. ...... . 

b,: (cm-' :  

2 I039 

20874 

20641 
20874 

20874 

2064 I 
20874 

21039 

2064 I 

20874 

20871 

20611 

20874 

20641 
2 I039 
20641 
10874 

XI374 
2 1039 
? 1039 

!10:19 

........ .- ___ 
E, (cm-'  

4783 I 

47420 

47453 
47453 

48123 

47835 
47812 
47834 

47967 

48362 

48305 

48383 

48703 

19109 
19433 
19243 
$9,433 

$9243 

$9243 
1929a 

i25 12 

~ - 

pi 
..... 

1 

5 

9 

9 

I 1  
9 

A , , ( 1 0 " b  ' )  

0.049 

0.0080 

0.013 
0.00:; 

O.OO28 

0.001 
0.039 

0.045 

0 0026 

0.0 I7  

0.0042 

0.0037 

0.0023 

0.0026 

0.13 
0.034 

o.nis 

0.091 

0.13 
0.017 

0.086 

........... 

0.010 

0.00 I2 

O.OO%R 

0.0021 

5.7( . 4) 

1.015 
1.010 

1.013 

$.I(+)  

1.0044 

1.0( -4 )  

L.$( . . ~  9%) 

).7(-1) 

..9( - 4) 
1.002R 

1.019 

10044 

'.012 
'.014 
'LO032 

,0078 

~ .. 

S(a t .  

0.63 

0.1 1 

0.31 
0.18 

0.OU 

1 .h 
0.89 

0.81 

0.04: 

0.37 

0.050 

0.058 

0.0?7 

0.050 
0.16 
2.0 
0.36 

0.99 
0.82 
0.19 

0.41 

- 1.29 

--2.07 

- 1.60 

- -  1.83 

- 2.40 

-0.87 

-1.14 
-1.18 

-2.43 

- 1.51 

-2 .33  

-2.31 

.-- 2.4n 

-2.36 
- 1.85 
-0.77 
-1.51 

- I .07 
- 1 . 1 5  

I .79 

- -1 .41  

. 

Arrurac! 

C 

C 

C 
C 

C 

C +  
c 
C 

C 

C 

C 

C 

C 

c 
C 
e+ 
c 

c 
c 
C 

D 

4 n s n  

5 n  

5" 
5n 

Sn 

4n ..in 

5.1 
4n .5" 

sn 

5" 

5" 

8 

5n 

5" 
5n 
4" 
Sn 

4" 3" 
5 " 
5" 

2n 
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FUHR ET AL. 
Fe 1: Allowed transitions-.. C o n t i n d  

- 
No. 

. .-._ 

167. 

168. 

169. 

170. 

171. 

172. 

173. 

174. 

175. 

176. 

Multiplet 

... 

3 166.44 

6677 99 
6592.91 
6540.24 
6806.85 
6703.57 

6 I80.2? 
6085.27 

4266.96 
4288.15 

4145.21 

3998.05 
3983.96 
4007.27 
4024.1 I 

3971 32 
3995.98 
4036.37 
405 7 31. 

3997.39 
4021.87 
3952.60 
3981.77 
3937 33 

3945.12 
9863.74 
3890.84 
3907 93 

3884.16 

206 11 

21716 
2 1999 
22249 
21999 
22249 

2 I999 
22249 

21999 
22249 

21716 

21716 
21999 
22249 
22249 

21716 
21999 
222,40 
22249 

2 1999 
22249 
21716 
21999 
21716 

22249 
21716 
2 I999 
22249 

21716 

. . . . ... .... . 

E,(cm-' 

522 I3 

36680 
37 163 
37521 
36686 
37 163 

38175 
78678 

45428 
45563 

45833 

46721 
47093 
47 197 
47093 

46889 
47017 
47017 
16889 

47008 
47106 
47008 
47106 
47106 

47590 
47590 
47693 
47831 

47453 

I_ - 
Rc - 

9 

I 1  
9 
7 
9 
7 

9 
7 

9 
7 

11 

11 
9 
7 
7 

11 
9 
7 
7 

9 
7 

I I  
9 

I 1  

7 
I 1  
9 
7 

I 1  

- - 
Ri 
..-.. 

7 

9 
7 
5 
9 
7 

7 
5 

9 
7 

9 

9 
7 
5 
7 

9 
7 
7 
9 

11 
9 

11 
9 
9 

9 
9 
7 
5 

9 

0.14 

0.000n 
0.0059 
0.0075 
0.001 1 
I .7(- 4) 

4.9(---4) 
2.6(-4) 

0.010 

0.0072 

8.W-4) 

0.075 
0.089 
0.049 
0.0035 

0.068 
0.024 
9.y-4) 
0.0053 

0.10 
0.10 
0.052 
0.046 
0.020 

0.018 
0.025 
0.035 
0.080 

o m 2  

L 
. . .. . . . .- 

0.016 

0.0033 
0.0030 
0.0034 
7.7(-4) 
I .2(-- 4) 

2 2 - 4 )  
1.0( - 4 )  

0.0027 
O.Fo21J 

1.7(-4) 

0.0!5 
0.016 
0.0084 
8.44 .-- 4) 

0.013 

2.q -4) 
0.0045 

0.0017 

0.046 
0.032 
0.012 
0.01 I 
0.0038 

0.0054 
0.0047 
0.0061 
0.u13 

0.0077 

.?(ai. #J.) 

1.5 

0.80 
0.58 
0.52 
0.16 
0.018 

0.040 
0.015 

0.34 
0.19 

0.025 

2.1 
I .9 
0.78 
0.078 

I .9 
0.54 
0.023 
0.16 

5.5 
3.0 
I .8 

I .3 
0.54 

0.49 
0.65 

1.2 
0.70 

1.1 

-0.84 

-1.14 
.. 1.57 
-1.62 
-2.16 
.- 3.09 

-2.71 
--. 3.14 

-1.61 
-1.86 

--2.73 

--0.79 
-0.83 
- I .23 
-2.23 

---0.84 
-1.39 
- -  2.77 
-- 1.93 

-0.38 
-0.65 
--0.87 
-1.01 
-1.38 

-1.42 
-1.29 
-1.26 
.- 1.04 

-- I .07 

___. 
Accuracy 
. .. . _.. .. . 

c c  

D- 
D- 
D- 
c 
C 

c 
C 

c 
C 

C 

e+ 
Cf 
c 
c 

C 
C 
C 
C 

C +  
Cf 
C 
C+ 
C 

c 
C 
C 
C 

C 

.%urce 

4n 

14n 
1 a n  

14n 
5n 

5n 

5n 

Sn 

5n 

4 n . h  

Sn 

4n ,Sn 
411 ,Sn 
4n 
5n 

40 ,5n 

4 n  ,5n 

5n 
4n  ,Sn 

45 
I rl 
4n,5n 
4n,5n 
4n,5n 

5n 

In ,5n 

4n .5n 
Zn ,5n 

4n .5n 
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TRANSITION PROBABILITIES FOR IRON 
Fe I: Allowed transikons -Continued 

No. 
~ 

17i.  

178. 

179. 

180. 

181. 

182. 

183. 

184. 

185. 

186. 

A&) 

3813.63 
3826.84 

3872.92 
3907.43 
3910.84 

3 7 7 0.3 0 
3792.15 
3811.89 
3751.82 
3775.85 

3789.18 

3704.46 

3649.51 
3669.52 
3677.63 

3684.1 I 
3718.41 

3606.68 
3621.46 
3638.30 
3605.45 
3568.98 

3603.20 
3622.00 
3640.39 
3651.47 

3493.69 

...... ~ ....... 

(cm - ' ) 

21716 
21999 

21999 
22249 
22249 

21716 
2 1999 
22249 
21716 
2 I999 

21999 

21716 

21716 
21999 
22249 

2 1999 
22249 

21716 
2 1999 
22249 
2 I999 
21716 

21716 
22249 
21999 
22249 

2 I999 

:, (cm-'; 
~ 

47930 
48123 

47812 
47834 
47812 

48231 
48362 
48476 
48362 
48476 

48383 

58703 

$9109 
69243 
$9433 

19135 
$9135 

49434 
49604 
49727 
49727 
49727 

4916 I 
49851 
49461 
49628 

50614 

__ 
f i t  

- 

11 
9 

9 
7 
7 

1 1  
9 
7 

I 1  
9 

9 

I 1  

11 
9 
7 

9 
7 

1 1  
9 
7 
9 

I 1  

11 
7 
9 
7 

9 

... ... 

f i t  - 

9 
7 

9 
7 
9 

I 1  
9 

9 
7 

I 1  

9 

9 
7 
5 

7 
7 

13 
I 1  
9 
9 
9 

11 
7 

11 
9 

9 

0.017 
0.018 

0.010 
0.0094 
0.0 I5 

0.020 
0.023 
0.040 
0.0050 
0.0026 

0.025 

0.14 

0.43 
0.30 
0.82 

0.34 
0.063 

0.84 
0.52 
0.27 
0.65 
0.035 

0.27 
0.53 
0.39 
0.64 

0.005 

............ ~. .... ~ ....... ~. 

Jl 

0.0030 
0.0030 

0.0023 
0.0022 
0.0043 

0.0044 
0.0050 
0.0086 
8.7(-4) 
4.3(-4) 

0.0067 

0.023 

0.071 
0.047 
0.12 

0.054 
0.013 

0.19 
0.12 
0.068 
0.13 
0.0055 

0.052 
0.10 
0.095 
0.16 

9.9(-4) 

s (at. u.) 

0.42 
0.34 

0.27 
0.19 
0.39 

0.59 
0.56 
0.76 
0.12 
0.048 

0.75 

3.1 

9.3 
5.2 

10 

5.9 
1.1 

25 
13 

14 
5.7 

0.71 

6.8 
8.6 

10 

14 

0.10 

- 1.48 
- 1.57 

-1.68 
-- 1 .82 
- 1.52 

-1.32 
- 1.35 
- 1.22 
-2.02 
-2.41 

-1.22 

-0 .m 

-0.11 
-0.37 
-0.08 

-0.31 
- 1.04 

0.33 
0.05 

-0.32 
0.06 

-1.22 

-0.24 
-0.14 
-0.07 

0.06 

- 2.05 

-I_ 

Accuracy 

C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

C 

C +  

Ct 
C .t 
C f  

C+ 
C 

C t  
C+ 
C+ 
C f  
C 

C +  
C+ 
C - t  
Cf  

C 

4n,5n 
5n  

5n 
5n 

5n 

5n 
4n .5n 
4n ,5n 
5n 
5n 

4n.5n.8 

4n 

4n 
4n 
4n 

4n 
4n .5n 

4n 
4n 
4n 
4n 
5 n  

4n 
4n 
4n 
4n 

5n 
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FUHR ET AL. 
Fe I :  Allowed transitions ---Continued 

.- ... .. 

__ ___ 
NO. 

187 

I88 

189 

I90 

191. 

192. 

193. 

194. 

195. 

_. . . . _. 

3411.35 

3370.78 
3369.55 
3380.1 I 
3337.66 

3098.19 

2990.39 
3011.48 

2980.53 

2925.36 

4920.50 
4891.49 
4871.32 
4859.74 
4918.99 
4890.75 
487 2. I 4 
4903.31 
4878.21 

4554.47 
4515.16 
4635.62 
4571.44 
4525.88 

3610.16 
3572.00 
3 5 5 2.8 3 
3551.11 
3568.42 
3591.35 
3560.07 
3578.38 

b,;(cm-') 

2 I999 

21716 
2 I999 
22249 
21716 

21716 

21999 
22249 

22249 

22249 

22846 
22997 
23111 
23192 
231 I I 
23 192 
23245 
23245 
23270 

23111 
23192 
23111 
23192 
23245 

22650 
22846 
23192 
22997 
23192 
22997 
23111 
23270 

51305 

51374 
51668 
51826 
5 1668 

53983 

55430 
55446 

55791 

56423 

43163 
43435 
43634 
43764 
43435 
43634 
43764 
43634 
43764 

45061 
453x4 
44677 
45061 
45334 

50342 
50833 
51331 
51149 
5 1208 
508.33 
51192 
5 I208 

- - 

- 

9 

1 
9 
7 
1 

1 

9 
7 

7 

7 

I 
9 
7 
5 
7 
5 
3 
3 
I 

7 

7 

3 

J 

1 

3 
I 

3 

? 
7 
I 

> 

> 

- - 

1 
- 

9 

1 
9 
7 
9 

1 

I 
9 

7 

9 

9 
7 
5 
3 
7 
5 
3 
5 
3 

5 
1 
7 
3 

3 
I 

7 
3 
I 
? 
3 

> 

Al,(IO" s- I )  

0.065 

0.34 
0.2s 
0.24 
0.067 

0.11 

0.40 
0.48 

0.22 

0.19 

0.36 
0.30 
0.22 
0.15 
0.17 
0.21 
0.24 
0.054 
0.1 1 

4.8( -4) 

1.q-4) 
4 3  -4) 

2 .q -4 )  
4.q-4) 

0.50 
0.25 
0.17 
0.0035 
0.062 

0.0040 
0.074 

0.0084 

.. ..... .- 

b 

0.01 I 

0.057 

0.041 
0.042 

a.0091 

0.016 

0.065 
0.084 

0.030 

0.031 

0.11 
0.082 
0.057 
0.031 
0.062 
0.076 
0.086 
D.033 
D.1 1 

1.y-4) 
1.4(-4) 
4.3-5) 
1.3( -- 4) 
2.5(-4) 

3.097 
?.OM 
3.032 
5.2(-4) 
3.0071 
3.0020 
>.7( --4) 
3.043 

1.1 

7.0 
4.2 
3.2 
1.1 

I .a 

5.8 
5.8 

2. I 

2. I 

19 
12 
6.4 
2.5 
7.1 
6. I 
4.1 
I .6 
1 .a 

0.016 
0.010 
0.0046 
0.0095 
0.01 I 

15 
6.2 
I .9 
0.055 
0.42 
0.21 
0.079 
0.50 

log ST 

-0.99 

-0.20 
-0.42 
-0.54 
-1.00 

-0.76 

---0.23 
-0.23 

-0.6X 

-0.67 

0.07 
-0.13 
-0.40 
-0.81 
-0.36 
-0.42 
-0.59 
-1.01 
-0.94 

- 2.98 
-3.16 
-3.52 
-3.20 
-3.13 

0.10 
.- 0.28 
-0.80 
-2.33 
-1.45 
-1.75 
-2.17 
- 1.37 

. .... 

Accuracy 

C+ 

C+ 
C+ 
C+ 
C+ 

C+ 

C+ 
C+ 

C +  

C+ 

C+ 
C+ 

C 
C+ 
C+ 
C+ 
C 
C+ 

c +. 

C 
C 
C 
C 
C 

C+ 
C+ 
C 
C 
C 
C 
C 
C 

Source 

4n 

4n 
4n 
4n 
4n 

4n 

4n 
411 

4n 

4n 

4n 
4n 
4n 
4n .5n 
4n 
4n 
4n 
4n ,5n 
4n 

5n 
5n 
5n 
5n 
5n 

4n 
4n 
4n ,5n 
5 n  
5 n  
5n 
5 n  
5n 
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TRANSITION PWBBA 

Fe I: Allowd traniltloni---Continued 
. . . . . . . . . . . -  

No. 
~ 

190. 

19: 

198. 

I VI. 

~~ ... .... . . . . . . . . . 

E ( C r i  ' )  
- 

.4rrurary 

e+ 
(: 

c 

(: 
C 
c 

c 
c 

c 
(:+ 

c 

(:+ 

c + 
e? 
c: 
c 
(: 
C +  
(: 
(: 

c 
c 

il:: 
il:: + 
(: 

c+ 

(: 

(: 
c 
il:: 
c 
(: 

3i94.6:% 
359.5.:<0 

7602.08 

3030.3.5 

3610.70 

3641.45 

:<fI20.24 

361 3.1 5 

3572.59 
36 12.117 
3567.03 

22997 

23192 

23245 

-- "1997 

-0.31 

-1.21 
- I .4, 

-0.91 

-1 .31  

-2.22 

-1.71 
.. 1.65 

4" 
5 n  

5 n 

5n 

5,, 

5,1 

5n 

i ,I 

50808 
50999 

50999 

0.054 
0.01 2 
0.01 I 

0.0 1 1  

0.0098 
0.0021) 

0 , 0 0 2  1 
0.0045 

0.00 $ 1  
0 0111 
0 0'0 

0.1 5 

t 2 1  

0 0070 

I) 007 1 
0.018 
0. I i 
8. I (  -41  
0.003.5 

0.0058 
0.0 I0 

o.18 

o .n io  
0 10 
0.0048 

0.029 

l).OOO5 

4 2 (  - 4) 
o.no I 5 
O.iIO23 
1.4(--1) 
4 2 (  4) 

5 0 1164 
0.035 

0.089 

0.084 

0.00~11 

0.014 
o.ne.7 

0 . 0 2 2  

0.0;; 
0.077 

0 64 

50699 232 L5 

22997 

2 3  192 

'2997 

228'46 
23 192 

2299: 

231 I I 

?3!92 

22650 

22816 

22997 

2324i  
22846 
2?997 

231 1 1  

23192 

228.46 

2299: 
23192 

2 3  I I I 

'U 192 

506 1 1 
50861 

50980 
50523 

51219 

5 I229 

5 1335 
51461 

50968 

5 I229 

51335 

5 I Sf): 
5 I335 

51461 
5151.0 

9 
5 

9 
11 
5 

9 

5 

I :3 
11 
9 

3 
I 1  
9 

- I .  1,3 
-0.71 
-0.99 

I). I 2  
0.11 
0.02 

- I .O$ 
-1.11 
-0.4; 
.- 0.3h 
--2.05 
- 1 .so 
- I .39 

1 .:to 

-0.75 
- - o  0 3  

1.62 

-0.69 

- I .49 

:Lh8 
-2.35 

-2 .61 
- 3  I 6  
-2 .90 

,'3.5.11 08 
:15.12.08 

:1536.56 

35:10.:19 

3522 .%7 
3,527 79 

3329.82 
3509. I2 
3512.22 
3516.56 

,3523.31 

:35:17 .90 

355h.88 

3518.68 

3.5 10 I2 

:<.522.90 

9 0 7 0  

1 ,3 
1 1  
9 

3 
9 

5 
3 

I I  
I I  

9 

0.80 
0.038 
0.008 
0.20 

0.00i4 

0.01% 
0.090 

0 78 

0.024 

0.086 

0.45 
o.n i8  

0 .  I 2  

1 1  

9 
3 

5 

5 
3 
1 
5 
3 

.," 
4n 
i / r  

4" 

5 n 

5" 
.5 ,I 

5n 
5,Z 
5,r 

7 1  lJ.025 

6 5 1 8 . : ~  
6.155.04 

6270.24 

631 1.51 
6229.23 

:3ni;5 
38678 
38996 
38678 
38996 

7 4.71-41 
5 0.0015 
3 0.0013 
.5 2 .3 -4 )  

3 7 2 - 4 )  
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FUHR ET AL. 
Fc I :  Allnued transitions --Coiitinued 

_I__ 

No. 

205. 

205. 

207. 

208. 

209. 

210. 

211. 

212. 

213. 

214. 

Multiplet 

1, 'P - r S "  
(345) 

6 'P - U' " I F '  
(316) 

b 'P - 'Fo 

h 'P - 'IP 

b 'P - y 
(349, 

b 'P - r 'I)* 
(350) 

b 'P - I<' 'PO 

(351) 

b 'P - z Ti" 
(352) 

b 'P - y 'Po 
(355) 

b 'Y - 9-0 

5536.59 

4741.53 
4683.57 
4657.59 

4687.39 
468.5.03 

4603.34 

4635.85 

4464.55 
4443.19 
44S4.3H 
4422.57 
4401.44 

4290.87 
4279.86 
4258.62 
4241.11 

4217.7 

4207.13 
4226.42 
4245.26 

4184.83 
41 7:3.32 
4213.65 
4191.68 

4121.80 
4122.51 

E, (cm-1) 

22838 

22838 
22838 
22947 

22838 
22947 

22947 

22947 

22838 
23052 
22838 
22947 
22838 

2 2 8 : ~  
23052 
22838 
22838 

22898 

22838 
22947 
23052 

22838 
22947 
22947 
23052 

22838 
22947 

CA (cm I) 

40895 

43923 
44 I84 
4441 I 

44166 
44285 

44664 

44512 

45221 
45552 
4.5282 
45.552 
45552 

46137 
46410 
463 1.1 
46410 

4660 1 

4660 1 
4660 1 
UdrOl 

46727 
46902 
46673 
46902 

47093 
47 197 

- - 
6 - 

5 

5 
5 
3 

5 
3 

3 

3 

5 
I 
5 
3 
5 

5 
I 
5 
5 

9 

5 
3 
1 

5 
3 
3 
1 

5 
3 

__ 
61 - 

5 

7 
5 
3 

7 
5 

5 

5 

7 
3 
5 

3 
3 

7 
3 
5 
3 

3 

3 
3 
3 

5 
3 
1 
3 

7 
5 

7.9(-5) 

0.004.9 
0.0021 
0.0015 

7.9(-4) 
3 3 . -  4) 

SA( -4)  

0.0028 

0.13 
0.13 
0.044 
0.10 
0.030 

0.0052 
0.0067 
0.0083 
0.0045 

0.20 

0.051 
0.044 
0.096 

0.12 
0.024 
0.23 
0.057 

0.034 
0.034 

3.6(-5)  

O.M)23 
h.9(-4) 
4.y-4) 

3 6 - 4 )  
1 . ~ 4 )  

2.8( - 4) 

0.0015 

0.053 
0.1 I 
0.0 I 3  
0.030 
0.0053 

0.0020 
0.005s 

0.0022 
7 . q  - 4) 

0.018 

0.0081 
0.012 
0.078 

0.032 
0.0064 
0 021 
0.085 

0.012 
0.015 

.. .. .-..... . .. . . . . 

S(at. u.) 

0.0033 

0.18 
0.053 
0.023 

0.028 
0 . 0 8 3  

0.013 

0.068 

3.9 
I .6 
0.97 
1.3 
0.38 

0.1 d 
0.077 
0.16 
0.051 

2.2 

0.56 

0.49 
1.1 

2.2 
0.26 
0.86 
0.62 

0 52 
0.59 

-3.74 

-- 1.94 
-2.46 
-2.83 

-2.74 
--3.27 

-3.07 

-2.35 

-0.58 
-0.95 
-1.18 
-1.04 
-1.58 

-2.00 
-2.26 
- I .95 
- -  2.44 

-0.80 

-1.39 
- 1.45 
-1.11 

-0.79 
-1.72 
-1.21 
-1.35 

-- 1.22 
-1.36 

. .. .. . . . . .. . _. ._ 
Accuracy 

c 

D 
C 
C 

C 
C 

C 

C 

C +  
c t  
C 
C 
c 

C 
c 
c 
C 

C 

c 
C 
C 

C+ 
C 
C 
C 

C 
C 

5n 

1 on 
5n  

5n 

5n 
Sn 

5n 

5n 

4" 
4n 

4n 

4n 
511 

5n 
5n 
5n 

511 

4n ,5n 

4n ,5n 
4n ,5n 
4n ,Sn 

4n 
Sn 
4n .5n 
5n 

4n ,511 

5" 



__ 
No. 

__ 

215. 

216. 

217. 

218. 

219. 

220. 

221. 

222. 

223. 

Multiplet 
__. ... . . . . . . 

h 'P - .,DO 

b 'P - '11" 

b 'P ~ ' D O  

b "P - y '9 
(359) 

/, ,'P - I .  ' F O  

(362) 

/, .'p - 1' .'pa 
(361) 

b 'P ~ I " P O  

(364) 

b .'P - I .  'DO 

(367) 

h .'P ~ I,' ' P O  

(369) 

A(A) 

4134.68 
4132.90 
41 14.45 
4125.88 
4107.49 
4126.88 

416.5.S 

4181.75 
4175.64 
4127.61 
4156.80 
4109.80 
4091.55 

4085.00 

,405 1.3 

4044.61 
4062.44 
4079.84 

3953.56 
3935.31 

3964.52 
3961.15 
3944.75 

3909.83 
3942.44 

3801.68 
3809.04 
3786.19 
3793.87 
3778.32 

3655.46 
3 6 7 4.7 7 
3702.03 
3703.82 
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TRANSITION PROBA ILITIES FOR IRON 
Fe I :  Allowed transitions--Continued 

-. ~ 

E, (cm-') 
-. . . . . . 

22838 
22947 
22838 
22947 
22838 
22947 

228Y8 

22838 
22947 
23052 
22838 
22947 
22838 

22947 

22898 

22838 
22947 
23052 

22838 
22947 

22947 
23052 
22947 

22947 
22947 

22838 
23052 
22838 
22947 
22838 

22838 
22838 
22947 
23052 

~ ____ 
<' (cm-') 
. . . . . . __ 

47017 
47136 
47136 
47 177 
47 177 
47171? 

$6898 

46745 
46889 
47272 
46889 
47272 
47272 

47420 

47556 

47556 
47556 
47556 

48123 
4835 1 

48 163 
48290 
48290 

48516 
48305 

49135 
49298 
49243 
49298 
49298 

50187 
50043 
4995 1 
50043 

.- 

k 
- 

5 
3 
5 
3 
5 
3 

9 

5 
3 
1 
5 
3 
5 

3 

9 

5 
3 
1 

5 
3 

3 
1 
3 

3 
3 

5 
1 
5 
3 
5 

5 
5 
3 
1 

- - 

N 

7 
5 
5 
3 
3 
1 

15 

7 
5 
3 
5 
3 
3 

5 

3 

3 
3 
3 

7 
3 

5 
3 
3 

3 
5 

7 
3 
5 
3 
3 

5 
3 
I 
3 

0.18 
0.11 
0.056 
0.018 
0.25 
0.013 

0.36 

0.35 
0.17 
0.16 
0.19 
0.19 
0.012 

0.049 

0.44 

0.13 
0.23 
0.073 

0.0067 
0.023 

0.029 
0.027 
0.014 

0.076 
0.1 I 

0.077 
0.018 
0.14 
0.087 
0.028 

0.12 
0.079 
0.40 
0.14 

0.066 
0.047 
0.014 
0.0045 
0.038 
0.OOlI 

0.15 

0.13 
0.073 
0.12 
0.049 
0.048 
0.0018 

0.021 

0.036 

0.020 
0.057 
0.055 

0.0022 
0.0053 

0.01 I 
0.019 
0.0032 

0.017 
0.042 

0.023 

0.012 
0.030 
0.019 
0.0036 

0.023 
0.0096 
0.028 
C.085 

s (at. ".) 

4.5 
I .9 
0.96 
0.18 
2.6 
0.046 

19 

8.9 
3.0 
I .6 
3.4 
2.0 
0.12 

0.83 

4.3 

I .3 
2.3 
0.74 

0.14 
0.21 

0.44 
0.25 
0.12 

0.68 
I .6 

1.5 
0.15 
I .8 
0.70 
0.22 

1.4 
0.58 
I .o 
I .o 

. . . . . . . .- 

1% d 

-0.48 
-0.85 
-1.15 
-- I .87 
-0.72 
-2.47 

0.14 

-0.19 
-0.66 
--0.92 
-0.61 
-0.84 
---2.05 

--  1.21 

-0.49 

- 1.01 
-0.77 
- 1.26 

- 1.96 
-1.80 

- 1.47 
-- 1.72 
- 2.02 

- 1.28 
-0.90 

-0.93 
- 1.92 
-0.83 
-1.25 
-1.75 

-0.93 
.- 1.32 
-1.08 
- 1 . 0 7  

~ 

~ 

Accura 

Cf 
C4- 
C 
C 
C +  
C 

C 

D- 
C f  
C +  
C +  
Ct 
C 

C 

C 

C 
C +  
C 

C 
C 

C 
C 
C 

C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

Souice 

4n 
4n 
4n .5n 
5n 
4n 
5n 

4n ,5n, 1311 

13n 
4n 
4n 
4n 
4n 
4n ,5n 

5n 

4n .!in 

5n 
4n 
4n ,5n 

5n 
5n 

4n .5n 
5n 
5n 

5n 
4n .5n 

5n 
5n 
5n 
5" 

5n 

4n.5n 
5n 
4n.5n 
5n 
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.-.-. 

,.-... 

224. 

225. 

226. 

227. 

228. 

229. 

230. 

231. 

232. 

3323.74 
3354.06 

5232.94 
5266.55 
5281.79 
5068.77 

4787.83 
4800.13 
4682.56 
4726.14 
4877.61 

3686.00 
3701.09 
3637.86 
3726.93 
3744.10 

3354.51 
3746.93 
3773.70 
3766.67 

3 7 4 2.6 2 
3727.09 

3735.32 
3782.45 

3703.69 
3697.49 
3676.88 

3681.64 
3664.69 

22838 
23052 

237 I I 
2 4 i n i  
24507 
23711 

24181 
24507 
23711 
24181 
24181 

23711 
24181 
23711 
24507 
24507 

24181 
24181 
24507 
24507 

23711 
237 I I 

2,371 I 
24181 

2371 1 
24181 
24181 

24181 
24181 

52916 
52858 

42816 
43163 
43435 
43435 

45061 
45334 
45061 
45334 
44677 

50833 
51192 
51192 
51331 
5 1208 

senna 
50862 
50999 
51048 

50423 
50534 

50475 
5061 1 

50704 
51219 
51370 

5 1335 
51461 

- - 
C. 
.- 

5 
1 

9 
7 
5 
9 

7 
5 
9 
7 
7 

9 
7 
9 
5 
5 

7 
7 
5 
5 

9 
9 

9 
7 

9 
7 
7 

7 
7 

I_ - 

8 

5 
3 

11 
9 
7 
7 

7 
5 
7 
5 
9 

11 
9 
9 
5 
3 

9 
7 
5 
3 

9 
7 

9 
7 

I 1  
7 
5 

9 
7 

0.31 
0.11 

0.15 
0.08~ 
0.038 
0.026 

8.3( -- 4) 
0.00 12 
3.8(-4) 
3.9(--4) 
2.6( -4) 

0.26 
0.49 
0.064 
0.47 
0.38 

0.028 
0.23 
0.019 
0.11 

0 11 
0.20 

0.24 
0.015 

0.062 
0.21 
0.027 

0.015 
0.025 

n.051 
0 058 

0.073 
0,047 
0.022 
0.0077 

2.9(-4) 
4.3(-4) 
9.7(--5) 
9.4(--5) 
I .  21 - '1) 

0.065 
0.13 
0.013 
0.098 
0.048 

0.0077 
0.048 
0.0083 
0.014 

0.023 
0.033 

0.051 
0.0031 

0.0 I 6  
0.043 
0.0038 

0.0040 
0.0051 

2.8 
0.64 

11 
5.7 
2.0 
1.2 

0.031 
0.034 
0.013 
0.010 
0.013 

7.1 
11 

1.4 
6.0 
3.0 

0.66 
4.2 
0.52 
0.90 

2.6 
3.6 

5.6 
0.27 

1.7 
3.7 
0.33 

0.34 
0.43 

log Kf 

-0.59 
-1.24 

-0.18 
-0.48 
-0.95 
-1.16 

-2.70 
-2.67 
- 3.06 
-3.18 
-3.08 

-0.23 
-0.04 
-0.94 
---0.31 
-0.62 

- 1.27 
--0.47 
-1.38 
-1.14 

-0.68 
-0.53 

-0.34 
.- 1.66 

-0.85 

-0.52 
-1.57 

-1.55 
-1.45 

-- 

Accuracy 
. . . . . . ..-. 

c -t- 
C 

C 
C+ 
C+ 
C 

C 
C 
c 
C 
C 

C+ 
C+ 
C 
C 
C+ 

C 
c 
C 
C 

C+ 
C 

C 
C 

C 
C f  
C 

C 
C 

Source 

4n 
5n  

4 n . h  
4n 
4f1 
4n ,5n 

5n 

5n 

5n 
5n 
5n 

4n 
4n 
5 n  
5n 
4n ,Sn 

5n 
5n 

5n 
Sn 

4n ,5n 
5n 

5" 
5 n  

5n 
4n 
5n 

5n 
5 n  



- ~- - 

S i a t  u ) 
~- 

o.n7 

1 9  
12 

0.65 

0.66 

1 1  

0.022 

o.no 
0.59 

0.082 
0 063 

0.0:38 

I1026 

0.01 7 

0. 10 
0.4; 
0.05:3 

0.21 
0. IO 
0.05.4 

2.9 

1 1  
0.91 

0.59 

0.16 
I). 12 
0.000 

. . . . . . . .. 

1.1 
. 

0.010 

0.02.'3 

0.20 

0.0079 
0.01 1 

0.1)12 

sour< P 4; ( c m - ' )  E, (cII1-lj 
. . . . . . . . . . . . 

24181 

24181 
24907 

24181 

2.150: 

2371 I 

24119 

23784 

z m i .  
24119 

2'1.1 19 
24339 

24119 
243.39 

23781 

24119 

241 19 

? : m 4  
24119 
24119 

2 1 0  /(J 

2378 1. 
241 19 

24339 

24119 
33784 

? : m a  

5 1462 

51570 
51s:o 

s I 8.37 

5 1 8 : ~  

s:inoi 

38175 

4529.5 
15428 

45TL28 
45,563 

45428 

3583:i 
45913 

,46721 

47093 

46721 

16889 

46889 
47017 

/ :02 I 

'46982 

47008 

47106 

47008 
4.i 106 
4 i l 0 6  

- I  I 4  

-0.79 

0.00 

c 

c 
c + 

(: 

c 

1) 

c 

1) - 
1)- 
t: 
(: 

c 

(: 

c 

c 
(: 

c 

(: 

c 
c 

c 

(: 

c 
c 
(: 

(, 

c 

Sn 

5n 
4" 

Sn 

5n  

12" 

5n 

14n 
1 In 

2n 

.in 

5 r i  

SI1 

5,Z 

.In ,511 

5 n  

5 n  

5 I 1  

I n  ,511 
Sf7 

.In ,511 

411 

5n 
5,,  
5 11 

'n 
,111 

''34. 

2 3 5 .  

2,3b. 

2.3 7 

2 18 

x i 9  

240. 

24 I 

. 1.26 
- 1.26 

9 

9 

1 1  

9 

I 1  
9 

9 

I 1  

9 

I -0.98 

7 i i 2 . i n  

4647.13 
4691.41 

~ 1 n . 7 6  

466 I .9; 
4:.10.34 

~ -3.0'2 

~ -1.28 
- 1.42 
-2  27 

- 2 3 9  

-2.61 

- .] -- -., 1 

-2.90 

- I .56 

- I .48 
- 2.44 

I .8 1. 
-2.1 1 
-3.'1:i 

-0.69 

-1.11 
- I .20 
- 1 .:i9 

~ I .3. 

-2 .06 
.-z.37 

4603.95 
4633.76 

9 1  9 

" 1  3 
9 9  

212. 27 I :i3 

1 ,'i 
11 
9 

I 1  
9 

9 
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Fe I :  Allowed transitbns--.-ConlinI;ed 

-. .... 

- - 
Nu. 

243. 

244. 

245. 

246. 

247. 

2.48. 

249. 

250. 

251. 

252. 

253. 

.- 

Multiplet 

4290.38 

4284.42 

4196.53 
4237.67 

4258.95 

4089.22 
4141.86 

4161.48 
4 i 46.06 

4120.21 

4066.59 

4000.46 

3897.45 
3871.75 
3903.90 
3833.46 

389.t.39 
39 19.07 
388.5.15 
3914.89 
3953.15 

3777.06 

241 19 

24119 

23784 
24339 

24339 

2.1784 
24339 
24119 
24399 

24119 

211 I9 

24119 

23784 
23784 
24119 
23784 

23784 
24119 
24119 
24119 
24339 

21119 

. ... 

t' (vm-') 

47420 

47453 

47606 
47930 

47812 

48231 
48476 
4823 I 
48362 

48383 

58703 

49 1 09 

49434 
49604 
49727 
49727 

49461 
49628 
4985 1 
49461 
49628 

50587 

- ..... 

R. 
- 

9 

9 

11 
7 

7 

I I  
7 
9 
7 

9 

9 

9 

1 1  
11 
9 

11 

11  
9 
9 
9 
7 

9 

.- .... 

RA 
~ 

I I  

9 

1 1  
9 

9 

11 
7 

11 
9 

I 1  

9 

9 

13 
1 1  
9 
9 

I I  
9 
7 

1 1  
9 

4,. ( 1 C" 1 

0.0064 

n.ooiz 

0.003 1 
0.0021 

0.0047 

0.0049 
0.0082 
0.0060 
0.0032 

0.026 

0.013 

0.013 

0.022 
0.070 
0.097 
0.0067 

0.!4 
0.045 
0,016 
0.016 
0.043 

0.016 

. . . . . . . . . . . ... ._ .. . . 

J h  

0.0022 

3.3( .- 4 

8.,3-4 
7.2(--4 

0.0016 

0.0012 
0.0021 
0.0019 
0.001 I 

0.0082 

0.0032 

0.0031 

0.0000 
0.016 
0.022 
0.0012 

0.03 I 
0.010 
0.0028 
0.004 5 
0.013 

0.0027 

Sfat. 11.) 

0.28 

0.042 

0.13 
0.070 

0.16 

0.18 
0.20 

0.10 
0.2.3 

I .0 

0.39 

0.36 

0.85 
2.2 
2.6 
0.17 

4.3 
1.2 
0.32 
0.53 
I .2 

0 31 

.....-....... 

1% d 

-1 .71 

-2 53 

-2.04 
-_ 2.30 

-1.94 

.- 1.87 
- 1 .R3 
-1.77 
-2.13 

-1.13 

-- 1.54 

- 1  56 

---1.18 
-0.76 
-0.70 
- 1 .n/ 

-0.47 
- 1.03 
-1.60 
-1.39 
-- 1.04 

--1.61 

- __ 
A W b  

1 

C 

c 

C 
C 

c 

C 
C 
C 
C 

C 

C 

c 

C 
C' 
C I  
C 

c i  
C' 
C 
C 
c i  

C 

................. ~ 

.%urce 

4n ,5n 

5n 

5n 
511 

5n 

4n .Sn 

5" 
4n ,Sn 

Sn 

4n ,Sn ,8 

4 n . h  

sn  

4n .5n 
4n ,5n 
4n ,5n 
4n,5n 

4" ,Sn 
4n ,5n 
4n,5n 

5" 
4n ,5n 

4",5" 



NO. 

254. 

255. 

256. 

257. 

258. 

259. 

260. 

261. 

262. 

263. 

264. 

265. 

..._........... __ 
Multiplet 

3670.09 
3693.01 
3663.95 
3663.25 

3632.55 
3669.15 

3628.82 

3590.08 
3633.84 

3.508.49 
3510.41 

3.319.25 

5104.04 

4786.81 
47 12.10 

4490.08 
1579.82 

4464.77 
4517.53 
4430.19 

4372.99 

4384.68 

F-52 

TRANSITION PROBABILITIES FOR IRON 

Fe I: Allowed transitions-Continued 

23784 
24339 
23784 
24119 

23784 
241 19 

241 I 9  

23784 
241 19 

24119 
24339 

241 19 

24336 

24336 
24336 

24336 
24772 

24336 
24772 
24336 

24336 

24336 

-. . . . .. . . . 

<, (cm-') 

51023 
5 1409 
51069 
5 1 409 

5 I305 
5 I3h5 

51668 

51630 
51630 

52613 
52769 

54237 

43923 

4522 I. 
45552 

46601 
4660 1 

46727 
46902 
46902 

47197 

47 I 3 6  

..... ..... 

R. 
- 

11 
7 

11 
9 

I 1  
9 

9 

I 1  
9 

9 
7 

9 

5 

5 
5 

5 
3 

5 
3 
5 

5 

5 

..... - 

R1 
- 

13 
9 

I I  
9 

9 
7 

9 

11 
I I  

I 1  
9 

9 

j 

7 
3 

3 
3 

5 
3 
3 

5 

5 

A',(1O8 s- I )  

0.078 
0.022 
0.0057 
0.012 

0.062 
0.087 

0.0035 

0.012 
0.021 

0.066 
0.040 

0.031 

5.8(-4) 

0.013 
8.7( - 4) 

0.034 
0.0018 

0.013 
0.019 
0.014 

0.0019 

0.0056 

0.019 
0.0058 
0.00 I I 
0.0024 

0.010 
0.014 

h.9(-4) 

0.0023 
0.0050 

0.0 I 5  
0.0094 

0.0052 

3 2 - 4 1  

0.0060 
1.7(-4) 

0.0062 
5.a(-4) 

0.0039 
0.0057 
0.0025 

525-4) 

0.0016 

~. . . . . . . . . . . .. .. . . . . . . . .- 
S (at. (I,) 

2.5 
0.50 
0.15 
0.26 

I .3 
1.5 

0.074 

0.30 
0.53 

I .6 
0.76 

0.51 

0.027 

0.48 
0.014 

0.46 
0.026 

0.29 
0.25 
0.18 

0.040 

0.12 

. . . . . . . 

IO6 .?f 

-0.69 
-1.39 
-1.90 
.. 1.66 

-0.96 
-0.91 

-2.21 

-1.60 
-- 1.35 

-0.87 
--1.18 

-1.33 

--z.ao 

-1.52 
--3.06 

-1.51 
--2.76 

-1.71 
- 1.77 
-1.90 

-2.56 

-2.09 

____- 
Accuracy 

C+ 
C 
C 
C 

C 
C 

C 

C 
C 

C 
C 

D 

C 

D- 
C 

C 
C 

C 
C 
C 

C 

C 

Source 

4n 
5" 
511 
5n 

5n 
5n 

5n 

5n 
5n 

5n 
5n 

12n 

5n 

14n 
5n 

5n 
5n 

4n ,5n 
4n ,5n 
5n 

5n 

5n 
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FUHR ET AL. 
Fe I :  Allowed transitions-Contmiied 

- 
No. 

266. 

267. 

268. 

269. 

270. 

271. 

272. 

273. 

274. 

275. 

276. 

Multiplet 

4.3.IR 3 

4305.45 
4387.89 
4450.32 

4182.38 

4230.58 

4170.10 
4220.34 
4248.22 
4267.83 

4076.29 

3867.22 
3955.96 
3888.82 
3970.39 

3808.29 

9699.15 
3635.19 

3698.60 
37P2.61 

3711.41 

3704.01 

b.; (cm-' )  

24565 

24336 
24772 
25092 

24336 

24336 

24336 
24772 
24772 
25092 

24772 

24336 
24772 
24336 
24772 

24336 

24336 
24336 

24336 
24772 

24772 

24772 

47556 

47556 
47556 
47556 

48239 

47967 

48305 
48460 
48305 
48516 

49298 

50187 
50043 
50043 
4995 1 

50587 

51361 
51837? 

51365 
51201 

51708 

51762 

- - 

8, - 
9 

5 
3 
I 

5 

5 

5 
3 
3 
I 

3 

5 
3 
5 
3 

5 

5 
5 

5 
3 

3 

3 

__ - 
g* - 

3 

3 
3 
3 

5 

7 

5 
1 
5 
3 

3 

5 
3 
3 
1 

7 

7 
3 

7 
5 

5 

5 

A,,(lO's-') 

0.13 

0.072 
0.046 
0.012 

0.058 

0.0016 

0.072 
0.23 
0.042 
0.11 

0.015 

0.35 
0.066 
0.27 
0.41 

0.014 

0.053 
0.16 

0.042 
0.015 

0.086 

0.018 

0.012 

0.012 
0.013 
0.010 

0.015 

5.9(-4) 

0.019 
0.021 
0.019 
0.089 

0.0037 

0.078 
0.016 
0.037 
0.033 

0.0042 

0.015 
0.0 19 

0.012 
0.0054 

0.030 

0.0062 

.?(at. u.) 

I .6 

0.85 
0.58 
0.15 

I .o 

0.041 

1.3 
0.86 
0.79 
I .3 

0.15 

5.0 
0.61 
2.4 
1.3 

0.26 

0.92 
1.1 

0.73 
0.20 

1.1 

0.23 

-0.95 

-1.22 
-1.40 
-1.98 

-1.12 

-2.53 

-1.03 
-1.21 
-1.25 
- 1 .os 

-1.96 

-0.41 
- 1.33 
-0.73 
-1.01 

-1.68 

-1.12 
-1.02 

- 1.22 

- 1.79 

- 1.05 

-1.73 

-- 
Accuracy 

C 

C 
C 
C 

C 

C 

c i- 
C 
C 
C 

C 

C +  
C 
C 
C 

C 

C 
C 

C 
C 

C 

C 

Source 

4n ,5n 

4n ,5n 
5n 
5 n  

5 R  

5 n  

4n ,5n 
4n,5n 
5 n  
4n ,5n 

5n 

4n 
5n 
5 n  
5n 

5n 

4n 
5n 

4 n 5 n  
5n 

5n 

5 n  
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277. 

278. 

279. 

?80. 

281. 

282. 

2fl:x 

284. 

285. 

286. 

287. 

288. 

2R9. 

3617.79 
3632.04 
3645.82 
3603.82 
3548.02 

3559.50 
3505.07 
3552.1 1 

4793.96 

4636.66 

4.5 1 1. I8 
4439.63 

4456.33 
4436.92 

4343.70 

4368.77 

4298.04 
4302.18 

4225.96 

4199.09 

4074.79 

1994. I I 

-. . . . . . .. . .. . 

b,; (cm-') 

24336 
24172 
25092 
24772 
24336 

24772 
24336 
24772 

24575 

24575 

24575 
24575 

24575 
24575 

24575 

24575 

2.4575 
24575 

2.1575 

24575 

24575 

24575 

51969 
52297 
52512 
525 I2 
52512 

52858 

52916 
52858 

45428 

46136 

46721 
47093 

47008 
47 106 

47590 

47453 

47835 
47812 

48231 

48383 

49 109 

49604 

- - 
R. - 

5 
3 
I 
3 
5 

3 
5 
3 

9 

9 

9 
9 

9 
9 

9 

9 

9 
9 

9 

9 

9 

9 

- ..... 

Kb - 

7 
5 
3 
3 
3 

3 
3 
5 

9 

I I  

9 
7 

I 1  
9 

9 

9 

I 1  
9 

1 1  

1 1  

9 

I I  

.4,,(lO8 s-I) 

0.66 
0.50 
0.58 
0.20 
0.091 

0.22 
0.12 
0.053 

l . l ( -4)  

5.8(-5) 

0.0040 
8.2(-4) 

0.0024 
0.0034 

0.0061 

0.074 

0.016 
0.0084 

0.016 

0.61 

0.056 

0.0 I5 

0.18 
0.16 
0.35 
0.038 
0.010 

0.042 
0.013 
0.017 

3.9(-5) 

2 3 - 5 )  

0.00 I2 
1.9(- -4)  

8.q - 4) 
0.00 I O  

0.0017 

0.021 

0.0056 
0.0023 

0.0053 

0.20 

0.014 

0.0044 

S(at.  u.) 

11  
5.9 
4.2 
1.4 
0.60 

1.5 
0.75 
0.59 

0.0055 

0.0031 

0.16 
0.025 

0.12 
0.13 

0.22 

2.7 

0.7 I 
0.30 

0.67 

25 

1.7 

0.52 

-- 
loa <d 

-0.04 
-0.31 
-0.46 
-0.94 
-1.29 

-0.W 
-1.19 
-1.30 

-3.46 

-3.69 

- I . %  
-2.77 

-2.10 
- 2.04 

-1.81 

-0.72 

-1.30 
- 1.68 

- 1.32 

0.25 

-0.90 

-1.40 

Accurrc y 

C+ 
C+ 
C 3  
C 
D 

C +  
C 
C 

C 

D 

C 
c 

C 
C 

C 

C +  

C 
C 

C 

C 

C+ 

C 

-%rice 

4n 
d¶ 
4n .5n 
5n 

12n 

4n,5n 
534 
5n 

5n 

I sa  

4n .5n 
5n 

5n 
5#1 

5n 

4n 

4 n . h  
4n ,5n 

4n 

R 

4n ,Sn 

4 n . h  
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~ __ 
F3 

......... 

I 1  
9 

7 

9 

I I  
9 

1 1  
9 

7 

11 

I 1  
5 
9 
7 

9 
7 
5 

3 
5 
9 
7 
5 

I 1  
9 
5 
3 

7 
7 
5 

9 
7 

... . 

0.082 

0 C64 

FUHR ET AL. 

9.4 

7.3 

Fe I: Allcrwed trnnsitions---Contiiiued 

8.8( -4) 
0.0038 

0 033 
0.0041 

0.039 

290. 

0.099 
0.42 

3.6 
0.45 

4.0 

291. 

292. 

293. 

0.092 

294. 

8.8 

295. 

2.2(--4)  
1.5(-4) 
4.5(--4) 
3 8( -- 4) 

0.065 
0.038 
0 02s 
0.0084 
0.018 
0.021 
0.043 

296. 

297. 

0.038 
0.0088 
0.078 
0.05 I 

10 
4.7 
2.2 
0.43 
2.1 

2.6 
3.8 

298. 

0.092 

0.021 
0.013 

0.010 
0.025 
0.0070 
4.1( --4) 
9.4( -4) 

0.0025 
0.0013 

299. 

2.7 

2.9 
1.4 
0.73 
0.38 
0.75 
0.056 
0.099 

0.26 
0.094 

300. 

Muitiplet 

ii IC - z 'FO 

(528) 

iI 'C - x ' G O  

(529) 

i' 'C - x 'W 
(531) 

n 'C - II 'Go 
(533) 

ii IC, - x 'F' 

- " [ ) O  - "F 

(554) 

4017 15 

3990.37 

3843.26 

3839 26 

3773.36 
3725.49 

3730.39 
3680.90 

3425.01 

3229.99 

5905.99 
5827.89 
5791.04 
5780 02 

5324.18 
5283.62 
5263.30 
5253.46 
5208.59 
5393.17 
5339.93 
5302.30 

4736.77 
4707.27 
4637.90 
4613.20 
4625.04 
4574.21 
4565.66 

4581.51 
4504.83 

E, (ern-') 
. . . . . . . . . .. . . . .. . . 

24575 
24575 

245'75 

24575 

24575 
24575 

24575 
24575 

24575 

24575 

2.5900 
26479 
2 S 900 
26141 

25900 
26141 
26340 

26475 
26141 
26141 
26310 
26479 

25900 
26141 
26479 
26550 

26141 
25900 
26141 

26340 

49461 
49628 

50587 

506 I4  

51069 
5 1409 

51374 
5 1668 

53763 

55526 

42836 
43634 
43 163 
43435 

44677 
4506 I 
4.5334 
45509 
45334 
44677 
4506 I 
45334 

47006 
47378 
48037 
4R221, 
47756 
47756 
48037 

47961 
48532 

__ 
& 

9 
9 

9 

9 

9 
9 

9 
9 

9 

9 

9 
3 
9 
7 

9 
7 
5 
3 
7 
7 
5 
3 

9 
7 
3 
I 
7 
9 
7 

7 
5 

0.0061 
0.0030 

log d 
.. .............. 

-- 0.85 
-1.38 

-0.13 

-2.10 
- 1.47 

-0.55 

-1.43 

-0.45 

-0.08 

--2.71 
-3.34 
.- 2.39 
- -257  

--0.23 
---0.57 
-0.W 
.- I .oo 
-0.91 
-0.84 
-0.67 
---0.81 

-0.73 
- 1.05 
..- 1.32 
-- 1.60 
---1.31 
- 2  43 
-2.18 

.-- 1.76 
-2 20 



30 I 

302 

303. 

304. 

305 

:306. 

307. 

308. 

309. 

A(A) 

4000.27 

4080.89 
4054.18 
4069.08 

4076.65 
4098. I8 
4097. 10 
4058.22 
4070.77 
4073.76 
4080.21 
4109.07 

4067.98 
4085.30 
4108.13 
41 18.90 

4024.72 
40 18.28 

3945.99 
3967.96 
3979.65 

3957.02 
3963.10 
3911.00 
3941.28 
3955.34 

3974.40 

3900.52 
3931.12 
3909.66 

F-56 

TRANSITION PROBABILITIES FOR IR 

be 1' Allowed transitions Continued 
-. . . . . . 

b.:(cm-') 

26340 

26,550 
26340 
26479 

25900 
26141 
26479 
25900 
26141 
26340 
26479 
26550 

25900 
26141 
26141 
26340 

26141 
26340 

25900 
26141 
26340 

26340 
26479 
25900 
26340 
26479 

26141 

26141 
26340 
26479 

51331 

5 1048 
50999 
5 1048 

50423 
50534 
50880 
50534 
50699 
50RRO 
50981 
50880 

50275 
5061 1 
50475 
5061 1 

50980 
51219 

5 1229 
5 1335 
51461 

5 1604 
5 1705 
5 1462 
5 I705 
51754 

51294 

51771 
51771 
52050 

- - 

gc 

5 

1 
5 
3 

9 
7 
3 
9 
7 
5 
3 
1 

9 
7 
7 
5 

7 
5 

9 
7 
5 

5 
3 
9 
5 
3 

7 

7 
5 
3 

- - 

Pi 
- 

5 

3 
5 
3 

9 

3 
7 
5 
3 

1 
3 

, 

9 
7 
9 
7 

9 
7 

I I  
9 
7 

7 
5 
9 
5 
3 

7 

7 
7 
5 

0.023 

0.025 
0.0083 
0.020 

0.20 
0.082 
0.032 
0.058 
0.14 
0.19 
0.28 
0.054 

0.17 
0.12 
0.0037 
0.020 

0.091 
0.030 

0.051 
0.075 
0.0076 

0.16 
0.17 
0.012 
0.099 
0.16 

0.0089 

0.086 
0.052 
0.062 

0 0056 

0 019 
0.0020 
0.0050 

0.050 
0.021 
0.0080 
0.01 1 
0.024 
0.030 
0.024 
0.041 

0.042 
0.029 
0.0012 
0.0073 

0.029 
0.010 

0.015 
0.023 
0.0025 

0.053 
0.068 
0.0027 
0.023 
0.038 

0.0021 

0.020 
0.0 I 7  
0.024 

S(at. u.) 

0.37 

0.25 
0.14 
0.20 

6.0 
2.0 
0.32 
1.3 
2.3 
1.9 
0.95 
0.55 

5.1 
2.7 
0.12 
0.49 

2.6 
0.68 

I .7 
2.1 
0.16 

3.4 
2.7 
0.32 
1.5 
1.5 

0.10 

1 .a 
1.1 
0.91 

- 1.55 

-1.73 
-1.99 
-1.82 

-0.35 
-0.84 
-1.62 
-1.00 
-0.77 
-0.84 
-1.15 
-1.39 

-0.42 
-0.69 
- 2.07 
-1.44 

-0.70 
- 1.29 

-0.88 
-0.80 
- 1.90 

-0.58 
-0.69 
-1.61 
-0.94 
-0.94 

- I  .83 

-0.86 
- 1.07 
-1.15 

Accuracy 

C 

C 
C 
C 

c f 
C+ 
C 
C 
c 
C +  
C 
C 

C +  
C +  
C 
C 

C 
C 

C 
C 
C 

C 
C+ 
C 
C 
C 

C 

C+ 
C 
C 

-~ 

Source 

5n 

5n 
5n 
5 n  

4n 
4n ,5n 
511 
4n ,5n 
4n ,5n 
4n ,5n 

4n ,5n 
4n ,5n 

4n 

4n.5n 
5n 

5n 

5n 

5n 

5n 

5n 

5n 

5n 
4n ,5n 

5" 
5n 
5n 

5n 

4n,5n 
5 n  

5n 
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FUHR ET AL. 
Fe I: Ai lowd transitiom-Contind 

I ..... 

- - 
No. 

310. 

311. 

312. 

313. 

314. 

315. 

316. 

317. 

318. 

319 

320. 

Multiplet 

3962.35 

3890 39 
3914.27 
3920.84 
3925.20 

3668.21 
3591.48 

361 5.19 
3616.15 
3592.67 
3597.02 

3667.25 
3644.80 
3624.06 

3593.32 

359 I .oo 

3 5 8 3.3 3 

3156.27 

5279.65 

5030.77 
5080.95 

___ 
(cm-') 

26340 

26141 
26479 
26340 
26550 

26141 
26550 

26419 
25900 
26141 
26340 

25900 
26141 
26340 

26.140 

25900 

26550 

26141 

26628 

26 106 
26351 

- __ 
& (cm-' - 

51570 

51837 
52020 
51837 
52020 

53394 
54386 

54133 
53546 
53967 
54133 

53160 
53569 
53925 

54161 

53739 

54449 

57814 

45563 

45978? 
46027 

- - 
8-8 - 

5 

7 
3 
5 
1 

7 
1 

3 
9 
7 
5 

9 
7 
5 

5 

9 

1 

7 

9 

13 
11 

- - 
R 
I 

7 

7 
3 
7 
3 

9 
3 

3 
7 
5 
3 

7 
5 
3 

7 

11 

3 

7 

7 

I5 
13 

A1,(lO's-') 

0.013 

0.017 
0.063 
0.021 
0.067 

0.036 
0.070 

0.068 
0.036 
0.047 
0 20 

0.14 
0.092 
0.063 

0.034 

0.0088 

0.27 

0.50 

1.y-4) 

2.3(-4) 
1.q-4) 

b 

0.0044 

0.0039 
0.015 
0.0069 
0.047 

0.0092 
0.041 

0.013 
0.0054 
0.0065 
0.023 

0.022 
0.013 
0.0074 

0.0091 

0.0021 

0.15 

0.075 

4.7( - 5) 

1.q-4) 
8.7( - 5) 

S(nt. u.) 
.__I_ 

0.29 

0.35 
056 
0.45 
0.60 

0.78 
0.48 

0.47 
0.58 
0.54 
I .4 

2.4 
1.1 
0.44 

0.54 

0.22 

I .8 

5,5 

0.0074 

0.022 
0.016 

- - 
log d 

-1.66 

-1.56 
-1.36 
- 1.46 
-1.33 

-1.19 
-1.39 

-1.40 
-1.31 
-1.34 
-0.93 

-0.70 
-1.04 
- 1.43 

-1.34 

- 1.73 

-0.81 

-0.28 

-3.37 

-2.88 
-3.02 

___ 
Accuracy 
~. 

C 

C 
C 
C 
C 

C 
C 

C 
C 
C 
C 

C 
C 
C 

C 

C 

C 

n 

C 

C 
C 

Sintree 

5n 

5n 
5n 
5n 
5n 

5n 
5n 

5n 
5n 
5n 
5n 

5n 
5n 
5n 

5n 

5n 

5n 

12n 

5n 

5n 
Sn 



F-58 

TRANSITION PROBABILITIES FOR IRON 

Fe I :  Allowed tramition" -Contrnucd 

- .-.~ 

N4. 
__ 

321. 

322. 

32.3. 

324. 

325. 

:%XI. 

327 

,328. 

329. 

330. 

331. 

.......... ~ ___ 
Multiplet 

h 'H - : 'H' 
(snn) 

b 'H - 2 'Go 
(590) 

/, 'H ~ 'f3 

(592) 

h 'H . " H O  

h 'H ~ 'Go 
(593) 

I ,  'H - z ' H a  
(594) 

L 'H ~! 'HO 

(597) 

h '11 ~ I '  'GO 

(598) 

b 'H ~ .> I C o  

(599) 

I, 'H - 1 ,  'Fo 
(603) 

b 'H ~ I ,  

(604) 

h(A) 
~~~ ~ . ~ ~ -  

4788.76 
4839 ss 

4737.63 

4649.82 

4600.93 

4658.29 
47 14.19 

4518.43 
4541.94 

1287.74 
4537.67 
4595.36 

4285.44 
4327.92 

4280.53 
4346.55 

4167.86 

4006.31 

3956.45 
3948.77 
3967.42 
3995.20 

b.', ( c m - ' )  
. .. . . -. 

26106 
26351 

26351 

26106 

26106 

26351 
26628 

26106 
26351 

26 1 06 
2K35 1 
26628 

26 I06 
26628 

26 I 06 

26628 

26628 

2635 I 

26106 
2635 1 
26628 
2635 1 

~ -. -- - ........ ~ 

h,,A (cn1-I) 

46982 

47008 

47453 

47606 

478.35 
47812 
47834 

48231 
.18362 

48383 
48383 
48383 

494:34 
49727 

4946 1 
49628 

50614 

5 1905 

51374 
51668 
51826 
51374 

- 
~ 

P. 
- 

13 
I I  

II 

13 

13 
11 

9 

13 
11 

1 .1 

I I  
9 

I 3 
9 

13 
9 

9 

11 

13 
I 1  
9 

I I  

.- - 
f l t  

. 

1 3 

II 

9 

1 1  

I I  
9 

11 
9 

II 
1 1  
1 1  

13 
9 

I 1  
9 

9 

9 

1 1  
9 

1 1  

d6 , ( in '  s - ' )  
. . 

0.0041 
0.0046 

0.001 1 

6.7(-4) 

9.l( -4) 
3.i( - 4) 
0.001 1 

2 21 '1) 
3 . 1  ( -  4) 

4.7-4)  
4 3( - -4)  
0.0060 

0.021 
0.0093 

0.003,3  

0.013 

0.0062 

0.056 

0 .22  
0.22 
0.24 
0.0098 

0.001'1 
0 00 I 6 

:3. I( ~- 4) 

l.8( -.4j 

2.4  - .i j 
9.7-5) 
2 .8  .- 4) 

i . 7 (  - 5) 

7.9( - 5) 

1 2 - 4 )  
1.3( - 4) 
0.002:3 

0.00.58 
0.0026 

7.7( 4) 
0.0038 

0.0016 

0.01 1 

0.013 
0.013 
0 Ot? 
0.0023 

0.29 
0.28 

0.053 

0.037 

0.048 
0.016 
0.039 

0.01 1 
0.0 13 

0.023 

0 022 
0.32 

1 . 1  
0.33 

0.14 
0.48 

n 20 

1 .h 

7 ,  
8 .,3 
6.1 
5.2 
0.34 

- 1.74 
- 1  7 -  

I J 

-2.47 

-2.62 

-2.50 
- 2.97 

-2.60 

-3.13 
.- 3.06 

- 2.8 1 
-2.84 
- -  1.68 

-1.12 

- I .63 

- 2.00 
- I .47 

- 1.84 

-0.92 

-0.25 
-0.33 
-0.40 
- I .59 

C 
C 

C 

C 

c 
C 
C 

C 
C 

C 
C 
C 

c 
C 

C 
C 

C 

C 

C 
C 
C i  
c 

Sourre 

5n 

>R 

5 n 

5" 

51 

5n 
5" 

5n 

5n  

5n .8 

5n ,8 
5, ,8 

4n ,5n 
5" 

5 n  
5" 

5n  

5" 

5n 
5n 
4n ,5" 
5" 
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FUHR ET AL. 
Fe I: Allowed tranailions----Cuntinued 

-. 
I__ 

NO. 
__ 

332. 

333. 

334. 

335. 

336. 

337. 

338. 

339. 

340. 

341. 

342. 

343 

344. 

Multiplet 

$916.73 

1806.70 
3771.50 

3765.54 
%821 .I8 
3805.35 
3785.71 

3738.31 

3582.20 

0576 76 

3402.26 

3307.23 
3328.87 
3355.23 

3233.05 

3254.36 
3280.26 

2923.29 

56 17.22 

5262.89 

so2 i ,139 

26106 

26351 
26106 

26106 
26351 
26628 

26 I06 

26351 

26 106 

2635 I 

26106 

26 106 
26351 
26628 

26 106 
2635 I 
26628 

26351 

26225 

26225 

26406 

,1630 

2 6  I3 
,2613 

12655? 
12514 
12899 
12514 

$3094 

54014 

54301 

is490 

56'334 
56383 
76423 

570287 
57070 
57104 

h0SJ9 

44023 

45221 

463 14 

-- - 
5 - 

3 

I I  
13 

13 
I 1  
9 

L3 

I 1  

13 

I 1  

13 

13 
I1 
9 

13 
11 
9 

11 

7 

7 

3 

- - 

:r 
- 

1 

I1 
I 1  

15 
13 
I1  
13 

13 

I 1  

9 

13 

13 
I1 
9 

15 
13 
11  

11 

9 

7 

5 

0.12 

0.55 
0.0071 

0.99 
0.70 
I .n 
0.014 

0.38 

0.2s 

0.098 

0.29 

0.20 

0.27 
0.33 

0.55 
0.51 
0.55 

1.7 

3.6( -- 4) 

8.8(--4) 

0.0046 

~ __ 
h 

1.023 

).12 
).0013 

1.24 
).18 
1.27 
).0030 

).093 

I041 

3.015 

0.050 

0.034 

0.056 
0.046 

0.009 

0.1 1 
0.095 

0.21 

2.2(--4) 

3.7(-4) 

0.0029 

s (ut. u.) 

3.9 

17 
0.21 

39 
25 
30 
0.48 

13 

6.3 

2.0 

7.2 

4.8 
5.5 
5.5 

14 
11 
11 

23 

0.029 

0.045 

0.14 

-0.52 

0.12 
- 1  78 

0 50 
0.30 
0.38 

-1.41 

0.01 

-0.27 

-0.77 

-0.19 

-0.36 
-0.30 
-0.30 

0.11 

-0.01 
0.02 

0 37 

-2.81 

-2.59 

-2 06 

4ccirracy 

CS 

C+ 
c 

C +  
Ct 
C+ 
C 

Cf 

c+ 

C 

C+ 

c -t 
C +  
C +  

C +  
CS 
C+ 

C+ 

C 

C 

c 

Source 

4n ,Sn 

4n 
5n 

4n ,8 

4n ,8 
4n 
0 

4n ,8 

4n 

SIl 

4n 

4n  

4n 
4n 

4n .8 
4n ,8 
4n 

4n 

5n 

5 n  

5 n  
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TRANSITION PROBABILITIES FO 
Fe I: Allowed transitions- -Continued 

__ ........... 

No. 
- .. . . .. ._ 

34.5. 

346. 

347. 

348. 

3.19. 

350. 

351. 

352. 

353. 

354. 

35s. 

356. 

Multiplet 

n 'I) - y ' P O  

(631) 

f, 'I) - "DO 

,I ' I )  - ? ' S O  

(635) 

,, 'I) - I' " P O  

(638) 

(I ' I )  ~ I IFo 
(650) 

.. . .. . . . . . . . . _ _ _  

4876.19 

4790 75 

4308.15 
4873.74 
4813.11 
4780.81 

4791.25 

4776.07 

4556.93 
4614.21 

4527.78 
4566.51 
4533.13 
4565.31 

4343.28 
4409.12 
4377.80 

4374.50 

4172.12 
4268.75 
4242.73 

4 17 I .90 

3969.63 

. . . . 

E,(cm-') 

26225 

26225 

20225 
26624 
26406 
26225 

26406 

26624 

26225 
26624 

26225 
26624 
26406 
26406 

26225 
26624 
26406 

26624 

26225 
26624 
26624 

26624 

26225 

46727 

47093 

470 I7 
47136 
47177 
47 I36 

47272 

47556 

48 163 
48290 

48305 
48516 
18460 
48305 

49243 
49298 
29243 

49477 

50187 
50043 
50187 

50587 

51409 

- - 
go 
- 

7 

7 

7 
5 
3 
7 

3 

5 

7 
5 

7 
5 
3 
3 

7 
5 
3 

5 

5 
5 

5 

7 

- - 
KA 

5 

7 

5 
3 
5 

3 

3 

5 
3 

5 
3 
I 
5 

5 
3 
5 

5 

5 
3 
5 

7 

9 

2.7(-4) 

2 3 - 4 )  

7.9(-4) 
5.7( .-- 4) 
0.0015 
3.q-4) 

0.0035 

0.0023 

0.00 1s 
0.0029 

0.0014 
0.0070 
0.044 
0.0023 

0.017 
0.0079 
0.0040 

0.0059 

0.12 
0.050 
11021 

0.015 

0.03 1 

7.q--5) 

9.7(-5) 

2.7(--4) 
2.q -~ 4) 
5.q-4) 
7.3( -5) 

0.0012 

4.7(-4) 

3.3( - 4) 
5.6( -4) 

3.1 (- 4) 
0.00 13 
0.0045 
0.00 I2 

0.0033 
0.0014 
0.0019 

0.0017 

0.022 
0.0081 

0.0056 

0.0054 

0.0094 

S ( a t .  1 1 . )  

0.0079 

0.01 1 

0.030 
0.016 

0.024 
0.0081 

0.057 

0.037 

0.034 
0.043 

0.032 
0.099 
0.20 
0.055 

0.34 
0.10 
0.083 

0.12 

2.1 
0.57 
0.39 

0.37 

0.86 

. . . . . 

1% s/ 

-3.31 

-3 .17 

-2.72 
-2.99 
.-. 2.82 

-3.29 

-2.44 

--2.63 

-2.64 
- -  2.55 

-2.67 
--2.18 
.~ 1.87 
-2.44 

.-- 1.63 
-2.16 
-2.24 

- 2.07 

-0.82 
-- 1.39 
. - - I  .55 

- - -  1.5: 

-1.18 

-~ 
Accuracy 

C 

C 

C 
C 
C 
D 

C 

C 

C 
C 

C 
C 
C 
C 

C 
C 
C 

C 

C +  
C 
C 

C 

c 

Source 
. . . . 

5n 

5n 

5n 
5n 
5n 

15n 

5n 

5n 

5n 
5n 

5n 
5n 
5n 
5n 

5n 
Sn 

5n 

4n ,512 

4n .5n 
4n ,5n 
5 n  

5n 

5n 
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___ __ 
No. 

__ 

357. 

358. 

359. 

360. 

361. 

362. 

363. 

364. 

365. 

366. 

367. 

368. 

Multiplet 

4040.64 
4031.96 

3985.39 
3951.16 

3883.28 

3846 80 
3836.33 
3778.51. 
3757.35 
3906.75 

38 10.76 
3802.28 

37411.24 

3751.06 

3688.48 

3613.45 
3560.70 

3568.82 
3573.39 

3598.72 

3406.44 

k,(cm-') 

26624 
26406 

26624 
26406 

26225 

2622.5 
26624 
26225 
26624 
26624 

26624 
26624 

26225 

26624 

26225 

26225 
26225 

26225 
26624 

26225 

26406 

K' (cm-l) 

51365 
51201 

51708 
5 1708 

51969 

52213 
52683 
52683 
53230 
52213 

52858 
52916 

52954? 

53275 

53329 

53892 
54301 

54237 
54600 

54005 

55754 

- - 
6, 
I 

5 
3 

5 
3 

7 

7 
5 
7 
5 
5 

5 
5 

7 

5 

7 

7 
7 

7 
5 

7 

3 

- - 
k - 

7 
5 

5 
5 

7 

7 
5 
5 
3 
7 

3 
5 

7 

5 

9 

7 
9 

9 
7 

7 

5 

0.054 
0.086 

0.082 
0.36 

0.17 

0.67 
0.39 
0.14 
0.14 
0.079 

0.24 
0.058 

0.19 

0.014 

0.081 

0.078 
0.077 

0.065 
0.088 

0.034 

0.30 

0.019 
0.035 

0.020 
0.14 

0.038 

0.15 

0.022 
0.017 
0.02s 

0.085 

0.031 
0.013 

0.039 

0.0030 

0.021 

0.015 
0.019 

0.016 
0.023 

0.0067 

0.088 

S(at.  11.) 

I .2 
I .4 

I .3 
5.4 

3.4 

13 
5.4 
I .9 
1.1 
1.6 

I .9 
0.79 

3.4 

0.18 

I .8 

1.3 
1.5 

1.3 
1.4 

0.55 

2.9 

- 1.03 
--0.98 

-1.01 
---0.38 

-0.58 

0.02 
-0.37 
-0.81 
-- 1.06 
-0.90 

-0.81 
-1.20 

--0.56 

- 1.83 

-0.83 

-0.97 
-0.88 

-0.95 
- 0.93 

-. I .33 

-0.58 

___._ 

Accuracy 

C 
C+ 

C 
C +  

C+ 

C+ 
C 
C 
C 
C 

C+ 
C 

C+ 

C 

c 

C 
C +  

C 
C 

c 

C+ 

Source 

4n ,5n 
4n .5n 

4n ,5n 
4n ,5n 

4n ,5n 

4n 
4n ,5n 
5n 
5 n  

5n 

4n ,5n 
5n 

4n ,5n 

5n 

5n 

511 

4n.5n 

5n 

5n 

5n 

4n 
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TRANSITION PRO ILITIES FOR IRON 
Fe I Alloupd transitrons~Corrtlni,i~ 

~ - 

f i ,  

5 
3 

I I  

I I  
9 

5 
3 

9 
7 
5 

5 

1 1  
9 

I I  

5 

5 

3 

9 

9 

5 

9 

3 
9 

~ - 

Ki 

9 

I 

5 

9 

11 

9 

1 

3 
I 

9 

5 
9 

, 

, 

11 
9 
9 

3 
9 

1 

1 

9 

9 

I I  
9 
5 

-. . .. . . . . . . . ~~ 

Accuracy S ( a t  u.)  

.T 2 9 2.0 2 
3314 74 

3282.89 

3 2 5 3.60  

62: I .?9 

26225 

26624 
26406 

26225 

2687.i 

56593 
56783 
5hR59 

56951 

428 16 

1-4671 

1.5061 

45331 

45509 
45595 
44677 
4506 I 
,1.533'% 
44677 

4506 I 

0.62 
0.70 
0.3 I 

11.18 

2 . u  - 4) 

0. I i 
0.19 
0.22 
0.21 
0.2.i 
0.0 1.5 
0.042 
0.062 

5.6( - - 4 j  
0.0030 

0.03: 

0.022 
0,003 i 
11 0097 

0.0 I 3 

0.009 2 
0.0083 

0.0084 

n.om 7 
0.0024 
0.001: 
0.0011 
0.002.1 

0.14 
0.0 19 

0.084 

0.13 
0.16 
0.0%,1. 

0.038 

I .2( -~ 4) 

O.(!hi 
0.070 

0.072 
0.059 

0.039 

0.0075 
0.020 
0.030 

3 . 6 ( - ~ 4 )  

0 . 0 0 2 0  

0.014 
0.0080 
0.0010 
0.0024 
0.0026 

0.0014 
1).0043 
0.00.50 

9.5( . 4) 
8.2(-4) 
5 . 7 - 4 )  
6.2( - 4.) 
0.00 I 2 

0.041 
0.01, 
0.037 
0 . 0 0 2 7  

0 01 1 
0.0015 

9.9 
8.9 
2.7 

2.8 

0 027 

1 4 
12 
9.2 
5.4 
2 :! 
1.3 
2.6 

"7 
0.048 
0.19 

2.5 

1.2 
0.18 
0 27 

0.91 

0.51 
0 . 3 5  

0.24 

0 1 3  
0 .  I9  
0.062 

0.070 
0.090 

, i .S  
1.6 
1.6 
0 . 3  3 

0.78 
ll.19 

-0.04 
-0.09 

--0.60 

-0.58 

-2.88 

-0.13 

-0.20 
-0.30 
-0.53 
-0.93 

-1.17 
-0.85 
-0.83 

- 2.60 
- I  99 

-0.82 

--1.14 
- 1.95 
- 1.77 

-- I .88 
-1.51 
- I .67 

- I .82 

- 2.07 
-2.13 

-2.40 
-2.36 
-2.24 

-- 0.40 
--0.93 
--0.95 
- I .62 
- 1.25 
- I .87 

C+ 
C+ 
c + 

c+ 

C 

C +  
c +  
c 1- 
C+ 
C 
C 
C+ 
C +  
C 
c 

C +  
D- 
c 
c 
C 
C 
D 
D 

c 
C 
C 
C 
C 

c i  
C 
C 
C 
C 
c 

4n 
4n 
4n 

4n 

5 n  

4" 
4" .5" 
4n 
I" 
5n 
4n 
4n 
4" 
5n 
5n 

4n 
14n 

5n  

5" 
5n 
5n 

I o n  
I On 

5n  
5" 

5n 
5n 
5" 

4" 
5" 

5 n 
5 n 
5" 

Sn 

5615.64 
5586.76 

5572.84 
SS69.62 

557 6.09 

5709.38 
5658.82 
5624.52 

5784.69 
,57 I 2 .  I i 

2687,s 
27167 

2739-3 
27,560 
27666 

27167 
27395 
27560 

27395 
27,560 

4960.09 

4946 :3R 
4875.8: 
481,3. I4 
48:18.51 
5002.79 
4950.10 

490 7.7 3 

4679 '2 
480i.7 1 
,4729.68 

4860.98 
4i66.87 

4 2 2 4  I7 

4200.92 

4224.51 
416 I .08 
4m5.54  

4168 63 

26875 

27167 
26875 
27 39 5 
27560 

27395 
27560 

27666 

1.7006 

47378 
47378 
,48037 
4822 I 

47378 
47756 

48037 

27167 1.8532 
47961 
48532 
47961 

1.8532 

5oa:3:{ 
51192 

51331 
51192 

51831 
5 1 149 

27167 
27395 
2739,; 
27560 

2 7 1 6 7  
27395 
27660 

27167 

27560 
2716; 

9 0 0 1 0  
5 5 0 0 4 2  
9 ; 0 0074 
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Fe I: Allowed t r a ~ i t i ~ n - - - ~ o n t i i ~ u ~  

. ._ .._. .. __ 
No. 

376. 

377. 

378. 

379. 

380. 

381. 

382. 

383. 

Multiplet 

. . ... .. . .... _. 

NA, 

4278.23 

4264.20 

4247.40 
4238.81 
4225.4.5 
4217.55 
4196.21 
4 198.64 
4169.78 

41 49.37 
4154.80 
4182.79 
4 104.97 
4 136.5 1 
4168.94 
4087.09 

4126.18 
4114.96 
4129.46 
4150.25 
4090.98 
4112.35 
4153.90 
41 s n . 7 ~  

4106.44 
4183.03 

4084.49 
4054.87 
4065.40 
4133.86 
4 I0 I .27 
4082 13 
4129.22 

40s I .w 
4090.09 
4079.18 

E, (a"-') 

27167 

27147 

27167 
27395 
27560 
27666 
27395 
27560 
27395 

26875 
27167 
27560 
24875 
27167 
27560 
24875 

26875 
27167 
27395 
27666 
27167 
27395 
27395 
27666 

27395 
27395 

26875 
17540 
27666 
27167 
17395 
27560 
27540 

27395 
27395 
27560 

. . . . . . . . . . . . 

E (cm-' 

50534 

5061 1 

50704 
50980 
51219 
51370 
51219 
51370 
51370 

50968 
5 I229 
51461 
51229 
51335 
51540 
51335 

51 103 
5 I462 
5 I604 
5 I754 
5 1604 
51705 
51462 
51705 

51740 
51294 

51350 
52214 
52257 
51350 
51771 
52050 
51771 

52067 
5 I837 
52047 

..... 
I__ 

k -_ 

9 

9 

9 
7 
5 
3 
7 
5 
7 

11 
9 
5 

11 
9 
5 

I 1  

1 1  
9 
7 
3 
9 
7 
7 
3 

7 
7 

11 
5 
3 
9 
7 
5 
5 

7 
7 
5 

- 
Ri - 

7 

7 

11 
9 
7 
5 

7 
5 
5 

I3 
1 1  
7 

1 1  
9 
5 
9 

11 
9 
7 
3 
7 
5 
9 
5 

5 
7 

9 
3 
1 
9 
7 
5 
7 

5 
7 
5 

A,,(10" s-I) 

0.01 I 

0.020 

0.20 
0 22 
0.1: 
0.24 
0 , l l  
0.i3 
0.01 I 

0 043 
0.15 
0.014 
0 0028 

0.020 
0.021 

n.ois 

0.046 
0.012 
0.0070 
0.083 
0.012 
0.016 
0.24 
0.17 

0.029 
0.0043 

0.12 
0.18 
0.24 
0 026 
0.028 

0.000 I 
0.027 

0.035 
0.01 1 
0.059 

0.0024 

0.0043 

0.067 
0.077 
0.065 
0.1 1 
0.028 
0.036 
0.0021 

0.013 
0.049 
0.0051 
7.1( -4) 
0.0039 
0.0053 
0.0044 

0.01 z 

o.ooia 
0.0030 

0.022 
O.l)023 
0.0030 
0.079 
0.073 

0.0052 
0.0011 

0.024 
0.027 
0.020 
0.0065 
0.0070 
0.0068 
0.0022 

0.0062 
0.0028 
0.015 

0.30 

0.55 

8.4 
7.5 
4.5 
4.4 
2.7 
2.5 
n.20 

2.0 
6.0 

0.10 
0.47 
0.36 
0.64 

0.35 

1.7 
0.36 
0.17 
0.88 
0.27 
0.28 
7.5 
3.0 

0.49 
0.11 

3.5 
1.8 
0.79 
0.80 
0.46 
0.44 
0.15 

0.58 
0.26 
1 .o 

- 1.67 

-1.41 

-0.22 
-0.27 
- 0.19 
-0.50 
-0.71 
-0.75 
-1.84 

-0.84 
-0.36 
-1.59 
--2.11 
.- I .46 

-1.32 
-1.58 

---0.89 
-1.57 
- 1.90 
-.. 1. I9 
- 1.69 
- 1.48 
---0.26 
-0.66 

-1.44 
-2.10 

-0.58 
-0.87 
-1.23 
- 1 .23 
- 1.31 
- 1.47 
- 1.96 

-1.36 
-1.71 
---1.13 

..._.. 
Acc1,racy 

C 

C 

C C  

C+ 
C+ 
C +  
C 
c 
C 

C+ 
C+ 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C+ 
C 

C 
C 

C +  
C 
C 
C 
c 
C 
c 

c 
C 
C 

-. .- 

%WE 

5n 

5n 

4n 
411 

4n 
4n 
4n ,Sn 
5n 
5n 

an .5,! 
4n 
5n 
Sn 

5rr 
5 I /  

4n ,5!1 

5 n  
S /, 
5 n  
511 

5n 
5n 
4n 
5n 

Sn 
5n 

411 
5n 
.In ,5n 
4N 
4n ,5n 
5n 
Sn 

5n 
5n 
5" 



384 

385 

386. 

387. 

388. 

389. 

390. 

391. 

392. 

393. 

394. 

395. 

396. 

397. 

398. 

3817.64 

3804.01 
3789.82 

3846.00 
3819.50 
3791.73 

3802.00 

3762.21 

5029.62 

1779.44 

1566.99 

1137.00 

L003.76 

1976.61 
1891.93 

1949.14 

1806.22 

543.67 

,410.1 7 
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TRANSITION PROBABILITIES FOR IRON 

Fe I: A l l ~ ~ e d  transit~ons--Contmud 
.. ... . . . . . . 

b,; (cm-' 

26875 

268 7 s 
27167 

27 167 
27395 
27560 

26875 

27167 

27543 

27543 

27543 

27543 

17543 

17543 
17543 

!7543 

!7543 

!7543 

17543 

53061 

53155 
53546 

53160 
53569 
53925 

53169 

53739 

47420 

18460 

19433 

51708 

525 12 

52683 
53230 

52858 

i3808 

is754 

,6859 

- - 

& 

1 1  

I 1  
9 

9 

5 
I 

I I  

9 

3 

3 

3 

3 

3 

3 
3 

3 

3 

3 

3 

- - 
/3 
.... 

11 

9 
7 

7 
5 

3 

13 

I I  

5 

I 

5 

5 

3 

5 

3 

3 

3 

5 

5 

0.085 

0.052 
0.046 

0.050 
0.054 
0.074 

0.041 

0.033 

0.0055 

0.017 

0.0063 

0.23 

0.082 

0.18 
0.40 

0.046 

0.25 

0.18 

0.48 

. . . . . . . . . . . . ...... .. . ... 

1 

0.019 

0.0093 
0.0077 

0.0086 
0.0084 
0.0096 

0.010 

0.0086 

0.0035 

0.0019 

D.0033 

3.098 

1.020 

1.073 
1.090 

lo1  1 

).055 

).058 

).I4 

.. . . . . . . .- 

S(a t  u.) 

2.6 

1.3 
0.86 

0.98 
0.74 
0.60 

1.4 

0.96 

0.17 

0.091 

0.15 

4.0 

0.78 

2.9 
3.4 

0.42 

2.1 

2.0 

4.7 

1% &f 
............. 

-0.69 

--  0.99 
-1.16 

-1.11 
- 1.23 
-1.32 

-0.94 

-1.11 

- 1.98 

-2.24 

-2.01 

-0.53 

- 1.23 

-0.66 
-0.57 

-1.49 

--0.78 

-0.76 

-0.38 

Accuracy 
. . .. . . . 

C 

Ct 
C 

C 
C 
C 

C 

C 

C 

C 

C 

C+ 

C 

C 
C+ 

C 

C 

C 

C f  

5n 

4 n . h  
5n 

5n 

5n 

5n 

5n 

4n .5n 

5n 

5 n  

5n 

4n 

4n .5n 

5 n  

4n ,5n 

5n 

4n .5n 

5n 

4n 



. ... 
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... 

399. 

400. 

401. 

402. 

403. 

404. 

405. 

406. 

407. 

408. 

409. 

410. 

411. 

412. 

413. 

414. 

415. 

Milltiplet 

6016.66 

4844.01 

4869.45 

4705.46 

4789.65 

4663.18 

4547.85 

4305.20 

4327.09 

4317.04 

4240.37 

4059.73 

3989.86 

3973.65 

3845.69 

3682.24 

3677.31 

h.; (an-') K' (cm-1) 

45221 

49343 

49135 

4985 I 

49477 

50043 

so587 

51826 

51708 

51762 

52181 

53230 

53661 

53763 

54600 

55754 

55791 

- ._ 

B - 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

__ - 

RA - 

7 

7 

7 

7 

5 

3 

7 

7 

5 

5 

3? 

3 

7 

7 

7 

5 

7 

A,,(1OU s- I )  

0.0047 

0.0045 

0.0014 

0.0025 

0.084 

0.0046 

0.078 

0.0051 

0.094 

0.0057 

0.070 

0.096 

0.058 

0.080 

0.057 

1.7 

0.31 

J' 

0.0036 

0.0022 

7.1( --4) 

0.0012 

0.029 

8.y- 4) 

0.034 

0.0020 

0.026 

0.0016 

0.01 1 

0.014 

0.020 

0.026 

0.018 

0.36 

0.089 

S (at. u.) 

0.35 

0.17 

0.057 

0.089 

2.3 

0.069 

2.5 

0.14 

I .9 

0.11 

0.79 

0.95 

1.3 

I .7 

1.1 

22 

5.4 

1% d 

-1.75 

- 1.96 

-2.45 

-2.24 

-0.84 

-2.35 

-0.77 

-2.00 

-0.88 

-2.10 

-1.25 

-1.15 

-1.01 

--o.aa 

-- 1.05 

0.25 

-0.35 

= 
Accuracy 

C 

C 

C 

C 

C+ 

C 

C+ 

C 

C+ 

C 

C+ 

C +  

C 

C+ 

C 

C+ 

C 

Source 

5 n  

5 n  

5n 

5n 

4" 

5n 

4n 

5n 

4n ,5n 

5n 

4n .Sn 

4n ,5n 

5" 

4n ,5n 

5n 

4n 

5n 



- -. . . . . . . . . . . 
No. 

416. 

417. 

418. 

419. 

420. 

421. 

422. 

423. 

424. 

425 

426. 

427 

428. 

429. 

430. 

431. 

Multiplct VA, 
. . . . . . . . . . . . . 

5584.77 

5532.i5 

5263.87 

5115.78 

4927.4 2 

4849.67 
4809.94 

4587.13 

4502.59 

4432.57 

4382.77 

4219.36 

4118.54 

4014.53 

3846.11 

3756.94 

3690.73 
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TWANSPTHON PROHA ILITPES FOR IRON 

~ - 
k'., (cm' 

28820 

28820 

28820 

28820 

28820 

28820 
28820 

2RR20 

28820 

28820 

28820 

28820 

28820 

28820 

28820 

28820 

28820 

. . . . . . . . . . . . . . . . . .- 

V,(clr-' 

46721 

46889 

47812 

48362 

49 109 

49434 
49604 

50614 

51023 

i 1374 

5 1630 

52514 

53094 

53722 

5481 1 

,5430 

,5907 

.- - 

Rb 

9 

9 

9 

9 

9 

13 
11 

9 

13 

I I  

I 1  

13 

13 

I 1  

9 

I I  

I 1  

_ _ _ _  ~ 

A ' , ( l O ~  5-1) 

. . . . . . . . . . . . .- 

0.0013 

0.0020 

0.0023 

6.1(-- 4) 

0.0037 

5..y--4) 
5.9(-4) 

0.0069 

0.00 13 

0.0091 

0.013 

0.38 

0.58 

0.24 

0.19 

0.25 

0.28 

.. .. . .... . 

J* 

5.1(-4) 

7.6( --4) 

7.9( -4 )  

I.%-4) 

0.001 I 

2.2(-4) 
2.0(-4) 

0.0018 

1.8(-- 4) 

3.002: 

3.0039 

1.12 

1.17 

1.059 

1.035 

).052 

1.057 

S (at. u.) 

0.10 

0.15 

0.15 

0.036 

0.20 

0.039 
0.035 

0.29 

0.078 

0.43 

0.62 

18 

26 

8.5 

4.8 

7.1 

7.7 

!og & 

2.25 

-2.08 

-2.06 

-- 2.67 

- 1.92 

-2.61 
-2.65 

-1.71 

-2.28 

-. 1.53 

-- 1.37 

0.12 

0.28 

-0.19 

--0.42 

-0.24 

-0.20 

- .. .. . . . . . . . . 
Accuracy 

C 

C 

C 

C 

C 

C 
C 

C 

C 

C 

C 

C+ 

C 

C+ 

C 

C f  

c -t 

Source 

5n 

5n 

5R 

5n 

5n 

5 n  

5n 

5R 

5n 

5n 

5n 

4n ,8 

8 

4n 

5n 

Qn.5n 

4n 
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- ..... 

--- 
No. 

432. 

433. 

434. 

435. 

436. 

437. 

438. 

439. 

440. 

441. 

.______ 
Multiplet 

3627.05 

3599.62 

3553.74 

3538.78 
3534.53 

6400.00 
641 1.65 
6246.32 
6336.84 
6141.73 

4572.86 
4488.13 

4596.06 
4673.16 
4701.05 
4643.46 
4690.14 

4678 85 
4619.29 
4669.17 
4704.95 

4638.01 
4673.28 

4560.09 
4596.41 

28820 

28820 

28820 

28820 
28820 

29056 
29469 
29056 
29733 
29056 

29469 
29056 

29056 
29469 
29733 
29469 
29733 

29056 
29056 
29469 
29733 

29056 
29469 

29056 
29469 

r, (cm ') 

56383 

56593 

5695 1 

57070 
57104 

44677 
45061 
4506 I 
45509 
45334 

51331 
51331 

50808 
50862 
50999 
50999 
51048 

50423 
50699 
5OR8[J 
5098 I 

5061 1 
50861 

50980 
51219 

- __ 
g. 

11 

11 

I 1  

11 
11 

7 
5 
7 
3 
7 

5 
7 

7 
5 
3 
5 
3 

7 
7 
5 
3 

7 
5 

7 
5 

- - 
.9 - ~ -  

11 

9 

9 

13 
11 

9 
7 
7 
3 
5 

5 
5 

9 
7 
5 
5 
3 

9 
5 
3 
I 

7 
5 

9 
7 

A,, (10' s-I) 
.. ._ 

0.027 

0.19 

0.83 

0.0076 
0.022 

0.059 
0.038 
0.029 
0.053 
0.010 

0.00 12 
0.015 

0.0094 
0.049 
0.0078 
0.037 
0.025 

0.085 
0.056 
0.047 
0.095 

0 039 
0.040 

0.0050 
0.0025 

_I_ __ 
h 

__ 

0.0052 

0.030 

0.13 

0.0017 
0.0042 

0.046 
0.032 
0.017 
0.032 
0.0041 

3.6( -4) 
0.0032 

0.0038 
0.022 
0.0043 
0.012 
0.0082 

0.036 
0.013 
0.0091 
0.01 1 

0.013 
0.013 

0.00?0 

0.001 1 

S(at. u.) 

0.69 

3.9 

17 

0.22 
0.53 

6.8 
3.4 
2.4 
2.0 
0.58 

0.027 
0.33 

0.41 
1.7 
0.20 
0.92 
0.38 

3.9 
1.4 
0.70 
0.49 

1.4 
1 .o 

0.21 
0.085 

__. - 
1% k$ 
__ 

-1.24 

-0.48 

0.15 

-1.73 
-1.34 

-0.49 
-0.79 
-0.93 
- 1.02 
-1.54 

-2.74 
- 1.65 

-1.57 
4 . 9 5  
- 1.89 
-1.22 
-1.61 

-0.60 
- 1 .05 
- 1.34 
- 1.50 

-1.05 
-1.18 

-1.85 
-2.25 

-- 
ACcurac y 
.. ... _...... . . 

C 

C t  

c+ 

C 
C 

u - 
D- 
E,- 
D - 
C 

c 
c 

C 
D - 
C 
c 
c 

I, 
C 
c 
c 

c 
c 

C 
C 

Source 
.. ... .... 

5n 

4n,5n 

Qn 

8 
Sn 

1 I n  

14n 
1 4n 

14n 
5n 

5n 

5n 

Sn 

1411 
5 n  

5n 
Sn 

9 
5n 
511 
5n 

5n 
Sn 

5n 
5n 



442. 

443. 

444. 

445. 

446. 

447. 

448. 

449. 

450. 

451. 

Multiplet 

.... . .. . .. ..... 

NA) 

4433.78 
4495.95 
4485.97 

4495.57 
4481.61 
4580.58 

4484.22 
4482.74 
4401.29 
4446.83 
4347.85 
4395.29 
4438.34 

4440.48 
4523.40 

4388.41 
4423.84 
4485.67 
4433.22 
4469.37 

3428.75 

5649.66 

5284.42 

5242.49 

4961.91 
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Fe 1: Alloaed trunsitions--- Continued 

29056 
29469 
29469 

29056 
29733 
29469 

29056 
29463 
29056 
29733 
29056 
294.69 
29733 

29056 
29469 

29056 
29469 
29733 
29469 
29469 

29056 

293 13 

293 I3 

29313 

29313 

__ __ 
?,(ern-') 

.... 

5 1604 
51705 
51754 

5 1294 
52040 
5 1294 

51350 
51771 
51771 
52214 
52050 
52214 
52257 

51570 
51570 

51837 
52067 
52020 
52020 
51837 

58213 

47008 

48231 

48383 

49461 

- - 
6. 
..... 

7 
5 
5 

7 
3 
5 

7 
5 
7 
3 
7 
5 
3 

7 
5 

7 
5 
3 
5 
5 

7 

13 

13 

13 

13 

- - 
6% 
-. 

7 
5 
3 

7 
3 
7 

9 
7 
7 
3 
5 
3 
1 

7 
7 

7 
5 
3 
3 
7 

5 

11 

1 1  

I I  

11 

- 
A,. (1OU 5 
~ 

0.031 
0.015 
0.0058 

0.0042 
0.049 
0.0043 

0.081 
0.025 
0.069 
0.062 
0.018 
0.020 
0.093 

0.0048 
0.0056 

0.13 
0.020 
0.12 
0.23 
0.27 

0.25 

3 3 - 4  

6.7(-4 

0.032 

0.0015 

~. .~ .. 

k 

0.0090 
0.0045 
0.0010 

0.0013 
0.015 
0.0019 

0.031 
0.010 
0.020 
0.018 
0.0037 
0.0035 
0.0092 

0.00 I4 
0.0024 

0.038 
0.0058 
0.037 
0.041 
0.11 

0.031 

1.5( -4) 

2.4(-4) 

0.01 1 

4.M -4) 

0.92 
0.33 
0.078 

0.13 
0.66 
0.14 

3.2 
0.77 
2.0 
0.80 
0.37 
0.25 
0.40 

0.15 
0.18 

3.8 
0.42 
1.7 
3.0 
8.3 

2.5 

0.037 

0.054 

2.5 

0.098 

-1.20 
- 1.65 
--2.28 

-2.05 
-1.35 
-2.02 

-0.66 
-- 1.28 
-0.85 
-1.26 
-1.59 
-- I .76 
-1.56 

- -2 .00 
-1.92 

--0.58 
-.- 1.54 
-0.95 
-0.69 
---0.25 

-0.66 

--2.70 

---2.51 

-0.84 

-2.22 

. . ... 

Accuracy 

C 
C 
C 

C 
C 
C 

D 
C 
C f  
C 
C 
C 
C 

C 
C 

Ct 
C 
C 
C 
C i  

D 

C 

C 

C i  

C 

... 

Source 

5n 
5n 
5n 

Sn 

5n 
5n 

9 
5" 
4n 
5n 
5 n  
5n 
5n 

5n 
5n 

4n 
5n 
5n 
Sn 
4n 

12n 

5n 

5n 

4n.8 

5rr 
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- ..... 

~ __ 
No. 

~ 

452. 

453. 

454. 

455. 

456. 

457. 

458. 

459. 

460. 

461. 

462. 

463. 

464. 

Multiplet 

a 'I - y '1' 
(849) 

a 'I - z 'Io 
(850) 

a 'I - x 'HO 
(854) 

b 'D - y 'Po 
(867) 

b '0 - 'FO 

b 'D - 'De 

b 'D - 'Do 

b 'D - ' D O  

b 'D - z ' G O  

(872) 

b 'D - u 'Fo 
(875) 

b 'D - v 'Pa 
(877) 

b 'D - x 'Po 
(880) 

b 'D - w 'Fo 
(883) 

4309.03 

4203.94 

3813.88 

5760.35 
5698.05 

5762.43 
5636.71 

5707.07 
5660.79 

5754.41 
5702.43 
5568.81 

5539.28 

5529.15 

5294.56 
5298.79 

5320.05 

5280.36 
5223.19 
5207.95 

4970.50 

_I__ 

K,(cm-') 

293 13 

29313 

29313 

29372 
29357 

29372 
29357 

29372 
29357 

29372 
29357 
29320 

29372 

29372 

29357 
29372 

29372 

29372 
29320 
29320 

29320 

__ ___ 
yk(cm--', 
- 

52514 

53094 

55526 

46727 
46902 

4672 1 
47093 

46889 
470 17 

46745 
46889 
47272 

47420 

47453 

48239 
48239 

48163 

48305 
$8460 
48516 

$9433 

._ I 

g, 
- 

13 

13 

13 

7 
5 

7 
5 

7 
5 

7 
5 
3 

7 

7 

5 
7 

7 

7 
3 
3 

3 

..... - 
gr 
- 

13 

13 

11 

5 
3 

9 
7 

9 
7 

7 
5 
3 

5 

9 

5 
5 

5 

5 
1 
3 

5 

A,,(10* E - ' )  

0.024 

0.13 

0.091 

0.0015 
0.0017 

0.0014 
8.q-4) 

0.001 1 
4.q-4) 

6.7( -74) 
6.5(-4) 
9 3 - 4 )  

0.001 1 

5.3(-4) 

7.7(-4) 
0.0039 

0.0016 

0.0052 
0.012 
0.0034 

0.013 

0.0067 

0.034' 

0.017 

5.44-4) 
4.9( - 4) 

8.43-4) 
5.q-4) 

6.7( -4) 
3.1(-4) 

3.3( -4) 

4.44-4) 
3.2(-4) 

3.7(-4) 

3.1(-4) 

3.2(-4) 
0.0012 

4.8( -4) 

0.0016 
0.0016 
0.0014 

0.0078 

S(a:. u.) 

1.2 

6.2 

2.7 

0.072 
0.046 

0.12 
0.054 

0.088 
0.029 

0.044 
0.030 
0.024 

0.047 

0.040 

0.028 
0.14 

0.059 

0.19 
0.082 
0.071 

0.38 

-1.06 

-0.35 

-0.66 

-2.42 
-2.61 

-2.21 
-2.54 

-2.33 
-2.81 

-2.63 
-2.80 
-2.88 

-2.59 

-2.66 

-2.79 
-2.09 

-2.47 

-1.96 
-2.32 
-2.38 

-1.63 

Accuracy 

C+ 

C 

C+ 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 

C 

C 
C 

C 

C 
c 
C 

C 

Source 

4n ,5n,8 

8 

4n,5n 

5n 
5n 

5n 
5n 

5n 
5n 

5n 

5n 
5n 

5n 

5n 

5n 
5n 

5n 

5n 
5n 
5n 

5n 



"S 
US 

"S 

"S 
"S 

"S 

US'UP 

"S 

US 

"S 

"S 

US 

"S 

US 

, "SI 

aainas 

+3 

3 
3 

3 

3 
3 

3 

+3 

3 

3 

3 

3 

3 

3 

3 
a 

880.- 

60'1 - 
OL'I- 

ZL'I- 

8P' I ~- 
9P'I- 

SP'I- 

EO' I - 

IL'I- 

08'1 -- 

0P.Z- 

86' 1 - 

91'2- 

1L.I - 

LOZ- 
8L'Z - 

9' 1 

1.1 
92'0 

SZ.0 

SP'O 
LP'O 

OS'O 

E I 

82'0 

€2'0 

6500 

91'0 

11'0 

ZE'O 

PI'O 
8ZO'O 

9ZO'O 

910'0 
6ZOO'O 

LZOOO 

1 10'0 
6900'0 

1 SOO'O 

EIO'O 

6t'OO.O 

EZOO'O 

(P - )L'S 

I ZOO'O 

PI000 

6E00'0 

LIOO'O 
IP-)P.Z 

'Y 

21.0 

6PO'O 
1600'0 

n8oo'o 

PVO'O 
9PO'O 

610'0 

690.0 

PI00 

I 10'0 

SIOO'O 

8P.00'0 

OPQO'O 

1100 

ZEO0O 
(P-k.9 

L 
6 

6 

E 
E 

L 

S 

S 

S 

6 

, 

S 

s 

! 
! 

- 
6 
- - 

5 

S 
L 

L 

E 
S 

L 

L 

S 

L 

L 

S 

S 

S 

1 

! 

__ 
'9 

I 

PSLSS 

0099s 
LEZPS 

IOEPS 

noas 
80bES 

iPS6ZS 

9162s 

,2892s 

1612s 

899 IS 

S9EIS 

L810S 

LLt6P 

SE16P 
SE16P 

.~ 

- W?) 3 
.. . . . .- - 

LSE6Z 

LSE6Z 
ZLE6Z 

ZLE6Z 

OZE6Z 
LSE6Z 

ZLE6Z 

ZLE6Z 

LSE6Z 

Zit62 

ZLE6Z 

LSE6Z 

LSE6Z 

LSE6Z 

LSE6Z 
ZLE6Z 

91'18LE 

'LLP 

'91p 

'SLP 

'PLV 

'e19 

ZLP 

1 LP 

OLP 

69P 

899 

19v 

9FP 

59b 

'GN 
. . . . . . - . . . . . .- 



. ...... 

F-7 I 

- 
I^_I_ 

N O .  

__I 

478. 

479. 

480. 

481. 

482. 

483. 

484. 

485. 

486. 

487. 

488. 

489. 

490. 

491. 

Multiplet 

b 'D - w 'FO 

(917) 

b IC 'DO 

b 'C - z 'Go 
1924) 

b 'G $HO 

b 'G - I U  'Go 

(927) 

b 'G . z 'HO 
(928) 

b 'G y '6' 
(929) 

b 'C w 'Fa 
(930) 

b 'C. - r '€1' 
(935) 

b 'C - y IF" 
(940) 

h 'G - x 'Fo 

b 'G - w 'Go 
(945) 

t 'C - s 'C' 
(948) 

L To - e 'F 
(959) 

3781 .Y4 

5849.67 

5662.94 

5549.94 
5543.15 

5385.58 

5379.57 

5288.53 

5177.23 

4700.19 

4189.56 

4171 69 

39996.97 

3829 13 

6003.03 
5952.75 
5804.06 
5838.42 
6188.04 
60% 69 

29357 

29799 

29799 

29799 
29799 

29799 

29799 

29799 

29799 

29799 

29799 

29799 

29799 

29799 

31307 
32134 
3 1307 
31805 
31805 
32134 

55791 

36889 

47453 

47812 
475.34 

48362 

48383 

48703 

49 109 

5 I409 

53661 

53763 

5481 1 

55907 

47% I 

488532 

47961 
48532 

48928 

48928 

- - 
& 
.- 

5 

9 

9 

9 
9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 
5 
9 
7 
7 
5 

- _I 

8 6  - 

7 

9 

9 

9 
7 

9 

11 

9 

9 

11 

7 

7 

9 

11 

9 
5 
7 
5 
9 
7 

A,,(10's-') 
.. . . . . . . . . . . . . 

0.0.13 

2.6(--3) 

0.0012 

3 3 - 4 )  
0.0095 

32 -4 )  

0.0078 

0.0071 

0.0012 

0.0067 

0.030 

0.034 

0.074 

0.031 

0.017 

0.0017 
0.002 1 
0.0043 
0.0035 

0.016 

1 
. . . . . . . . .- 

0.013 

1.3( -4) 

5.8( -4) 

1.6( -4) 
0.0035 

1A-4)  

0.OO4 1 

0m3n 

5.0( - 4) 

0.0027 

0.0061. 

0.0069 

0.018 

0.0084 

0.0090 

fi.7(-4) 
7.7( -4) 
0.0032 
0.0028 

0.OoHS 

S(0t. u.) 

0.80 

0.023 

0.098 

0.026 
0.58 

0.072 

0.66 

0.47 

0.076 

0.38 

0.76 

0.85 

2.1 

0.96 

1.6 
0.83 
0.12 
0.10 
0.46 
0.28 

k d 

--. 1.19 

- 2.92 

-2.28 

-2.84 
-1.50 

.. 2.90 

-1.43 

-1.57 

-2.95 

-1.61 

-1.26 

-1.21 

-0.80 

-1.12 

- 1.09 
-- I .37 
-2.22 
-2.27 
- 1.65 
-1.86 

__- 
Accuracy 
-. . . . . . . . . . 

C 

C 

C 

C 
C 

C 

C 

D 

c 

C 

c 

c 

C+ 

c 

D- 
C 
C 
C 
C 
C 

suuscs 

Sl l  

5n  

Sn 

Sn 
Sn 

5n 

4n.5n.8 

15n 

5n 

5n 

5n 

5n 

4n,5n 

5n 

14n 
Sn 

5n 

5n 
514 
5n 
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TRANSPTION PROBABILITIES FOR IRON 
Fe I: Allowed transitions-Continaa 

. .... .- 

No. 

492. 

493. 

494. 

495. 

496. 

497. 

498. 

499. 

500. 

501. 

502. 

wA) 

5001.86 
5014.94 
5022.24 
5129.63 
5099.09 

4978.60 

50sa.00 

4452.62 
4492.68 

4593.53 
4587.12 

4551.65 
4450.77 

4456.63 
4494.05 
4392.58 

4455.03 

4300.21 

4276.68 
4300.83 

3975.85 

g (cm-') 

31307 
3 1805 
32134 
31805 
32134 

32134 

31805 

31805 
32134 

3 1805 
32134 

3 1805 
31307 

31307 
32134 
31307 

31307 

31307 

31307 
32134 

31307 

51294 
51740 
52040 
51294 
51740 

522 14 

5 1570 

54258 
54386 

53569 
53925 

53769 
53769 

53739 
54379 
54067 

53748 

54555? 

54683 
55379 

56452 

g, 
- 

9 
7 
5 
7 
5 

5 

7 

7 
5 

7 
5 

7 
9 

9 
5 
9 

9 

9 

9 
5 

9 

..... .___. 

81 
- 

7 
5 
3 
7 
5 

3 

7 

5 
3 

5 
3 

9 
9 

I 1  
7 
9 

7 

9 

9 
5 

9 

0.40 
0.31 
0.27 
0.0060 
0.018 

0.11 

0.0013 

0.0093 
0.029 

0.0065 
0.0088 

0.0037 
0.0025 

0.0075 
0.0086 
0.0045 

0.046 

0.0073 

0.029 
0.055 

0.030 

.h 
.. . . ... .. __ 

0.12 
0.082 
0.060 
0.0024 
0.0069 

0.025 

5.q-4) 

0.0020 
0.0053 

0.001s 
0.0017 

0.00 I 5  
7 s - 4 )  

0.0027 
0.0036 
0.0013 

0.01 I 

0.0020 

omao 
0.015 

0.0070 

__ . . .. . . . . . .. 

s (Rt.  
~ 

17 
9.5 
5.0 
0.28 
0.58 

2.1 

0.051 

0.20 
0.39 

0.15 
0.13 

0.15 
0.09 

0.36 
0.27 
0.17 

I .4 

0.26 

1 .o 
1.1 

0.83 

~ - 
1% g/ 

0.02 
-0.24 
-0.52 
-1.78 
-1.46 

-0.90 

-2.46 

- 1.86 
- 1.58 

-1.99 
-2.08 

-1.99 
-2.17 

-1.61 
-1.74 
-1.93 

- 1.02 

-1.74 

-1.14 
-1.12 

-1.20 

tccuracy 

C+ 
C+ 
C f  
C 
C 

D- 

C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 

C 

C 
C 

C 

.In 
4n 
4n 
5n 
5n 

14n 

5n 

5n 
5n 

5n 
5n 

5 n  

5n 

5n 
5n 
5n 

5n 

5n 

5n 
5n 

5n 
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FUHR ET AL. 
Fe I: Allowed transitian--Conlinued 

__ - 
No. 

- ..... 

503. 

504. 

505. 

506. 

507. 

508. 

509. 

510. 

511. 

512. 

513. 

Multiplet 

6226.77 

5934.66 
5883.84 
5809.25 
5798.19 

4973.10 
4896.44 
491 1.78 
5048.43 

4930.31 
4870.05 

4905.13 

4466.94 
4440.82 
4391.87 

4279.48 
4264.74 
4200.09 

4243.79 
4220.05 
4310.37 

3839.61 

7132.99 
7068.42 

7024.08 

(em-') 

31323 

31686 
31937 
31323 
3 1686 

31937 
31323 
31686 
31937 

31937 
31686 

3 1686 

31686 
31937 
31686 

31323 
31937 
31323 

31323 
31686 
31686 

31937 

32874 
32874 

32874 

(em-') 

47378 

48532 
48928 
48532 
48928 

52040 
51740 
52040 
51740 

522 14 
52214 

52067 

54067 
54449 
54449 

54683 
55379 
55125 

54880 
55376 
54880 

57974 

46889 
47017 

47106 

- - 
6, - 

7 

5 
3 
7 
5 

3 
7 
5 
3 

3 
5 

5 

5 
3 
5 

7 
3 
7 

7 
5 
5 

3 

9 
9 

9 

I - 
& - 

9 

7 
5 
7 
5 

3 
5 
3 
5 

3 
3 

5 

5 
3 
3 

9 
5 
7 

5 
3 
5 

9 
7 

9 

I____ 

A,, (10' 5 " ' )  

0.0013 

0.021 
0.020 
0.0048 
0.0060 

0.12 
0.0058 
0.018 
0.034 

0.048 
0.0050 

0.0058 

0.035 
0.033 
0.012 

0.016 
0.031 
0.047 

0.028 
0.032 
0.027 

0.40 

0.0030 
0.0093 

0.0014 

n.oo1o 

0.016 
0.017 
0.0024 
0.0030 

0.044 
0.0015 
0.0038 
0.022 

0.017 
0.001 1 

0.0021 

0.010 
0.0098 
0.0021 

0.0058 
0.014 
0.012 

0.0053 
0.0051 
0.0074 

0.15 

0.0023 
0.0054 

0.001 1 

S(at. u.) 

0.15 

1.6 
0.99 
0.32 
0.29 

2.2 
0.17 
0.31 
1.1 

0.85 
0.086 

0.17 

0.77 
0.43 
0.15 

0.57 
0.59 
1.2 

0.52 
0.36 

053 

5.6 

0.49 
1.1 

0.22 

-2.15 

-1.10 
-1.29 
-1.77 
- 1.82 

-0.88 
-1.98 
-1.72 
-1.19 

-1.28 
-2.27 

-1.98 

-1.28 
-. 1.53 
-1.97 

- 1.39 
-1.38 
- 1.06 

-1.43 
-1.59 
-1.43 

-0.35 

-1.68 
-1.31 

-2.02 

____ 
Accuracy 

C 

C 
C 
C 
C 

C+ 
C 
C 
C 

C 
C 

C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

C 
C 

C 

___ 
Source 

512 

5n 
5n 
5 R  

5n 

4n 
5n 

5n 

4n 

5n 

5n 

5n 

5n 

5 R  

5n 

5R 

5n 
5n 

5n 
Sn 

5 R  

5 R  

5n 
5n 

5n 



- 
No. 

514. 

515. 

516. 

517. 

518. 

519. 

520. 

521. 

522. 

523. 

524. 

525. 

Multlplct 

7000.63 
7107.46 

6857.25 

63 15.8 1 

5157.73 
6380.75 

5147.85 

5027.06 
5165.37 
52 15.15 

1362.89 

i643.94 

i811.93 

~494.46 

1487.74 

8587.58 
1680.26 

F-74 

TRANSITION P 
Fe I .  Allowed inaii~itio:~ -Continuor( 

.. . . . . . . 

j,;(cm-') 

33413 
33765 

32874 

32874 

32874 
33765 

32874 

32874 
33413 
33765 

33765 

32874 

13413 

12874 

I34 I3 

13413 
13765 

. . . . . . . . - 

E, (cm- 

47693 
47831 

47453 

48703 

49 I09 
49433 

49135 

49461 
49628 
49851 

$9477 

io587 

506 14 

51069 

i1630? 

I 1305 
) 1365 

.~ - 

R. 

5 

9 

9 

9 
5 

9 

9 
7 
5 

5 

9 

7 

9 

7 

7 
5 

- - 

3 
.... 

7 
5 

9 

9 

9 
5 

7 

I 1  
9 
? 

5 

I 

9 

I 1  

5 

9 
7 

A k , ( l O U  s - I ]  

. . . . . . . . . . 

0.0014 
0.0028 

0.0013 

0.0043 

0.013 
0.015 

0.0059 

0.012 
0.0065 
0.01 I 

0.0011 

0.0031 

9.6( - 4) 

0.0019 

0.093 

0.0039 
9. I (  - 4) 

~. .. . .. . . . . . . . . 

h 

0.0010 
0.0021 

9.2( - 4) 

0.002s 

0.0072 
0.0091 

0.0026 

n.onRo 
0.0047 
0.0085 

D.0025 

3.00 12 

52-4) 

1.001 1 

).030 

).0024 
1.2( - 4) 

............. . . . . . . . . . . . . .- 

S (at. 81. )  

0.17 
0 25 

0.19 

0.48 

1.3 
0.9% 

0.47 

1.4 
0.67 
0.87 

0.26 

0.19 

0.086 

0.17 

3.8 

0.31 
0.058 

-2.14 
- 1.97 

-:.os 

- 1.64 

-1.19 
-1.33 

- 1.63 

-1.14 
- 1.4% 
- 1.17 

.- I .90 

- 1.98 

-2.36 

-2.02 

-0.68 

- 1.78 
-2.51 

A c c u r a c y  

C 
C 

C 

C 

C 
C 

C 

C 
C 
C 

C 

c 

C 

C 

D - -  

C 
C 

-. . . .. . . .__ .. . . . . . . . . . ... 

'io11ice 

5n 
5n 

SI! 

5n 

5n 
5n 

5n 

5n  

5n 
5n 

5n 

5" 

5n 

5n 

14n 

5n 
5n 
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. .F... 

FUHR ET AL. 
Fc I: Allowed transihns-Contind 

I__ 
_I 

No. 

526. 

527. 

528. 

529. 

530. 

531. 

532. 

533. 

534. 

535. 

536. 

537. 

Multiplet 

5319.22 

5329.99 

5464.29 

5293.97 
5332.67 
5387.51 
5394.68 
5491.84 

5187.91 
5 136.09 
5284.62 

5236.19 

4729.02 

4999.1 1 

4785.96 

4735.84 
4800.65 
4798.26 

4854.89 

4413.40 

K8 (cm-') 

32874 

32874 

33413 

33413 
33765 
33413 
33765 
33765 

33413 
33765 
33765 

33765 

32874 

33765 

334 13 

32874 
33413 
33765 

33413 

32874 

5 1668 

51630 

51708 

52297 
52512 
51969 
52297 
5 1969 

52683 
53230 
52683 

52858 

54014 

53763 

54301 

53983 
54237 
54600 

54005 

55526 

I 

.s, - 

9 

9 

7 

7 
5 
7 
5 
5 

7 
5 
5 

5 

9 

5 

7 

9 
7 
5 

7 

9 

I - 
P - 

9 

I 1  

5 

5 
3 
7 
5 
7 

5 
3 
5 

3 

11 

7 

9 

11 
9 
7 

7 

I 1  

0.0013 

0.013 

0.010 

0.0075 
0.0075 
0.0028 
0.013 
0.0015 

0.032 
0.0075 
0.0044 

0.018 

0.0070 

0.0082 

0.0045 

0.019 
0.021 
0.0 14 

0.0043 

0.01 1 

5.q-4) 

1.0065 

3.0032 

D.0023 
D.0019 
0.001 2 
0.0056 
9 4 - 4 )  

0.0092 
D.0018 
D.0018 

D.0045 

0.0029 

0.0043 

0.0020 

0.0079 
0.0092 
0.0066 

0.0015 

0.0039 

S(at. u.) 

0.088 

1 .o 

0.40 

0.28 
0.17 
0.15 
0.50 
0.085 

1.1 
0.15 
0.16 

0.39 

0.40 

0.35 

0.22 

1.1 
1 .o 
0.52 

0.17 

0.50 

log& 

-2.30 

-1.23 

-- 1.65 

- 1 .80 
-2.02 
-2.07 
-1.55 
-2.33 

-1.19 
-2.05 
-2.04 

- 1.65 

-1.59 

-1.67 

-1.86 

-1.15 
-1.19 
- 1.48 

- 1.97 

-1.46 

Accuracy 

C 

C 

C 

c 
C 
C 
c 
C 

C 
C 
C 

C 

C 

C 

C 

C 
c 
C 

c 

C 

Source 

5n 

5n 

5n 

5n 

5n 
5n 

Sn 

5n 

4n.5n 
5n 

5n 

5n 

5n 

5n 

5n 

5n 

581 

5n 

S A  

5n 

.- ..... 
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TKANSPTION PROBABILITIES FOR IRON 
Fe I: Allowed transitions---Coniinued 

- __ 
No. 

- ... . . . .. 

538. 

539. 

540 

541. 

542. 

543. 

544. 

545. 

546. 

Multiplet 
~ 

y 'Do - e 'F 
(1051) 

y 'Do - c 'F 
( 1052) 

y 'Do -fiD 
(1055) 

y 'Do - P 'G 
(1058) 

y stlo - P ,'I> 
(1061) 

y 'Do - p 'D 
( 1062) 

y 'Do - P 'P 
(1064) 

y 'Do - g 5F 
(1065) 

y 'Do - h 'D 
(1066) 

.. ... .. .. . . . . I.____. .. . 

VA) 

7 130.94 
7090.40 
6999.90 
7016.44 
7022.98 
7038.25 

6916.70 
6786.88 

58 15.16 

5481.25 

5493.51 
5483.1 I 
5381.45 
5620.53 
5547.00 

5473.90 
5478.48 
5353.39 
5480.87 
5563.60 
5543.94 
5525.55 

5386.34 
5473.18 

4991 2 7  

4988 95 
4969.92 
4917.23 
5088.16 

b;, (cm-') 

34017 
34122 
33096 
33507 
33802 
34017 

33507 
33802 

33507 

33096 

33096 
33507 
33802 
33507 
34017 

33507 
33802 
3309h 
34017 
33802 
340 I7 
34122 

33507 
33802 

33802 

33507 
34017 
33802 
33507 

6,(cm-') 
-. . . . .... ... 

48037 
48221 
47378 
47756 
48037 
48221 

4796 1 
48532 

50699 

51335 

51294 
51740 
52040 
5 1294 
52040 

51771 
52050 
51771 
52257 
51771 
52050 
52214 

52067 
52067 

53831 

53546 
54 133 
54133 
53155 

- - 
g. 
...... 

3 
I 
9 
7 
5 
3 

I 

5 

7 

9 

9 
7 
5 
7 
3 

7 
5 
9 
3 
5 
3 
I 

7 
5 

5 

7 
3 
5 
7 

- - 
6b 

5 
3 
9 
7 
5 
3 

9 
7 

5 

9 

7 
5 
3 
7 
3 

7 
5 
7 
I 
7 
5 
3 

5 
5 

7 

7 
3 
3 
9 

0.044 
0.032 
0.0049 
0.012 
0.018 
0.026 

0.0065 
0.0021 

0.001 1 

0.012 

0.0054 
0.014 
0.03 1 
0.0057 
0.010 

0.057 
0.0074 
0.051 
0.14 
0.037 
0.037 
0.040 

0.0092 
0.0038 

0.088 

0.058 
0.16 
0.071 
0.0056 

~ 

Jt 

0.055 
0.072 
0.0036 
0.0092 
0.013 
0.020 

0.0060 
0.0020 

4.q-4) 

0.0052 

0.0019 
0.0044 
0.0083 
0.0027 
0.0048 

0.025 
0.0033 
0.017 
0.022 
0.024 
0.028 
0.055 

0.0029 
0.0017 

0.046 

0.022 
0.061 
0.016 
0.0028 

S (at. u.) 
. . . . . . . . . . . . 

3.9 
1.7 
0.75 
1.5 
I .5 
1.4 

0.95 
0.22 

0.054 

0.84 

0.31 
0.56 
0.75 
0.35 
0.26 

3.2 
0.30 
2.7 
I .2 
2.2 
I .6 
1 .o 

0.35 
0.15 

3.8 

2.5 
3.0 
1.3 
0.33 

1% gf 
.~ 

-0.78 
-1.14 
-1.49 
-1.19 
-1.18 
-1.23 

-1.38 
--2.00 

--2.55 

-1.33 

-1.77 
-1.51 
- 1.38 
-- 1.72 
-1.84 

--0.75 
-1.78 
-0.81 
-1.19 
--0.92 
-1.07 
-1.26 

-1.70 
--2.07 

--0.64 

-0.82 
-0.74 
--] .I1 
---1.71 

Accuracy 

C 
C 
C 
C 
C 
C 

C 
C 

C 

C 

C 
C 
C 
C 
C 

C+ 
C 
D- 
C 
C 
C 
C 

C 
C 

D- 

C+ 
D f  
C 
C 

_.___ 

Sourre 

5n 
5n 
5n 
5 n  

5n 
5n 

5n 
5n 

5n 

5n 

5n 
5n 
5n 
512 

5n 

4n 
5n 

14n 
5n 
5n 
5n 
5n 

5e 
5n 

14n 

4n 
1 On 

5n 

5n 
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F-77 

FUHR ET AL. 
Fe I: Allowed transitions--Continued 

.- ..... 

547. 

548. 

549. 

550. 

551. 

552. 

553. 

554. 

555. 

556. 

Multiplet 

y 'Do - f 'G 
(1068) 

y 'Do - e 'G 
( 1069) 

y 'Do - f 'D 
(1070) 

y 'Do ~ L 'D 
(1073) 

y 'Da - 4 
(1075) 

y 'F0 - e 'F 
(1078) 

y 'Fo - e 'G 
(10831 

y 'F0 - f 'F 
(1084) 

y 'F0 - e 'D 
(1086) 

y 'F0 - g '0 
(1087) 

4835.87 
4840.32 
4059.13 
4790.56 

4842.79 

4841.78 
4892.87 
4986.22 
4918.01 

4085.98 

4095.27 

7008.01 
7038.82 

5940.97 
5877.77 

5742.95 
5858.77 
5835.10 

5793.93 
5741.86 
58 14.80 

5638.27 
5641.46 
5691.51 
5731.77 
5711.87 
5705.48 
5873.21 
5804.48 

Kf (cm-') 

33096 
33507 
33802 
33507 

33096 

33802 
34017 
34017 
34122 

33507 

33802 

33695 
34329 

33695 
33695 

33695 
34040 
34329 

34040 
34329 
34547 

34040 
34329 
34692 
34329 
34547 
34692 
34329 
34547 

53769 
54161 
54376 
54376 

53739 

54449 
54449 
54067 
54449 

57974 

58213 

47961 
48532 

50523 
50704 

51 103 
51103 
51463 

5 1294 
51740 
51740 

51771 
52050 
52257 
51771 
52050 
522 14 
51350 
51771 

- - 
g. 
- 

9 
7 
5 
7 

9 

5 
3 
3 
1 

7 

5 

11 
7 

11 
I 1  

11 
9 
7 

9 
7 
5 

9 
7 
3 
7 
5 
3 
7 
5 

- - 
gk __ 

9 
7 
5 
5 

I 1  

3 
3 
5 
3 

5 

5 

9 
7 

13 
11 

11 
11 
9 

7 
5 
5 

7 
5 
1 
7 
5 
3 
9 
7 

0.012 
0.019 
0.012 
0.0016 

0.0084 

0.015 
0.057 
0.026 
0.047 

0.059 

0.037 

0.00 15 
0.0023 

0.0012 
0.0012 

6.7(-4) 
0.001 1 
0.001 1 

0.0067 
0.0089 
0.0050 

0.048 
0.033 
0.073 
0.017 
0.017 
0.020 
0.0018 
0.0030 

0.0041 
0.0068 
0.0044 
3.8(-4) 

0.0036 

0.0031 
0.021 
0.016 
0.051 

0.01 1 

0.0094 

9.3(-4) 
0.0017 

7.6(-4) 
63.- 4) 

34 -4 )  
74 -4 )  
7.2(-4) 

0.0026 
0.0031 
0.0025 

0.018 
0.01 & 
0.012 
0.0084 
0.0081 
0.0098 
0.0012 
0.0021 

S(at. u.) 

0.59 
0.76 
0.35 
0.042 

0.52 

0.25 
0.99 
0.79 
0.83 

1 .o 

0.63 

0.24 
0.28 

0.16 
0.13 

0.065, 

0.12 
0.096 

0.45 
0.41 
0.24 

2.9 
I .4 
0.66 
1.1 
0.77 
0.55 
0.16 
0.20 

- 1.43 
- 1.32 
- 1.66 
- 2.57 

-1.49 

- 1.81 
-1.21 
-1.32 
-1.29 

-1.13 

-1.33 

- 1.99 
- 1.92 

- 2.08 
-2.16 

-2.44 
-2.19 
-2.30 

-1.63 
- 1.66 
- 1.90 

-0.80 
-1.11 
-1.45 
-1.23 
-1.39 
-1.53 
-2.07 
-1.97 

Accuracy 

C 
C 
C 
C 

C 

C 
D 
C 
C 

C 

C 

C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

Source 

5n 
5n 
5n 

5n 

5n 

5n 
15n 
5n 
5n 

5n 

5n 

5n 
5n 

5n 
5n 

5n 
5n 
5n 

5n 
5n 
5n 

5n 
5n 
5n 
5n 
5n 
5n 
5n 
5n 



~. - ....... . . . . 

NO.  

557. 

558. 

559. 

560. 

561. 

562. 

563. 

564. 

565. 

566. 

567. 

__ 
Multiplet 

y 'Fo - P 'P 
(1088) 

'KO - 'F 

(1089) 

y 'Fo - k 'D 
( 1090) 

,, ''Fa - J 'p 

(1091) 

Y .To ~ 1 'C 
(1092) 

y 'F" ~ P 'H 
(1093) 

y 'FO - 'G 

( 1094) 

r F O  ~ J 'D 
( 1095) 

y 'F0 - P 'H 
(1097) 

y 'F0 ~ J 'F 
( 1098) 

Y 'F0 ~ 8 'C 
(1103) 

5635.85 

5162.27 
5126.19 
5243.78 
5184.26 
5109.65 

5137.38 
5125.11 
5090.78 
5104.44 

5228.41 
5 159.06 
5197.93 

5133.69 
5104.21 
5067. I 5  

5012.68 

4991.86 
5074.75 

5023.23 
5121.64 

4962.56 

4911.52 

41 12.96 
4137.42 
4142.63 

F-78 

TRANSITION P OBABILITIES FOR IRON 

Fe I: Alloned tran~tions CGntinued 

-. . . . . . . - .... . 

E, (cm-'j 

34329 

33695 
34329 
34329 
34547 
34692 

33695 
34040 
34329 
34547 

34040 
34547 
34692 

33695 
33695 
34040 

34547 

34040 
34040 

34547 
34547 

33695 

34329 

33695 
34547 
34692 

. . . . . . . . .- 

%(cm-') 

52067 

53061 
53831 
53394 
53831 
54258 

53 155 
53546 
53967 
54 I33 

53160 
53925 
53925 

53169 
53282 
53769 

54491 

54067 
53739 

54449 
54067 

53841:' 

54683 

58002 
58710? 
58825 

- - 
g. -_ 

t 

1 1  

7 
5 
3 

1 

I I  
9 
7 
5 

9 
5 
3 

11 
1 1  
9 

5 

9 
9 

5 
5 

I I  

7 

I 1  
5 

3 

- -. 

gb 
__ 

5 

1 1  
7 
9 
7 
5 

9 
7 
5 
3 

3 
3 

13 
1 1  
9 

7 

9 
I I  

3 
5 

13 

9 

13 

5 

............ ~~~~~ 

A,,(1OU s-l) 

0.0064 

0.27 
0.035 

0.022 
0.042 
0.063 

0.11 
0.30 
0.21 
0.020 

0.021 
0.14 
0.022 

0.3 I 
0.0029 
0.037 

0.0072 

0.0043 
0.15 

0.026 
0.086 

0.013 

0.0021 

0.15 
0.072 
0.087 

0.0022 

0.1 I 
0.014 
0.012 
0.023 
0.041 

0.037 
0.092 
0.058 
0.0048 

0.0067 
0.034 
0.0090 

0.14 

0.014 
o.on1 I 

0.0038 

0.0016 
0.072 

0.0059 
0.034 

0.0055 

9.7(-4) 

0.044 
0.026 
0.037 

S(at 11.) 

0.28 

20 
I .6 
I .4 
2.0 
2.1 

6.9 

6.8 
0.40 

14 

I .o 
2.9 
0.46 

27 
0.21 
2.1 

0.31 

0.24 
I I  

0.49 
2.9 

0.98 

0.11 

6.5 
1.8 
1.5 

-~ 1.82 

0.08 
-1.01 
- 1.08 
-0.93 
-0.91 

-0.39 
-0.08 
-0.39 
- I .62 

- I .22 
-0.77 
- I .57 

0.20 
- 1.90 
-0.89 

-1.72 

- 1.84 
-0.19 

-- 1.53 
~--0.77 

-1.22 

-2.17 

-0.32 
-0.89 
-0.95 

Accuracy 

C 

D 
C 
C 
C 
C- 

C+ 
D 
C f  
C 

C 
D - -  
C 

D 
C 
C - -  

C 

C 
c 1- 

C 
C +  

C 

C 

C 
C 
C 

Source 

5n 

9 
5n 
Sn 
5n 

1 5 n  

4n 
9 
4n 
5 n  

5n 

5n 
l4n.15n 

9 
5n 

15n 

5n 

5n 
4n 

5n 
4 n . h  

Sn 

5n 

4n.5n 
5n 

5n 



- ..... .. . 

P-79 

FUHR ET AL. 
Fe I: Allowed transitims-Continued 

- ..... 

I_ - 
NO. - 
568. 

569 

570. 

571. 

572. 

573. 

574. 

575. 

576. 

577. 

578. 

579. 

580. 

MuJtiyiei 

L 'Po - e 'F 
(1105) 

z 'PO - c 'D 
(1107) 

2 'PO - g 33 
(1108) 

z 'PO - e $P 
(1109) 

I ' P O  - g T 
(1 1 IO) 

'Po - h 'D 
(1111) 

I 'PO - f S P  

(1112) 

2 'PO - / %  
(1113) 

b ' V  y 'Do 
(1128) 

b ' V  - x ' V o  
(1129) 

I 'El - 'PO 

b 'D - 'Do 

b 'I) - w 'Do 
(1133) 

7095.43 

5762.99 
5753.12 
5717.85 
5618.65 

5652.32 
5661.36 
5522.46 
5472.72 

5517.08 

5027.76 
4992.80 

4993.68 
5056.86 

5004.04 

4945.64 
4995.41 

5856.08 

5837.71 

5698.37 

5539.83 
5376.85 

4734.10 

E, (em-') 

33947 

33947 
34363 
34556 
33947 

34363 
34556 
33947 
33947 

33947 

33947 
34363 

33947 
34363 

33947 

33947 
34363 

34637 

34637 

34637 

34637 
34637 

34637 

48037 

51294 
51740 
52040 
51740 

52050 
52214 
52050 
52214 

52067 

53831 
54386 

53967 
54133 

53925 

54161 
54376 

51708 

51762 

52181 

52683 
53230 

55754 

I - 
g, 

5 

5 
3 
1 
5 

3 
1 
5 
5 

5 

5 
3 

5 
3 

5 

5 
3 

5 

5 

5 

5 
5 

5 

I - 
6 6  ..~.. 

5 

7 
5 
3 
5 

5 
3 
5 
3 

5 

7 
3 

5 
3 

3 

7 
5 

5 

5 

3: 

5 
3 

5 

0.0030 

0.10 
0.072 
0.059 
0.021 

0.0055 
0.0078 
0.014 
0.017 

0.0022 

0.025 
0.0048 

0.021 
0.011 

0.042 

0.014 
0.0081 

0.010 

0.0021 

0.0057 

F.0015 
0.0044 

0.018 

0.0022 

0.073 
0.059 
0.087 
0.0098 

0.0044 
0.01 1 
O.O(W6 
0.0045 

0.0010 

0.013 
0.0018 

0.0080 
0.0043 

0.0094 

0.0073 
0.0050 

0.0054 

0.0011 

0.0017 

6.9-4) 
0.0012 

0.0062 

s (ai. u.) 

0.26 

5.9 
3.4 
1 .fJ 

0.91 

0.25 
0.21 
0.60 
0.40 

0.091 

1.1 
0.088 

0.65 
0.21 

0.77 

0.59 
0.25 

0.52 

0.10 

0.16 

0.063 
0.10 

0.r8 

-. 1.95 

-0.44 
-0.75 
- 1.06 
-1.31 

-1.88 
.- 1.95 
-1.1.8 
- 1.65 

-2.30 

-1.18 
-2.27 

-1.40 
- 1.89 

-1.33 

- 1.44 
-1.82 

-1.57 

-2.27 

- 2.08 

-2.46 
-2.24 

-1.51 

-I-- 

Accuracy 

C 

C+ 
Cf 
C 
C 

C 
C 
C 
C 

C 

C 
D 

C 
C 

C 

C 
C 

C 

C 

C 

C 
C 

c 

5n 

4n 
4n 
5n 
5n 

5n 
5n 
5n 
5n 

5n 

5n 
15n 

5n 
5n 

5n 

5n 
5n 

5" 

5n 

Sn 

5n 
5n 

5n 



581. 

582. 

583. 

584. 

585. 

586. 

587. 

588. 

589 

~ ........... ____.-_I- 

Multiplet 

z 'Go - g 'F 
(1143) 

z 'Go - h 'D 
(1144) 

z -f'C 
(1145) 

'GO - 'H 
(11%) 

z 'Go - e 'G 
(1147) 

3 ~ f 'D 
(1148) 

z to - e 'n 
(1149) 

I 'Go - f 'F 
(1150) 

z t o  - 3 
(1152) 

5361.64 
5395.25 
5512.28 
5487.16 
5432.95 

5441.32 
5466.39 
5470.17 

5400.50 
5389.48 
5398.29 
5546.51 
5461.54 

5424.07 
5383.37 
5369.% 
5367.47 
5364.87 
5401.27 
5295.32 

53 15.07 
5409.13 

5406.77 
5417.03 
5469.85 

5056.00 

5023.50 
503 1.90 
5146.30 
5241.90 

4631.48 

F-80 

TRANSITION PROBABILITIES FOR IRON 
Fe I: Allnwrd transitmm-Chmued 

g (em-') 

35612 
35856 
35257 
35612 
35856 

34782 
35257 
35856 

35257 
35612 
35856 
35257 
35856 

34844 
34782 
35257 
35612 
35856 
34844 
35612 

35257 
35257 

35257 
356 12 
35856 

34782 

34782 
35257 
35257 
35612 

35257 

~ 

r, (cm-'1 

54258 
54386 
53394 
5383 1 
54258 

53155 
53546 
54133 

53769 
54161 
54376 
53282 
54161 

53275? 
53353? 
53874? 
54237 
54491 
53353? 
54491 

54067 
53739 

53748 
54067 
54067 

54555? 

54683 
55125 
54683 
54683 

56843 

- - 
g, 
- 

7 
5 
9 
7 
5 

11 
9 
5 

9 
7 
5 

9 
5 

13 
11 
9 
7 
5 

13 
7 

9 
9 

9 
7 
5 

11 

11 
9 
9 
7 

9 

- - 
ga 
- 

5 
3 
9 
7 
5 

9 
7 
3 

9 
7 
5 

11 
7 

15 
13 
11 
9 
7 

13 
7 

9 
I 1  

7 
5 
5 

9 

9 
7 
9 
9 

9 

A,, ( IOn s-') 

0.020 
0.0061 
0.01 1 
0.01 1 
0.048 

0.0055 
0.080 
0.014 

0.20 
0.14 
0.10 
c.011 
0.0047 

0.57 
0.59 
0.48 
0.59 
0.63 
0.0025 
0.0082 

0.0087 
0.012 

0.0073 
0.01 I 
0.0030 

0.0033 

0.0067 

0.0095 
0.0031 
0.0068 

0.0040 

0.0062 
0.0016 
0.0050 
0.0050 
0.021 

0.0020 
0.028 
0.0036 

0.088 
0.060 
0.044 
0.0064 
0.0030 

0.29 
0.30 
0.25 
0.33 
0.38 
0.001 1 
0.0034 

0.0037 
0.0065 

0.0025 
0.0035 
0.0014 

0.0010 

0.0021 
0.0028 
0.0012 
0.0036 

0.0013 

S(at. u.) 

0.77 
0.14 
0.81 
0.63 
1.9 

0.39 
4.5 
0.33 

14 
7.4 
3.9 
1.1 
0.27 

68 
59 
40 
40 
34 
0.25 
0.42 

0.58 
1 .o 

0.40 
0.44 
0.12 

0.19 

0.38 
0.42 
0.19 
0.43 

0.18 

-1.36 
-2.10 
-1.35 
- 1.46 
-0.97 

-1.66 
-0.60 
-1.74 

-0.10 
-0.38 
-0.66 
-1.24 
-1.83 

0.58 
0.52 
0.36 
0.36 
0.28 

-1.85 
-1.62 

- 1.48 
- 1.23 

-1.65 
-1.61 
-2.17 

- 1.94 

-1.64 
-1.60 
-1.96 
-1.60 

-1.94 

. . . . . . . .. . .- 

Accuracy 

C 
C 
C 
C 
C 

C 
D -- 
C 

D 
D- 
C 
C 
C 

D 
C+ 
C+ 
C+ 
D 
C 
C 

C 
C 

C 
C 
C 

C 

C 
C 
C 
C 

C 

Sourre 

5n 
5n 
5n 
5n 
5n 

5n 
1411 
5n 

9 
14n 
5n 
5n 
5n 

9 
4n5n 
4n 
4n 
9 
5n 
5n 

5n 
5n 

5n 
5n 
5n 

5n 

Sn 
5n 
5n 
5n 

5" 



F-8 1 

FUHR ET AL. 
Fe 1: Allowed transitions--Continued 

. .?. 

._..._ 

590 

591 

592 

593. 

594. 

595. 

596. 

597. 

598. 

599. 

Multiplet 

"GO - 'F 

(1159) 

I ' G O  - h 'D 
(1160) 

I - f 'G 

(1  161) 

'+GO - e .'C 

(1163) 

* JGO - f 'D 
(1164) 

z 'Go - e 'H 
(1 165) 

"GO - f 'IF 

(1166) 

'FO - e "D 
(1173) 

y ' F O  - g 'D 
(1174) 

'FO - g 'F 
(1175) 

5653.89 

5624.06 

56 19.60 
5708.1 1 
565 I .47 
5 5 5 3.5 9 
5528.89 
5436.30 

5445.04 
5463.27 
5349.74 
5557.95 

5560.23 

5415.20 
5410.91 
5293.03 
5321.11 

51 78.3 

5178.80 
5164.55 
5180.07 
5285.12 
5249.10 
j373.71 

i843.67 
5858.16 
1885.77 

1627.56 
1715.41 

8927.80 

$(em-') 

35379 

35379 

35379 
35768 
36079 
35768 
36079 
35379 

35379 
35768 
35379 
36079 

35768 

35379 
36079 
35379 
35768 

35690 

35379 
35768 
36079 
35768 
16079 
36079 

36686 
37163 
37521 

$6686 
$7163 

17521 

53061 

53155 

53169 
53282 
53769 
53769 
54161 
53769 

53739 
54067 
54067 
54067 

53748 

53841? 
54555? 
54267? 
54555? 

54996 

54683 
55 125 
55379 
54683 
55125 
54683 

51294 
5 1740 
52040 

j1771 
52050 

i4386 

- - 
ga 
- 

I 1  

I 1  

1 1  
9 
7 
9 
7 

1 1  

1 1  
9 

1 1  
7 

9 

I1 
7 

I 1  
9 

17 

I1 
9 
7 
9 
7 
7 

9 
7 
5 

9 
7 

5 

__ - 
gk - 

11 

9 

13 
1 1  
9 
9 
7 
9 

1 1  
9 
9 
9 

7 

13 
9 

I 1  
9 

ii  

9 
7 
5 
9 
7 
9 

7 
5 
3 

7 
5 

3 

A,,(lOU s-I) 

0.0051 

0.0091 

0.0038 
0.0059 
0.0027 
0.01 1 
0.0035 
0.0085 

0.22 
0.33 
0.015 
0.015 

0.023 

0.68 
0.49 
0.00 1 I 
0.01 1 

0.044 

0.0047 
0.018 
0.032 
0.007 1 
0.013 
0.042 

0.028 
0.029 
0.023 

0.0053 
0.0080 

0.060 

- 
~ 

6 
____ 

0.0024 

0.0035 

0.0021 
0.0035 
0.0017 
0.0051 
0.0016 
0.0031 

0.10 
0.15 
0.0054 
0.0088 

3.0084 

1.35 
1.28 
L.8( -4) 
1.0047 

1.014 

1.0015 
1.0057 
1.0092 
1.0030 
1.0056 
1.023 

b.0 I5 
1.015 
1.0098 

1.0027 
1.0038 

1.019 

S(at. u.) 

0.50 

0.72 

0.43 
0.59 
0.22 
0.84 
0.20 
0.61 

20 
24 

I .o 
1.1 

1.4 

69 
35 
0.091 
0.75 

6.3 

0.29 
0.87 
1.1 
0.47 
0.67 
2.9 

3.1 
2.3 
1.1 

0.54 
0.60 

1.9 

~ __ 
1% g/ 
__ 

-1.57 

-1.41 

- 1.63 
-1.50 
-1.93 
-1.34 
-1.95 
-1.47 

0.04 
0.12 

-1.23 
-1.21 

-1.12 

0.59 
0.29 

-2.28 
-1.37 

-0.43 

-1.77 
-1.29 
-1.19 
-1.57 
- 1.41 
-0.79 

-0.86 
-0.99 
-1.31 

-1.61 
-1.57 

-1.02 

Accuracy 

C 

C 

c 
C 
C 
C 
c 
C 

D 
C+ 
C 
C 

C 

Ct 
C+ 
C 
C 

C 

C 
C 
C 
C 
C 
c 

C 
C 
c 

C 
C 

c 

5n 

5n 

5n 
Sn 

5n 
5n 
5 R  

5n 

9 
4n 
5n 
5n 

5n 

4n ,Sn 
4n ,5n 
5n 

5n 

5 n  

5n 
5n 

5n 
5n 

5n 
5n 

5n 
51z 
5 n  

5n 
5n 

5n 

F81 



. .- ~. - 

No. 

5 s  
9 7  

600. 

601. 

602. 

603. 

604. 

605. 

606. 

607. 

605. 

609. 

610. 

Multlpler 
- 

Y IFo ~ h 'D 
(1176) 

? 'Fo -,/ 'P 
( l l - " )  

I IFo - / ' C  
(1178) 

6079.02 
5929.70 

6093.66 
6094.42 

6024.07 
6020. I 7  
5852.19 
5881.28 

5816.1(6 
5855.13 
5606 10 

5930.1; 
5806.73 

5905.67 

5685.53 
5747.95 
5594.66 

5554.89 
5598.30 
542 I .85 
5705.99 
5679.02 

5642 7 5  

71124.65 

5862.48 

F-8 2. 
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. ~~ 

F,(rm-' )  

37521 
36686 

37163 
37521 

36686 
37163 
36686 
37163 

36686 
37163 
36686 

37521 
37363 

37521 

36686 
37163 
36686 

$6686 
17521 
$6686 
17 163 
17521 

17163 

16767 

. . . . . . .__ .~ 

K' (cm-' 

53967 
535$6 

53569 
53925 

53282 
53769 
53769 
54161 

53874? 
54237 
54237 

54379 
5 3 7 9  

54449 

i4257'? 
i4555'? 
54555? 

51683 
55379 
55125 
51683 
55125 

51.880 

50999 

51335 

7 

5 

9 

9 
7 

, 

9 

9 

5 

5 

5 
3 

I 1  
9 
9 

11 
9 
9 

3 

~. 

.4,,(10u s - ' )  
~. . . . . . 

0.032 
0.012 

0.013 
0.0081 

0.14 
0.12 
0.012 
0 0047 

0 010 
0.0044 
0.0027 

0.17 

0.030 

0.12 

0.045 
0.0098 
0.035 

0.093 
0.19 
0.0063 
0.069 
0.0.42 

0 oo:i7 

0.01 1. 

0.0050 

0.018 
0.0os1 

0.0053 
0.002; 

0.090 
0.082 
0.00tl 

0.0024 

0.025 
0.0029 
0.0013 

11.13 
0.015 

O.O:%H 

0.027 
0.0062 
0 016 

0.043 
0.091 

0.043 

0.028 

o.no22 

0.0013 

0.0072 

0.0045 

S (at. u.) 

I .8 

0.89 

0.75 

0 27 

16 
1 1  

1.1 
(1.33 

1 :i* 
0.39 
0 23 

12 

2.0 

3.7 

1.5 
0.83 
2.7 

7.1 
8 1  
0.35 
5.7 
2.6 

0 17 

I .2 

0.: I 

- 1 .os 
- 1.34 

- I .43 
- I .a7 

-0.09 
-0.24 
-1.26 
-1.7: 

0.65 
1.69 

- I .92 

-0.20 
-0.98 

-. 0.72 

-0.62 
I .36 

-0.83 

-0.41 
-0.34 
-1.71 
-0.52 
- 0.85 

-2.05 

I .30 

- I  50 

. . . . . . . . . . . . . 

Accuracy 
~. .. . . .- 

C 
C 

C 
C 

D -- 
D- 
C 
C 

D- 
c 
C 

D-  
c 

1: 

c 
c 
c 

D- 
D- 
c 
c 
c 

c 

c 

c 

- .- . - 

So,,,rre 
._____ 

5 n  

5n 

5n 

Sn 

14n 
14n 

5 n  

Sn 

14n 
5n 
5 n  

14" 
5 n  

5n 

5 n  
5 n 
5n 

1 Sn 
I Sn 
5n 
5 n 

5 n  

5 n  

5 n  

5n 
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__I_ 

No. 

611. 

612. 

613. 

614. 

615. 

616. 

617. 

618. 

619. 

620. 

621. 

___ 
Multiplet 

.. 

6841.35 
6828.61 
6752.72 
6733.16 

6633.76 
6842.67 
6533.97 
6810.28 
6820.43 

5880.00 
51179.49 

5640.46 

4749.95 
4714.07 

4661.53 

6837.00 

5902.52 

5300 41 

4253.55 
4203.67 

6569.23 
6597.6 I 

6364.38 
6495.78 

. ... .. .. 

E, (cm-') 

37158 
37410 
37410 
37410 

36767 
37410 
36767 

37410 
371.58 

36767 
37158 

36767 

36767 
36767 

36767 

37046 

37046 

37046 

37046 
36976 

38 175 
38678 

38678 
38996 

51771 
52050 
522 14 
52257 

51837 
52020 
52067 
51837 
52067 

53769 
54161 

54491 

57814 
57974 

58213 

51668 

53983 

55907 

60549 
60758 

53394 
53831 
54386 
543R6 

..__.. 
_I 

5, __ 

5 
3 
3 
3 

7 
3 
7 
5 
3 

7 
5 

7 

7 
7 

7 

9 

9 

9 

9 
7 

7 
5 
3 
5 

- 
g* 

7 
5 
3 
1 

7 
3 
5 
7 
5 

9 
7 

7 

7 
5 

5 

9 

11 

11 

11 
9 

9 
7 
3 
3 

.4,,(10C s-I) 

... . . . . .- 

0.037 
0.040 
0.025 
0.045 

0.037 
0.027 
0.013 

0.016 
0.018 

0.0029 
0.0023 

0.0066 

0.023 
0.020 

0.039 

0.0029 

0.0052 

0 0045 

0.025 
0.088 

0.067 
0.022 
0.071 
0.024 

. .... ._... . .- 

/;I 
-. . . . . _. . . . . 

0.036 
0.047 
0.0 I7 
0.0 I0 

0.024 
0.0 I9 
0.0058 
0.0 18 
0.019 

0.0019 
0.0017 

0.0031 

0 0077 
0.0048 

0.0090 

0.0020 

0.0020 

0.0023 

0.0084 
0.030 

0.056 
0.020 
0.045 
0.0087 

I__._.. ~- 
S (at. u.) 

. . . . . . . . . . .. . .- 

4.1 
3.2 
1.1 
0.69 

3.7 
1.3 

2.0 
1.3 

0.88 

0.26 
0.16 

0.11 

0.84 
0.53 

0.97 

0.41 

0.35 

0 36 

1.1 
2.9 

8.4 
2.2 
2.9 
0.91 

. .. -.... . .. ._ 

ei 

-0.74 
-0.85 
-1.29 
-1 .51 

-0.77 
-1.25 
-1.39 
-1.05 
-- 1.25 

-- 1.87 
.. 2.07 

- 1.66 

.- 1.27 
-_ I .47 

- - - I 2 0  

- 1.74 

-. 1.74 

-- 1.68 

-1.12 
-0.68 

-0.41 
.- 1 .OF 

-1.36 
-0.87 

-___ 
Acmracy 

C 
C 
c 
c 

C 
c 
C 
c 
c 

C 
c 

c 

c 
c 

c 

c 

C 

C 

C 
c 

c 
c 
C 
c 

............... 
___I-. 

Source 

5n 
Sn 
Sn 
5n 

5n 
5n 
Sn 
5n 
5n 

Sn 
5n 

5n 

5n 

5n 

511 

5n 

5n 

Sn 

Sn 
5n 

5n 
5n 

5n 
Sn 



__ __ 
No. 

622. 

623. 

624. 

625. 

626. 

627. 

628. 

629. 

630. 

631. 

. . . .. ..... __ 
Multiplet 

6330.86 

6713.76 

6419.98 
6496.46 
6469.21 
6338.90 
6634.10 
6633.44 

6055.99 
5898.21 

6170.49 

5531.95 
5552.70 

5559.64 

5732.29 
5805.76 

5633.97 

5650.71 
5650.01 
5549.66 

5655.18 

6089.57 

F-8 4 

TRANSITION PROBABILITIES FOR IRON 
Fe I: Allowed tranjitions - Continued 

38175 

38678 

38175 
38678 
38996 
38678 
38678 
38996 

38 175 
38 175 

38678 

39626 
39970 

40231 

40257 
40594 

40257 
40842 
41018 
41131 
40257 

40534? 

53967 

53569 

53748 
54067 
54449 
54449 
53748 
54067 

54683 
55125 

54880 

57698 
57974 

582 I 3 

57698 
57814 

58002 
58520? 
58710? 
58825 
5827 I ? 

5695 1 

- - 
€5 
- 

7 

5 

7 
5 
3 
5 
5 
3 

7 
7 

5 

9 
7 

5 

11 
9 

I 1  
7 
5 
3 

11 

7 

- 

- ..... 

6 

5 

5 

7 
5 
3 
3 
7 
5 

9 
7 

5 

9 
5 

5 

9 
7 

13 
9 
7 
5 

11 

9 

- 

0.0071 

0.0087 

0.14 

0.092 
0.057 
0.0095 
0.012 

0.087 

0.075 
0.0048 

0.14 

0.0070 
0.0052 

0.0075 

0.0073 
0.0085 

0.089 
0.054 
0.038 
0.059 
0.0047 

0.023 

0.0031 

0.0059 

0.084 

0.058 
0.055 

0 020 
0.0087 
0.013 

0.053 
0.0025 

0.078 

0.0032 
0.0017 

0.0035 

0.0029 
0.0034 

0.050 
0.033 
0.026 
0.047 
0.0022 

0.017 

.... ~ -.-... 

S (at. u.) 

0.45 

0.65 

12 
5.9 
3.7 
2.1 
0.95 
0.83 

7.4 
0.34 

7.9 

0.53 
0.22 

0.32 

0.61 
0.58 

10 
4.4 
2.4 
2.6 
0.44 

2.4 

I_ __ 
1% d - 

-1.67 

-1.53 

-0.23 
-0.56 
-0.76 
-0.99 
-1.36 
- 1.42 

-0.43 
-1.76 

-0.41 

-1.54 
-1.92 

-1.76 

-1.49 
-1.52 

-0.26 
-0.63 
-0.89 
-0.85 
-1.62 

-0.93 

. .. . . .. 

C 

C 

C 
C 
C 
C 
C 
C 

D 
C 

D 

C 
C 

C 

C 
C 

C 
C 
C 
C 
C 

C 

- 

Accuracy 
- 

Source 

5n 

5n 

5n 
5n 
5n 
5n 
5n 
5n 

14n 
Sn 

14n 

5n 
5n 

5n 

5n 
5n 

5n 
5f1 
5n 
5n 
5n 

5n 

' The number in psrenthescs following the tabdated value indicates the power of ten by whrch this value has to be multiplied. 
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Fe ii 

Ground State 

Ionization Potential 

Wavelength (A) 

2029 84 
2041.35 
2051.69 
2296 66 
2303.35 
2369.23 
2379.00 
2388.39 
2414.08 
2433.50 
2554.95 
2559.77 
2561.58 
2562.54 
2573.21 
2585.88 
2591.54 
2592.78 
2598.03 
2598.37 
2599.40 
2607.09 
261 1.87 
2613.82 
2617.62 
2621.67 
2623.13 
2625.49 
2625.66 
2628.29 
263 1.32 
2664.67 

No. 

6 
6 
6 

14 
14 
19 
19 
7 

13 
13 
30 
30 
30 

3 
30 

1 
3 

44 
33 

1 
1 
1 
1 
1 
1 
1 

44 
44 

1 
1 
1 

35 

Wavelength (A) 

2666.63 
2684.94 
2712.39 
2753.29 
2879.24 
2902.46 
2910.76 
2934.49 
2997.75 
3002.33 
3044.84 
3131.72 
3162.80 
3186.74 
3187 29 
3213.31 
3277.35 
3360.10 
3938.29 
4087.27 
4122.64 
4124.79 
4128.74 
4173.45 
4178.86 
4227.14 
4233.17 
4258.16 
4303.17 
4369.40 
4385.38 
4413.60 

Allowed Transitions 

List of tahulatd lines 

No. 
-- 

35 
29 
29 
32 
36 
36 
36 
36 
40 
41 
41 
43 
45 

5 
45 

5 
2 

42 
4 

11 
11 
8 

I O  
I O  
I 1  
25 
10 
11 
10 
11 
10 
12 

For this spectrum, unlike that of Fe I, there is an extreme dearth 
of reliable f-value data. Recent advanced techniques have provided 
data for relatively few l ies.  Furthermore, due to the lack of appro- 
priate comparison data, the absolute scale of Fe 11 is not nearly as 
well established as that of Fe I . 

We chose the following experimental data sources for this com- 
pilation: work by Bridges [l]  and Baschek et al. [31, who measured 
relative oscillator strengths in emission with wall-stabilized arc 
sources; Huber [Z], who employed the anomalous dispersion (hook) 
method; Wolnik et al. [4]. who used the shock tube-emission tech- 
nique; Smith and Whaling [SI, who determined absolutef-values by 
combining beam-foil lifetimes with branching ratios, obtained from a 
hollow cathode discharge; and f-value data derived from solar spec- 
tra, compiled by Blackwell et al. [6] and Phillips [7]. 

The most accurate set of relative oscillator strengths is probably 
that of Bridges. In his experiment, he measured all l i e s  photo- 
electrically and accounted for effects of self-absorption. A calibrated 

Wavelength (A) 

4416.82 
4472.92 
4489.19 
4491.40 
4.515.34 
4520.23 
4522.61 
4534.17 
4541.52 
4549.47 
4555.89 
4576.33 
4582.84 
4583.83 
4595.68 
4601.34 
4620.51 
4629.34 
4656.97 
4663.70 
4666.75 
4670.17 
4923.93 
4953.98 
4993.35 
5000.74 
5018.45 
5019.45 
5132.66 
5136.80 
5169.00 
5197.56 

No. 

I O  
17 
17 
17 
17 
17 
18 
17 
18 
18 
17 
18 
17 
18 
18 
23 
18 
17 
23 
24 
17 
9 

22 
47 
16 
9 

22 
47 
15 
15 
22 
28 

ls22s22p63s23p63d64s 6D9/2 

16.183 eV = 130524 cm-’ 

Wavelength (A) 
~ _ _ _  

5234.62 
5264.81 
5276.00 
5284.10 
5316.62 
5325.56 
5337.73 
5362.87 
5414.05 
5425.25 
5534.83 
5627.49 
5991.37 
6084.10 
6113.33 
6147.77 
6 149.25 
6239.91 
6247.55 
6369.46 
6383.72 
6416.92 
6432.68 
6446.40 
6456.39 
65 16.08 
7224.47 
7301.56 
7479.69 
7515.79 
7711.71 

No. 

28 
27 
28 
21 
28 
28 
27 
27 
27 
28 
31 
34 
26 
26 
26 
39 
39 
39 
39 
20 
46 
39 
20 
48 
39 
20 
38 
37 
37 
38 
38 

tungsten strip lamp was used as a radiometric standard, and a 

predibperser served to reduce scattered light. He normalized his 
relative data to an absolute scale by using the phase-shift lifetime of 
the I 6D& level, as measured by Assousa and Smith [8]. As part of 
this normalization, Bridges measured all of the principal downward 
decays from this level. The absolute data of ref. [ 11 should generally 
be accurate to -+ 25 percent except for the weakest lines. 

The lifetime data of Assousa and Smith appear to be quite reliable, 
and agree withii -+ 10 percent with the data of Bnozowski et al. 
[SI, who used the high frequency deflection technique. A further 
indication of the reliability of the Assousa and Smith data is obtained 
from the case of Fe I, where these lifetimes agree-within * 
6.1 percent-with the precise laser-excitation lifetime measure- 
ments of Figger et al. [lO,ll]. 

The data of refs. [Z], [3], [4], and [7] overlap with t h e  of 
Bridges [ 13. We have compared these four sources directly to ref. 
[l] for subsequent normalization. A consistent absolute scale is 

F85 



F-86 

‘ITRANSITION PROBASVLI’PIES FOR I 

... 

obtained by multiplying the oscillator strengths of Baschek et al. by 
a k i o r  of 1.11, those ~f H i h r  by 0.52, those of PhlZlips by 1.56, 
and thase of Blackwell et a1. by 1.60. Ref. [6] did not share lines in 
corninon with ref. [l]. In this case, we adjusted the log g,Cvah1es of 
Blackwell et al. to agree with the renorrdized data of Baschek et 
al. and Wolnik et al. (The data of Wolnik et al. required no renor- 
malization.) As a consisteiicy check, we have compared the (incom- 
plete) inverse sums of our tabulated transition prohabities, 
for the downward iransitions to the experimental lifetime of refs. [e] 
and [9]. As the following table shows, the agreement is satisfactory. 

The data of Smith and Whaling contain no Imes in common with 
Bridges, as they all originate from high-lying levels. Nevertheless, we 
have included this reference because the ham-foil lifetime- 
branching ratio technique has been showii to he quite accurate for 
other members of the iron group, Le., Ti I ,  Fe I ,  and Ni I .  

[I] Bridges, 1. It.. Contiibut~d PapPrs-intzmational Confeienw on Phenomena 

in Iontzed Cases. 11th.  418. Ed. Stoll. I., Czech. h a d .  Scr., h t .  Phys., 
Pragw,  CLech. (1973). 

[2] Hirtxr. M C. E., Astioyhys. 1. 1%. 237 (1974). 
131 Baschqk. D.. Garz. T., Holweger, H.. and Richter. I.. Astron. Asirophys. 4.. 

141 Wolmk, S. J., Berthel, R. 0.. and Wares. 6. W.. Asirophys. I. 166, L.31 

[SI Smith. P. L., and &rhdl rog ,  W., Aslrophys. J .  183, 313 (1973). 
161 Blackwell. D. E., Shallis, I f .  J . ,  and Siirmons, C. 1.. Astron. Astrophys. 89, 

229 (1970). 

(1971). 

340 (1980). 
[7] Phillips. M. M.. A~irdphys J . ,  Sup$ Snr. 39. 377 (1979). 
181 Assousa, c. E.. and Smith, W. H . ,  Asirophys. J .  176, 259 (1972). 
191 Brzozo~cshi. J.. Errnan, P ,  Lyyra. bl., and Smith, W. H., Phys. Scr. 14. 48 

(1976). 
[IO] Figger. H.. Siomos, K . ,  2nd Walther, H., Z .  Phys. 270, 371 (1974). 
[ I  I] Figgcr. N.. FIeldt. I . ,  Siomos. K., and Walther. H., Astron. .Astrophys. 43, 389 

(1975). 

Liferlines (in 11s) of excited level; of FE 11 

...... .... .. ..... ~. . . . . . . . . .  ....... 7 - ~~ I 
- 

(X, A*,) - ‘  
(this compilation) 

3.9” 
4.0” 

< 5.8’ 
< 4.9 

“ Ref. [XI. 
” Ref. [9]. 
’ All measured downward transitions have heen mcludcd. The indicated sums may 

be qiiilc mcom~le le ,  bmce fur heveral of the iignihcsnt tral)sitiovs, no reliablf data 
exisi. I-his IS cspeciallj. truc lor the z ’DDg upper level, whera :YR have omitted the 

contributiur. r u f  ,i bleiidcd redcnance line. 

Fe 11: Allowed transitions 

- - 
g. 
- 

10 
8 
6 
2 

10 
8 
6 
4 
8 
6 
2 

8 

8 
6 

6 

4 
4 

gb 
- 

10 
8 
6 
2 
8 

6 
4 
2 

I O  
8 
4 

10 

6 
6 

6 

6 
4 

......... ~ 

~~ 

A,,(lOU 5 - l )  

........... 

2.22 
0.98 
0.43 
0.66 
0.71 
I .3 
I .5 
I .9 
0.34 
0.38 
0.77 

0.0023 

1 .5 
0.52 

0.0028 

0.065 
0.039 

~ 

IT d 

0 352 
-0 I O  
-0 58 
-0 87 

0 24 
-0 10 
-0 22 

0 40 
-0 45 
-0 51 

0 49 

2 43 

-0 06 
-0 51 

2 41 

- 1  22 
- 1  62 

S (at. u.) b,; ( c m i ’ )  
.. ..__ 

38459 
38660 
38859 
39109 
38660 
38859 
390 13 
39109 
38459 
38660 
39013 

38459 

46967 
46967 

38859 

44785 
45044 

~ 

C 
D 
D 
D 
D 
C 
D 
D 
C 
D 
D 

D 

D 
C 

D 

C 
C 

2599.40 
26 I 1  .87 
2617.62 
2621.67 
2SRS.88 

2538.37 
2607.09 
2613.82 
2625.66 
2631.32 
2628.29 

3277.35 

2562.54 
2591.54 

3938.29 

3213.31 
3186.74 

0.0 

384.8 
667.7 
977.1 

0.0 

381.8 
667.7 
862.6 
384.8 
667.7 
977.1 

7955 

7955 
R392 

13474 

13673 
13673 

0.225 

0.044 
0.068 

0.10 
0.10 

0.099 

0.10 

0.057 

0.044 
0.052 
0.16 

4 . q  -4y 

0.1 I 
0.052 

6.5( -4) 

0.015 
0.0060 

19.3 
6.9 
2.1 
1.2 
4.9 
6.8 
5.1 
3.4 
3.0 
2.7 
2.8 

0.040 

7.4 
2.7 

0.051 

0.63 
0.25 

n ‘D - : * P O  

(uv 64) 



F-87 

. . 
No. 

-. .... .. . 

6 .  

7. 

4. 

9. 

10. 

I I .  

12. 

13. 

14. 

IS. 

Multiplet 

2041.35 
2051.69 
2029.84 

2388.39 

4124.79 

4670.17 
5n00.74 

4233.17 
4416.82 
4173.45 
4303.17 

4128.74 
4385.38 

4178.86 
4369.40 
4122.64 
4258.16 
4087.2 7 

4413.60 

2414.08 
2433.50 

2303.35 
2296.66 

5132.66 
Sl35.Ml 

15845 
16369 
15845 

20806 

20517 

2083 1 
22410 

20831 
22410 
20831 

22410 
20H31 

21812 

20831 
22410 
2083 1 
21812 
20831 

21582 

21252 
21542 

2 1430 
2 1582 

22637 
22939 

. . .. ... ... .. 
,:* (cm- '1 

64832 
65110 
05110 

62662 

44754 

42237 
42401 

44447 
45044 
44785 
45044 
45206 
45044 

44754 
45290 
45080 
45290 
45290 

44233 

62662 
62662 

64832 
55110 

42115 
42401 

..... ___ 
Q 
_I 

10 

10 
a 

19 

6 

6 
2 

6 
2 
6 
4 
2 
6 

6 
2 
h 
4 
6 

10 

14 
10 

12 
10 

10 
6 

._ - 
6 __ 

10 
8 
8 

12 

8 

a 
4 

8 
4 
6 
4 
2 
4 

a 
4 
6 
4 
4 

10 

12 
12 

10 
8 

10 
4 

A,,(~Q' s-') 
..... 

0.46 
0.42 
0.076 

0.14 

5.@(--5) 

3.q-5) 
2.N -5) 

0.0064 
0 0039 
0.0022 
0.0061 
0.0059 
4.2( - 4) 

0.0012 
3.5(-4j 
5. I(  -4) 
9.2( -- 4) 
S.6(-5) 

7 3 - 5 )  

0.0094 
0.091 

0.054 
0.037 

2.8(-5) 
3.3(-5) 

-..... . . . . .- 

b 

0.029 
0.026 
0.0038 

0.014 

1.7( - 5 )  

1.3(---5) 
1.s-5) 

0.0023 
0.M23 
5.q - 4) 
0.0017 
0.0017. 
72 -5 )  

4.3( --4) 
2.0(- 4) 

2.5(-4) 
9.4( -6)  

1.3( -- 4) 

2.2( - - 5 )  

7.0(-4) 
0.0097 

0.0036 
0.0023 

1.1( --S) 
8 4  -6) 

S(at. u.) 

I .9 
I .4 
0.25 

1.1 

0.0014 

0.001 2 
4.y -4) 

0.19 
0.067 
0.047 
0.096 
0.049 
0.0059 

0.035 
0.0058 
0.01 1 
0.014 
7.q-4) 

0.0032 

0.074 
0.78 

0.33 
0.18 

0.0019 
8.7( ~. 4) 

-0.54 
-0.67 
-1.43 

-0.84 

- 3.99 

-4.11 
.. 4.53 

--1.86 
-2.34 
-2.47 
--2.17 
-2.47 
- 3  36 

-2.59 
-3.40 
-3.11 
-3.00 
-4.25 

-3.66 

-2.01 
-1.01 

--. I .37 
-- 1.63 

-3.36 
-4.29 

D 
D 
D- 

D 

D - -  

E 
E 

D 
D 
D 
D 
I) 
D- 

D 
D- 
D -- 
D- 
E 

D- 

E 
D 

D -- 
0 -- 

D- 
E 

__I . _. . . . . .. .. . 
%Jme 

5 
5 
5 

5 

6r. 

3n 

6n 

783 
4 
711 

7n 
7n 

7n 

6n.7n 
7 n  
7n 
7n 
7 n  

611 

5 
5 

5 
5 

6 n  
6n  



No. 
__ 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

h(A) 

4993.35 

4563.5 

4629.34 
4555.89 
4515.34 
4491.40 
4520.23 
4489.19 
4472.92 
4666.75 
4582.84 
4534.17 

4583.83 
4549.47 
4522.63 
4620.51 
4576.33 
4541.52 
4595.68 

2369.23 
2379.00 

6516.08 
6432.68 
6369.46 

5284.10 

5062.4 

5 169.00 
5018.45 
4923.93 

4656.97 
4601.34 

4663.70 

F-88 

TRANSITION PROBABILITIES FOR IRON 

Fe 11: Allowed transitions -Contuiuzd 

E, (cm-') 
. . . . . . ........ 

22637 

22807 

22637 
22810 
22939 
2303 1 
22637 
22810 
22939 
22810 
22939 
23031 

22637 
22810 
22939 
22810 
22939 
23031 
23031 

22637 
22810 

23318 
23318 
23318 

23318 

23318 

233 I8 
233 I8 
23318 

23318 
23318 

23318 

&(mi ' )  
. . . . 

42658 

46711 

44233 
44754 
45080 
45290 
44754 
45080 
45290 
44233 
44754 
45080 

44447 
44785 
45044 
44447 
44785 
45044 
44785 

64832 
64832 

38660 
38859 
39013 

42237 

43066 

42658 
43239 
43621 

44785 
45044 

44754 

g. 
__ 

10 

28 

10 
8 
6 
4 

10 
8 

6 
8 
6 

4 

10 
8 
6 
8 

6 
4 
4 

10 
8 

6 
6 
6 

6 

6 

6 
6 
6 

6 
6 

6 

..... ..... 

& - 

8 

28 

IO 
8 
6 
4 
8 
6 
4 

10 
8 
6 

8 
6 
4 
8 
6 
4 
6 

10 
10 

8 
6 
4 

8 

18 

8 

6 
4 

6 
4 

8 

.......... ~ . . . . . .- 

A*,(L08 5-I) 

7.0(---5) 

0.0024 

0.00 I3  
0.0019 
0.0018 
0.0023 
0.0010 
6.q-4) 
3.q-4) 

3.3(-4) 
1.4( - 4) 

2.4(-4) 

0.0063 
0.0018 
0.0064 
1.8(-4) 
5.7(-4) 
0.0022 
2.5( - ~ 5 )  

0.026 
0.064 

1 .5( -~ 4) 
8.9(-5) 
3.9(75) 

3.9(-4) 

0.020 

0.01 1 
0.026 
0.030 

1.2(-4) 
3.4(-5) 

5.8(-5) 

k 

2.1(-5) 

7.4(-4) 

4 3 - 4 )  
5.q -- 4) 
5.5( - 4) 

6.q-4) 
2.5(-4) 
1 5 - 4 )  
6.7(-5) 
5.6( -5) 
1.q-4) 
I .  I( - 4) 

0.00159 
4.2( -4) 
0.0013 
5.y-5) 
1 3 - 4 )  
6.W -- 4) 
I .2( - 5) 

0.0022 
0.0068 

l.3(-4) 
5.5( -- 5) 
1 6 - - 5 )  

2.2( -4) 

0.023 

0.0057 
0.010 
0.0073 

3.q-5) 
7.2(-6) 

2 s - 5 )  

S (at. u.) 

0.0035 

0.31 

0.066 
0.071 
0.049 
0.041 
0.037 
0.018 
0.0059 
0.0069 
0.0 13 
0.0066 

0.240 
0.050 
0.12 
0.0072 
0.016 
0.041 
7.3( - 4) 

0.17 
0.43 

0.017 
0.0070 
0.0020 

0.023 

2.3 

0.58 
0.99 
0.71 

0.0035 
6.y-4) 

0.0023 

- 3.68 

- 1.69 

-2.37 
-2.33 
--2.48 
-2.56 
-2.60 
-2.92 
-3.40 
-3.35 
-3.08 
-3.36 

--. I a 0  
-2.47 
-2.11 
-3.33 
-2.97 
-2.57 
-4.32 

-1.66 
-1.27 

-3.1 I 
-3.48 
-4.02 

-2.88 

-0.86 

- 1.47 
-1.22 
-1.36 

-3.64 
-4.36 

-3.82 

--I_ 

Accuracy 

E 

D 

D 
D 
D 
D 
D 
D 
D- 
D- 
D 
D 

C 

D 
D 
E 
D 
D 
E 

D 
D 

D -- 
D- 
E 

D 

C- 

D 
C 
C 

E 
E 

D- 

Source 

3n 

1,3n,6n97n 

1 
6n.711 
1 
612,711 
1 
7n 
7n 
7n 
3n 
3n 

1 
7n 
4 
3n 
3n 

4 
7n 

5 
5 

6n,7n 
6n,7n 
6 n  ,7n 

6n.711 

1.711 

7 n  
1 
1 

3n 
7 n  

7n 
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FUHR ET AL. 
Fe 11: Allowed transitions-Contind 

. .-. 

:.. 7. . 

__ - 
No. 

__ 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

Multiplet 

a "S - z 'Po 
(45) 

a 'G - z *F0 
(46) 

a 'G - I 'Do 
(48) 

u 'G - aFo 
(49) 

'G - 210 

(uv 201) 

a 'G - y %O 

(uv 205) 

b 'H - I 'F0 
(55) 

b 'H - z *Io 
(uv 235) 

b ?H - !GO 

(uv 239) 

u 'F - 'FO 

(57) 

NA) 

4227.14 

5991.37 
6084.10 
6113.33 

5362.87 
5264.81 
5414.05 
5337.73 

5316.62 
5276.00 
5234.62 
5197.56 
5425.25 
5325.56 

2712.39 
2684.94 

2561.58 
2554.95 
2573.21 
2559.77 

5534.83 

2753.29 

2598.03 

5627.49 

K,(cm-l) 

23318 

25429 
25805 
25982 

25805 
26055 
25982 
26055 

25429 
25805 
25982 
26055 
25805 
25982 

25805 
25429 

25805 
25982 
25982 
26055 

26170 

26353 

26353 

27315 

__ 
I_ 

yk (em-': 

46967 

42115 
42237 
42335 

44447 
45044 
44447 
44785 

44233 
44754 
45080 
45290 
44233 
44754 

62662 
62662 

64832 
651 10 
64832 
651 10 

44233 

62662 

64832 

45080 

- - 
6i - 

6 

12 
10 
8 

10 
6 
8 
6 

12 
10 
8 
6 

10 
8 

10 
12 

10 
8 
8 
6 

12 

10 

10 

8 

- - 
6* - 

6 

10 
8 
6 

8 
4 
8 
6 

10 
8 
6 
4 

10 
8 

12 
12 

I O  
8 

10 
8 

10 

12 

10 

6 

AI,(10'sC1) 

3.1(-4) 

5 4 - 5 )  
3.4-5) 
2.3(-5) 

0.0014 
6.y-4) 
l.y-4) 
1.9(-4) 

0.0045 
0.0033 
0.0032 
0.0041 
2.2(-4) 
2.8(-4) 

0.1 1 
0.0043 

0.0081 
0.019 
0.11 
0.22 

5.21-4) 

1.71 

0.020 

2.q-5) 

L 

8.q-5) 

24-5)  
1.7( -5) 
9.8(-6) 

4.7( -4) 
1.4-4) 
6.q-5) 
8 2 - 5 )  

0.0016 
0.001 1 
0.0010 
0.0011 
9.5( - 5) 
I .2( - 4) 

0.015 
4.q-4) 

8.0(-4) 
0.0019 
0.014 
0.029 

2.0(-4) 

0.233 

0.0020 

8.7(-6) 

.____ 

S (at. u.) 
_lll 

0.0070 

0.0057 
0.0034 
0.0016 

0.083 
0.019 
0.0094 
0.0085 

0.34 
0.19 
0.14 
0.11 
0.017 
0.017 

1.3 
0.049 

0.067 
0.13 
0.93 
1.5 

0.044 

21.1 

0.17 

0.0013 

1% Kf 

-3.30 

-3.54 
-3.77 
-4.11 

-2.33 
-2.97 
-3.28 
-3.31 

-1.72 
-1.% 
-2.10 
-2.18 
-3.02 
-3.02 

-0.84 
-2.25 

-2.10 
-1.83 
-O.% 
-0.76 

-2.62 

0.368 

- 1.69 

-4.16 

.- 

Accurncy 

D- 

D- 
D- 
E 

D 
D 
D- 
D- 

D 
D 
D 
D 
D- 
D- 

D+ 
D 

D- 
D 
D 
D+ 

D 

C 

D 

E 

Source 

7n 

6n 
6n 
6 n  

7n 
6n ,7n 
6nJn 
7n 

4 
4 
7n 
7n 
6n,7n 
6n ,7n 

5 
5 

5 
5 
5 
5 

6n,7n 

5 

5 

6n 



. . . .. .. . . . . .. .. 
r- 'Mulriplct Accurary 

35. 

36. 

'F ~ 

(uv 263) 

2664.67 
2666 67 

0.203 
0.140 

c 
C 

D 

5 
5 

2906.1 30556 -1.01 5 6lYi.h 18 18 0 0 4 3  0 0055 0 94 

10 0 0 3 8  1 00048 0 1.6 
00055 7 01-1) 0 0 5 4  

65110 10 0029 ' 00029 0 27 
65110 ' 
64832 8 10 0 0 1 3  0 0021 0 16 

2902.46 
2910.76 
2879.24 
2931.49 

30389 
30764 
30389 
3076.4 

- I .32 
-2 25 
-- 1.54 
- I .78 

D 
D 
D+ 
E 

37. 

38. 

7479.69 
7301.56 

31388 
31388 

44754 
45080 

6 
6 

8 
6 

3 5( 5)  
3 5(-5) 

0.0052 
0.0050 

--3.65 
-3.68 

D- 
D- 

6n 
6n 

7711.71  
7224.47 
7515.79 

31483 

3 1368 
3 148.3 

44447 
45206 
44785 

8 
2 
6 

4.01-4) 
4. I I  - 4) 
6.61 5) 

.3 6(-4) 
3.a - 4) 
4 2(-5) 

0.073 
0.015 
0.0083 

-2.54 
--3.19 
-3.47 

u 
D- 
D 

8 
2 
8 

6n 
6n 
6n 

39. 

I (74) 

6454.39 
6247.55 
6147.77 
6416.92 
6149.25 
6239.91 

31483 
3 I388 
3 I364 
31388 
3 I368 
3 I368 

46967 
47390 
47626 
46967 
47626 
47390 

0 I i  
(1. I I 
0.050 
0.072 
0.049 
0.0090 

-2.10 
- 2 . 2 6  
-2.61 
- 2.47 
-2.62 
-3.36 

D 
D 
D 
D 
D 
D- 

6n.7n 
6n.7n 
i n  

6n,7n 
6n.7n 

i n  

0.0021 

0.0022 

9.2(-4) 
0.0021 
I .9( -4 )  

0.0023 
0.0010 
9. I i  - 4) 
6.21 - -4)  
5.7-4) 
0.00 I 2 
2.2( - -4)  

$0. 

41. 

b *I) - %" 
(uv 292) 

2997.75 E 31483 6.4832 8 10 0.0048 8.1 ( -  4) 0.064 -2.19 5 

304.4.84 
3002.33 

3 1990 
31812 

64832 
65110 

8 

6 
I O  
8 

0.01 1 
0.0 18 

0.0019 
0.0032 

0.15 
0.19 

-1.52 
-1 .71  

D 
D +  

5 
5 

42 

43. 

44. 

3369.10 32910 62662 12 12 0.008.2 0.0014 0.19 I . i i  D 5 

3131.72 

2OOi  Y 

32910 

.31892 

64832 

i 1225 

12 

26 

10 

30 

0.012 

2.2 

0.001 5 

0.26 

0.18 

58 

- 1.75 

0.83 

D 5 

5 c 

2592.7a 
2625.49 
2623.13 

32876 
32910 
32876 

c 
C 
D+ 

5 
5 
5 

7 1433 
70987 
70987 

14 
12 
14 

16 
I4 
14 

2.25 
2.04 
0.092 

0.259 
0.246 
0.0095 

31 0 
25.5 

1.1 

0.56 
0.470 
0.88 
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...... ..._I 

B - 

10 
8 

6 

8 
6 

8 
...... 

............. ............. 

19 tf 

.............. 
E,km ‘) S (at. 11.) Source Accuracy 

...... 

3187.29 
3162.80 

6383.72 

5019.45 
4953.98 

6446.40 

33466 
33501 

44785 

44915 
44930 

50188 

64832 
65110 

60445 

64832 
65110 

65690 

0.028 
0.042 

0.0023 

0.0015 
0.0016 

0.M18 

0.0043 
0 0063 

0 0014 

7.1( -4)  
7.8( -- 4) 

0 0014 

0.45 
0.52 

0.18 

0.094 
0.077 

0.24 

-1.37 
-1.30 

-2.08 

--  2.25 
-2.33 

-1.95 

D+ 
n+ 

D 

D- 
D- 

D 

’ The number ill parentheses lullawing the tabulated value indicates the power of ten by which this value has to be multiplied. 

FQ 111 

Ground State 

ionization Potential 

Allowed Transitions 

List of tabulated lines 

1 s’2s ‘2p  ‘ 3 s  ‘3p  63d6 ‘D, 

30.651 eV =- 247221 cm-‘ 

.... .... 

.... 

,, .............. ~ 

..... 

...... .......... 

N O  

_.__ 

Wavelength (A) No Wavelength (A) Waveltiigth (A) 
...... 

1961.23 
1962.72 
1964.26 
1966.20 
1987.50 
1991.6 I 
1994.07 
1995.27 
1995.56 
1996.42 
2002 5 
2039.51 
2053.5 
2057.05 
2057.9 

Wavelength (A) 

1843.4 
1844 3 
1815.0 
1846.9 
1849.9% 1 
1854.38 
1865.20 
1893.98 
1896.80 
1898.9 
1903.3 
1904.3 
1907.58 
191 5.08 
1922.79 

15 
15 
15 
15 
11 
11 
17 
10 
10 
7 
7 

19 
10 
2 
2 

1930.39 
1931.5 I 
1937.35 
1943.38 
1945.34 
1950.33 
1951.01 
1951.3 
1952.3 
1952.65 
1953.32 
1953.5 
1954 22 
1954.98 
1959.32 

2 
3 
2 
2 
3 

13 
6 
6 
6 
6 
6 
6 
3 

13 
3 

2058.2 
2058.56 
2059.68 
2061.75 
2084.97 
2087.13 
2087.91 
2088.63 
208Y .09 
2090. I 
2090.14 
209 1.3 1 
2097.48 
2103.80 
2107.32 

For this spectrum we have chosen the calculations of Biemont [ 11 
and of Kurucz and Peytremann [Z]. Biemont obtained radial wave- 
functions by means of the scaled Thomas-Fermi method and calcu- 
lated individual line strengths in intermediate coupling. Sindarly, 
Kurucz and Peytremann used a semiempirical scaled Thomas- 
Fermi-Dirac approach with very limited configuration interaction. 
Generally, the log gf-values of  refs. [l] and L2] are in qnite good 

agreement, particularly for strong lines; e.g., 68% of the data for 

common l i e s  agree witbm 2 50%. In t h i q  compilation, we have 
included only those lines showing 50% or better agreement between 
refs. [1] and [2]. 

We were able to assess the reliabdity of Kurucz and Peytremann’s 
(or Biemont’s) absolute scale by comparing the calculated inverse 
transition probability sums with heam-foil lifetimes for four excited 
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levels measured by Andersen et al. [3]. We considered only ref. [2] 
for this study hecause its branching ratio data were more complett: 

References 
113 Biemont, E., I.  Quant. spectrmc. Radiat. Transfer 16, 137 (1976). 

than those of Biemont. The comparison shows that the hearn-foil 

lifetimes are, on the average, only 14% longer than the correspond- 

[2] Kurucz, R. I.., and Peytremann, E., Sniithsonian Astrophysical Observatory 

Special Report 362 (1975). 

ing inverse sums of Kurucz and Peytremann. 

- 
~ 

No. 

I .  

2. 

3. 

4. 

5. 

6. 

. . . . . . . . . . . . . . ... .. __ . . . . ... 
Mitltiplet 

sc - 5GO 

(UY 50) 

iG - 5€ro 

(UY 51) 

rD - $FO 
(uv 61) 

'G r p  

(uv 66) 

'G - 'HO 

(uv 67) 

'G - *GO 

(uv 68) 

1987.50 
1991.61 
1994.07 
1995.56 
1996.42 
1995.27 
1996.42 

1915.08 
1922.79 
1930.39 
1937.35 
1943.48 

1931.51 
1945.34 
1954.22 
1959.32 
1962.72 
1954.22 
1961.23 
1964.26 
1966.20 

2103.80 
2107.32 

2097.48 
2090.14 
2088.63 

1951.01 
1952.65 
1953.32 

1953.53 
1951.31 

1952.31 

!;,(cm-') 
-. ...... 

63425 
63466 
63487 
63494 
63495 
63487 
63494 

63425 
63466 
63487 
63494 
63495 

69696 
69837 
69838 
69788 
69747 
69837 
69838 
69788 
69838 

70729 
70725 

70694 
70729 
70694 

70694 
70729 
70725 
70694 
70729 
70729 

113740 
1 I3677 
113635 
1 13605 
11 3584 
1 13605 
1 I3584 

I I5642 
I 1  5474 
I I5290 
115111 
1 14949 

121469 
121242 
121009 
I20826 
120697 
121009 
120826 
120697 
120697 

118247 
118164 

118355 
118557 
118557 

121950 
121941 
121920 
121941 
121920 
121950 

[3] Andcrsen, T., Petersen. P., and Biemont, E., 1. Quant. Spectrosc. Radiat. 

Transler 17. 389 (1977) 

Fe 111: Allowed transitions 

- - 
g. 

__ 

13 
I 1  
9 
7 
5 
9 
7 

13 
I I  
9 
7 
5 

9 
7 
5 
3 
1 
7 
5 
3 
5 

9 
7 

11 
9 

I 1  

11 
9 
7 

1 1  
9 
9 

- 

g* __ 

13 
11 
9 
7 
5 
7 
5 

15 
13 
11 
9 
7 

11 
9 
7 
5 
3 
7 
5 
3 
3 

7 
5 

13 
I 1  
11 

11 
9 
7 
9 
7 

I 1  

Ak,(1On s - ' )  

4.9 
4.2 
3.5 
3.7 
4.2 
I .o 
0.96 

6.0 
5.5 
5.1 
5. I 
5.0 

5.3 
3.7 
3.5 
2.8 
2.3 
1.3 
I .7 
2.2 
0.28 

2.9 
3.8 

4.5 
4.4 
0.17 

5.3 
4.9 
5.1 
0.34 
0.40 
0.20 

- .. . . . . . . - . .- 

L 

0.29 
0.2.5 
0.21 
0.22 
0.25 
0.048 
0.041 

0.38 
0.36 
0.35 
0.37 
0.40 

0.36 
0.27 
0.28 
0.27 
0.39 

0.10 
0.13 

0.07 

0.0099 

0.15 
0.18 

0.35 
0.35 
0.01 I 

0.30 
0.28 
0.29 
0.016 
0.018 
0.0 I4 

..____ ..___ 

S(at.  u.) 

25 
18 
12 
10 
8.2 
2.8 
1.9 

31 
25 

17 
13 

20 

21 
12 
9.0 
5.2 
2.5 
3.3 
3.2 
2.5 
0.32 

9.3 
8.7 

27 
22 

0.83 

21 
16 
13 

1.1 
1 .o 
0.81 

1% d 
.~ ........... 

0.58 
0.44 
0.28 
0.19 
0.10 

-0.36 
--0.54 

0.69 
0.60 
0.50 

0.41 
0.30 

0.51 
0.28 
0.15 

-0.09 
-0.41 
-0.29 
-0.30 
-0.42 
-1.31 

0.13 
0.10 

0.59 
0.50 

-0.92 

0.52 
0.40 
0.31 

--0.75 
-0.79 
-0.90 

Accuracy 
.___ 

D 
u 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 

D 
D 
D 

D 
D 
D 
D 
D 
D 

Source 
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- - 
No. 

~ 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 
-- 

NA) 
_I- 

,1898.91 
11903.31 

2087.13 
2091.31 
2087.91 
2084.97 
2089.09 
:2090.1] 

2061.75 
2059.68 
2057.06 
12053.51 
:2058.2] 

1907.58 
1896.80 
1893.98 

1849.41 
1854.38 

2058.56 

1950.33 
1954.98 

2039.5 1 

L1843.41 
[ 1844.31 
[1846.9] 
j1845.01 

[2057.9] 

1865.20 

[2002.5] 

[ 1904.31 

c, ( C d )  
-- 

73728 
73849 

76957 
77102 
77075 
76957 
77102 
77075 

76957 
77102 
77075 
76957 
77102 

79840 
79845 
79860 

83 I38 
83647 

83430 

88923 
88695 

92524 

93389 
93392 
93413 
93413 

97041 

97041 

0957 1 

0957 1 

i'k(crn-') 

126391 
126391 

124854 
124904 
124955 
124904 
124955 
124904 

125444 
125638 
125673 
125638 
125673 

132263 
132565 
132659 

137210 
137573 

131992 

140196 
139856 

141540 

147636 
147615 
147556 
147615 

145618 

150655 

159493 

162085 

- - 
g, - 

5 
3 

7 
5 
3 
7 
5 
3 

7 
5 
3 
7 
5 

15 
13 
11 

11 
3 

13 

13 
11 

11 

9 
7 
5 
5 

7 

7 

5 

5 
- 

- - 
BL - 

3 
3 

7 
5 
3 
5 
3 
5 

9 
7 
5 
7 
5 

13 
11 
9 

9 
1 

15 

15 
13 

13 

7 
5 
3 
5 

5 

7 

7 

5 
I 

A,,(10' 8-1) 

3.7 
1.8 

3.1 
2.6 
2.9 
0.75 
1.1 
0.64 

4.4 
3.9 
3.7 
0.44 
0.76 

5.3 
5.0 
5 5  

4.3 
5.7 

4.5 

5.5 
4.3 

4.3 

4.8 
4.9 
5.5 
0.78 

3.7 

6.1 

4.3 

5.7 

3.12 
3.099 

0.20 
D.17 
D.19 
0.035 
D.043 
0.070 

0.36 
0.35 
0.39 
0.028 
0.048 

0.25 
0.23 
0.24 

0.18 
0.098 

0.33 

0.36 
0.29 

0.32 

0.19 
0.18 
0.17 
0.040 

0.17 

0.32 

0.36 

0.3 I 

.?(at. u.) 

3.8 
1.9 

9.6 
5.9 
3.9 
1.7 
1.5 
1.4 

17 
12 
7.9 
1.3 
1.6 

24 
19 
16 

12 
1.8 

29 

30 
21 

24 

10 
7.7 
5.2 
1.2 

8.1 

14 

12 

9.7 

-0.22 
-0.53 

0.15 
-0.07 
-0.24 
-0.61 
-0.67 
-0.68 

0.40 
0.24 
0.07 

-0.71 
-0.62 

0.57 
0.48 
0.42 

0.30 
-0.53 

0.63 

0.67 
0.50 

0.55 

0.23 
0.10 

-0.07 
-0.70 

0.08 

0.35 

0.26 

0.19 

Accuracy 

D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 
D 

D 
D 

D 

D 
D 

D 

D 
D 
D 
D 

D 

D 

D 

D 

Source 

1.2 
1.2 

1 2  
12 
1.2 
1.2 
1 2  
1.2 

I ,2 
1.2 
1.2 
I ,2 
1.2 

1.2 
1,2 
1.2 

I .2 
I ,2 

1.2 

1 2  
1.2 

1,2 

1.2 
1.2 
1.2 
1.2 

1.2 

1.2 

1,2 

1.2 
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Fe VI! 

154.04 
154.21 
151.27 
154.30 
154.33 
151.36 
154.45 
154.56 
152.65 
154.70 

Ground State 

Ionization Potential 

1 s '2s ' 2 p  " 3 . ~ ~ 3 ~  63d2 'F, 

[126] eV - [1016000] cm 

Allowed Transitions 

IASI of tabulated l i w h  
__ ............ - ..... 

Wa\dcngth (A) 
...... ~ 

-. __ 

No. s o .  Yl;-.. Wavelength (A) 

150.19 

150.2R 
150.40 
150.52 

150.85 
151.02 
I S  I .04 
151.14 
I S  I :49 
151.51 
151.67 
1 i 1 .75 
151 78 

151.97 
152.07 
1S2.91 
153.66 

15o.81 

18 
I 7  
18 

18 
16 
16 
16 

16 
16 
15 
15 
15 
1 5 
15 
15 
I 81. 
25 
24 

24 
23 
23 
29 
29 
22 
29 
29 
29 
29 
21 
28 
20 
28 
28 
28 
2: 
26 

19 

32 
31 
30 
3 4 
33 

3 
3 
3 
3 
3 

3 
3 

2 
2 

I 
12 

6 
12 
5 
5 

11 
11 
11 
1 1  
1 1  
1 1  
13 
10 

10 
10 

4 
9 
9 
8 

155.55 
155.99 
158.16 
158.48 
165.08 
166.63 
2'1 I .04 
231.64 
23 I .3 
232.26 

236.39 
.... 

236.78 
236.87 
238.04 
238.39 
239.73 
239.85 
240.05 
240.08 
240.22 
240.57 
243.37 
244.09 
244.52 
24.4.54 
245.15 
245.49 
246.01 
247.46 

155.24 

(i ....... 
For this ion we h a w  selected the data of [Vainer and Kirkpatrick 

[ 11, who used the single configuratiori scaled Thomas-Fermi approxi- 
mation and calculated individual line strengths in intermediate coup- 
ling. These auihors provided data for a large number of transitions 
within the 3dZ-3d4p, 3 d L - 3 d 4 / ,  and 3d4s-3d4p arrays. Of 
we have tabulated only those lines that have actually been observed, 
either by E d l k  [Z], as listed in the compilation of Kelly and Pa- 
lumbn [3], or hy Cady [4]. 

It is expected that for this relatively simple, essentially two- 
electron spectrum Warner and Kirkpatrick's data should be fairly 
reliable (except when configirration interaction effects become ap- 
preciable). 'I?lis conjecture secms to be supported by the good 
agreement between their calcidated data and beam-foil lifetimes 

avallabla for 'Ti III (see, for example, ref. [SI), an ion which is 

isoelectronic with Fe VII. 
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Source 

- 

4CC"- 

racy 
~ 

E 

D 
D 

~ 

S (a1.u.) 

... . ~ 

0.0012 

0.36 
0.11 

- 

425388 

427780 
4277RO 

0.37 

110 
3 1. 

2 21 - 1.r 

0.06: 
0.028 

I 231 34 
I ~ 23376 
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No. 

3. 

4. 

5 .  

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

'frmsitioo 
array 

d-3d4f 

Multiplet 

732.07 

231.73 
232.26 
232.44 
232.95 
233.02 
23 1.04 
23 1.64 

245.15 

238.04 
238.39 

236.78 

234.75 

247.46 

245.49 
246.01 

244.09 
244.52 
244.54 

240.13 

240.22 
240.08 
240.57 
240.05 
239.'15 
209.85 

236.87 
236.39 

243.37 

152.07 

151.78 
151.67 
151.51 
151.97 
15 1.75 
151.49 

1346 

2327 
1047 

0 
2327 
1047 
I047 

0 

17475 

17475 
17475 

17475 

17475 

21275 

20428 
2 1275 

21275 
20428 
2i27.5 

208.: 5 

21275 
20428 
21275 
20428 
204211 
20037 

21275 
20428 

28915 

2327 

2327 
1047 

0 
2327 
1047 
1047 

432245 

433870 
43 1606 
4302 15 
431606 
430215 
433870 
43 1606 

425388 

437567 
436963 

4398 12 

443455 

425388 

427780 
427780 

43 1606 
431)215 
4302 I5 

437504 

43 7567 
436963 
436963 
C37010 
437567 
436963 

443455 
443455 

439812 

659923 

661 176 
660Y60 
m 0 2 2  
660360 
660022 
661176 

__ ... 

6. 

... 

21 

9 
7 
5 
9 
7 
7 
5 

5 

5 
5 

5 

5 

5 

3 
5 

5 
3 
5 

9 

5 
3 
5 
3 
3 
1 

5 
3 

9 

9 

9 
7 
5 
9 
I 
7 

... ... 

& 

... 

? I  

9 
7 
5 
7 
5 
9 
7 

5 

5 
3 

7 

3 

5 

5 
5 

7 
5 
5 

9 

5 
3 
3 
1 
5 
3 

3 
3 

7 

9 

9 
7 
5 
7 
5 
9 

73 

60 
21 
21 
07 
46 
4.1 
2.8 

70 

0.98 
la  

6.11 

86 

0.51 

23 
1.9 

s.s 
1.9 
0.024 

120 

100 
35 
40 

130 
25 
34 

18 
1.2 

210 

49 

170 
391) 
530 

29 
50 

200 

0.359 

0.049 
0.D17 
0.D17 
0.042 
0.027 
0.0042 
0.~0032 

0.063 

8.3 -- 4) 
0.0094 

0.0080 

0.043 

4.7(-4) 

0.035 
0.0017 

0.0069 
0.0028 
22---5) 

0.1 1 

0.087 

0.030 
0.021 
0.037 
0,037 
D.08') 

0.0091 
0.0010 

0.15 

D.017 

7.058 
3.13 
3.18 
0.0077 
D.012 
0.088 

- 
I__ 

S (am.) 

0.95 

0.33 
0.092 
0.065 
0.29 
0.14 
0.022 
0.012 

0.26 

0.0033 
0.037 

0.03 I 

0.17 

0.0019 

0 085 
0.0069 

0.028 
0.0069 
8.8( - -5 )  

0.75 

0.35 
0.072 
O.OU3 
0.089 
0.087 
0.070 

0.036 
0.0024 

1.1 

0.076 

0.26 
0.47 
0.45 
0.035 
0.044 
0.31 

0.09 

-0.36 
-0.92 
-- 1.07 
-0.42 
-0.73 
-1.53 
-1.80 

-0.50 

-2.38 
-1.33 

-1.40 

-0.67 

- 2.63 

-- 0.98 
- 2.07 

-1.46 
-2.07 
--3.9fi 

---0.02 

-0.36 
-. 1.04 
-0.98 
-0.95 
-0.96 
-1.05 

-1.34 
-2.52 

0.12 

-0.82 

-0.28 
-0.03 
-0.04 
-1.14 
.-. 1.06 
-0.21 

_I - 
icc1 
rac! 

- 
D 

D 
D 
D 
U 
D 
E 
E 

D 

E 
D 

D 

D 

F, 

D 
E 

D 
E 

D 

3 
3 
3 
D 
D 
I) 

3 

3 

1 

1 
1 
1 
1 
1 
> 

1 

1 
1 
1 
1 
1 
1 
1 

1 

1 
1 

1 

1 

1 

1 
1 

1 
1 
1 

1 

1 
1 
1 
1 
1 
1 

1 
1 

1 

1 

1 
1 
1 
1 
1 
I 
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16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26. 

27. 

28. 

29. 

Transition 
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151.02 
150.85 
150.81 
151.14 
151.04 

150.28 

150.52 
150.40 
150.19 

155.55 

154.89 

154.70 

154.33 

154.04 
154.21 

153.74 
153.66 

152.91 

155.41 

155.24 

154.95 
154.92 
154.85 
155.12 

151.50 

154.65 
154.36 
154.56 
154.30 
154.45 
154.27 

A-,(c,n-') 

2327 
1047 

0 
2327 
1047 

0 

2327 
1047 

0 

17475 

17475 

17475 

17475 

17475 
17475 

17475 
I7475 

17475 

20428 

21275 

2 1275 
20428 
20037 
2 1275 

20855 

21275 
20428 
21275 
20428 
20428 
20037 

A-,(crn-') 

664483 
663953 
663104 
663953 
663104 

665425 

666663 
665925 
665843 

660360 

663104 

663882 

665425 

666663 
665925 

667903 
668265 

671470 

663882 

665425 

666663 
665925 
665843 
665925 

668090 

667903 
668265 
668265 
668497 
667903 
668265 

... 

g. 

- 

9 
7 
5 
9 
7 

5 

9 
7 
5 

5 

5 

5 

5 

5 
5 

5 
5 

5 

3 

5 

5 
3 
1 
5 

9 

5 
3 
5 
3 
3 
1 

... - 

g* 

- 

I1 
9 
7 
9 
7 

7 

7 
5 
3 

7 

7 

5 

7 

7 
5 

5 
3 

3 

5 

7 

7 
5 
3 
5 

9 

5 
3 
3 
1 
5 
3 

A,, (1  08s- ') 

I600 
I300 
I300 
210 
220 

220 

68 
73 
75 

13 

83 

700 

200 

44 
24 

15 
39 

I10 

30 

17 

000 
970 
770 

8.2 

850 

880 
420 
350 
890 

81 
1.5 

~ ............ 

L 

0.67 
0.58 
0.62 
0.072 
0.077 

0.10 

0.018 
0.018 
0.015 

0.0066 

0.042 

0.25 

0.58 

0.022 
o.ooa7 

0.0053 
0.0083 

0.022 

D.018 

3.0085 

1.53 
3.58 
1.83 
1.0030 

1.31 

1.32 
1.15 
1.076 
1.1 I 

1.087 
3.&--4) 

- - 

S(at 

- 

3.0 
2.0 
1.5 
0.32 
0.27 

0.25 

0.081 
0.06 
0.031 

0.0 1 ' 

0.11 

0.64 

1.5 

0.05( 
0.02: 

0.01: 
0.021 

0.05( 

D.02C 

0.02: 

1.3 
3.89 
3.42 
3.00; 

I .4 

1.81 
1.23 
1.19 
1.16 
1.001 
1.044 

d 
- .......... 

0.78 
0.61 
0.49 

-0.19 
-0.27 

-0.79 

-0.79 
-0.91 
-1.12 

-1.48 

-0.68 

0.10 

0.46 

-0.96 
-1.36 

- 1.58 
- 1.38 

-0.95 

-1.26 

- 1.37 

0.42 
0.24 

-0.08 
-1.83 

0.44 

0.20 
-0.35 
-0.42 
-0.50 
-2.58 
- 1.06 

- __ 
Accu 
rac) 

D 
D 
D 
D 
D 

D 

D 
D 
D 

D 

D 

D 

D 

D 
D 

E 
D 

D 

D 

D 

D 
D 
D 
E 

D 

n 
D 
D 
D 
E 
D 

__ __ 

Source 

__ 

1 
1 
1 
1 
1 

1 

1 
I 
I 

1 

1 

1 

1 

1 
I 

I 
I 

I 

I 

I 

I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
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FUHR ET AL. 
Fe Vi1: Allowed transitions-Continued 

Source 

... .. 

1s - "DO 

'S - 'Po 

- __ 

NO. 

- 
30. 

31. 

32. 

33. 

34. 
__ 

166.63 

165.08 

I 
1 3  

1 3  

No. Wavelength (A) 

_I 

S (8t.u.) 

No. Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. 

5 114.29 
7 114.56 
5 116.18 
7 116.43 

6 
4 117.18 

- _- 

4 117.65 2 
4 118.28 2 
3 118.63 1 
3 118.89 1 
3 119.37 1 

5 114.29 
7 114.56 
5 116.18 
7 116.43 

6 
4 117.18 

4 117.65 2 
4 118.28 2 
3 118.63 1 
3 118.89 1 
3 119.37 1 

Wavelength (A) No. Wavelength (A) 

98.39 
98.58 
112.26 
112.27 
112.29 
112.47 

8 
8 
5 
7 
6 
5 

Transition 
array 

E, (cm-') 

28915 

28915 

28915 

65707 

65707 

Kh (em-l) 

659923 

661176 

669978 

665843 

671470 

Multiplet 

'G - ' G O  

'G - x F O  

230 

8.9 

1800 

14 

690 

158.48 0.086 

0.0034 

0.80 

0.0 17 

0.85 

0.40 

0.Olb 

3.7 

0.0095 

0.46 

-0.11 

-1.52 

0.86 

-1.76 

-0.07 

158.16 

'G - 'He I 155.99 

The number in parentheses following the tabulated value indicates the power of ten hy which this value hafi lo  6e mdtiplied. 

Fe viii 

Ground State 

Ionization Potential 

1 s22s '2p  '3s23p %d 2D3,2 

151.06 eV = 1218400 cm--' 

Allowed Transitions 

112.49 
112.57 
112.70 
112.81 
112.83 
112.93 

For this potassium-like ion, we have compiled oscillator strengths 
taken from Cowan [ 11, who performed Hartree-Fock-Slater calcu- 
lations in intermediate couplng. Biemont [ 2 ]  has applied a single 
configuration Hartree-Fock approximation to the calculation of mul- 
tiplet oscillator strengths for transitions of the type ns-n'p and 
np-n'd, where n,n' 4, 5, 6, 7, and 8. We have not tabulated 
material, however, because of the strong possibility of configuration 
interaction of these single-valence-electron states with configura- 
tions of the type 3p53d2,  3p53dns,  3ps3dnp,  etc.; e.g., the 
3 p  s(zPo)3d2("P) 2Po state can mix strongly with the 3p64p ' P o  
state. 

A third reference providingf-value data on this spectrum is that 
by Czyzak and Krueger [3]. These authors calculated radial wave- 
functions by the Hartree-Fock self-consistent Bield method and used 
LS coupling to provide individual l i e  strengths. Because of inter- 
mediate coupling effects found by Cowan, however, we did not 
tabulate the data of ref. [ 3 ] .  

References 
[l] Cowan, R. D., hstrophys. 1. 147. 377 (1967). 
[2] Biemont, E., Physica C 81, 158 (1976). 
[3] Czyzak, S. I., and Krueger, T. K., Astrophys 1. 144, 381 (1966). 
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I I Y . 0 3  

118 89 
119.37 

118.63 

118.28 

117.65 

116.76 

117.18 
116.18 

116.43 

114.56 

114.29 
112831 

112 $8 

112.49 

112.47 

112.70 
112.26 

112.93 
112291 

112.811 
I 12.271 
112571 

Y8.5.1 

198.581 

[98.391 
pa.391 

E ( c m - ' )  

- .  . ~~ 

I103 

1838 
0 
0 

1838 
0 

I 1 0 3  

1838 
0 

1838 

1838 

1838 
n 

1 103 

1838 
0 

1838 
n 

1838 
1838 

1838 
0 
0 

I 10.3 

1838 
0 

0 

E,  ( c m - ' )  

~~ 

811206 

842930 
837750 
842930 

817250 

849990 

8,57560 

855 190 
860710 

8507 10 

874770 

876810 
[886300 

890130 

390810 

889110 
889110 
890810 

887320 
[892400 

[a88300 
[890700 

1888300 

[ 10 16000] 

[ I O  16000] 
[ 1016000] 
[1016000] 

~ 

cr, 
- 

IO 

6 
4 
4 

6 
4 

(0  

6 
4 
6 

6 

6 

4 

10 

6 

4 

6 
4 

6 
6 

6 
4 
4 

I O  

6 
4 
4 

~ 

Pi 

- 

6 

4 
2 
'1. 

8 
6 

1 4 

8 
6 
6 

8 
6 
! 

10 

6 

4 
4 
6 

8 

A+, (10"s - 1 )  

~ ... . - 

380 

330 
380 

52 

?? 
32 

350 

3?0 

400 
17 

27 

50 
30 

a n  

380 
3 20 

87 

h i  

220 
h IS0 

6 
4 
6 

6 

4 
2 
4 

~ 

19 
190 
8 1  

240 

210 
250 

33 

_____ .- 

J;, 

~ 

0.048 

0.047 

0.01 1 
o.n.tr 

0.0062 
o.nin 

0.10 

0.088 

0.12 
0.0055 

0.0072 

0.0098 
0.0058 

0.081 

0.073 
0.051 
0.01 1 
0.019 

0.055 
0.028 

n.0037 

0.024 
0.035 

0.02 I 

0.020 
0.018 
0.0048 

S(a1.u.) 

0.19 

0.11 
0.064 

0.017 

0.014 
0.0 I5 

0.39 

0.20 
0.18 
0.010 

0.016 

0.022 
0.0086 

0.30 

0.16 

0.090 

0.024 
0.028 

0.12 
0.062 

0.0082 
0.052 
0.036 

0.068 

0.039 

0.023 
0.0062 

--0.31 

--~0.55 
-0.79 
- 1.35 

- -  1.43 
-1.40 

0.0 I 

--0.28 
-0.32 
-1.57 

- - ~  1.36 

-1.23 
-1.63 

- -~ 0.09 

-0.36 

-0.61 
-1.18 
-1.12 

-0.48 
--0.77 

- -  1.65 
- -  0.85 

- I .02 

-0.68 

--0.92 
-1.14 
- I .72 

~ 

\ W U  

racy 
- 

D 

D 
D 
D 

D 
D 

D 

D 
D 
D 

D 
D 
D 

D 

D 
D 
D 
D 

D 
D 

D 
D 
D 

0 

D 
D 
D 
- 

1 

1 
1 
1 

1 
1 

1 

1 
1 
1 

1 
1 
1 

1 

1 
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1 
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1 
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Fe IX 

Ground State 

Ionization Potential 

Allowed Transitions 

Line strengths for the first three multiplets of thib argon-like ion References 
are from the superposition-of-configurations (SOC) calculations of 
Weiss [I J, which are expected to be fairly accurate. Lin et d. [2] 
have computed transitions to 4s and 4d states by using the Dirac- 
Hartree-Fock but they have Omitted correhion in excited 

states. Oscillator strengths for 3d-4f transitions have been calcu- 
lated by Fawcett et al. [3] using Gowan's HX (Hartree-Fock with 
statistical exchange) method. 

Weis', *. w.* private cornmunica'ion~ 
121 Lin, I). I..,  Fielder, W.. Jr., and Aimstrong, L., Ir., Pbys. Rev. A 14. 589 

[:I] Fawceti, B. C ,  Cowan, R. D., Kun-mv, E. Y., and Ifaycs, R W,, 1. Phys. R 5,  
(1977). 

1255 (1972). 

Fe IX: Allowad tramititins 
........ 
__. 

No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

NA) 
-- 

244.912 

217. IO8 

171.075 

105.208 

103.566 

83.457 

82 430 

I 1  1.751 
111.713 

112.096 

113.793 
I14 024 

0 

0 

0 

0 

0 

0 

0 

408307 
405765 

413667 

m 8 n o  
m 3 1  I 

R (cm- 1) 

408307 

450609 

584547 

950500 

965570 

1198220 

121 3 150 

1302830 
1300920 

1805750 

1304590 
1306320 

... -.. 

8, 

- 

1 

1 

1 

I 

1 

1 

1 

3 
1 

5 

9 
7 

B 
- 

3 

3 

3 

5 
3 

7 

1 
9 

........ ~ .......... 

A,, (lo"-l) 

0.087 

2.0 

2010 

320 

520 

990 

560 

1200 
1000 

I600 

!000 
1600 

2 . q - q  

0.004,3 

2.65 

0.16 

0.25 

3.31 

1.17 

1.39 
1.56 

).51 

).4R 
1.40 

1.9( -- 4) 

0.0031 

1.49 

0.055 

0.085 

D.085 

3.046 

1.43 
1.21 

).76 

I .6 
1.1 

-2 86 

0.423 

-0 80 

- 0.M) 

-0 51 

-0.77 

0.07 
- - 0  25 

0 31 

0 64 
0 45 

E 

E 

C+ 

u 

n 

D 

D 

E 
E 

E 

E 
E 
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TRANSITION PROBABILITIES FOR IRON 

Fe IX: Allowed trar.sitions-ContirrUPd 

13. 3pS3d- 
3p5('PP J4/ 

Wavelength (A) 
....... 

180.407 
1a2.310 
i a ~ ~  
190.044 
192 
195.399 
20 I .556 

229.99 
234.356 

22o.aaz 

............ ....... ~- 

/;I 

- - 
Lccu 
racy 
...... 

E 

E 

E 

E 
.... 

...... 

S (at.".) 

0.69 

1.1 

0.88 

0.74 

__ ____ 
%UKR 

........... 

3 

3 

3 

3 
..... 

A', ( I  0's- 1) E, (cm-1) 
Transition 

array 

~ 

I I .  

Multiplet 

'Fo - ' [?4]  

'DO - '[XI 

'DO - TW] 

'Do - ' [ X I  

1% f?f 
-. ..... 

0.27 

0.46 

0.36 

0.29 

114.1 11 

I 16.803 

115.996 

115.353 

433807 

4556 I2 

462616 

456744 

I3 101 50 

1311750 

1324710 

1323650 

I400 

1600 

1600 

I400 

3.37 

1.41 

1.46 

1.39 

" The number in pdrenthesrs following the tabulated value rntiicates the Q O W W  of ten by which t h s  value has 19 he mihiplied. 

Fe x 
Ground State 

Ionization Potential 

ls22s22ph3.s23ps *P: 

262.1 eV = 2114000 cm-' 

Allowed Transitions 

List  of tabulated linrs 

Wavelength (A) No 

I o  
Wavelength (A) 

~~ 

Wavelength (A) 
........... 

104.248 

137.027 

140.296 

104.638 

139.868 

140.678 
144.328 
170.58 

174.534 
175.266 
175.474 
177.243 

75.685 
76.006 
76.495 

77.627 
77.728 

76.822 

77.812 
77.865 

78.151 
78.769 

95.338 
94.012 

95.374 

17 
16 
I 7  
16 
14 
13 
12 
12 
15 
12 1 1  

I O  
11 

I O  
10 
9 

10 
24 
25 
25 
25 
22 
27 
27 
26 

- 

23 
23 
20 

21 

19 
7 
7 
7 
6 
6 

la  

l a  

6 
6 
2 
2 
a 
a 
a 
5 
4 
3 
1 
I 

............ 

96.122 

97.122 
97.591 

100.026 
101.733 

96.788 

101.846 
102.095 
102.192 

103.319 
103.724 

102.829 

Significant correlation effects in this chlorine-like ion make the- 
oretical oscillator strengths for low-lying transitions somewhat uncer- 
tain. Nussbaumer [ 13 has calculated energy levels and oscillator 
strengths for many transitions by using a scaled Thomas-Fermi 
method with corifiguration interaction and relativistic effects; we 
quote here his values for the 3sz3p5-3s3p6 resonance hies. Rro- 
mage et al. [2] have studied the 3p-3d transitions by using Cowan's 
semi-empirical HX method. Since they also tabulated percentage 
compositions of all levels of the 3p43d configuration, WI have 
their results over those of Nussbaumer, because this information 
allowed us to match the f-value data with the appropriate term 
designations. We have also employed earlierf-values due to Fawcett 
et ai. [3] for transitions to n 4 levels. 

The accuracy ratings for transitions for which the tipper or lower 
level is indicated to be of low purity in LS coupling have been 
lowered to "E." Transitions i.-.rolving any level for which the dom- 
inant component is significantly less than 50% have been excluded 
from this compilation. 

eferenees 

[ I ]  Nusshanmer, H. ,  Astron. Astrophys. 48, 93 (1976). 
[Z] Bromnge, 6 .  E., Cawan. R. D., and Fawcett. B. C., Phys. Scr .  15, 177 (1977). 
[ 3 ]  Fawcett. B. C., Cowsn, R. D., Kononov, E. Y., and Hayes, R .  W-.. J .  Phys. B 5. 

1255 (1972). 
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__ - 

No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Id .  

Transition 

array 

3.23ps - 3r3p" 

3p"-3p4('D)3d 

3p' --3p4("Ip)3d 

3p"--3p'(lS)3ri 

3p"--3p'('P)4.s 

3p'-3p'(' D)4s 

3ps-3p'('P)4d 

-_ 
Multiplet 

,352.1 1 

345.75 
365.57 

186.34 

184.542 
190.044 

234.356 

229.99 

220,882? 

178.30 

177.243 
180.407 
175.474 
182.310 

174.51 

174.534 
175.266 
170.58 

195 

[1921 
201.556 
195.399 

97.122 

Y6.342 

96.122 
96.788 
95.338 
97.591 

94.012 
95.374 

78.163 

77.865 
78.769 
77.812 

77.728 

E, (cm-') 

5228 

0 
15683 

5228 

0 
15683 

0 

0 

0 

5228 

0 
15683 

0 
15683 

5228 

0 
15683 

0 

5228 

0 
IS683 

0 

0 

5228 

0 
15683 

0 
15683 

0 
15683 

5228 

0 
15683 

0 

0 

289230 

289230 
289230 

541882 

541882 
541882 

426701 

434800 

452730? 

,566093 

564197 
569885 
569885 
564197 

578270 

572954 
586244 
586244 

[Sl7000, 

[521000: 
511773 
511773 

1029600 

10~t3200 

1040300 
1048900 
1048900 
1040300 

1063700 
1064200 

1284600 

1284300 
1285100 
1285100 

1286500 

- - 
R. 

._ 

6 

4 
2 

6 

4 
2 

4 

4 

4 

6 

4 
2 
4 
2 

6 

4 
2 
4 

6 

4 
2 
4 

4 

6 

4 
2 
4 
2 

4 
2 

6 

4 
2 
4 

4 

- - 

R* 

._ 

2 

2 
2 

2 

2 
2 

6 

2 

6 

6 

4 
2 
2 
4 

10 

6 
4 
4 

10 

6 
4 
4 

4 

6 

4 
2 
2 
4 

6 
4 

10 

6 
4 
4 

6 

56 

39 
17 

1900 

I 500 
420 

3.0 

0.30 

1900 

1900 
1400 
480 

40 

2200 

2200 
2100 

66 

7.9 

0.06 

6.6 
11 

350 

1100 

870 
780 
590 

70 

470 
550 

1400 

1600 
400 
800 

280 

0.035 

0.035 
0.035 

0.33 

0.38 
0.23 

5..3(-4y 

0.00 12 

34 -4 )  

0.91 

0.90 
0.70 
0.11 
0.04 

1.7 

1.5 
1.9 
0.029 

0.0075 

Y-5) 
0.014 
0.0038 

0.050 

0.15 

0.12 
0.11 
0.040 
0.02 

0.093 
0.15 

0.22 

0.22 
0.075 
0.073 

D.038 

S (at.u.) 

0.24 

0.16 
0.084 

1.2 

0.92 
0.29 

0.0036 

9.q-4) 

3.2 

2.1 
0.83 
0.25 
0.05 

5.7 

3.4 
2.2 
0.065 

0.029 

I(-4) 
0.019 
0.0098 

0.064 

0.28 

0.15 
0.070 
0.050 
0.01 

0.12 
0.094 

0.34 

0.23 
0.039 
0.075 

0.039 

-0.68 

-0.85 
-1.15 

0.29 

0.18 
-0.34 

-2.67 

-2.32 

-2.88 

0.74 

0.56 
0.15 

-0.36 
-1.1 

1 .00 

0.78 
0.58 

-0.94 

-1.35 

-3.7 
-1.55 
-1.82 

-0.70 

-0.05 

-0.32 
-0.66 
-0.80 
-1.4 

-0.43 
-0.52 

0.12 

-9.06 
-0.82 
-0.53 

-0.82 

- - 
iccu 

rac) 
- 

E 

E 
E 

D 

D 
D 

E 

D 

E 

E 

E 
E 
E 
E 

D 

D 
D 
D 

D- 

E 
D 
D 

D 

D- 

D 
D 
D 
E 

D 
D 

D 

D 
E 
E 

D 

- - 
Source 

1 

1 
1 

2 

2 
2 

2 

2 

2 

2 

2 
2 
2 
2 

2 

2 
2 
2 

2 

2 
2 
2 

3 

3 

3 
3 
3 
3 

3 
3 

3 

3 
3 
3 

3 



__ - 

No 

~ 

14 

15 

I6 

1; 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

- 

._____ 

lransition 

array 
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Fe X Allowrd tranations Cootintid 

-. . . . . . . . . . . . . . . . . . . . . . . . . - 

MA) 
~ 

77.627 

78.151 

76.006 
76.822 

75.685 
76.495 

139.868 
140.678 

144.328? 

137.027? 

140.296 

102.192 

104.638 
104.248 

100.026 

102.095 
101.733 
101.846 

103.724 

103.319 
102.829 

E,(cm-') 

0 

15683 

0 
15683 

0 

I5683 

450753 
451081 

485978 

388708 

417653 

450753 

485978 
[482000] 

388708 

417653 
426701 
428297 

452730? 

[52lOOO] 
51 1773 

1288200 

1295300 

13 15700 
13 17400 

132 1300 
1323000 

1165713 
1161924 

1178844? 

1 1  18491 

1 130432 

1429303 

144 1654 
[ 1441000 

I388448 

13971 33 

I409666 
1410172 

1416827 

[I489000 
1484261 

- 

R 

4 

2 

4 
2 

4 
2 

10 
8 

8 

8 

10 

10 

8 

6 

8 

10 

6 
4 

6 

6 
4 
- 

... - 

gfi 

-- 

t 

4 

4 
2 

6 
4 

8 
6 

6 

6 

8 

12 

10 
8 

I O  

12 
8 
6 

8 

8 
6 
- 

480 

440 

1300 
1800 

780 
1400 

220 
170 

I40 

I50 

220 

2900 

2100 
14CO 

2600 

2900 
I300 

1700 

1700 

2600 

2100 

0.065 

0.080 

0.1 I 
0.16 

0.10 

0.24 

0.052 
0.038 

0.033 

0.031 

0.052 

0.55 

0.43 
0.31 

0.49 

0.55 
0.38 

0.39 

0.36 

0.55 
0 49 

...... . . ... .. .... . 

S(a1.u.) 

0.066 

0.041 

0.1 1 
0.081 

0.10 

0.12 

0.24 
0.14 

0.13 

0.11 

0.24 

I .9 

1.2 
0.64 

I .3 

1.8 

0.76 
D.52 

D.74 

1.1 
3.66 

-0.59 

-0.80 

-0.36 
-0.49 

-0.40 
-0.32 

-0.28 
-0.52 

-0.58 

--0.61 

-0.28 

0.74 

0.54 
0.27 

0.59 

0.74 
0.36 
0.19 

0.33 

0.52 
0.29 

. . . . . . . .- 

- - 

4CC" 

racy 

- 

D 

D 

I) 
D 

D 
D 

D 
E 

D 

D 

D 

D 

D 
D 

D 

D 
D 
E 

E 

D 
D 
- 

3 

3 

3 
3 

3 
3 

3 
3 

3 

3 

3 

3 

3 
3 

3 

3 
3 
3 

3 

3 
3 

'The nuinter in paranthesei following the tabulated v a l w  indicates the power of ten by which ;his vahe  has to be multiplied 



F- 103 

. 

Mutripkt 

.. 

"P - .'P" 

'p - ' y o  

.... 

~ ___ 

h(A) 

~ 

.15.1.76 

352.680 
356.55 
341.115 
348.97 
369.23 
358.64 

C276.4 I ]  

FUHR ET AL. 

Fe XI 

Allowed Transitions 

l i s t  n l  tnholatrd lines 

_I__ ____ 

No. 
_._...___ 

22 
21 
20 
20 
18 
16 
16 
16 
16 
16 
17 
15 
19 

....................... .. -- .................. 

T v e ! e n g t i i  (A) 
................... ......... 

..... 

. 

Wavelength (A) 

-31.205 
90.345 
91.394 
3 1.472 
9 I ,633 

91,733 
92.81 
92.8'7 
93.433 
121.419 
121.747 
123.49 
123.572 

No. 
........... 

24 
25 
I 1  
14 
8 

13 
10 
9 
9 

10 
10 
9 
6 

Wavekngtir (A) 
I__ ..... 

72.366 
72.310 
72.635 
73.2 
86.5 13 
86.772 
87.025 
87.995 
88.029 
88.167 
89.104 
89.185 
89.86s 

Wavelength (A) 

20L.737 
200 
276.41 
308.6 I 
341.115 
348.97 
352.680 
355.32 
356.55 
35S.64 
369.23 
4M.84 

__- ................ 

15 
15 
28 
28 
27 
27 
31 

29.31 
30 
23 
23 
24 
26 

123 822 
124 725 
176 620 
179 762 
IS4 41 

I 

184 800 
1U7 446 
188 219 
189017 
192 020 
IS2 641 
192 819 
201 575 

.-. 
For the refionarm t.ransitions of this highly ionized member of the 

sulfur isoelect,ronic sequence, we have chosen the data of Mason [l 1, 
computed by using a multiconfiguration waled Thornm-Fcrrni 
method. Substantial correlation is present bli these values, reducing 
them by as much as an onhr of magnitude blow single configuration 
results. 

The eemahder of the oscillator strengths were computed hy 
Broinage et al. [Zl and Fawcett et 81. [3,41 using Cowan's *mi- 
empirical Wartree-Fock-Slater programs. The 3 p  -3d calculatio~~i 
include the effects of configuration interaction [a]. Accuracy ratings 
for some transitions for which the upper or lower level is indicated 

to be of low purity 111 LS coupling have h e n  lowered to "EE," while 
those for wliich the dominant component is significantly less than 
50% have been excluded from this cornpihatinn. 

eferences 

[l] %fason, W. E., Mnn. Not. R. Astron, Suc 176). 651 (1975). 
121 Bromage. C. E., Cowan, R .  D., and Fawett,B. C., Phys. %. 15, 177 (1977). 
[ 3 ]  Fawceit, 8. C., Cowan, R. #I., Kononov, E. Y., and Niiym, R. W.! J. Phyj. B 5, 

f42 Fawcott, R. C. ,  Peacock, N. J., and CUW~I, 11. D., 1. Phys. H P, 295 (1968). 
125s (1972). 

Fe XI:  Al!owed tramitions 

__ 
_I 

No. 

................... .... 

C(cm- . ' )  

............ 

S(at . i i . )  

........... 

1% d 
............ 

-0.41 

-0.80 
-- 1.52 
-1.22 
-1.38 
-- 1.27 

I .39 

-2.15 

............ 

Source 
Transition 

array 
6 (cm - ') .4', ( 108s ~ 1) 

5812 

0 

0 
12667.9 

12667.9 
12667.9 
14300 

0 

288,190 

283543 
2931.56 
293156 
299230 
283543 
293 156 

361780 

23 

17 

11 
23 

5.2 

5.3 
7.1 

2.0 

0.043 

0.032 
0.010 
0.012 
0.014 

0.041 
0.018 

0.0014 

0.55 

0.19 
0.035 
0.067 
0.048 
0.066 
0.048 

0 064 



F- 104 

. . . . . - 

log S(3t.u.) 

0.0067 -2.30 

0.33 --0.49 

0.011 -2.03 

0.073 -0.96 

0.21 -0.51 

1.3 0.34 

I .a 0.47 
0.47 -0.12 . 
0.38 ---0.22 

0.55 -0.05 

0.099 ---0.80 
0.30 -0.32 
0.15 -0.64 

0.12 -0.70 

0.76 0.06 

I .9 0.50 

3.3 0.74 

0.22 --0.13 

0.14 -0.34 
0.060 --0.70 
0.02 -1.1 

0.12 -0.37 
0.037 -0.89 
0.02 -1.2 
0.057 -0.70 
0.041 -0.85 

' 0 .23  -0.10 

TRANSITION PROBABILITIES FOR IRON 

Source 
Accu- 
racy 

. .. 

E I 

C I 

D I 

D 2 

E 2 

D 2 

, D 2 
D 2 
D 2 

E 2 

E 2 
E 2 
E 2 

D 2 

E 2 

D 2 

D 2 

D--- 3 

D 3 
D 3 
E 3 

D 3 
D 3 
E 3 
b 3 
b 3 

D 3 
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.-. 

FUHR ET AL. 
Fe X1: Allowed transitions-4htinued 

- __ 

NO. 

- 

18 

19 

20 

21 

22 

23 

24 

25. 

26 

27. 

28. 

29. 

30. 

31. 

A& 

86.513 

[89 8651 

72.635 
[73.2] 

72.310 

72.166 

121.419 
121.747 

123.49 
123.49 
123.822 

124.725 

I23 572 

91.733 
91.63 
91.63 

91.472 
91.394 

92 87 
92.87 

93 433 

92 81 
92.87 

K, (cm-') 

37743.6 

808 15 

0 
12667.9 

37743.6 

37743.6 

&((cm-') 

119360( 

119360( 

137670( 
[ 13800N 

142070( 

14234a 

3 

... - 

g. 

- 

5 
8 

11 
s 
I 

5 

i 

9 
7 
5 
5 

7 
5 

11 
7 

9 

9 
7 
- 

.- -. 

Rk 

__ 
a 

a 

7 
5 

5 

7 

7 
5 

9 
7 
5 

7 

5 

11 
9 
7 

9 
7 

13 
9 

!1 

I1 
9 
- 

O 3 0  

690 

1600 
820 

1500 

2900 

290 
210 

270 
170 
220 

220 

360 

4100 
3400 
2800 
2300 

2500 
2600 

3900 
3400 

3200 

3700 
2800 

0.056 

0.25 

0.18 
0.1 1 

0.12 

0.32 

0.050 
0.033 

0.050 
0.030 
0.036 

0.040 

0.059 

0.63 
0.55 
0.49 
0.48 

0.41 
0.45 

0.60 
0.57 

0.51 

D.59 
9.47 
-- 

- 
S(at.u.) 

0.080 

0.074 

0.22 
0.080 

0.14 

0.38 

0.18 
0.093 

0.22 
0.11 
0.10 

0.15 

0.17 

1.7 
1.2 
0.74 
0.43 

0.86 
0.68 

2.0 
1.2 

1.4 

1.6 
1 .o 
_I 

---0.55 

-0.60 

--0.05 
-0.48 

-0.22 

0.20 

-0.35 
-0.64 

-0.26 
-0.57 
-0.60 

-0.44 

-0.38 

0.75 
0.59 
0.39 
0.16 

0.46 
0.35 

0.82 
0.60 

0.66 

0.73 
0.52 

- - 
ACCL 

rac) 

- 
D 

D 

D 
D 

D 

D 

D 
D 

D 
E 
E 

D 

E 

D 
D 
D 
D 

D 
D 

D 
D 

D 

D 
D 
- 

___ ___ 

Source 

3 

3 

3 
4 

3 

3 

3 
3 

3 
3 
3 

3 

3 

3 
3 
3 
3 

3 
3 

3 
3 

3 

5 
3 
- 



TRANSITION P ABILITIES FOR IRON 

$e XPI 

ls”s22pb3s23p~ 4s: 2 

[328] eV = [2646000] cm-’ 

Ground State 

Ionization Potential 

Allowed rransitions 

List of tahsrlatrd lines 
__ ~ 

~ .......... ~ 

Wavelength (.A) 

__ ......... ~. ..... ~. ........ ..... 

No. jl Wavelength (16) No 

15 

17 

17 

27 

27 
27 

28 
29 
29 
25 
25 
25 
26 

26 

~ 

No 

~ 

10 
6 
6 

6 
9 

4 
4 
8 

4.8 
8 
8 

12 

Wave1eng:h (A) 
...... U ...... 

200.356 

201.121 
202.090 
204.743 

208.4 I 0 

i 209.1 1 
I 210.932 

335.06 
338.263 
346.852 

352 107 
364.468 
382.83 

No. 

13 
12 
12 
12 
1 1  
5 

1 1  
2 
2 
1 
1 
I 
3 

II 
65.805 

65.905 
66 526 
66.960 
67.164 

67.821 
68.382 

79.488 
80.022 
80.160 

80.542 
80.55 
81.651 

8 1.943 

23 
18 
22 

20 
24 
19 
21 

14 
14 
16 

16 
14 
15 

15 

82.226 

82.744 
82  837 

84.48 

84.491 
84.52 
84.85 
85.14 
85.477 

108.140 
108.605 
108.862 
Il0.591 

110.732 

186.856 
186.880 

188.2 16 
188.45 
189.561 
190.459 

192.394 
193.509 
194.920 

195.1 19 
106.640 
196 923 
198.555 

U 

Significant correlation effects in this P-like ion make the accurate 

calculation of oscillator strengths difficult. 

Rromage et al. [ 11 have calculated gf-valuei of resonance transi- 

tions io levels of the 3s3p‘ and 3s23p23d configurations by using 

lowered to “E.” Transitions involving any level for which the doin- 

inant componcart is significantly less than 50% have been excluded 

from this compilation. 

Cowan’s rriulticoilfigurati~~~~ Hartree-XR approach including ex- 
change (X)  and relativistic effects (R) and semiempirically scaled 

Slater parameters. Fawcett et ah 121 have used cowan’s Hartrep- 

Fock-Slatcr (I-IX) method tn determine gf-values of transitions to 

n .- 4 states. 

l h e  accuracy ratings for transitions far which the upper or lower 

[ I ]  Rrornag~. C. E., Cowan. R. D., and Fawcett, R. C.. Mon. Yot. R .  Astron. Sac. 

183, 19 (1978). 

1255 (1972) 

I ,  

[21 ~ ~ ~ ~ ~ t t .  E. c.. cawan. R. D., K ~ ~ ~ ~ ~ ~ .  E. Y . .  and H ~ ~ ~ ~ .  R .  w.. 1.  PI^^^. 8 s 
level is indicated to be of low purity in LS coupling have been 

....... - 

4rcu. 

racy 

~ 

D 

D 
D 
D 

I) 
D 

~ ______ 

No. 

- 

4‘ 

12 

6 
4 
7 

6 
4 

A(A) 

_ _ ~  

357.2h 

364.468 
352.107 
346.d.52 

338.263 
335.06 

b,; (cm-’)  

~. ......... 

0 

0 

0 

0 

46110 
41560 

L 
~ 

0.096 

0.048 
0.033 
0.0 I6 

0.047 
0.058 

E, (cm-l) 

279906 

274373 
284005 
288307 

1417,38 
340010 

I7 

16 
18 
18 

27 
34 

0.45 

0.23 

0.15 
0.073 

0.31 
0.26 

-0.42 

-0.72 
-0.88 
-1.19 

-0.55 
-0.63 
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FUHR ET AL. 

Fe XII: Allowed trsnsitions-Continud 

- .... 

__I - 
NO. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

MA) 
I__ 

382.83 

194.12 

195.119 
193.509 
192.394 

[209.11] 

186.Y2 

186.880 
186.856 
188.45 

188.216 
190.45.Y 

195.05 

196.640 
lY5.119 
196.923 
194.920 

189.561 

[ 185.8S] 

210.932 
208.410 

201.42 

201 .I21 
202.090 
204.743 
198.555 

200.356 

79.87 

79.488 
80.022 
80.55 

82.014 

81.943 
82.226 
81.651 

E ( c m - ' )  

805 14 

0 

0 
0 
0 

41560 

44290 

461 10 
41 560 
46110 

74103 
80514 

46290 

461 10 
415bO 
46110 
41560 

41560 

41560 

805 14 
74103 

78377 

805 14 
74103 
80514 
74103 

805L4 

0 

0 
0 

0 

44290 

46110 
41560 
41560 

& (cm - I) 

341730 

515139 

512508 
516772 
519767 

519767 

579292 

581213 
576731. 
57673 I 

605407 
605407 

556.362 

554654 
553923 
553923 
554654 

559095 

579626 

554654 
553923 

574850 

577727 
569095 
569095 
577727 

579626 

1252000 

I zsaioo 
1249700 
1241000 

1253600 

1266500 
1257700 
1266500 

- ..~ 

&? 

- 

4 

4 

4 
4 
4 

4 

10 

6 
4 
6 

2 
4 

10 

6 
4 
6 
4 

4 

4 

4 
2 

6 

4 
2 
4 
2 

4 

4 

1 
4 
1 

0 

6 
4 
4 

- ..... 

!?E 

- 

6 

12 

6 
4 
2 

2 

14 

a 
6 
6 

4 
4 

10 

6 
4 
4 
6 

2 

2 

6 
4 

6 

4 
2 
2 
4 

2 

I2 

6 
4 
2 

6 

4 
2 
4 

Ab, (lo's-') 

5.5 

950 

930 
940 
900 

64 

1200 

I100 
I100 
69 

800 
240 

620 

480 
670 
110 
23 

45 

50 

58 

58 

830 

640 
730 
57 
210 

660 

660 

670 

720 

7 0  

400 
YO0 
100 

680 

- .......... 

/;1 

0.018 

1.6 

0.80 
0 53 
0.25 

0.021 

0 85 

0.80 
0.85 
0.037 

0.85 
0.13 

0.36 

0.28 
0.38 
0.043 
0.020 

0.012 

0.013 

0.058 
0.075 

0.50 

0.39 
0.45 
0.018 
0.25 

0.20 

0.19 

0.095 
0.065 
0.035 

0.10 

0.097 
0.09s 
0.01 

....... -... 

S(Ut"U.) 

0.091 

4.1 

2.1 
1 4  
0.63 

0.058 

5 2  

3.0 
2.1 
0.14 

1.1 
0.33 

2.3 

1.1 
0.98 
0.17 
0 051 

0.030 

0.032 

0.16 
0.10 

2.0 

1 .0 
0.60 
0.049 
0.33 

0.53 

0.20 

0.099 
0.068 

0.037 

0.27 

D.16 
0.10 
D.01 

-1.14 

0.81 

0.51 
0.33 
0.00 

- 1.08 

0.93 

0.68 
0.53 

-0.65 

0.23 
-0.28 

0.55 

0.23 

-0.59 
--l.10 

0.18 

-1.32 

-1.28 

-0.63 
-0.82 

0.48 

0.19 
-0.05 
-1.14 
-0.30 

-0.10 

-0.12 

-0.42 
-0.59 
-0.85 

0.00 

-0.24 
-0.42 
-1.4 

._____ 

LCCU. 

racy 
- 

D 

D 

D 
D 
D 

D 

E 

D 
E 
E 

E 
E 

D 

D 
D 
D 
D 

E 

D 

D 
D 

E 

D 
E 
E 
D 

D 

D 

D 
D 
0 

D 

D 
D 
E 

.~ 

Source 

1 

1 

1 
1 
1 

1 

i 

1 
1 
1 

1 
1 

1 

1 
1 
1 
1 

1 

1 

1 
1 

1 

1 
1 
1 
1 

1 

2 

2 
2 
2 

2 

2 
2 
2 



....... 

N O  

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26. 

27.  

28. 

29. 

. . . .. . . . 

Transition 

array 
Multiplet 

F-108 

TRANSITION PROBABILITIES FOR IRON 

Fe XII: Allowed transn~ions-Contmued 

[80.542; 
80.160 

82.837 
82.744 

65.905 

67.821 

66.960 

68.382 

66.526 

65.805 

67.164 

108.440 
108.605 
108.862 

110.591 
110.732 

84.491 
84.48 
84.52 
84.48 

84.85 

85.477 
85.14 

6 (cm-') 

46110 
41560 

80514 
80514 

0 

41560 

4 I560 

74103 

46110 

46110 

805 14 

b.'* (em ~ ' ) 
_ _ _  

128770( 
128910( 

128770C 
l28910( 

151 730C 

15 1600C 

153500C 

is36840 

I543280 

1565750 

1569400 

... - 

g. 

- 

t 
1 

4 
1 

4 

4 

4 

2 

6 

6 

4 

I O  
8 
6 

I O  
8 

IO 
8 
6 
4 

6 

0 
8 
- 

A,, ( 10's 

870 
600 

190 
760 

2000 

I400 

1600 

1700 

1700 

510 

I100 

330 
330 
320 

310 
I30 

i200 
1900 
Low 
LSOO 

!300 

L600 
:400 

~ ...... ..... 

6 

0.085 
0.058 

0.030 
0.078 

0.13 

0.14 

0.16 

D.24 

3.15 

1.022 

1.038 

1.047 
1.044 
1.038 

1.046 
1.018 

).67 
).66 
).57 
).72 

1.33 

1.60 
1.46 

__ 
~ 

S (at.u.) 

0.14 
0.061 

0.033 
0.085 

0.11 

0.13 

0.14 

0.1 1 

0.20 

0.029 

0.034 

0.17 
0.13 
0.082 

0.17 
0.052 

1.9 
1.5 
0.95 
0.80 

0.55 

1.7 
I .o 

_- 
log d 

-0.29 
-0.63 

-0.92 
--0.51 

-0.28 

-0.25 

-0.19 

---0.32 

-0.05 

-0.88 

--0.82 

-0.33 
-0.45 
-0.64 

-0.34 
-0.84 

0.83 
0.72 
0.53 
0.46 

0.30 

0.78 
0.57 

__ - 
4cc1 
rac: 
- 

D 
D 

D 
D 

D 

D 

D 

D 

D 

D 

D 

D 
D 
D 

D 
D 

D 
D 
D 
3 

1 

1 
1 
- 

- 

Source 

2 
2 

2 
2 

2 

2 

2 

2 

2 

2 

2 

2 
2 
2 

2 
2 

2 
2 
2 
2 

2 

2 
2 
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Wavelength (A) 

FUHR ET AL. 

Fe XIII 

........... . ...... 

No. Waveleilgth (A) Wavelength (A) 

..- . 

313 
318.21 
320.~00 
321.45 
348. F, 84 

355.14 
359.63 
359.837 
348.12 
372.03 
372.24 
412.98 
417.90 
418.17 

354.34 

Ground State 

Ionization Potential 

3 
9 
3 
3 
2 

8 
2 
2 
2 
2 
2 
7 
7 
7 

a 

Is’2.9 ‘2p63s23p2 3P0 

C360.01 eV = [2903700] cm-’ 

Allowed Transitions 

Wavelength (A) 

62.10 
62.353 
62.46 
62.699 
63.188 
64.139 
74.327 
74.845 
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Significant correlation effects in this Si-lie ion make the accurate 
calculation of oscillator strengths difficult. Flower and Nussbaumer 
[I]  have studied resonance transitions to the 3s3p3 and 3s23p3d 
configurations by using a variation of the Thomas-Fermi method 
with allowance for configuration interaction. They remark that their 
results are quite sensitive to the particular configurations included, 
causing substantial discrepancies with earlier, more restricted calcu- 
lations. More recently, Bromage et al. [ Z ]  have used Cowan’s multi- 
configuration Hartree-XR approach including exchange (X) and 
relativistic effects (R) and semiempirically scaled Slater parameters 
to calculate gf-values for the strongest lines of these same transition 
arrays. 

With the exception of a few lines of the 3p2-3p3d array, the 
results of these two sources are in excellent agreement for the tran- 
sitions in common. We have adopted the results of ref. [Z] for the 
transitions treated there, while ref. [l] has been quoted for the 
remaining ones. Flower and Nussbaumer’s A-values have been 
modified to account for the deviation of their calculated wavelengths 
[ram observed ones (or from wavelengths computed from experi- 
mentally derived energy levels). In a few cases, the calculated 
energy levels from ref. [2] have been used to determine wave- 
lengths. The accuracy ratings for the two lines mentioned above 
have been lowered to “E,” as have those for transitions whose upper 
or lower level is indicated to be of low punty in CS coupling. 

1 

Transitions involving any level whose dominant component is 
significantly less than 50% have been excluded from this com- 
pilation. 

The f-value of 0.055 calculated by Sianoglu and Beck [3] 
according to their non-closed shell many-electron theory (NCMET) 
for the 3s23p2 3P-3s3p3 multiplet is hi good agreement with 
our tabulated value derived from the res& for individual line. 

Transitions to n = 4 states have been treated by Fawcett et al. 
[4] in Cowan’s statistical Hartree-Fock approximation, as well as by 
Kastner et al. [SI in a multiconfiguration scheme. The results have 
been averaged for transitions in common. The remarks made above 
concerning accuracy ratings for lines connecting levels of low purity 
apply to these transitions as well. We shoulcl note further that the 
classifications of some observed spectral lines of these arrays are 
indicated by the respective authors to be questionable. 
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Strong configuration interaction in the AI sequence makes the ac- 
curate calculation of oscillator strengths for Fe xtv difficult. In many 
cases the results are quite sensitive to the particular configurations 
included. 

Blaha [I] has computed &-values for a large number of transitions 
by combining Hartree-Fock wave functions with mixing coefficients 
which were derived from a diagonalization of a semi-empirical Slater 
parameter matrix. The accuracy of these data is difficult to assess 
because of the combination of ab  initio and semi-empirical methods. 
Mason [2] has providedf-values for the 3p -3d transitions by using 
a scaled Thomas-Fermi method. The Hartree-Fock-Slater calcu- 
lations of Fawcett et al. [3] might be expected to be reasonably 
accurate, although they have not explicitly included configuration 
interaction. It should be noted that all of the above calculations have 
included the effects of intermediate coupling. 

The most sophisticated material available for high ions of the AI 
sequence consists of Weiss' superposition-of-configurations (SOC) 
calculations [4] and Froese Fischer's nonrelativistic multiconfigur- 
ation Hartree-Fock (MCITF) approach [5,6].  However, only multi- 
plet f-values have been determined by these two investigators, and 
accurate values of relative strengths within multiplets are not avail- 
able. Moreover, the accuracies of their multiplet strengths were diffi- 
cult to assess, on account of the level crossings occurring along the 
isoelectronic sequence at  or near the iron ion. 

Multiplet f-values derived from Blaha's data for individual lines 
are in good agreement with Weiss' results for two of the four 
multiplets in common, while in the remaining two c a s e  they deviate 

ls22sZ2p63sZ3p ZPp, 

C391.0) eV = [3153700] cm-' 

by 36 and 58 percent, respectively. Blaha's relative values never- 
theless indicate that LS coupling is a good approximation in these 
cases. Weiss' multiplet f-values have thus been quoted here and his 
multiplet strengths have been distributed according to LS-couphg 
rules. Froese Fischer has made a detailed study of the 
3s23p 2Po-3s3p2 'D and 3p *Po-3d *D transitions in the A1 se- 
quence, and her multiplet values are in good agreement with those 
presented here. She has used the same method to calculate the 
oscillator strength of the 4s 3 - 4p 9" multiplet. The value of 
0.48 obtained by using her own calculated energy difference is 
significantly lower than the value of 0.58 obtained by incorporating 
the experimentally derived energy difference, and both of these are 
lower than the multiplet value derived from the results of ref. [I] for 
individual lines. It is not known whether these discrepanicies arise 
from the methods used in performing the transition integral calcu- 
lations or from the classifications of the observed spectral lines from 
which the energies of the 4s and 4 p  levels were derived. 
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- - 

10 

b 

1 
4 

2 

2 
i 

t 

1 
2 
1 

1 

8 

6 
6 

6 
1 
1 
13 

4 
2 
4 

8 
b 

6 

6 

4 
6 

4 
2 
$ 

.- ..... 

1.l 

0.13 

0.25 

0.0056 

0 $6 

0.020 

0.4.3 

2 8  

I .6 
0.3 I 

0.1: 

o..m 
0.35 

-0.42 

0.67 
-0.89 

2.32 

-11.3L 

- 1  S6 
-0.32 

0.51 

n.26 

.. 0.44. 
0.25 
0.38 

- 2  7 4  

-0.72 

-0.94 
I .52 

0 19 
0 . 0 3  

2 il. 
- 1 .h6 

0 . 1 4  

.. 0.40 
-2 .12 

0.49 

'- I .02 
0.35 

- 1.54 
1.61 

- 1 .80 

0:ib 
1 .40 

. 2.61 

.......... - 

inlrr, .P 

-- 

I 

I 
I 
I 

I 

I 
I 

I 

I 
I 
I 
1 

2. 
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~ ........ 

No. 

. .. .. ... 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

Transition 
array 

lr3pz-3p" 

Js 3p(lP0)3d - 
3,U*('D)3d 

3pZ('D)3d 
1.5 3p('P0)3d - 

ls3y2-3r~4p 

l p -3d  

la'3p-3p'('D)3 

288.45 
280.69 

78.636 

[78.584] 
178.7591 
[78.449] 

216.53 

219.13 
211.32 
220.09 

....... 

E, (cm-') 

I_____- 

300590 

30 1 460 
299280 
299280 

12568.3 

18852.5 
0.0 

18852.5 

.... ~ ..... .. . . . ..... . . . 

&(crn-') 

....-.. . .. . _. .. ... . 

1572270 

1573990 
1568820 
1573990 

474400 

475200 
4732 10 
473210 

... ... 

g. 

.- 

6 
4 
2 

6 
4 
6 
4 

6 
4 
4 

2 

2 
2 

4 
2 
4 

4 
2 
4 

6 

6 

10 

6 
4 
4 

6 

4 
2 
4 

6 

... ... 

5-i 

- 

4 
4 
4 

6 
4 
4 
6 

4 
2 
4 

4 

4 
2 

6 
4 
4 

4 
2 
2 

2 

2 

6 

4 
2 
4 

10 

6 
4 
4 

2 

. . . . ... . .. . . 

,f *, ( 1 oa~s- l  j 

..... ~ .._....... 

I70 
I30 

320 

290 
330 

33 

440 

420 
370 
83  

.. . .. . . .. . . . . 

/;& 

0.14 
0.15 
0.15 

0.050 
0 037 
0.0064 
0.0070 

0 01s 
0.019 
0.0075 

0.019 

0.043 
0.0015 

0.031 

0.017 
o.ozm 

0.1 1 
0.059 
0.0077 

0.0012 

0.032 

0.018 

0.018 
0.015 
0.0030 

0.51 

0.45 
0.50 
0.060 

1.1( -4) 

__ - 

S ( a t x )  

1.80 
1.55 

0.047 

D.028 
0.015 
0.0031 

2.2 

1.3 
0.70 
0.17 

~ ..._...____. 

1% Rf 

.. 0.08 
-0.22 
- 0.52 

---0.52 
-0.83 
-1.42 
-. 1.55 

-- 1.05 
-1.12 
- 1.52 

- 1.42 

- 1.07 
--2.52 

-0.91 
._ 1.25 
-1.17 

--0.36 
.--0.93 
-1.51 

---2.14 

.-.0.72 

-0.74 

-0.97 
-- 1.21 
- -  1.92 

0.49 

0.26 
0.00 

-0.62 

-- 3.18 

- 
SCO-  

x c y  
- 

0 

D 
D 

E 
E 
E 
E 

E 
E 
E 

E 

E 
E 

E 
E 
E 

D 
E 
E 

D 

D 

C 

C 
C 
D 

C 

C 
C 
c 

D 

__ 

%1uca 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

1 

1 
1 

1 
1 
1 

1 
1 
1 

4 

4 

4 

1.5 

i s  
Is 

2 

2 
2 
2 

4 



__ 

No 

__ 

23 

24 

25. 

26. 

2 7 .  

28. 

29. 

30. 

...........I_ ......... .. 

Transition 

array 

............ .- ... .- 

353+ 
3r 3p('P0)3d 

.. 

Multiplet 
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NA) 

218.21 
216.95 

- - 

g 

- 

I 

( 

1 

t 
4 
4 

t 
4 
6 

6 
4 
6 

6 
4 
4 

2 

2 
2 

A,, ( l O U S S ' )  

430 
I30 

~ ......... 

1 5  

.......... 

0.0027 
0.0017 
0.072 
6 2 - 4  
0.022 
0.0057 

0.41 
0.14 
D.40 
3.19 
3.034 
3.29 
3.0068 
7.9(---4 

).025 
1.16 
1.0055 
).055 
) . IO 
).27 
1.0079 

).22 
1.20 
1.029 

1.6(-4) 
1.0049 

1.6( - -  4) 

.18 
,068 
.020 

,093 

.0021 

.070 

......... 

S ( a h  

.......... 

1 .8 
3.40 

-1.79 
-2.17 
-0.84 
-2.43 
-1.06 
- 1.47 

0.39 
-0.25 
-0.10 

0.06 
-0.87 
-0.24 
-1.39 
-2.50 

-0.82 
-0.19 
- I .96 
-0.48 
-0.40 

0.03 
- 1 .a0 

0.12 
-0.10 
-0.76 

-2.29 
- 1.71 
-2.24 

0.03 
-0.57 
-1.10 

-0.73 

-2.38 
-0.85 

.- - 

4cc 
ra( 

- 

E 
E 
E 
E 
E 
E 

D 
D 
D 
D 
E 
D 
E 
E 

E 
D 
E 
E 
D 
D 
< 

1 
1 
< 

c 

) 

__ 

Source 

1 
1 
1 
I 
I 
I 

1 
1 
1 
I 
I 
I 
I 
1 

1 
I 
I 
I 
1 
I 
1 

1 
I 
I 

I 
I 
I 
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... 

._I._ 
I_ 

NO. 

I._.__ 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

Transition 

array 
__- 

35 3p2- 

3s3p('P0)3d 

3s 3p('P0)3d- 
3s3d2 

- - 

gt 

4 

4 
2 
4 

4 
2 
4 
2 

6 
4 
6 

6 
4 
6 
4 

6 
4 
4 

2 

2 
2 

4 

4 
2 
4 

4 
2 
4 
2 

6 

h 

3.4(-4) 

0.79 
0.46 
0.093 

0.010 
0.12 
0.061 
0.37 

0.16 
0.18 
0.0067 

0.30 
0.31 
0.025 
0.063 

0.34 
0.38 
0.082 

0.012 

0.69 
0.15 

0.0069 

0.026 
0.032 
0.0060 

0.007 1 
0.21 
0.0061 
0.0014 

0.11 

__ - 
kid 

-2.87 

0.50 
-0.04 
-0.43 

-1.40 
-0.62 
-0.61 
-0. I3 

-0.02 
-0.14 
-1.40 

0.26 
0.09 

-0.82 
-0.60 

0.31 
0.18 

-0.48 

-1.62 

0.14 
-0.52 

-1.56 

-0.98 
-1.19 
-1.62 

-1.55 
-0.38 
-1.61 
-2.55 

-0.18 

- - 
ICCU. 

racy 
- 

E 

D 
D 
E 

E 
D 
D 
D 

D 
D 
E 

D 
D 
E 
E 

D 
D 
E 

E 

D 
D 

E 

E 
E 
E 

E 
D 
E 
E 

C 

__ - 
Source 

- 

1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

1 

1 
1 

1 

1 
1 
1 

1 
1 
1 
1 

4 



43. 

44. 

45. 

46. 

47. 

40. 

49. 

SO. 

51. 

5 2 

53. 

__ 

'Transition 

a r r a y  

3,)-41 

3a 3p'- 
3,3p('P0)4, 

3p -4d 

3d-4p 

,311 - y 

1.> -4p 

4p-4d 

$ d  -4/ 

... .. . . . . . . . . .~ 

Multlplc 
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70.301 

70.613 
169.6851 

69.66 
70.251 
69.176 
69.386 

59 ,175 

59.579 
58.963 

[59.626] 

9 I .  08.5 

91.009 
91.273 

[90.845] 

76.099 

76.152 
76.022 

[76.137] 

72.796 
73.08 
72.95 

728.60 

[719.58] 
1747.381 

803.2 I 

[811.03] 
[786.41] 
1819.741 

1 0 Y  I 

IO981 

l09Sl 
10791 

__ -. . . . . . . . . . . . . . 

b,; (ern-') 

. . . . . . . . . . . . . __  

12568. 

18852.: 
O.( 

12568.. 

18852.: 
O.( 

18852.: 

47?200 

475200 
473210 
473210 

171400 

475200 
473210 
475200 

1135020 

1435020 
1435020 

I5 i22iO 

1573990 
1568820 
1573990 

1696370 

1697290 
1695980 
1697290 

-. . . . . . . . . . . . . . 
" The nvrnbr In p a r c n t h e x s  following the tahulated valiie indicates 

E,(cm-') 

1435020 

1435020 
1435020 

1696 7 70 

I697290 
1695980 
1695980 

1572230 

1573990 
1568820 
1573990 

I i 88 170 

1788360 
1788620 
1788620 

1572270 

1573990 
1568820 

1696770 

1697290 
1695980 
1695980 

I 788 I70  

1788360 
1788620 
1788620 

poiver of ten 

~ - 

R. 

__ 

6 

6 

6 

4 
2 

6 
6 

4 
2 

6 

4 
2 
4 

10 

6 
4 
4 

10 

6 
4 
6 

I O  
8 
6 

2 

2 
2 

6 

4 
2 
4 

10 

6 
4 
6 
- 

- - 

SA 

- 
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2 

2 

2 
2 

6 
4 
6 
4 

I O  

6 
4 
4 

6 

4 
2 
4 

14 

8 
6 
6 

12 
10 
8 

6 

4 
2 

I O  

6 
4 
4 

14 

8 
6 
6 
- 

-. . . . . . . . 

2500 

1600 
870 

I300 
810 
560 
760 

3200 

3200 
2700 

530 

380 

340 

310 

38 

6900 

7000 
6600 
330 

7900 
5000 
5100 

29 

30 
26 

39 

39 
35 
6.3 

7.2 

7. I 
6.9 
0.47 

-. . . . . . 

0.11 

0.090 

0.062 

0.061 
0.063 

0.092 
0.040 

0.060 
0.11 

0.28 

0.25 
0.28 
0.028 

0.028 

0.028 
0.023 
0.0047 

0.84 

0.81 
0.86 
0.034 

0.75 
0.50 
0.54 

0.69 

0.46 
0.22 

0.63 

0.57 
0.65 
0.063 

0.18 

0.17 
0.18 
0.0084 

which this value has IO be multiplied 

~ __ 

S (at.u.) 

0.086 

0.057 
0.029 

0.13 
0.056 
0.055 
0.050 

0.35 

0.20 
0.1 I 
0.022 

0.084 

0.050 
0.028 
0.0056 

2.1 

1.2 
0.86 
0.051 

I .8 
0.96 
0.78 

3.3 

2.2 
1.1 

0 

6.1 
3.4 
0.68 

6.5  

3.7 
2.6 
D.18 

... . . . . 

1% R/ 

-0.18 

-0.27 

-0.43 

-0.61 
-Q.90 

-0.26 
-0.62 
-0.62 
---0.66 

0.23 

0.00 
-0.25 
-0.95 

-0.55 

-0.78 

- 1.03 
- 1.73 

0.92 

0.69 
0.54 

-0.69 

0.88 
0.60 
0.51 

0.14 

-0.04 
-0.36 

0.58 

0.36 
0.11 

-0.60 

0.26 

0.01 
-0.14 
-1.30 

...... - 

4ccu 
racy 

~ 

C 

C 

C 

C 
C 

D 
D 
D 
D 

C 

C 
C 
C 

C 

C 
C 
D 

C 

C 
C 
E 

D 
D 
D 

D 

D 
D 

D 

D 
D 
D 

D 

D 
D 
D 
- 

~ .~ 

Source 

4 

4 

4 

IS 

Is  

3 
3 
3 
3 

4 

15 

I S  

I S  

4 

IS 

1.5 

I.% 

1:5 

3 
3 
1 

3 
1 
3 

1 

1 
1 

1 

1 
1 
1 

1 

1 
1 
1 



F-119 

~. 

11 
10 
19 
22 
17 
17 
17 
23 
24 
23 
18 
20 
20 

FUWR ET Ah. 

Fe xv 

........... 

Ground State 

lnnjzation Potential 

........... - ...................... ~ 

W a d e n g t h  (A) 

38 95 
52.91 I 
59.404 
63.957 
65.370 
65.612 
66.238 
68.860 
68.884 
69.049 
69.66 
69.945 
69.987 

Nn. 11 Waveiength (b  

__ ......... 11 ............ 

70 OS4 
70.224 
70.519 
70 53 
70.59 
70.601 
7 I .OW 
73.19’) 
73.471 
73.473 

191.40 
196.73 
224.76 

AUowed Transition4 

L s t  of ratn1,lated licas 

. ... ......... I(. ................... __ 

...... 

...... 

No. 
..... 

20 
28 
28 
27 
27 
27 
26 
25 
29 
21 
13 
13 
12 

..... 

Results of several accurate theoretical calculations are available 
for in-shell (a  = 3) transitions in this highly ionized member of the 
Mg isoelectronic sequence. Cheng and Johnson [l] have used a 
relativistic multi-configuration Hartree-Fock (MCHF) approach to 

determine line strengths f<JC several transitions of the 3s2-- 3s 3p and 
3s 3p -.3p2 arrays. Weiss [2] has performed superposition-of- 
configurations (SOC) calculatians in intermediate coupling to deter- 
mine line strengths for numerous transitions within the n = 3 shell, 
and his results are tabulated here for several transitions not treatmi 

in ref. [ 1 I. 
We note that, with the exception of the 3s’ IS-- 3s 3p ’X’: inter- 

combination line, the results of Ayrnar and Luc-Koenig [3] obtained 
by introducing relativistic effects via a parametric potential rnethod 
are in very gmd agreement with the data tabulated here. bfultiplet 
strengths which include the effects of configuration interaction have 
been calculated by Froese [4] and by Crossley and Dalgarno [5] in 
the Hartree-Fock and Z-expansion approximations, respectively, for 
rtiauy additiorial An = 0 transitions, but they are not tabulated 
here since the wavelengths are unknown at this time. 

The /-values of the 3s’ ’S - 3snp ‘Po (n = 4.5) transitions 
calculated by Shorer et al. [6] in the relativistic random phase 
approximation (RRPA) are quoted here, and their results for the 
3s2-3s3p  transitions are in good agreement w i h  thaw of ref. [1]. 

‘The multiconfiguration results of Kastnw et ai. [7] in inter- 
mediate coupling have been tabulated for a nuniber of 3p3d-3p4f 
transitions. Data for additional Lines involving electrons which oc- 
cnpy orbitals of principal quantum number n = 4 are from the 

Wavolengtti (A) 
~. ............... 

227.21 
227.70 
233.87 
234.76 
235.27 
243.80 

292.36 
302.45 
303 40 
305.00 

mb 15 

3 n m a  
317.78 

~. .. ...... 

Nn. 

12 
12 
12 
12 
12 
I5 
2 
3 
3 

14 
3 

14 
3 

......... .... 

Warelength (A) 

312.55 
317.62 
321.82 
323.57 
327.03 
417.24 
435.20 
470.26 
4R 1.52 
493.63 

I_ .. ........... .- 

No. 

4 
3 
3 
7 
4 
I 
5 
5 
6 
5 

Hartree-Fock-Slater (MX) results of Cowan and Widing [$I arid 
Faivcett et al. [9]. (Ref-value for the 3s 3p %’;-3s3d 3U3 transi- 
tion has also been taken from ref. 181.) Froese Fischer [IO] has 
calcrilated oscillator strengths in a nonrelativistic MCIW scheme for 
a few D--F” multiplets. Her f-value of 0.90 for the 
multiplet could not be directly compared to the results of Cawan and 
Widing, since they have published &values lor only the strongest 
lines of the multiplet. 

A single-configuration approximation has been applied by Burk- 
halter et al. [ 1 11 to the calcrrlatioir of A-values for several inner-shell 
tran4tions. Because of the neglect of correlation effects, we have noli 

tabulated these data. 

References 

[l] &mg, K. T., and Johnson, W. it., Phys. Rev. A 16, 263 (19773. 
[2] Weiss. A. W., private communication. 

[31 Aymar. &I., and Luc-Koniig, E., I’hys. Hev. A 15, 821 (1977). 
[4] Frwse, C., Asrroyhys. 1. 150, 361 (1964). 
[SI Cros’hy, R. I. S., and Dalgarrro, A.. Proc. R. .Sac. L.nndon, %r. A 286, 510 

[6] Sliorer, P., Lin, C. D., and Juhnuuri, W. R.. Phys. Rev. A 16, I109 (1977). 
[7] Kastner, S. O., Swartz, M., RhatL. A. K.,  and Ilapides, J., J .  Opt. SIX. Am. 

[a] Cnwan, R. D., and Widuig, K. G . ,  Asmphys, J. 180, 285 (1973). 
[9] Fnwwtt. 8. C., Cowdn, R. D., Knnono~, E. Y., and iiaycs, R.  W., 1. Phys. B 5, 

(1965). 

68, 1558 (1978). 

1255 (1972). 
[IO] Frone Fischsr, C.. I. Opt.  SOC. Am. 69, 118 (1979). 
1111 Burkliakrr, P. G.,  Cohm, L., Cowan, R. D.. and Feldrnan, IJ., 1. Opt. %E. 

Am. 69, 1133 (1979), 



.. ...... . . . . . .- 

No. 

1.  

2. 

3. 

4. 

5. 

6. 

7. 

8. 
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12. 
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8p2-3p3d 
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417.24 

284.15 

306.67 

305.00 
307.78 
32 1 .82 
317.62 
292.36 
302.45 

327.03 
312.55 

[435.20] 
[470.26] 
1493.631 

481.52 

323.57 

383.98 

52.91 1 

38.95 

2.P0.70 

233.87 
227.21 
224.76 
234.76 
227.70 

[235.27] 

[ 196.731 
[ 191.40] 

303.40 
[305.88] 

243.80 

E, (crn-I) 

0 

0 

246900 

253820 
239670 
253820 
239670 
239670 
233950 

253820 
239670 

351930 
351930 
351930 

351930 

351930 

680360 

0 

0 

246900 

253820 
239670 

233950 
253820 
239670 
253820 

253820 
239670 

351930 
351930 

351930 

-. . . . . . . . . . . . . . -. . . . . . . . . . . . . . . 

E b ( c m - ' )  

.-___ 

239670 

351930 

572980 

581710 
564580 
564580 
554510 
581710 
561580 

5596 I O  
5596 I O  

581710 
564580 
554510 

559610 

660980 

940790 

1889970 

2567000 

680360 

681410 
679790 
678860 
679790 
678560 
678860 

762130 
762130 

679790 
678860 

762 I30 

- ___ 

g, 

- 

1 

1 

9 

5 
3 
5 
3 
3 
I 

5 
3 

3 
3 
3 

3 

3 

15 

5 

1 

1 

9 

5 
3 

I 
5 

3 
5 

5 
3 

3 
3 

3 

5 

- - 

gk 

- 

3 

3 

9 

5 
3 
3 
1 
5 
3 

5 
5 

5 
3 
1 

5 

1 

21 

7 

3 

3 

15 

7 
5 
3 
5 
3 
3 

5 
5 

5 
3 

5 

7 

'4',(lons-~) 

~ ........ 

0.41 

220 

I79 

127 
49.1 
71.1 

44.6 
69.3 

177 

20 
11 

4.7 
0.084 
0.64 

15.5 

202 

48.8 
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' The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 
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51.142 
54.728 
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62.879 
63.719 
66.263 
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76.299 
76.502 
76.796 
96.245 
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96.361 

117.15 

36.749 

36.803 
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40.153 
40.163 
1.0.109 
60.245 
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.. . . . . . . . . . . . 
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11 
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6 
6 

5 
5 

10 
10 
10 
9 
9 
9 

23 
23 
23 
16 

li 

Oscillator strensths have been computed for a great many transi- 
tions of this highly ionized member of the sodium isoelectronic 
sequence. 

Kim and Cheng [l] have applied the relativistic sin& 
configuration Martree-Fock method to the calculation off-values of 
individual lines for all cases in which the valence electron undergoes 
a transition of the typc n1 '1, - n'l' 'L' ( n ,  n' == 3,4). 

Frocse Fischer [2] has cnlculatedf-valuei for a few multiplets of 

this type by usurg the nonrelativistic multiconfignration liartree- 
Fock approach, arid her results are in very good agreement with the 
multiplet oscillator strengths deiived from the results of ret. [ 11. 

Riemnnt 131 has computed a large number of Hartree-Fock f-  
values; because of the small correlation expected in the Na se- 
quence, these results are expected to he quite accurate. 

Tull et al. [4] have computed a large nuniht:r of oscillntor 
strengths for Fe X W  by using the frozen-corc MF approximation, of 
which we have inclwled some strong transitions arising from 3d and 
4d states. Relativistic corrections to the theoretical wavelengths 
have been itscd in thcir calculation. 

&raselenp.th (A) 

1 17.70 

I23 46 
124.61 
124.70 

143.99 
141.. 18 
144.25 
146.2 
148.0 
167.48 

167.84 
168.61 

25! .OS8 
262.967 
265.00; 

266.62 
266.96 
267.04 

__ - - .- 

No 

16 

19 
19 
19 

22 
22 
22 

I 8  
18 
21 
21 
21 
4 
4 
2 

26 

26 

ls222s22ph3s ' 5 ,  L 

489.5 eV = 3947840 cm-' 

335.407 

360.798 
684.74 

718.08 
124.74 
84'1.38 

904.90 
1411 

IS83 
1496 

1652 
1572 
1583 
1690 
1813 

No. 

1 
1 

1 1  
17 
17 
15 

15 
25 
25 

25 
20 
20 
20 
24 
24 

- 

Frcese Fischer [5] has parametrized additional Hartree-Fock data 
of Biernunt, obtaining fits with errors of I -2% over the isoelectronic 
sequence. 

Burkhalter et al. [h] have published gA-values for numerous 
transitions involving excitation of a core ( 2 p )  electron. We have not 

tabulated these data, however, sirice the authors apparently have not 

taken configuration intcraction into account. 

[ I ]  K m i ,  Y . - K . ,  and Cheng, K . - I . ,  J .  Opt. .%. ,4111. 68. 836 (1978). 
[2] Frocse Fisrhrr, C.. H r o m - F d  . S p ~ ~ . t r o s m p y ,  Vol. 1, 69-76, Ed. Sellin, I A,, 

[ 3 ]  Biernont, E., I. Quant Sprctrosc. Radiat. 'Transfer 15, 531 (1975); 16. 627 

[4] Td1. C E.. McEarhran, R.  P., and Cuhcn, M.. At.  Data 3, 169 (1971). 
[j] Fruese Fischri, C.. Phys. Scr. 14, 269 (1976). 
161 Rurkhaltcr, P. C.. Cohen, L.. Cowan, R. D., and Frldrnan, [I.. I .  Opt. Sx. Am. 

and Pegg. D. I.. Plenum Pres ,  Ncw Y o r t  (1976). 

(1976). 

49, I171 (1979). 
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-0.353 
-1.51 

-0.042 

-0.264 
-0.52 
-1.22 

0.861 

0.62 
0.464 

- 0.69 

0.2.53 

0.01 1 

-0.145 
- I .30 

- 

4ccu 
racy 

D 

D 
D 
E 

C t -  

C 
C 
D 

B 

B 
B 

C +  

C 
D 

B 

B 
B 
B 

Cf 

C 
C 

C+ 

C 
C 
D 

C 

B 
B 
D 

C t  

C 
C 
D 

C +  

C 
C 
D 

C t  

C 
C 
D 

4 

IS 

1.7 

Is 

3 

1.5 

I s  
Is  

1 

I 
I 

3 

1.5 

Is 

1 

1 
I 
I 

3 

Is 

Is  

3 

Is  
Is  

1.T 

1 

1 
1 
1 

3 

Is  

I S  

Is 

4 

1.5 

I S  

I s  

4 

Is  
Is 
1s 



.... 

6 

4 
2 

10 

6 
4 
4 

14 

8 
6 
6 

F- 125 

5.23 

5.6 
4.6 

11.0 

10.5 
10 
1.7 

432 

431 
404 
28 

FUHR ET AL. 
Fe xL.1: Allowed transitions--Continud 

2 s  - 

'Po - 'D 

'D - 'F0 

__ __ 

NO. 

1729 2662000 2719830 

[ 16901 2662000 2721 160 
[I8131 2662000 27 17 170 

1459 2719830 2788370 

[ 1 4831 2721160 2788610 
[1411] 271 71 70 2iaa020 
[ 1 4961 2721160 2788020 

266.82 2788370 3163150 

[266.%] 2788610 3163200 
[266.62] 2788020 3163090 
[267.04] 2788610 3163090 

24. 

25. 

26. 

__ 

Transition 

array 

5.9-5p 

5p-5d 

5d-6f 

r--.- . 

~ t 

~ 1 _._.I I I 

- - 

g. 

- 

2 

2 
2 

6 

4 
2 
4 

10 

6 
4 
6 
- 

0.703 

0.48 
0.23 

0.586 

0.52 
0.60 
0.056 

0.646 

0.61 
0.65 
0.030 

~ 

I_ 

S(at.u.) 

8.00 

5.3 
2.7 

6.9 

0.1 
5.6 
1.1 

5.67 

3.24 
2.27 
0.16 

0.148 

-0.02 
-0.34 

0.546 

0.316 
0.08 

-0.65 

0.810 

0.57 
0.413 

-0.74 

- 
Accu- 
racy 
- 
64- 

C 
D 

c t- 

C 
C 
D 

C f  

C 
C 
D 
- 

_I 

Suurcs 

3 

Is 
Is 

3 

Lr 
Is 
I s  

3 

Is 
1.9 

15 

'The number in parentheses following the tabulated value indicates the power of ten by which this value h a  to be miclhplied. 

Fe xvii 

Ground State 1.s*2s22p6 'S" 

Ionization Potential 1266 eV = 10210000 an-' 

10.660 
10.771 
11.03 
11.130 
11.251 
11.419 
1 1.440 
12.121 
12.263 
12.4 
12.509 
12.681 
13.824 

15.013 
15.259 
15.449 
16.769 
17.041 
41.37 
46.6 
47.1 
47.5 
47.6 
47.8 
48.3 
48.7 
49.0 
49.3 
49.5 

13.889 

52 
51 

33.34 
48 
47 
46 
45 
44 
43 
42 
41 
40 
32 
31 
39 
38 
37 
36 
35 
123 
64 
100 
66 
65 
65 
I08 
68 
67 
99 

98,113 

49.6 
69.7 
50.1 
50.2 

50.26 
50.3 
50.4 
50.6 
50.7 
50.8 

50.9 
51.1 
51.2 
51.3 
51.5 
52.8 
52.9 
53.6 
53.8 
55.8 
55.9 
56.2 
56.4 
56.7 
56.8 
57.3 
57.5 
57.6 

Allowed Transitions 

List of tabulated lines 

.. .. --. 

No. 1- Wevt.Lengtti (A) 
.. . ... .. . . .- 

98 
98 

104,112 
101.103, 

I06 
102 
104 
101 
110 
105 

102,115, 
116 

110.1 I5 
107 

107,109 
107 
I10 
111 

87.93 
114,118 

101 
93 
87 

117 
90.94 
96 
aa 
aa 

a9 

91,94 

57.9 
58.1 
58.8 
61.3 
62.1 
66.1 
66.4 
66.7 
68.1 
68.7 
94.8 
95.3 
95.8 
96.5 
96.9 
98.6 

99 
99.0 
99.6 
99.7 
99.8 
99.9 
100.0 
100.2 
100.6 
100.7 
100.8 
101.2 
101.6 

98.8 

95 

119 
91 
92 
97 
120 
120 
122 
121 
5 
2 
13 

5.15 
5 
12 

6,17 
6 
1 
8 
12 
24 
14 

12.24 
29 
30 

27,213 
14 

7,26 
28 

a9 
102.1 
102.4 
103.0 
103.3 
104.8 
107.7 

110.0 
110.4 
11 1.1 
111.2 
111.7 
111.8 
112.1 
112.3 
112.6 
113.0 
113.2 
113.3 
113.7 
116.2 
122.4 
122.7 
132.4 
205.3 
217.5 
232.1 
247.0 
255.0 
255.9 

108.3 

No. 

7 
16 
16 
16 
4 
19 
21 
9 
9 
3 
10 
26 
26 
25 
14 
18 
18 
18 
20 

6,10,20 
23 
22 
22 
11 
57 
75 
78 
70 
62 
84 
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.- ..... 

5 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Transition 

array 

%'2p73p 

2s  2p I 

!s'2pC3d - 
2r 2p"3d 

95.6 

[94.8] 

c9fJ.91 

[94.5] 

198.01 

P91 
ri13.71 

[101.3] 
[lOZ.l] 

[YY.6] 

[110.0] 
[110.4] 

[I  11.21 
[113.7] 

[132.4] 

[99.7] 
[100.0] 
[98 61 

[ss.a] 

[99.9] 

11 12.31 
:ioo.n] 

C96.51 

: 1 i)3 .O] 

.103.0] 
:I 02.41 

[~8.a]  

........... 

E, (cm-') 

_ 
E, (rm-') 

................... 

6, 

I 

c 

a 

5 
3 

5 

3 
3 

5 
5 

I 

5 
5 
3 

5 

9 

5 
1 

7 

7 
7 
5 

7 

- - 
& 

__ 

9 

5 
3 
1 

5 
3 
1 

5 
1 

3 

3 
I 

5 
3 

3 

7 
5 
3 

5 

7 
5 
3 

5 

7 
5 
3 

5 

I__- 

-_II 

A,(1044-') 

I00 

26 
I ao 
390 

630 
660 

21 

170 
400 

310 

I90 
290 

I50 
8 9  

31 

27 
90 
96 

32 

540 
430 
190 

150 

130 
56 

320 

230 

- 

k 

.... 

0.042 

0.0058 
0.017 
9.018 

0.066 
0.058 
0.0014 

0.026 
0.021 

0.028 

0.034 
0.018 

0.020 
0.0010 

n 024 

D.0056 
3.013 
D.014 

3.0044 

3.063 
3.047 
1.022 

3.015 

1.021 
4.0064 

1.030 

).024 

0.040 

0.0055 
0.016 
0.018 

0.15 
0.095 
0.0015 

0.043 
0.021 

0.045 

1x037 
0.019 

8.051 
0.0019 

0.011 

3.0092 
3.022 
1.014 

3.0069 

3.19 
).!I 
3.040 

1.033 

1.049 
).015 
).OS1 

1.055 

-0.90 

-1.76 
-- 1.30 
-- 1.26 

-0.34 
-. 0.54 
-2.39 

-0.88 
.- 1.20 

-0.84 

-0.99 
.- 1.28 

-0.86 
- -  2.29 

-1.61 

-. 1 55 
-1.17 
-- 1.38 

-1.66 

-0.25 
-0.48 
--0.9? 

-0.98 

-0.81. 
-1.35 
-0.82 

-0.77 

- - 

4rci 

rac 

I 

C 

C 
C 
C 

C 
C 
D 

C 
C 

c 

e: 
c 

c 
0 

C 

D 
C 
c 

D 

C 
G 
C 

C 

C 
D 
c 

C 

1 

1 
1 
1 

1 
1. 
I 

1 
1 

1 

1 
I 

I 
I 

I 

I 
I 
I 

I 

I 
I 
I 

I 

I 



18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

'Transition 

array 

2s22pS4p- 
2J2pb4p 

23'2p'- 
2s2p63p 

2J22p'- 
2s 2p '4p 

Multiplet 

F- 128 

TRANSITION PROBABILITIES FOR IRON 
Fe xvII: Allowed transitions ---Cantinu& 

[112.6] 
[ I  13.01 
[113.2] 

[107.7] 

[113.3] 
[113.7] 

[108.3] 

Cl22.41 
[122.7] 

[116.2] 

[99.8] 
[100.0] 

[112.1] 

LlOl.2] 

[ I  11.81 
[111.7] 

[100.7] 

[100.7] 
[ 101.6) 

[100.2] 

[ 100.61 

13.889 

13.824 

11.03 

E, (cm-') E, (ern-') 

7199900 

7233800 

906OOoo 

... _.. 

- 

7 
5 
3 

5 

7 
5 

5 

5 
3 

5 

3 
1 

5 

5 
3 
1 

3 

5 
1 

3 

3 

3 

3 

3 

51 
48 
6.5 

66 

120 
49 

190 

9.5 
15 

36 

I I O  
460 

140 

170 
I70 
290 

280 

24 
230 

250 

590 

3400 

3.3( + 4) 

2900 

0.014 
0.0092 
7.3 --- 4y 

0.01 1 

0.023 
0.0068 

0.024 

0.0036 
0.0034 

0.012 

0.016 
0.023 

0.026 

0.026 
0.032 
0.018 

0.026 

0.0061 
0.012 

0.038 

0.054 

0.029 

0.28 

0.016 

__ 
~ 

S(at.u.) 

. . . . . . 

0.025 
0.017 
0.0014 

0.020 

0.060 
0.018 

0.060 

0.0043 
0.0041 

0.014 

0.016 
0.023 

0.049 

0.043 
0.035 
0.020 

0.042 

0.0060 
0.012 

0.037 

0.089 

0.0013 

0.013 

5.8(-4) 

_____ 

1% d 
- 

-1.17 
-1.34 
-2.43 

-1.24 

-0.79 
-1.32 

-0.78 

-1.97 
-1.99 

-1.44 

-1.31 
-1.16 

-0.88 

-0.88 
-1.02 
-1.26 

-0.89 

- 1.74 
-1.45 

-0.95 

-0.57 

-1.53 

-0.55 

-1.80 

___ - 
LCCU 

mCY 
...... 

C 
C 
D 

C 

C 
C 

C 

D 
D 

C 

C 
C 

C 

C 
C 
C 

C 

C 
C 

C 

C 

C 

C 

C 

__ __ 

h c e  

__ 

I 
I 
1 

I 

1 
I 

I 

I 
I 

I 

I 
I 

1 

1 
1 
1 

1 

1 
1 

1 

1 

1 

1 

I 
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50. 
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2pb- 
2p5('PP,2)6s 

- 
I_ 

No. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

Transition 
array 

2p"- 
2p 5(T'?,,)3s 

2p'- 
2p'(*PP,,)3s 

2p'-2ps3d 

2p"- 
2PS(*P.%)4S 

2pb- 
2ps(2PP/2)4s 

2p'-2p14d 

2p6- 

2p " = P e s s  

2p"- 

2P5(*PP,1)5S 

2p'-2pS5d 

2p'- 

LP*(zP&*)6s 

WA) 

11.03 

17.041 

16.769 

15.449 

15.259 

15.013 

12.681 

12.509 

C12.41 

12.263 

12.121 

11.440 

11.419 

11.251 

11.130 

E, (cm-') 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9066000 

5868200 

5963400 

6472900 

6553500 

6660900 

7885800 

7994200 

8154600 

8250100 

8741300 

8757300 

8888100 

8984700 

- 
I 

- 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2.1(+4) 

9340 

8300 

900 

6.01(+4) 

2.28(+5) 

3000 

3500 

530 

5.9(+4) 

8.0(+4) 

1100 

600 

2.3(+4) 

3.2(+4) 

0.11 

0.122 

0.105 

0 . W  

0.629 

2.31 

0.022 

0.025 

0.0037 

0.40 

0.53 

O.OQ65 

0.0035 

0.13 

0.18 

0.0033 

0.0017 

0.0042 

0.00684 

0.00580 

4.91(-4 

0.0316 

0.114 

94-4)  

0.0010 

1.y-4) 

0.016 

0.021 

2.y-4) 

1.q-4) 

0.0048 

0.0066 

-- 
kef 

-0.94 

-0.914 

-0.979 

-2.015 

-0.213 

0.364 

-1.66 

- 1.61 

- 2.44 

-0.40 

-0.28 

-2.19 

-2.46 

-0.89 

-0.74 

- 2.48 

-2.77 

i - 
Lccu 

"9 - 
C 

B 

R 

R 

B 

8 

C 

C 

D 

C 

C 

D 

D 

D 

D 

D 

D 

__I 

I_ 

source 

- 

1 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

5 

5 

5 

5 

5 

5 



No. 

~ 

51: 

52 

53. 

54. 

55 .  

56. 

57. 

58. 

53. 

60. 

61. 

62. 

63. 

64. 

F-130 

TRANSlTION PROBABILITIES FOR IKON 

Fe X L I I  Allowed tramtiom Contmu-d 

h(A) 

-. . . . . . . . . .- 

10.771 

10.660 

[450.9] 

[376.9] 
[396.9] 

[345.9] 
[386.6] 
[314.7] 

[264.4] 

[205.3] 

[364.6] 
[379.0] 

[448.8] 

[420.6] 
[403.0] 

1373.91 

[255.0] 

388.2 

[375.2] 
1404.21 
[410.9] 

[46 61 

E, (cm-') 

0 

0 

.... 

9284200 

9380900 

... 

g, 

~ 

1 

I 

c 

5 
5 

5 
3 
3 

5 

3 

I 
3 

3 

3 
I 

3 

3 

3 

3 
3 
3 

3 

.... __ 

g h  

- 

3 

3 

3 

7 
5 

5 
3 
I 

5 

I 

3 
3 

1 

3 
3 

5 

1 

9 

5 
3 
1 

7 

1. I (  +4) 

1.9(+4) 

25 

51 
21 

37 
45 
65 

I .o 

I20 

33 
19 

9.3 

22 
17 

53 

I30 

51 

59 
41 
44 

2600 

~ . .... 

h 

0.060 

0.006 

0.046 

0.15 
0.050 

0.066 
0.10 
0.032 

0.0010 

0.025 

0.20 

0.041 

0.0094 

0.058 
0.12 

0.19 

0.042 

0.344 

0.21 
0.10 
0.037 

0.12 

0.0021 

0.0034 

0 34 

0.94 

0.32 

0.38 
0.38 
0.10 

0.0046 

0.051 

0.24 
0.15 

0.041 

0.24 
0.16 

0.68 

0.11 

1.32 

0.77 
0.40 

0.15 

0.092 

--. 1.22 

-1.02 

-0.64 

-0.12 
--0.61 

---0.48 
-0.52 
- 1.02 

--2.28 

-1.12 

-0.70 

-0.91 

-1.55 

-0.76 
-0.91 

-0.26 

-0.90 

0.014 

--0.21 
-0.52 
-0.95 

-0.22 

-. . ...... 

ACCL 
rac; 

- 

D 

D 

C 

C 
C 

C 
C 
C 

D 

C 

C 
C 

C 

C 
C 

C 

C 

C 

C 
C 
C 

C 

. . . . . .- 

source 

5 

5 

I 

I 
I 

I 
1 
1 

1 

1 

1 
1 

1 

1 
I 

I 

I 

I 

1 
I 
I 

6 
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Fe XViI: Allomd transitim----Contied 

.- ... 

<ii 

NO. 

- 
65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73 

74. 

75 

76 

77. 

78. 

Transition 

array 

!s 2pb3s - 
2a2p84p 

lp"p-2pS3d 

Multiplet 

47.6 

[47.6] 
[47.8] 
C47.81 

[47.5] 

C49.01 

w . 7 1  

266.3 

C260.81 
C272.01 
C278.31 

[247.0] 

[484.4] 
[283.1] 

C292.51 
~ ~ 7 7 . ~ 1  
[295.8] 

C269.41 
1267.01 

[Z89.5] 

C217.51 

[316.3] 
C332.91 
[326.2] 

C287.81 
[284.0] 

[232.1] 

E, (cm-I) 

... 
I 

r' 
- 

3 

3 
3 
3 

3 

1 

1 

3 

3 
3 
3 

3 

3 
5 

7 
5 
3 

7 
5 

3 

i 

5 
5 
3 

5 
3 

5 

2570 

2MH) 

2400 
2700 

360 

300 

2400 

70 

51 
88 

I00 

2.6 

1.2 
9.1 

IF0 
100 

2.3 

25 
45 

91 

1.6 

33 
9.5 
2.5 

91 
74 

6.6 

0.242 

0.15 
0,082 
0.03 1 

0.012 

0.043 

0.26 

0.22 

0.087 
0.098 
0.039 

0.004 

0.001 
0.01 1 

0.16 
0.16 
0.005 

0.027 
0.048 

0.19 

0.001 

0.049 
0.009! 
0.001: 

0.16 
0.15 

0.005: 

I_ - 
S (at.u.) 

0.123 

0.069 
0.039 
0.0 I5 

0.0057 

0.0070 

0.041 

0.59 

0.22 
0.26 
0.11 

3.0097 

0.0067 
0.051 

1.1 
0.74 
0.015 

0.17 
0.21 

0.54 

0.0057 

0.26 
0.052 
0.0043 

0.75 
0.42 

0.020 

-0.105 

.--0.35 
-0.61 
-1.03 

-1.44 

-1.36 

-4.59 

-0.17 

-0.58 
-4.53 
-- 0.94 

-.- 1.92 

-2.37 
-.- 1.25 

0.06 
-0.W 
-1.82 

-0.72 
-0.62 

-0.24 

-2.10 

--0x1 
-. 1.32 
1240 

- 0.10 
-0.35 

--157 

__ 
ccu 
ECY 

- 
c 

C 

D 

D 

C 

C 

C 
I: 
C 

D 

D 
D 

c 
C 
C 

C 
C 

C 

D 

1 

1 

1 
1 
1 

1 

1 

1 

1 

1 
1 
1 

1 

1 
1 

1 
1 
1 

1 
1 

1 

1 

1 
1 
1 

1 
1 

1 



- - 

Nu 

- 

79 

80 

81 

82 

83 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

Transition 

array 
Multiplet 

F-132 

ANSITION PROHABILITIES FOR IRON 

.......... ...- 

%A) 
....... 

[274.6] 

1298.91 

[292.6] 

[288.3] 

[302.3] 

[286.4] 
[288.2] 

:255.9] 

:320.5] 

1322.41 

:281.0] 

[55.9] 
[52.9] 

[57.3] 
[57.5] 

[58.1] 
[56.2] 

[56.7] 

[61.3] 
[57.6] 

[62.1] 

[55.8] 
[52.9] 

E,(cm-l) E, (cm-') 

- - 

8 

1 

3 

5 
5 

1 

3 
3 

- - 

.8 

... 

c 

3 

5 
3 

5 

3 

3 

5 
3 

3 

3 
1 

_ 
Ak, (loas-') 

............ ._ ... 

I10 

13 

11 

I10 

100 
81 
66 

14 

4.7 
3.8 

120 

670 
56 

1700 
420 

740 
I20 

560 

11 
1100 

370 

55 
74 

0.21 

0.017 

0.014 

0.19 

0.19 
0.17 
0.24 

0.023 

3.0 I 2  
3.0059 

3.24 

).OS2 
1.0023 

).060 
).021 

1.037 

1.017 

h.027 

1.2( -4) 
1.063 

1.064 

1.0026 
'.OOlO 

.. ... 
~ 

S(at.u 

0.56 

0.086 

0.068 

0.91 

0.95 
0.48 
0.23 

3.058 

1.038 
1.019 

).66 

1.029 
1.0012 

LO79 
).012 

1.036 
1.0032 

1.015 

8.3( - 4) 
1.059 

8.013 

.0014 

.4(-4) 

-0.21 

-1.06 

-1.15 

-0.02 

-0.02 
-0.30 
--0.61 

-1.16 

-1.44 
-1.75 

-0.15 

-0.80 
-2.15 

--0.38 
-1.20 

-0.73 
-1.77 

.- 1.09 

-2.51 
-0.50 

-1.19 

-2.11 
-2.51 

~ - 

h r c e  

.......... ._ 

1 

1 

1 

I 

1 
1 
1 

I 

1 
1 

1 

I 
I 

1 
1 

I 
I 

I 

I 
I 
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~ 

I 

No. 

94 

95 

96 

97. 

98. 

99. 

100. 

101. 

102. 

103. 

104. 

105. 

106. 

107. 

Transition 
array 

Zp'3p -2p54d 

Multiplet 

[56.7] 
C57.61 

[57.9] 

[56.8] 

C66.1) 

49.5 

E49.51 
C49.61 
[49.7] 

[49.3] 

[47.1] 

C50.41 
C53.81 
c50.21 

50.26 
[50.8] 

[SO21 

[SO31 
C50.11 

CS0.71 

C50.2) 

CSl.21 
[51.3] 

1 [5l.l] 

I - 

g. 

- 

I 

5 

3 

1 

3 

3 
3 
3 

3 

3 

5 
3 
5 

7 
3 

5 

7 
5 

3 

3 

5 
5 
3 

- - 

Y 
- 

1 

! 

I 

c 

c 

3 
1 
5 

9 
5 

7 

7 
5 

5 

3 

5 
3 
1 

Ah(IOae-') 

____ 

910 
2300 

1000 

1300 

290 

2470 

2000 
3900 
510 

48 

1 40 

570 
270 
480 

XI00 
81 

1500 

IO00 
1600 

Is00 

830 

!SO0 
860 
260 

__ - 
h 
I_ 

0.026 
0.038 

0.090 

0.081 

0.057 

0.272 

0.12 
0.14 
0.0063 

D.0029 

0.0078 

3.013 
3.0039 
3.018 

).28 
3.0052 

1.24 

1.038 
1.060 

1.31 

1.031 

).W 
1.026) 
1.0034 

__ __ 

S(at.u.] 

- 

0.025 
0.022 

0.029 

0.012 

0.012 

0.133 

0.060 
D.070 
D.0031 

3.0014 

3.0036 

1.01 1 
1.0021 
1.015 

).33 
1.0026 

1.20 

1.044 
1.050 

1.15 

1.016 

1.083 
1.017 
1.0017 

- 
1% d 
-- 

-0.88 
-0.94 

-0.82 

-1.20 

-1.24 

-0.088 

-0.43 
-0.36 
-1.72 

-2.06 

-1.63 

-1.19 
-1.93 
-1.04 

0.30 
-1.80 

KO8 

-0.58 
-0.52 

-0.03 

-1.03 

-0.31 
-0.99 
-1.99 

- - 
ice1 

rac) 
- 

C 
C 

C 

C 

C 

C 

C 
C 
D 

D 

C 

D 

C 
D 

1 

- 
I__ 

Satree 

- 

1 
1 

1 

I 

I 

1 

1 
1 
1 

1 

1 

1 
1 
1 

1 
1 

1 

I 
I 

I 

I 

I 
I 
I 



........ 

No. 

108. 

109. 

1 IO.  

111 .  

112. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 

123. 

Transition 

array 

Zp53d-2p'4f 

2s 2p63d - 
?.2p%p 

2p53d -2p55f 

F-134 

TRANSITION PROBABILITIES FOR IRON 
Fe XVII. Allowed transiiions-Ccntmud 

..... 

A(A) 

[48.3] 

[51.2] 

[50.9] 
[50.6] 
[51.5] 

[52.8] 

[50.l] 

[49.5] 

[53.6] 

[50.8] 
[50.9] 

[50.8] 

[56.4] 

[53.6] 

58.8 

[66.4] 
[66.7] 
[66.7] 

[69.7] 

168.11 

4 I .37 

b.',((cm-') 

-. .............. 

_II__- _ ......... __ 

E,  (cm-') 

- 
~ 

g. 

- 

3 

5 

5 
3 
1 

3 

3 

3 

5 

5 
5 

5 

I 

I 

9 

7 
5 

3 

5 

5 

9 
.... 

- - 

g b  

-. 

i 

i 
c 

2 

< 

5 

1 

5 

7 
5 

5 

3 

3 

11 

5 
3 
I 

3 

3 

11 
... 

46 

54 

t700 

3600 
2400 

30 

1.500 

I200 

40 

5800 
830 

610 

770 

1500 

1.2( + 4) 

490 
600 
860 

110 

870 

1800 

0.0027 

0.0030 

0.26 
0.23 
0.29 

0.0021 

0.28 

0.044 

0.0017 

0.31 
0.032 

0.024 

0.1 I 

0.32 

0.78 

0.033 
0.024 
0.019 

0.0047 

0.036 

0.15 
~. 

__ 
~ 

s (at.".) 

0.0013 

0.0025 

0.21 
0.12 
0.049 

0.001 1 

0.14 

0.022 

0.0015 

0.26 
0.027 

0.020 

0.020 

0.057 

I .4 

0.050 
0.026 
0.013 

0.0053 

0.041 

0.18 

-2.09 

- I .83 

0.1 1 
-0.16 
-0.54 

-2.20 

---0.07 

-0.88 

-2.06 

0.20 
-0.79 

-0.93 

- 0.96 

---0.49 

0.85 

-0.44 
-0.92 
-- 1.24 

- 1.63 

-0.74 

0.13 

__ 
iccu 
racy 
- 

D 

D 

C 
C 
C 

D 

C 

C 

D 

C 
C 

C 

C 

C 

C 

C 
C 
C 

D 

C 

C 

I 

I 

I 
1 
1 

1 

1 

I 

I 

1 
I 

I 

1 

1 

b 

1 
1 
1 

1 

I 

b 

' The n~ui%i&r in parentheses fcllowing the tshidatcd value mdicates the power of ten by which thli vdce has to be midtiplied 
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Fe xviii 

Ground State 

Ionization Potential 

~ ~ ........ __......... 

Wavelength (A) 

11.25 
11.33 
11.34 
11.45 
11.50 
1 1  55 
11.64 

12.15 
13.43 
13.49 
13.51 
13.52 
13.56 
13.61 
13.05 

i2.oa 

27 
24 
25 

24,26 
22 
23 
22 
12 
12 
7 
6 
6 
5 
5 
7 
6 

13.70 
13.75 
13.92 
13.954 
14.07 
14.11 
14.12 
14.150 

14.255 
14.28 
14.31 
14.32 
14.361. 
14.42 
14.467 

14.20 

II 

Allowed 'Transitions 

List of tnhlated krm 
...... ........._.__I_ 

6 
5 
4 

21 
3 
3 
4 

20 
18 
19 

3 , ~  
2 

3,17 
20 
18 
13 

Wavelength (A) 
. . . . . .. . . 

Oscillator strengths for lies of the niultiplct 2s2Zp5 'PO- 
2s2p6 's arc the residls of the muhiconfiguration Dirac-Fock 
(MCDF) calcirlations of Cheng et d. [l], which include a per- 
turbative treatment of the Breit interaction and the Lamb shift. 

Data for transitions from the levels of the 2 s 2 p 5  *Yo term to 
of configurations involving one electron UI the n -= 3 shell are 
from the comprehensive calculations of Chapman and Shadmi [Z], 
who employed Hartree-Fock wavefunctions including the principal 
configuration mixing and calculated individual oscillator strengths: in 
intermediate conpling. 

The experimentally determined wavelengths and energy levels for 
the 2p-3s and 2p--3d transitions presented here are taken from 
work of Feldrnan et al. [3]. In some icaaes, however, we have 
permuted the "names" of the levels to coincide with those suggested 
by the percentage compositions given by FeMnlan et al. and/or by 
Chapman and Shadmi [Z]. Specifically, within the 2p4(3P)k 
configuration the *P3,' and 41'3,L designations given by Feldmao et 
al. have been interchanged; and within the 2 y y P ) ~  coafiguration 
4P5,2 was changed to SFS,z. 

Accuracy ratings for the weaker transitions, as well as for tha.e 
involving levels of relatively low purity in LS coupling, were lowered 
to "E." Transitions to levels of extremely low purity, or to those for 

14.48 
14.485 
14 50 
14.53 
14 551 
14.57 
14.581 
14.70 
14.772 
14.78 
14.79 
14.80 
14.803 
15.01 

15.491 
15.258 

..._. 

... 

16 
15 
18 
2 

14 
15 
14 
16 
14 
13 
IS 
13 
14 
13 
11 
11 

15.614 
15.623 
15.764 
15.826 
15.847 
15.859 
16.003 
16.024 
16 087 
16.iQ9 
16.270 
93.931 i 103.958 

N1 

10 
10 
9 
8 
8 

10 
9 
9 
8 
8 
9 
1 
1 

.-____ 

which the t.wo largest components are very marly qual, were 
omitted from the present compilatiou. 

OsciNator strengths for a few transitions of tire array 2p5-2p'4d 
have h e n  calculated hy homage et d. [e] d t h  the Wartrec-Fock 
method including statistical exchange (HX) and contipratioti inter- 
action. The above remarks concemhg puhty of levels in L.s cwp- 
ling apply here as well. Additional data are available for resonance 
transitions to lcvels of clrJriliguwtions Zp4nl (n S- 4) [5,61 but they 
are not tabulated since the eigenvectors are not reported and such 
states are expected to be strongly mixed. 

Referewes 
[l] 0%. K. T., Kim, Y.-K., a d  Dwcbur, 1. P., At. Data piecl. Date Tables 24, 

121 Chayinao, R .  D., and Shadmi, Y., 1. apt. SOC. Ain. 63, 1440 (1973). 
[3] Fddman, U., k c h e k ,  6.  A,. Cowan, R. D., nnd CAhtn, L., I. Opt. SUC. 

[ A , ]  Rrarnap. G .  E.,Fawett,B. C.,anclCowsn, R. D., Mon.Nat.H. A s t m .  Snc. 178, 
599 (1977). 

[SI Bromage, G. E.. Cawan, R. D., Fawcett, B. C.. Godon. 14.. Hotby, M. G., 
Peacock, N. J . ,  and Xdgeley, A., United Kin(pjain Atomic Energy Authority 
Report CLM-kt170 (August 1977). 

161 5urhhaltt.r. P. C., Dobier, C. M., Stabg%G., aud Gwau, R.  0.. J.AppI. Phys. 49. 
1092 (1978). 

1 1  1 (197Y). 

Am. 63, 1445 (1'473). 

.. . 
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No. 

...... 

$8 

6 

I .  

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

~. 
~ .... 

L7h 

__ 
6 2  

4 2  
2 2  

4 4  
2 4  

6 6  

4 4  
2 2  
4 2  
2 4  

6 2  

4 2  
2 2  

10 

4 6  
2 4  
4 4  

6 6  

4 4  
2 2  
4 2  
2 4  

6 2  

4 2  
2 2  

2 4  
4 4  
2 2  
4 2  

6 6  

4 4  
2 2  
4 2  
2 4  

Multiplet 
Transition 

nrrny 

F-136 

TRANSITION PROBABILITIES FOR IRON 
Fe XVIII: Allowed transitions 

. . .. . . ..... .- 

A& 

97.051 

93.931 
103.954 

[14.31] 
[14.53] 

14.16 

[14.11] 
[14.28] 
[ 14.071 
[14.32] 

13.99 

[ 13.92 J 
[14.12] 

13.60 

[13.52] 

[ 13.56 J 

13.56 

113.491 

[13.75] 

[l3.70] 
[l3.51] 
[13.68] 

13.49 

[13.43] 
[13.61] 

16.087 
15.826 
16.109 

[15.847] 

16.010 

16.003 
16.024 
15.764 
16.270 

E, (cn1C') 

34220 

0 
102650 

102650 
0 

102650 
0 

34220 

0 
102650 

0 
102650 

E, (cm-') 

1064610 

106461 0 
1064610 

6318700 
15318700 
6310500 
63 10500 

6280400 

6248800 
6343600 
6343600 
6248800 

1240 

913 
33 1 

590 
I700 

3.7(+4) 

3.0(+4) 
1.0(+4) 
4.1(+4) 

23 

6.7(+4) 

2.0(+4) 
4.7( + 4) 

3.0(+4) 

1.8(+4) 
3.7(+4) 

9800 

3.9( t4) 

6600 

8800 
4.3( t 4) 

2.5(+4) 

6200 

1000 
4700 

490 
150 
23 

130 

9100 

630 
1.0(+4) 
1.6(+4) 

250 

0.0584 

0.0604 
0.0537 

0.0018 
0.01 1 

0.11 

0.080 

0.032 
0.061 
1.4( - 4) 

0.065 

0.029 
0.14 

0.14 

0.075 
0.21 
0.027 

0.1 1 

0.018 
0.12 
0.012 
0.14 

0.0056 

0.0014 
0.013 

0.0038 
5.5( -4) 
9.q--- 5) 
2 s - 4 )  

0.035 

0.0024 
0.039 
0.029 
0.0020 

~- 

S(at.u.) 

0.112 

0.0747 
0.0368 

3.q-4)- 
0.001 1 

0.031 

0.017 
0.0030 
0.01 1 
l.3( - -5 )  

0.0 18 

0.0053 
0.013 

0.037 

0.013 
0.019 
0.0048 

0.029 

0.0032 
0.01 1 
0.0021 
0.013 

0.0015 

2.5(- 4) 
0.0012 

4.0(-4) 
1.1( -4) 
9.y-6) 
5 4 - 5 )  

0.01 1 

5.1( -4) 
0.008 1 
0.0060 
2. I( - 4) 

1% g-I 

-0.455 

-0.617 
-0.969 

-2.14 
-1.66 

-0.18 

-0.45 
-1.19 
-0.61 
-3.55 

-0.41 

-0.94 
-0.55 

-0.08 

-0.52 
-0.38 
-0.97 

-0.19 

-1.14 
-0.62 
-1.32 
-0.55 

-1.47 

-2.25 
-1.59 

-2.12 
-2.66 
-3.74 
-3.00 

-0.68 

-2.02 
-1.11 
-0.94 
-2.40 

- - 

iccu 

racy 
- 

C+ 

C+ 
C+ 

E 
E 

E 

D 
E 
E 
E 

D 

D 
D 

D 

D 
D 
D 

E 

E 
D 
D 
D 

E 

E 
D 

E 
E 
E 
E 

E 

E 
D 
D 
E 

__- - 
Source 

1 

1 
1 

2 
2 

2 

2 
2 
2 
2 

2 

2 
2 

2 

2 
2 
2 

2 

2 
2 
2 
2 

2 

2 
2 

2 
2 
2 
2 

2 

2 
2 
2 
2 
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..... 

I - 

No 

I 

10 

11 

12 

13 

14 

15 

16. 

17. 

18. 

19. 

20. 

21. 

Transition 

aiTay 

2pS-2p'('D)3s 

2p'-2p'('S)35 

2s22p'-2p*3s 

2pS-2p'('P)3d 

Zps-2p'('D)3d 

!pS-2p'('S)3d 

Multiplet 

15.704 

15.623 
15.869 
[ 15.6141 

15.328 

15.258 
15.491 

12.05 

[12.00] 
[12.15] 

[14.80] 
[l5.01] 
C14.781 

14.772 
14.551 

14.581 
[ 14.8031 

14.485 
[ 14.791 
C14.571 

[14.48] 
[14.70] 

C14.321 

14.32 

[i4.28] 
C14.421 
[14.20] 
[14.50] 

14.325 

14.255 
14.467 

14.361 
14.150 

13.954 

E> (ern-') 

34220 

0 
102650 

0 

34220 

0 
102650 

102650 
0 

102650 
0 

0 

34220 

0 
102650 

102650 
0 

0 

E, (cm-') 

6402200 

6400800 
6404400 
6404400 

6558200 

6558200 
6558200 

6872500 
6872500 
6858200 
6858200 

6903700 

70 15100 

701 5100 
701 5 100 

7067100 
7067100 

7 166400 

- __ 
5, 

- 

t 

1 

4 

f 

4 

t 

4 

4 
2 
4 

2 
4 
2 
4 

4 
2 
4 

4 
2 

4 

6 

4 
2 
4 
2 

6 

4 
2 

2 
4 

4 

- - 
R k  

- 

io  

6 
4 
4 

2 

2 
2 

2 

2 
2 

6 
4 
4 

4 
4 
2 
2 

6 
4 
4 

4 
4 

6 

6 

4 
2 
2 
4 

2 

2 
2 

4 
4 

6 

A,, (lO"s-') 

4700 

8.4 
. 1 .O(+ 4) 

1000 

2.2( +4) 

l.q+4) 
8300 

35 

11 
23 

3000 
340 

5800 

3100 
19 

100 
2000 

81 
1200 
1700 

280 
4900 

2.2(+4) 

7.7( +4) 

3200 
1.7(+5) 
2.1(+4) 
l.q+4) 

2.2(+4) 

110 
2.2(+4) 

1.4(+4) 

0.029 

4.q-5) 
0.078 
0.0038 

0.026 

0.024 
0.0*30 

2.q-5) 

1.2(-5) 
5.1(-5) 

0.015 
0.0023 
0.019 

0.022 
6.1( - 5) 
34 -4 )  
0.0032 

33-4 )  
0.0081 
0.0054 

8.q-4) 
0.032 

0.10 

0.24 

0.0098 
0.53 
0.031 
0.10 

0.023 

1.7(-4) 
D,068 

0.50 

D 041 

3.061 

0.0089 

9.5(-6) 
0.0081 
7.q-4) 

0.0079 

0.0048 
0.0031 

6.q-6) 

1.q-6) 
4.1(-6) 

0.0029 
2.3(-4) 
0.0037 

0.0021 
1.a-5) 
3.3-5) 
6.1(-4) 

7.2(--5) 
73-4)  
0.0010 

1.7(-4) 
0.0031 

D.019 

0.067 

D.0018 
D.050 
D.0058 
D.0095 

D.0065 

3.8-5) 
D.0065 

0.047 
0.0076 

3.01 1 

-0.76 

-3.74 
-0.81 
-1.82 

-0.81 

-1.02 
-1.22 

-3.82 

-4.32 
-3.99 

-1.22 
-2.34 
-1.12 

-1.36 
-3.61 
-3.17 
-1.89 

-2.82 
-1.79 
-1.67 

-2.45 
-1.19 

-0.40 

0.15 

-1.41 
0.03 

-0.91 
-0.70 

-0.86 

-3.17 
-0.87 

0.00 
-0.79 

-0.61 

- - 
\eel 

rac: 

- 
E 

E 
D 
E 

D 

D 
D 

E 

E 
E 

D 
E 
D 

E 
E 
E 
E 

E 
E 
E 

E 
E 

E 

E 

E 
E 
E 
E 

D- 

E 
D 

E 
E 

E- 

___ - 
Source 

2 

2 
2 
2 

2 

2 
2 

2 

2 
2 

2 
2 
2 

2 
2 
2 
2 

2 
2 
2 

2 
2 

2 

2 

2 
2 
2 
2 

2 

2 
2 

2 
2 

2 



22: 

23. 

24. 

25. 

26. 

27. 

Transttwn 

array 

-. - 

2s '2p '-2p '3d 

2p5-2p'l'P:4d 

2p5-2p*('D)4d 

2ps-2p'('S14d 

F-138 

TRANSITION PR BABIZITIES FOR IRON 
Fe X V I I I  AUowcd transitioos -Continn~d 

11.54 

[ I  1.501 
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[l I .2sj 
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0 0059 
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0 078 
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0 045 
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0 12 
- 

' The oiimbcr in perenthrees following the iabulatd value indicates the power o( ten by which this value ha- t u  h midliplied 

Fe XIX 

Ground State 

Ionization Potcmtial 

......... .. ...... 
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10.62 
10.63 
10.65 
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10.80 
10.81 
10.89 
10.92 
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23 
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17.20 
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17 

___ ........ 

Allowed 'Transitions 

List of tabulated lmes 

.......... ... .. - 

W'avolength (A) 
... 

13.54 83.4 
13.74 84.8 
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13.82 101.56 
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....... 

............ ..... - 
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- 1 .83 
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...... 

E 
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E 

E 
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D 

D 

D 
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~ 

~ 
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2 

4 
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4 

4 

4 

4 
~ 

ls22s22p' 3P2 

[145l] eV - [117Q3OQO] CIII-' 

.......... __ 
~ 

... .......... 

No 

Oscillator strengths for 2s -2p  transitions are the resdts of the 

mdticonfipration Dniac-Fock (MCDF) calc~daiions of Cheng et al. 
[ 13. These relativistic ca1cdation.i include a perturbative treatment 

of the Breit interaction and the Lamb shift. The resrdts shoadd be 
quite accurate, except in tlie ca5e of intercornhiasation transitions, for 

~ihicli the f-value5 &mdd be corasidercd rather u~~certain. The 
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' W t f  

-0.06 

-0.47 
-1.152 

-0.99 
-0.95 
-1.06 

---o.a3 

-1.45 
-2.52 
-2.30 

-1.53 

-0.256 

-2.09 

-1.27 

-1.87 

-0.493 

2s22p4 'D2-2a2p5 ? F p transition has been omitted from this tabu- 
lation, because its f-value as reported in ref. [l] is extremely 
and therefore even more uncertain. 

The results of the scalexi Thomas-Fed calculations of Kastncr 

et al. [2 J including configuration Literactiou and intermediate coup- 
hig are quoted for the two 2p*-2p33s intercodination hies treat- 
by them. 

Oscillator strengths tabulated for a few transitions of the 2p4-- 
2p33d array are averages of the semiempiricd results of Bromage 
and Fawcett [3] and the Hartree-Fock-Pauli (HFP) data of Bogdano- 
vicius et al. [4]. The f-values interconipared very well for the 

transitions presented here, except in the case of 2p4 ID2-- 
2p3(*D0)3d 'F: and 2p4 1D2--2p3(2P0)3d 'F: for which the au- 
thors' published results differ from the values tabulated here by 30% 
and 50%, respectively. Transitions involving levels of purity less 
than 50% in LS coupling, as indicated in refs. [33 and [4], have 
omitted, and the accuracy ratings for transitions to levels of purity 
leas than 60% have hxn  lowered to "E," aB have thaw for the two 
rather uncertain f-values discussed above. 

The oscillator strengths tabdated for transitions of the 2g4-- 
2p34d are from the Hartree-Fock calculations with statistical ex- 
change (NX) of Bromage et al. [SI with allowance for configuration 
interaction. The above remarks concerning purity in LS couplmg 
apply here as well. 

Accu 

"cy 

c 

c 
c 

c 
c 
c 

c 

E 
E 
E 

E 

C 

E 

C 

E 

C 

The assignment of tern designations to &end spectral lines of 
the rather complex transition arrays 2p4-Zp3nd (n = 3,4) is rath- 
difficult, since these lines are closely spaced. For this reason, we 

have quoted the theoretical. wavelengths of refs. [3] and [SI, re- 
spectively, in order to provide an indication of the locations of thw 
l ies.  

Data for additional transitions are available [6,7), but thew re- 
sults are not quoted here since no Mcatiwn of h e  percentage 
compositions is given. 
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0.16 

0.056 

0.046 

0.068 

0.021 

D.10 

1.021 
1.0043 
1.0054 

1.013 

).0077 

1.015 

1.023 

1.0055 

1.0084 

8.0067 

.016 
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-0.62 
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L4 

L4 
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The niumhr in parentheses following the tabulated value mdicates :he power of ten by which this value has to be multiplied 
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222p3-2s2p4 

. .- 

Ground State 

Ionization Potential 

i s22s22p3 

[1575] eV I [12704000] crn-' 

Mowed Transitions 

List of tabulated lies 

I t  I 

Wavelength (A) No. No. Wavelength (A) Wavelength (A) 

12.76 
12.82 
12.83 
12.84 

12.89 
12.94 
13.00 
13.06 
13.14 
13.15 

79.5 
80.3 

12.88 

78.9 

23 
17 
20 

17,20 
23 
20 
18 
18 
22 
21 
19 
13 
4 
13 

81.4 
83.0 
83.23 
86.2 
87.8 
90.60 
92.59 
93.76 
94.62 
95.1 
98.08 
98.37 
101.84 
106.96 

136.06 
138.49 
139 
140.42 
143 
148 
156 
163 
164 
172 
175 
202 
234 

10 
16 
10 
16 
5 
5 
5 
16 
5 
9 
5 
9 
9 

3 
8 
13 
13 
8 
12 
8 
7 
2 
14 
I2 
12 
1 1  

108.82 
109.65 
110.65 
111.60 
113.34 
115 
115.39 
118.70 
121.85 
122.00 
128 
131.76 
132.85 

12 
14 
6 
14 
6 

11.15 
6 
1 
1 
16 
10 
15 

1 

Oscillator strengths for transitions of the arrays 2s22p3-2s2p4 
and 2s Zp4-2ps are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et al. [l]. These relativistic calcu- 
lations include a pertilrhative treatment of the Breit interaction and 
the Lamb shift. The results should be quite accurate, except in the 
case of intercombition lines, for which the f-values should be 
considered rather uncertain. (A few very weak intercombination 
lines have been omitted from this tabulation.) Thef-value listed for 
the 2s22p3 'D&-2s2p4 transition is quoted with an uncer- 
tainty of SO%, since its magnitude is considerably larger than those 
of the other intercombition lines. 

For transitions of the type 2p3-2p23d,  we quote the semi- 
empirical results of Bromage and Fawcett [ 2 ] ,  which include approx- 
imate correlation, relativistic, and intermediate coupling effects. 
Transitions to levels that are of very low purity in LS coupLng have 

been excluded. The f-values for the remaining lines which involve 
nominally pure levels (i.e., less than 60% pure) have been ansignad 
accuracy ratings of "E." 

Oscillator strength data are available for additional t r a n s i b  
[33, but these results are not quoted here <ice no indication of the 
percentage compositions is given. 
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and 2.s2p3-2p4 are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et al. [ 11. These relativistic calcu- 
lations include a perturhtive treatment of the Breit interaction and 

the Lamb shift. The results should be quite accurate, except in the 

case of intercombination lines, for which the f-values should be 
considered rather uncertain. (A few very weak intercombination 
lines have been omitted from this tabulation.) The f-value listed for 
the 2s22p2 3P2--2s2p3 'DF transition is quoted with an uncertainty 

of SO%, since it3 triagnitude is considerably larger than those of h e  
other intercornbination lines. 

Transition probabilities for the arrays 2p2-2p3s and 2p2-2p3d 
are the result3 of the scaled Thomas-Fermi calculations of Mason et 
al. [ 2 ]  in intermediate couphg with limited configuration inter- 
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action. Their A-values andf-values were corrected for deviahons of 
the calculated wavelengths from the o k r v e d  ones wherever p s i -  
ble. Of the intercornbination hes, only the stronger ones have been 
included here, since thew values were considered to be more uncer- 

tain than those for transitions between t e r n  of the Same total spin. 

Transitions to = 2 levels of the configuration 2 p 3 d ,  with the 
exception of have been omitted since the eigenvectors calcu- 
lated by Mason et al. for these levels indicate severe mixing of 
Russell-Saunders states. 

Mason et al. [2] have also calculated &-values for transitions of 
the arrays 2p2-2pns and 2p2-2pnd (n = 4,s). Again, only the 

stronger intercombmation lines treated by them are tabulated here. 
Transitions involving the levels 2pnd 3Ppand 2pnd 'D?(n = 4 3 )  
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levels are of very low purity in LS coupling. 

of systematic trends along the isoelectronic sequence. 
The remainingf-values were derived by interpolation from graphs 

Oscillator strength data are available for additional transitions 
[3I but they have not been tabulated here since no indication of the 
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E , ( C d )  

- __ 
r. 
- 

5 

5 

5 

5 

5 

1 

1 

1 

5 
3 
5 
3 
1 

5 

1 

c 

C 

1 

: 

- ___ 
X 

__ 

7 

5 

3 

7 

3 

3 

3 

3 

5 
3 
3 
1 
3 

3 

3 

7 
5 

7 
3 
3 
3 

5 
5 

3 
3 
1 

a 

7 

1700 

1.0(+4) 

3900 

8.9(+4) 

2300 

2200 

500 

5.7(+4) 

510 
160 
730 

1000 
280 

2000 

890 

1.5(+4) 
2500 

2.q + 4) 
2. I( + 4) 

3200 
400 

2800 
6100 

1.5(+4) 

1.8(+4) 
6500 

1400 

2700 

3.0033 

3.014 

D.0032 

3.17 

D.0019 

0.0094 

0.0021 

0.24 

5.7(- 4' 
1.8(-4, 
5.q-4 
3.q-4 
93 -4 ,  

0.0014 

0.0031 

0.024 
0.0028 

0.030 
0.070 

0.0036 
2.7(-4 

0.0031 
0.011 

0.0 16 
0.0043 
0.0066 

0.0046 

0.0044 

__ 
__. 

S(l7t.u.) 

~ 

5.2(-4) 

1.0022 

3 - 4 )  

3.027 

9.q-4) 

3.q-4) 

6.7(-51 

0.0076 

6.1(-5] 
1.5(-5] 
7.2(--5] 
3.3(--51 
2.7(--5] 

2.q-41 

9.q-5, 

0.0034 
4.q-4: 

0.0042 
0.0020 
3.1(-4: 
3.q-5 

4.q-4 
9.3(-4 

0.0013 
6.1(-4 
5.q-4 

1.3-4 

6.3(-4 

46.r 

-1.78 

-1.15 

-1.80 

-0.07 

-2.02 

- 2.03 

-2.68 

-0.62 

-2.55 
-3.27 
-2.60 
-2.93 
-3.02 

-2.15 

-2.51 

-0.92 
-1.85 

-0.82 
-1.15 
-1.97 
-2.87 

-1.81 
- 1.48 

-1.32 
-1.67 
- 1.70 

-2.34 

- 1.66 

- - 
ccu 

acY 
- 

E 

D 

E 

D 

E 

E 

E 

D 

E 
E 
E 
E 
E 

E 

E 

D 
E 

D 
D 
E 
E 

E 
D 

D 
E 
E 

E 

E 

! 

! 

! 

! 

! 

! 

I 
! 
I 
! 
! 

I 

! 

! 
1 

1 
1 
1 
2 

2 
2 

2 
2 
2 

2 

2 
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Wavelength (A) No. 
~. . . . . . . . . . . . . . . . . . . . . .... . . 

Wavelcngih (AI 

Fe XXI :  AILonrd tramitions Continued 

Wavelength (A) Wavelength (A) 
. . . . . . . . . . __ . . . . . . . . . . . . . . . . . . . 

33.38 
36 
35 
35 
33 

33,34 
32 
32 
39 
38 

9.2 15 
9.241 

10.25 
10.30 
10.31 
11.748 
1 1.767 
I 1.789 
I 1.797 
11.823 

.... 
~ 

gt 

- 

5 

3 

I 

3 

3 

3 

15 

3 

9 

~ ~. 

s (i3t.u.) 

- . - 

7.q-4) 

1.q-4) 

3.0087 

>.a( -5) 

l .q--4) 

3.0024 

.- ---- ~ 

. .. . . . . . . . . .. 

lo& df 

- - 
i C C U  

=cy 

E 

E 

D 

E 

E 

D 

D 

D 

D 

D 

D 

D 

D 

E 

D 

D 

. . .. ... .__ 

h E, (cm-') 

71. 

72 

73. 

74 

?.- 
( 2 .  

76 

_I_ , , .  
78 

79. 

80. 

81. 

82.  

83. 

84. 

85. 

86. 

[8.66] 

[8.66] 

[8.65] 

[8.65] 

[8.63] 

[8.74] 

4400 0.0049 

0.001 1 

0.061 

6.0(-4) 

0.0055 

0.085 

o.oea 

0.021 

0.073 

0.050 

0.14 

0.030 

0.032 

5.8(--4) 

0.11 

0.067 

--1.61 

-2.25 

- - O S 2  

-2.46 

-2.26 

- I .07 

- 0.10 

-0.72 

--O.18 

-0.82 

-0.38 

--. 1.05 

-0.32 

-.2..54 

-0.24 

-- 1.17 

I600 

3.0(+4) 

1000 

1600 

2.5(+4) 

Zp3.q -2p 3p 

Zp 3p - 2 p  3d 

3 ;  3 

31 5 

3 '  3 

151 21 

The n t m h  iii parmthzsei follnwmg tht- tabulated valrre indicates the p a w i  of ten by -uhich this v a b c  ~ J S  to bc multrplid 

Fe XXII  

Ground State 

Ionization Potential 

1 s22s22p 2Py,2 

[1794] eV = [14470000] cm-' 

Allowed Transitions 

NQ 
___ 

23 
22.24 

17 
25 
17 
31 
31 
31 

7 
7 

8.960 
8.977 
8.992 
9.006 
9.057 
9.065 

9.08 
9.16 
9.163 
9.IR3 

37 
36 
40 
40 
40 

20,21,26 
18 

21,26 
21 
20 

11.837 
1 1.886 
11.898 
11.921 
11.933 
11.976 
12.027 

I 2  0.15 
12.053 
12.077 

21 
20 
27 
I 8  

18 
19 
30 

23.28 
27 

27.29 

12.095 
12.193 
12.22 
12.325 
12.38 
14.05 
14.14 
14.16 
84.4 
84.6 



_...I__ __ 

w ove~enr;tlr (A) 
.... _______ 

88.4 
99.3 

i 0 n . x  
102 
102.23 
105 
1 na 
111 
I 12.20 
1 14.42 
115.22 

......... __. 

No. 

......... __ 

7 
6 
3 
6 
4 
6 
6 
6 

I0 
3 

10 

. 

...... __ .... ___ ___. 

Waveiaigth (A) 
..... __ ...... __ 

149.90 
151.JO 
153.95 
I 55.87 
156.84 
157.35 
161.75 
163.35 
173.49 
183.84 
195 

-. ...... ._ ......... - 
Nu. 

........ .- 

9 
9 

16 
2 
9 

13 
2 

16 
13 
12 
a 

___ ......... _______ .......... 

Wavelength (A) 

116.29 
117.17 
117.52 
120.17 
125.71 
129.15 
134.65 
135.78 
136.02 3 
139.82 13 
144.82 9 

. 

?do 

12 
15 
12 

1 
I 1  

1 
1 
1 

14 
I 1  

230 05 
238 53 
246.82 

25 I 
255 

299 
:is8 
372 

25a 

398 

The tabulated oscillator strengths for tramitions of the arrays 
2 s 2 2 p - 2 s 2 p 2  and 2s2p2--2p3 are the results of tbe  multiconfigura- 
tican Dirac-rock (MCDF) calculatiom of Gheng et d. 113. 'l'hesc 
relativistic calculations include a perturbative treatment of die Rreit 

interaction and the Lamb shift. The  result^ sho~dd be quite accurate, 
except in tire case of intercombmation lineb, for which the f-values 
should be considered rather uncertain. (A few very weak intercorrhi- 
nation lines have been omitted from this tabulation.) 

Other sources of reliable data for 2s-2p transitions arc: the multi- 
configuration Breit-Pauli method of Glass [2,3] (including relativistic: 
effects) and the sinnilar but somewhat le%$ sophisticated approach of 
Dankwort and Trefftz 141. With the exception of some weaker lures, 
they agree very well with the results of Cbeng et al. El], but the 
latter arc: quoted exclusively since ref. [I] provides data derived 
from comprehensive calculations for a11 outer-shell 2s .- 2p trami- 
in ions of thc kcdelectronic sequences of Li through F. 

According to the sources of data mentimed ahove, the lower of 
the two levels 2s2pz and 'S,,., i s  ttiostly of 'P character, 
"crossed" the zS1,z level at about V XIX or GF xX. Wc have thus 
labeled these two levels accordingly, in1 contrast to their labeling by 
Cheng et al. 113, which is consistent with their ordering at the tieiitral 
end of the B wquence. 

The results of the tIartrae.XR (Hartm-Fock with erctmry;e gad. 

relativistic effects) calculations ob Bromage et al. [SI are quoted for 

several 2p -3d and 2 p 4 d  transitions. The Ma6tree.Fwk (HF) 
s d t s  of Skiarrrey 163 are tabidatd fur a few tramitions of the type 
2p--ns,nd (R = 3,4). 'She very weak lines have heen omitted, 
Shurney's calculations accounted for very limnited eonfigiration in- 
teraction. A few mdiiplat 4-values are the rwidts of Chapinan's 
sirie-configuration HF eatculaticms [7]. 

The f-value for the 3 p 3 A  miltiplet WHS derived by graphical 
interpolatim along the isoelectronic s~ugoence. . '+ 

[I] Cheng, K. T., Kim, Y.-K., srd b d i u n ,  1. P., Ai. h a s  Nud. nata Tabk 24, 
11 1 (1979) and private i:unununiatio?. 

pi ~ i ~ . ~ ,  R., J .  t'hy5. B 13, 15 ( 1 9 ~ 0 ) .  
[3] G1*i>ss, R., 1. Phya. B 13, 899 (1981)). 
[4] Dankwort, W., ard TreRti, E., Astrun. A;trophys. 65, 93 (1978j. 
[SI IJromage, C .  E., Cawan, R. D., Faweett, LI. t:., n d  Wpicy. h., 1. Opt. %c. 

[6] Siieiiicy, L. 1.. J. 0p1. %:. Am. 61, 942 (1971). 
[ 9 ]  Chaprmu, R .  D., Astrophys. 1. 156, B7 (1969). 

Am. 68, 48 (1978). 
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sourct: 

_- 
I-- 

II_ 

0.5010 
1.1( -4y 
7.54 -4) 
1 3( 4) 

0 04.25 

0 0340 
0 062 
15(--.2) 

-_- _Î .___ 

Multiplet 

........... .___ .......... __ 

~ , , ( 1 0 ~ ~  1 )  

......... .__ 

....... 

MA) 

....... - ~ 

Transition 
array 

............ 

S(st.u.) 

............ 

0.0034 
4.q .. 4) 
0.0013 
6.1(-4) 

0.125 

0.070 
0 . m  
3.2(--4) 

..... 

NO. fi6 (cm -') 

[258] 
[m] 
[251] 

~3581 

148 89 

155.87 
135.78 
[ 15 I .  7 5 )  

0.67 
n 082 
n.8a 
0.14 

77 

62 
I10 
Q 38 

788.50 

18270 
0 

18270 



3. 

4. 

5 .  

6. 

7. 

8. 

9. 

IO. 

11. 

12. 

Transition 

array 

!s 2p2-2p" 

Multiplet 

'PO - 'p 

:po 's 

'P - 'so 

'p - 2 D O  

P - zPo 

D - 'SO 

D - 'Do 

D - 'Po 

P - 'so 

P - 'Do 
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TRANSITION PRQBABILITIES FQ 

115.32 

114.42 
117.17 

[ 136.021 
100.78 

111.19 

116.29 
102.23 

128.48 

134.65 
125.71 
117.52 

[ 1081 

[1111 
[IO21 

11051 

[99.3] 

[88.4] 
[84.4] 
rB4.61 

[I951 

150.46 

149.90 
[ 151.301 
156.84 
144.82 

116.61 

[115.22] 
[120.17] 
[ 1 12.201 

P981 
[255] 

213.16 

[230.05] 
[ 183.841 
1246.821 

( C I ~ I i ' )  

788.50 

118270 
0 

118270 
0 

78850 

118270 
0 

750490 

759830 
736490 
759830 
736490 

750490 

759830 
736490 
736490 

945990 

992260 
853460 
992260 

..____ 

E, (ern-') 

945990 

992260 
853460 
853460 
992260 

978190 

978 190 
978190 

1415130 

1426940 
1397420 
1397420 
1426940 

1608060 

1627750 
1568670 
1627750 

1415130 

1426940 
1397420 
1397420 

- 
~ 

5. 

... 

c 

4 
i 
4 
2 

t 

4 
1 

I 2  

6 
4 
2 

6 
4 
6 
4 
2 

6 
4 
2 

4 

10 

6 
4 
6 
4 

I O  

6 
4 
4 

4 
2 

6 

4 
2 
4 

- - 

& 

.... 

6 

4 
2 
2 
4 

2 

2 
2 

4 

4 
4 
4 

6 
4 
4 
6 
4 

4 
4 
2 

4 

10 

6 
4 
4 
6 

6 

4 
2 
4 

4 
4 

10 

6 
4 
4 

440 

450 
390 

62 
0.12 

430 

353 
27 

449 

196 
I52 
103 

20 
24 
2.3 
0.5 1 
0.34 

I .5 
3.0 
2.3 

1.3 

149 

I28 
76 
50 
35.4 

230 

142 
296 
51 

0.28 
1.1 

42 

33.8 
66 
0.44 

- .. . . . . . . . . . . . . . . . . 

L 

0.088 

0.088 
0.080 
16-51 
0.0189 

0.026 

0.0358 
0.0042 

0.0370 

0.0356 
0.0360 
0.0428 

0.0035 

0.0039 
2.q-4) 
1.2(-4) 
1.q-4) 

1.2(-4) 
3.2(-4) 
2 3 - 4 )  

7.q-4) 

0.050 

0.0432 
0.0260 
0.0124 
0.0167 

0.029 

0.0189 
0.0320 
0.0097 

6.7(-4) 
0.0022 

0.048 

0.0402 
0.067 
4.q-4) 

s ( a h )  

0.20 

0.13 
0.062 
2.9(-5) 
0.0125 

0.058 

0.055 
0.0028 

0.188 

0.095 
0.060 
0.0331 

0.0075 
0.0054 
6.l( -4) 
1.q-4) 
6.y-5) 

2.1( -4) 
3.q-4) 
1.44-4) 

0.0019 

0.250 

0. I 28 
0.052 
0.0384 
0.03 I8 

0.11 

0.0430 
0.051 

0.014 

0.0035 
0.0037 

0.20 

0.122 
0.081 
0.0013 

-0.28 

-0.45 
-0.80 
-4.19 
-1.423 

-0.80 

-0.84 
-2.08 

-0.352 

-0.67 
-0.84 
- 1 .W8 

- 1.68 
-1.81 
-2.77 
-3.32 
-3.70 

-3.14 
-2.89 
-3.30 

-2.53 

-0.297 

-0.59 
-0.98 
-1.128 
- 1.175 

-0.54 

-0.95 
-0.89 
-1.41 

-2.57 
-2.36 

-0.55 

-0.79 
-0.87 
-2.80 

- - 

Accr 

racj 

...... 

C- 

C 
C 
E 
C 

C- 

C 
D 

C 

C 
C 
C 

E 
E 
E 
E 
E 

E 
E 
E 

E 

C 

C 
C 
C 
C 

D 

C 
C 
D 

E 
E 

D 

C 
C 
E 

- - 

Source 

i 

1 
1 
1 
1 

i 

1 
1 

1 

1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 

1 

1 

1 
1 
1 
1 

1 

1 
1 
1 

1 
1 

1 

1 
1 
I 
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__ - 
No. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

01. 

22. 

23. 

24. 

Transition 

array 

2p-3s 

2p-3A 

2s2p2- 
2s 2p('P0)3d 

Multiplet 

I___ 

151.04 

157.36 
139.82 

[173.49] 
[ 129.151 

C3721 

C238.531 

158.76 

[ 153.953 
C169.351 

12.33 

C12.381 
[12.22] 

11.87b 

11.921 
[11.767] 
C11.9331 

11.976 

11.748 
11.823 
11.748 
1 1.886 

11.837 
11.748 
11.797 
11 837 
11.789 

12.193 

12.049 

12.045 
12.053 
12.095 

12.193 

945990 

992260 
853460 
992260 
853460 

978190 

978190 

978190 
978190 

78850 

118270 
0 

118270 

736490 

750490 

759830 
736490 
759830 

853460 

E,(cm-') 

1608060 

1627750 
1568670 
1568670 
1627750 

1397420 

1608060 

1627750 
1568670 

8503500 

8506900 
8498300 
8498300 

a937900 

9049700 

9062000 
9033200 
9033200 

9054900 

- _. 

g, 

._ 

6 

4 
2 
4 
2 

2 

2 

2 

2 
2 

6 

4 
2 

6 

4 
2 
4 

6 

4 
6 
4 
4 

6 
4 
2 
6 
2 

4 

10 

6 
4 
6 

2 

- I 

51 

- 

6 

4 
2 
2 
4 

4 

4 

6 

4 
2 

2 

2 
2 

10 

6 
4 
4 

a 

4 
4 
2 
6 

8 
6 
4 
6 
2 

6 

14 

8 
6 
6 

4 

190 

200 
26 
22 
37.4 

0.12 

8.6 

58 

17.4 
120 

2.4(+4) 

1.6(+4) 
8500 

1.8(+5) 

1.8( + 5 )  
1.6(+5) 
3.0(+4) 

5.9(+4) 

1.2(+5) 
7.9(+4) 
l.8( +5) 
1.3(+5) 

2.3( +5)  
4.8(+4) 
1.7( + 5) 
1.7(+5) 
2.q+5) 

9.9(+4) 

2.0(+5) 

2.4(+5) 
6.1(+4) 
7.8(+4) 

7.2(+4) 

0.064 

0.075 
0.0075 
0.0050 
0.0187 

4.8(-4) 

0.0146 

0.066 

0.0124 
0.050 

0.018 

0.018 
0.019 

0.64 

0.59 
0.66 
0.064 

0.17 

0.25 
0.11 
0.19 
0.42 

0.65 
0.15 
0.70 
0.35 
0.55 

0.33 

0.61 

0.71 
0.20 
0.17 

0.32 

0.19 

0.16 
0.0069 
0.011 
0.0159 

0.0012 

0.0229 

0.069 

0.0126 
0.056 

0.0045 

0.0030 
0.0015 

0.15 

0.093 
0.051 
0.010 

0.040 

0.039 
0.026 
0.029 
0.066 

0.15 
0.023 
0.054 
0.082 
0.043 

0.053 

0.24 

0.17 
0.032 
0.041 

0.026 

-0.42 

-0.52 
- 1.82 
-1.70 
-- 1.427 

-3.02 

- 1.53 

-0.88 

- 1.61 
-1.00 

- O.% 

-1.13 
- 1.42 

0.58 

0.37 
0.12 

-0.59 

0.01 

0.00 
-0.18 
-0.12 

0.23 

0.59 
-0.22 

0.15 
0.32 
0.04 

0.12 

0.78 

0.63 
-0.10 

0.01 

-0.19 

- - 
\ccu 

racy 
- 
C- 

C 
D 
D 
C 

E 

C 

C 

c 
C 

D 

D 
D 

D 

D 
D 
D- 

D 

D 
D 
D 
D 

D 
D 
D 
D 
D 

D 

D 

D 
D 
D 

D 

x_ - 
h r c e  

1 

1 
1 
1 
1 

1 

1 

1 

1 
1 

6 

6 

6 

5,6 

5 
5 
5 

5 

5 
5 
5 
5 

5 
5 
5 
5 
5 

1 

5 

5 
5 
5 

5 



~ 

~ 

No. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 
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12.325 

11.789 

11.748 

12.077 
I 1.898 

12.045 

12.07; 

12.027 

11.11 

[14.14] 
[l4.05] 
[ 14.16] 

9.13 

[9.16] 

p.081 

9.032 

9.065 
8.950 

[9.057] 

9.065 

9.006 
8.992 
9.006 

8.977 

9.241 

9.215 

978190 

759830 

736490 

992260 
853460 

992260 

978190 

978190 

788.50 

118270 
0 

I18270 

759830 

736100 

759830 

909 1800 

9242300 

9248600 

9272.500 
9258200 

9292500 

9258200 

9294500 

I I I 5 0 O ( x ~  

1 1 150000 
11 I60000 
11 160000 

~ - 

2 

6 

4 

4 
2 

4 

2 

2 

6 

4 
2 
4 

6 

4 
2 

6 

4 
2 
4 

4 

6 

'2 
6 

11000000 6 

11560000 4 

116100GO ~ Q 

~ - 

$1 
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The number in parentheses folluwirig the tabuhted valor: indicates the power of ten by which this value has LO be miittiplied. 
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TRANSITION I? CJBABILITIES FOR IRON 

The tabulated oscillator strengths for transitions of the arrays 
2s2-2s2p and 2s2p-2p2 are the results of the multiconfiguration 
Dirac-Fock (MCDF) calculations of Cheng et al. 113. These relativ- 
istic calculations include a perturbative treatment of the Breit inter- 
action and the Lamb shift. The results should be quite accurate, 
except in the case of intercombination lines, for which the f-values 

should be considered more uncertain. (The 2s2p 3PPp-2p2 IS,, tran- 
tion has been omitted from this tabulation, since itsf-value is consid- 
erably smaller than those of the other lines of the array.) 

Several other sources of reliable data are available for the 2s-2p 
transitions treated by Cheng et ai. Those which provide results for 

most or all of the lines of these arrays are: the superposition-of- 
configurations calculations of Weiss [2] in intermediate coupling; 
the multiconfiguration Breit-Pauli method of Glass [3,4] (including 
relativistic effects); and the scaled Thomas-Fermi approach of Nuss- 
baumer and Storey [5] with extensive allowance for configuration 
interaction and including a perturbational treatment of relativistic 
effects. Those which treat only the resonance lines include: the 
multiconfiguration Dirac-Fock (MCUF) approaches of Armstrong et 
al. [h] and Cheng and Johnson [7]; and the relativistic random phase 
approximation (KRPA) of I.in and Johnson [8]. With the exception 
of some weaker lines, these sources agree very well with the results 
of Cheng et al. [l], but the latter are quoted exclusively since ref. 
[ 13 provides data derived from comprehensive calculations for all 
outer-shell 2s-2p transitions in ions of the isoelectronic sequences 
Li through F. 

A preliminary result derived from the beam-foil lifetime experi- 
ment by Dietrich et al. [9] for the 2s' 'So-2s2p 'PPp transition 
deviates considerably from the calculated value of Cheng et al. [ I ]  
quoted here, although the experimental result with its stated error 
limits lies within our estimated uncertainty of the theoretical value. 
Nussbaumer and Storey [5] have calculated A -values for all down- 
ward transitions from levels of the configurations 21'nl (1' = s , ~ ;  
n E 3,4; 1 = s.p,d), as weU a i  2.s4f and 2p4f9 in order to 
struct simulated decay curves of the levels 2s 2p 'Ppand 2s 2 p  'PP. 
They conclude that the suspected blending of 2s' lSo-2s2p 'PPp 
the second-order line of 2s' ' s - 2 ~ 2 ~  'Pp in the experiment of 
Dietrich et al. should not have been a significant factor in the 
determination of the lifetime. and that there must have been addi- 
tional problems in their experiment. 

Nussbaumer and Storey [5] reported the results of their calcu- 
lations for only a few of the transitions mentioned above. These 
results are tabulated here, as are the A-values for two transitions 
calculated by Nussbaumer [lo] in the scaled Thomas-Fermi approx- 
imation with limited configuration uiteract.ion, 

Lin and Johnson [8] have calculated f-values for the transitions 
2s' 's-2snp 'Pp(n = 3,4), which are quoted here. In addition, 
they determined f-values for the intercorntiination lines 
2s' lS,-2snp 'PPp(n = 3,4), but only for selected ions of the Be 
sequence (not including Fe xxlrr). T h e  Hartree-XR (Hartree-Fock 
with statistical exchange and relativistic effects) calculations of Bro- 
mage et al. [ 1 I] yielded a result for 2s' 's-2~ 3p 'PP: which lies 
outside the interval bracketed by the calculated f-values of Lin and 
Johnson for V xx and Ni xxv. This transition has thus been omitted 
from our tabulation, since it is difficult to derive an f-value by 

interpolation along an isoelectronic sequence for a transition that is 
increasing rather rapidly in strength, as is the ca5e here. The result 
of Doschek et ai. [12] for the 2s' 'So-2s4p 3PPptran~ition calcu- 
in the same approximation as that used by Bromage et al. [ 111 lies 
slightly beyond the interval off-values given by Lin and Johnson for 
the corresponding ions of V and Ni; it is thus quoted here, but with 
an accuracy rating of "E." 

OsciUator strengths for several transitions involving electron 
jumps from the n = 2 shell to an upper state characterized by 
principal quantum number n' (n' = 3,4,5) are from the Hartree- 
XR calculations of Rromage et al. [ 113 mentioned above. It is 

indicated there that the 2p3d 'D;and 'DFIevels are severely mixed. 
Thus transition< to these states are omitted here, and thef-value for 

the single transition to the 2p3d 'P: level is given an accuracy 
of "E," since its purity in LS coupling is slightly greater than 50%. 
All transitions to the levels 2p4d 'D;, 'D: and 'P:are omitted, 
they are even more strongly mixed than those of 2p3d. 

A few multiplet f-values are from the single-configuration 
Hartrce-Fock (IIF) calculations of Chapman [13]. The remaining 
multiplet f-values were derived by interpolation along the Re iso- 

electronic sequence. Line strengths for the 'P;-'D2 and 'PPp-'D, 
transitions of the array 2s2p-2s3d were estimated to be in the 
proportion to the strongest line of the multiplet (3P;--"U3) as they 
would be in a.pure LS-coupled multiplet. The calculatedf-values of 

Fawcett et al. [ 141 for lines of the same multiplet in Ni xxv are an 
indication that this is a reasonable assumption to make, since the 
ratios of line strengths derived from their f-values deviate by only 
few percent from the tS-coupling ratios. 

Transition probabilities are available in graphical form for several 
transitions involving vacancies in the K shell [15], but they we not 
tabulated here since relativistic effects were not taken into account. 
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Groimd State 

Ionization Potential 

1.8523 
1.8552 
1 .8563 
1.8572 
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. .. ___ 
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8 
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TRANSITION PR 

Wavelength (A) 
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1.874 
1.8767 
1.891 
1.897 
6.749 
6.787 
6.808 
6.972 
7.033 
7.169 
7.370 
7.438 
7.983 
7.993 
8.231 

ls22s 2s*,2 

[2045] eV = [16494080] cm-' 

Allowed Transitions 

Lmt of tabulated lines 

___ ___ 

No. 

5 
I 
5 
4 
4 

21 
13 
21 
20 
20 
12 
19 
19 
11 
11 
18 

Transition probabilities for the inner-shell transitions to doubly 
excited n .= 2 states are the resillis of the multiconfiguration scaled 
Thomas-Fermi calculations of Bely-hbau et al. [l] in intermediate 
coupling. The id t ip le t  oscillator strengths for the 'Po-*€' and 
*PO-*D transitions of the ls22p-ls2p2 array which were calculated 
by Fox and Dalgarno [2] in a Z-expansion approximation that 
allowed for extensive configuration interaction are in good agree- 
ment with the results of ref. [l]. 

Oscillator strengths for lines of the principal (2s-2p) resonance 
inultiplet are the results of the multiconfiguration hac-Fock  
(MCDF) calculations of Cheng et al. [3], which include a perturba- 
tive treatment of the Breit interaction and the Lamb shift. Othcr 
sources of reliable theoretical data for these 2s-2p transitions arc 
the IIartree-Fock line strength calculations of Weiss [4] with relativ- 
istic corrections and the MCDF approach of Armstrong et al. [ 5 ] .  

Lifetimes of the 2 p  levels have been determined by Dietrich et ai. 
161 using the beam-foil technique. The associated oscillator strengths 
for the 2s-2p transitiaw are in excellent agreement with the results 
mentioned above. 

The results of the relativistic Hartree-Fock calculations of Kim 
and Desclaux [7] were averaged with the results of Annstrong et al. 
[5 ]  for the 2s-3p transitions. The data of ref. [5] are quoted for the 
lines of the 2p-3d multiplet too. 

The results of the scaled Thomas-Fermi calculations of Hayes [83 
are tabulated for the 2p-3s transitions. He used the Breit-Pauli 

Wavelength (A) 

8.280 
8.316 
8.369 

10.619 
10.663 
11.030 
11.171 
Ll.187 
11.262 
11.422 
17.1 
17.3 
18.3 
18.7 
18.8 
21.4 

No. 

.................... ..................... 

17 
18 
I7 
10 
10 
16 
16 
16 
15 
15 
29 
29 
24 
28 
28 
23 

Wavelength 

21.8 
22.0 
30.7 

30.9 
31.5 
31.9 
37.0 
37.3 
41.2 
44.8 
45.2 
67.6 
68.5 

69.4 
192.04 
255.10 

NO.  

27 
27 
22 
22 
26 
26 
36 
36 
32 
35 
35 
31 
34 
34 

9 
9 

approximation to account for relativistic effects. The Hartme-Fmk 
results of Doschek et al. [9] that included configuration interaction 
and relativistic corrections are quoted for transitions of the type 
21-4r. The 2p-5d fvalues are the results of the Hartree-Fock 
calculations with statistical exchange (HX) of Burkhalter et al. [lo]. 

The fvalue for the 3d4ftransition was taken from a study of 
systematic trends along isoelectronic sequences by Smith and W i m  
[ 113. The tabulated data for the remaining transitions were taken 
from the theoretical analysis of Martin mid Wiese [12], which was 
h s e d  on a generalized study of systematic trends for several spectral 
series of the lithium isoelectronic sequence. For these transitions, no 
relativistic calculations were available. However, the relativistic cal- 
culations of Younger and Weiss [13] for the hydrogen isoelectronic 
sequence provide a means of assessing the rnagtutude of relativistic 
corrections since the Li sequence is very similar in structure to the 
I1 sequence. For those transitions for which relativistic effects were 
estimated to be signifcant (specifically, whenever the ratio of the 
weighted relativistic hydrogenic fvalues gJ;t of any two lines within 
a multiplet was found to deviate from the corresponding LS-coupling 
line-strength ratio by more than 5% for the appropriate value of the 
nuclear charge 4, thef-vahres were excluded from the compilation. 
A more detailed discussion of this comparison is given in ref. [12]. 

Transition probability data are available for numerous tramitions 
between doubly excited states in which one of the electrons occupies 
the n = 3 shell [l] or the n = 4 shell [14]. There are A-value 
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data for many transitions involving a vacant K shell as well [ 15,161. 
None of these data have been tabulated, however, since such tran- 
sition arrays are rather complex and aU of the lines are concentrated 
in a very narrow wavelength range. 
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22 
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20 
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28.950 
29.253 
29.795 
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62.846 
63.295 
64.608 
65.342 
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272.6 
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398.9 
426.6 

1.792 
1.793 

6.9468 
7.4924 
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7.6527 
7.7930 
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1.797 
1.798 
1.800 
1.802 
1.810 
1.8502 
1.8593 
6.7073 
6.8157 
6.8288 

Y 

Oscillator strengths for transitions of the ls2-ls2p array are 
taken from the results of Drake [l], who incorporated accurate 
nonrelativistic matrix elements and exact Dirac hydrogenic matrix 
elements into a Z-expansion technique in order to provide fvalws 
which would accurately reflect correlation effects for low-Z ions and 
relativistic effects for high-Z ions of the He isoelectronic sequence. 
Results for the stronger transitions to doubly excited n = 2 states 
are from the charge-expansion perturbation theory calculations of 
Vainshtein and Safronova [2]. The f-values for the 
(n = 3--5) transitions were interpolated from results of the relativ- 
istic random phase approximation (RRPA) calculations of Johnson 
and Lin [3]. Data for numerous other s-p and p-s  transitions are 
from the RRfA results of h i  et al. [4,5]. 

The Z-expansion results of Laughlin [6] have been tabulated for 
various p-d and d-p transitions, as well as transitions between 4d 
and 4f levels. For those multiplets which uivolve no change of 
quantum number (3p-3d. 4p-4d, 4d-48 the results should be 
considered to be rather uncertain, since thef-values are very sensi- 
tive to energy differences. It should be noted that, according to 
Laughlin's calculations, the nd ID levels (n  - 3,4) lie below the 

corresponding np 'Po levels, and that the 4f IFo level lies below 
4d ID. The opposite is true for the triplet states. Oscillator strengths 
for a few p-d transitions were extrapolated from the variational 
calculations of Weiss [7]. 

Brown and Cortez [8] have provided f-values for numerous d -f 
and f--d transitions for the entire isoelectronic sequence by deriving 
2 -expansion forinrdae based on variational calculations for the low-Z 
ions. Their results for transitions between the lower-lying D and Fo 
terms are tabulated here. 
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Fe XXV: Allowed tranatrons-- Contmwd 
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The transition probability data for this hydrogen-like ion may be 
obtained by scaling the data available for the hydrogen spectrum (see 
NSRDS-NBS 4 [l]) according to 

An uncertainty of a few percent arises from the neglect of relativistic 
effects. Recent theoretical studies [2,3] indicate that relativistic 
effects on line strengths for this ion are generally in this range, with 

the relativistic value usually slightly below thc non-relativistic one, 
although in certain transitions where n increases and 1 decreases the 

1s 2s,/2 

C9277.21 eV = E748276001 em-' 

l i e  strength increases. Yormger and Weiss [3] have calciilatpd 
exact Brat relativistic hydrogenic line strengths for a number of 
transitions of interest along the hydrogen isoelectronic sequence. 

[l] Wiese, W. L., Smith, M. W., and Clennnn, B. M., Atomic Transition 
Probabilities ~-Hydroge.n throiigh Neon (A Critical Datn Gmpiiation). Vol. I, 
157 pp., Nat. Stand. Ref. Data Ser. .  Nat. Bur. Stand. (US.) ,  4 (May 1966). 

[2] Garatang, R. H.. Topics in Modern Physics ( A  Tribute Io Edunrd U. Condon), 
153-167, Ed. Rrittin, W. E., sndOdabasi, H., Colorado A w i a t d  Univ. Yreus, 
Boulder, Colorah (1971). 

[3] Younger, S. M., and Weiss, A. W., 1. Re. Nat. Bur. Stand., Sect. A 79, 629 
(1975). 
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