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Series Preface 

The primary objective of the Controlled Fusion Atomic Data Center at Oak 
Ridge National Laboratory is to publish handbooks containing numerical and 
graphical cross sections and other physical data relevant to fusion energy research. 
In 1977, a two-volume compilation was published as ORNL reports ORNL-5206 
and ORNL-5207. Since that time, a large volume of pertinent data has become 
available, necessitating an update of the previous compilation. Plans are to include 
both cross sections and rate coefficients for collisional processes, and to publish the 
revised series in handbook form. The specific volumes which are in preparation are 
listed below, with their expected completion dates. 

Vol. 1, "Collisions of H, Hj, He, and Li Atoms and Ions with Atoms and 
Molecules," C F. Barnett, ORNL (December 1989). 

Vol. 2, "Collisions of Electrons with Atoms and Molecules," J. W. Gallagher, 
National Institute of Standards and Technology; and D. C Gregory, 
ORNL (December 1990). 

Vol. 3, Tarticle Interactions with Surfaces," E. W. Thomas, Georgia Institute of 
Technology (January 1985). 

Vol. 4, "Spectroscopic Data for Iron," W. L. Wiese, National Bureau of Standards 
(March 1985). 

Vol. 5, "Collisions of Carbon and Oxygen Ions with Electrons, H, H2, and He," 
R. A. Phaneuf, ORNL; R. K. Janev, Institute of Physics, Yugoslavia; and 
M. S. Pindzola, Auburn University (January 1987). 

Vol. 6, "Spectroscopic Data for Titanium, Chromium, and Nickel," W. L. Wiese 
and A. Musgrove, National Institute for Standards and Technology 
(September 1989). 

C. F. Barnett 
D. C. Gregory 
H. T. Hunter 
M. I. Kirkpatrick 
R. A. Phaneuf 
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Abstract 

Comprehensive spectroscopic data tables are presented for all 
ionization stages of titanium, chromium, and nickel. Tables of 
ionization potentials, spectral lines, energy levels, and transition 
probabilities are presented. These tables contain data which have 
been excerpted from general critical compilations prepared under the 
sponsorship of the National Standard Reference Data System 
(NSRDS). 
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Gonoral Introduction 

This compendium contains a collection of recent spec
troscopic data tables for titanium, chromium, and nickel. 
The tables are issued in three separate volumes, each 
containing one element. The individual volumes are 
identified as Oak Ridge National Laboratory ORNL 
6551/VI (titanium); ORNL 6SS1/V2 (chromium), and 
ORNL 6551/ V3 (nickel). These chemical dements, to
gether with the earlier tabulated1 element iron, are the 
principal heavy metals which are widely used as first-
wall materials (including Ihniten, armor plates, etc.) of 
magnrrir fusion research machines, particularly toka-
maks. Spectral radiation data for both high and low 
stages of ionization for Ti. Cr and Ni have thus become 
important for the atarmiwnt and modeling of the effects 
of impurities on plasma properties and power balance, 
for the study of plasma-wall interactions as well as for 
the application of plasma diagnostic techniques. 

Numerical data are tabulated for those spectroscopic 
quantities which are of principal importance for such 
plasma studies and for plasma diagnostics. The specific 
spectroscopic quantities are ionization energies, wave
lengths of aUowed and forbidden lines, atomic energy 
levels, and atomic transition probabilities. Most of the 
critical evaluation and compilation work for these data 
has been done at the National Institute of Standards and 
Technology, formerly the National Bureau of Standards. 
The tables are usually parts of larger tabulations1"7 con
taining many other chemical elements besides Ti, Cr, and 
Ni. Excerpting the data from these larger compilations 
required some modifications in the reprinted material, 
especially the modification of the introductory remarks 
with comments and explanations that specifically refer to 
the Ti, Cr, and Ni spectra All of the material is quite 
recent, and is under the sponsorship of the National 
Standard Reference Data System (NSRDS). Since the 
various data tables have been completed at different 
times, there may be occasional slight inconsistencies be
tween overlapping material when the data are based on 
different sources. Also, sometimes there may be different 
judgments of independent evaluators on the quality ~f 
the source material. For example, wavelengths which 
are derived from atomic energy levels may be sometimes 
slightly different from the observed data in the wave

length tables. There also may be slight inconsistencies 
between the energy level data contained in the 
wavelength and transition probability tables when com
pared to the data in the energy level table itself. But any 
such differences are so small that they do not matter for 
any plasma applications, and therefore the use of any of 
the recent tabulations is appropriate. But we generally 
recommend to use (be primary tables to obtain data on a 
specific atomic quantity. 

Each of die three volumes of this compendium is di
vided into six sections which cover: 

Ionization energies. 
General spectral line lists, 
Vacuum ultraviolet lines. 
Magnetic dipole lines. 
Atomic energy levels, and 
Atomic transition probabilities. 

The editors gratefully acknowledge the cooperation of 
the data compilers. We also thank NSRDS, the Ameri
can Institute of Physics, and American Chemical Society 
for permission to reprint excerpts of these tables. 

R«f*r*ncM 

1. W. U Wieee, Edftor. Spatmaopic '—"> for Inm. ORNL-4089 
[I985J. Foarta Volame of Oik Ridge Nad. Lab. Scries 6086. 

2. J. Reader, C H. Corliaa, W. U Wieae, aad G. A. Martin, 
Wandcnfta md Tnaaitkm FmbabO&a for Atoms and Atomic Urns. 
Nad. Stoad. Ret Den Ser„ Nad. Bar. Staad. (US), 68, 415 pp. 
11980J. 

3. R. L. Keur, Atomic and lane Sptanl Una Below 2000 k (H 
An*** Kr\ J- PbT*- Cheat Ret Data 16. Suppl. 1 (1987). 
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Elements: ftaataom through Nickel. J. Phyi Chan. Ret Data 14. 
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A. Ionization Energies of Chromium Ions 



A. ionization Energies of Chromium Ions 
[Excerpted from: J. Sugar and C. Corliss, J. Pbys. Chem. Ref. Dau 14, Suppl. 2 (1985)] 

Spectrum Ground State Ground Level Ionization Energy 
Configuration (eV) 

CM ! h*2j%t3sl3P*M,4s 7s, 6.76669 
Crn b*2»22j>«3iV3rf5 %,: 16.4658 
Cr m b x2. 1^*3fV3d 4 U 30.96 
Cr rv b^Va-V* 1 *F*2 49.16 
Crv \s*2i%*3slip*idl 'F, 69.46 
Cr vi b12.I2].*3»,3p*l/ 'DM 90.6356 
Cr vn 1**2.V3»V 's. 160.18 
Cr vm h22,i2p*3$23pi *P« 184.7 
Croc 1 b'fev&v ^ 209.3 
a x b*2.V3»V *J: 244.4 
a n b 2 2»v3 .y 'P. 270.8 
Cr xn b^v* 2 ^ ^ J 298.0 
Crxm b ^ V ^ 2 's. 354.8 
Crxrv b^v^ J l / J 384.171 
Crxv b^v 'So 1010.6 
Crxvi b^v 1097 
Cr xvn ; b*2.V ^l 1185 
Cr xvm 1 b ^ v *ii 1299 
Crxrx 1 b*2,v JP. 1396 
Ci xx \s*h% *&, 14% 
Crxxi b*2r2 'S. 1634 
Crxxn 1 b*2, J i / i 1721.4 
Cr xxm ! b l •s. 7481.8 
Cr xxrv ! i< ^ 1 / 1 7894.87 

A - 1 



B. Prominent Spectral Lines for Or I to Cr V 
(Wavelengths for Vacuum Ultraviolet to Near Infrared Regions) 



B. Prominent Spectral Lines for Cr i to Cr v 
(Vacuum Ultraviolet to Near Infrared Regions) 

(Excerpted from: J. Reader, C H. Corliss, W. L. Wiese, and G. A. Martin, 
Natl. Stand. Ref. Data Ser., Natl. Bur. Stand. (U.S.) 68, 415 pgs. (1980); and 

J. Reader and C H. Corliss, in Handbook of Chemistry and Physio, 70th Edition (1989)] 

These lists were recently prepared under the auspices 
of the Committee of Liae Spectra of the Elements of the 
National Academy of Sciences-National Research 
Council as part of a general wavelength table 0. The ta
bles contain the outstanding spectral lines,—from the far 
ultraviolet to the far infrared, - o f neutral (I), singly ion
ized (n), doubly ionized (in), triply ionized (rv), and 
quadruply ionized (V) chromium atoms. The lines are 
selected 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 Charles H. Corliss, NBS 
(Cr I - Cr v). For Cr I and n, the following literature ref
erences were used as the principal sources of data: 

W. F. Meggers, C H. Corliss, and B. F. 
Scribner, Nat. Bur. Stand. (U.S.), Monogr. 
145, Washington, D.C. (1975). 

For Cr m, rv and v, the following references were used: 

the wavelengths are in air. Wavelengths given to three 
decimal places have an uncertainty of less than 0.001 A 
and are, therefore, suitable for the calibration of most 
spectrometers. The line intensities are normally estimates 
of the relative strengths of lines which are not greatly 
separated in wavelength. However, because different 
sources are involved, based on different scales for the 
intensity estimates,these intensitira are only useful as a 
rough indication of the appearances of the spectra. Fur
thermore, in the tables of first and second spectra the 
intensities of the lines of the singly ionized atoms relative 
to those of the neutral atom should be used with caution, 
inasmuch as the concentration of the ions in the light 
source depends greatly on the excitation conditions. 

The descriptive symbols used in the tables have the 
following meaning: 

H - hazy 
D - line consists of two unresolved lines 

F. L. Moore, Thesis, Princeton University 
(1949). 

J. O. Ekberg, Phys. Scr. 7, 55 (1973). 

J. O. Ekbe.g, Phys. Scr. 7, 59 (1973). 

All wavelengths are given in Angstrom units (A). Below 
2000 A, the wavelengths are in vacuum; above 2000 A, 

1. J. Reader. C. H. Coria*. W. L. Wieae, a d O . A . Hartta. Won* 
tophi tmd TrmuUm Pnbtmdtt for Atom mi Atomic log, Nad. 
Stiad. Rat Data Ser, Nad. Bar. Stead. (UJ&.\ 68,415 pea. (19«0> 

1 l.9aOatmiC.^CtMm,mHmAaAc(CkmlMijtnirkfika, 
70* B*boa (B. C. Wam. Bd.X CRC Pica, lac, Boca Rataa. FL 
(19W). 

B-1 



B-2 

Intensity Wavelength(A) Spectrum 

Cr i and n j 
1 

Air 

19000 2055.52 a 
x4000 2061.49 n 
8900 2065.42 a 

80 H 2364.71 
130 2383.33 
140 2408.62 
170 2496J1 
110 2502.53 
190 2504.31 
50 2508.11 
60 2508.98 
40 2513.62 

110 2516.92 
80 2518.71 

390 2519.52 
190 2527.12 
40 2530.45 
70 2534.34 0 
50 2545.64 

160 254954 
40 2553.06 
80 2557.15 

130 2560.69 
150 2571.74 
100 2577.65 
50 2588.20 

380 2591.85 
35 2603.57 
35 2622.86 
22 2625.32 
18 2626.60 
18 2629.82 
35 2642.12 

250 2653.59 n 
250 2658.59 a 
70 2661.73 a 

320 2663.42 a 
70 2663.68 a 

(Cr) 

Intensity Wavelength (A) Spectrum 

440 2666.02 n 
280 2668.71 n 
350 2671.81 n 
280 2672.83 n 

1800 2677.16 n 
35 2678.16 i 

320 2678.79 n 
18 268034 n 

230 2687.09 n 
60 2688.04 t 
55 2688.29 n 
26 2690.26 i 

280 2691.04 n 
35 2693.52 n 
35 2697.91 n 

180 2698.41 n 
180 2698.69 n 
18 2700.60 i 

no 2701.99 i 
18 2702.53 i 
70 2703.48 i 

2703.55 n 
35 2703.86 n 
18 2705.43 i 
60 2708.79 n 
35 2709.31 n 

140 2712.31 n 
45 2716.18 i 
55 2717.51 n 
45 2718.43 n 

170 2722.75 n 
18 2724.04 a 

420 H 2726.51 i 
45 2727.26 n 

280 H 2731.91 i 
170 H 2736.47 i 
70 2739.38 i 
70 2740.10 n 
95 2741.07 i 
95 2742.03 n 
95 2742.17 i 

250 2743.64 n 
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Intensity Wavelcngth(A) Spectrum 

45 2911.68 D 
60 2913.73 I 
22 2915 23 n 
22 2915.46 n 
90 2921.24 n 
60 2921.82 n 
60 2927.08 n 
80 2928.15 n 
95 2928 JO n 
26 2929.44 n 
35 2930.85 n 
26 2932.70 n 
55 2933.97 n 
90 2935.14 n 
45 2940.22 n 
60 2946.84 n 
55 295336 n 
45 2953.71 n 
55 2961.73 n 
45 2966.05 n 

480 2967.64 i 
480 2971.11 i 
210 2971.91 n 
480 2975.48 i 

30 2976.72 n 
190 2979.74 n 
350 2980.79 i 
110 298532 n 
480 2985 85 i 

1500 2986.00 i 
2100 2986.47 i 
660 2988.65 i 
160 2989.19 n 
480 2991.89 i 
230 2994.07 i 
300 2995.10 i 
700 2996.58 i 
210 2998.79 i 

1100 3000.89 i 
750 3005.06 i 
140 3013.03 i 
710 3013.71 i 
710 3014.76 i 

1400 3014.92 i 
710 3015.19 i 

2800 301737 i 
430 3018.50 i 

Intensity Wavelength (A) Spectrum 

240 3018.82 I 
430 3020.67 I 

2800 302156 I 
1100 302435 I 

85 3026.65 n 
170 3029.16 i 
710 303024 i 
140 J03135 i 
28 3032.93 n 

390 3034.19 » 
550 3037.04 i 
80 3039.78 i 

550 3040.85 i 
3040.91 n 

55 3041.74 0 
110 3050.14 n 
710 3053.88 i 
24 305952 n 
85 3065.07 l 
28 3067.16 n 
85 3073.68 i 
55 3077.83 i 
28 3095.86 i 
28 310934 i 
28 3110.86 i 

240 3118.65 n 
45 3119.25 i 
40 3119.71 i 

430 312037 n 
28 3122.60 n 

470 3124.94 n 
3125.02 n 

120 31:8.70 n 
590 3132.06 n 
140 3136.68 n 
140 3147.23 n 
85 3148.44 I 

100 3155.15 I 
100 3163.76 i 
240 3180.70 n 
30 3181.43 n 
65 H 3188.01 i 

220 3197.08 n 
24 3198.11 i 
30 320859 n 

170 3209.18 n 
140 3217.40 a 
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Intensity Wavelength(A) Spectrum Intensity Wavelength (A) Spectrum 

30 322920 i 270 3433.60 
28 3234.06 n 55 3434.11 
65 3237.73 I 160 3436.19 

120 3245.54 l 70 3441.12 
130 3251J54 I 140 3441.44 
130 3257.82 I 30 3443.79 
95 3259.98 I 170 3445.62 
?A 3295.43 n 30 3447.02 
24 3307.02 n 170 3447.43 
55 3324.06 n 70 3447.76 
28 332639 i 190 345333 
30 3328.35 n 40 3453.74 
30 3329.05 i 130 3455.60 
95 3336 33 n 100 3460.43 

130 3339.80 n 65 346525 
110 334239 n 40 3467.02 
30 334334 i 70 3467.72 
95 3346.02 i 45 346939 
95 3346.74 i 16 347X76 
95 3347.84 n 24 3472.91 
65 3349.07 i 40 3473.61 
55 3349.32 i 70 348130 
30 3351.60 i 55 348134 
55 3351.97 i 55 3494.97 
55 H 3353.03 i 40 349538 n 

3353.13 n 80 351034 
170 335830 n 40 35.1.84 n 
160 3360 JO n 120 3550.64 
65 3361.77 n 80 355832 
55 3362.21 i 130 3566.16 

430 3368.05 n 130 3573.64 
30 3376.40 i 80 3574.04 
55 3378.34 n 330 H 3574.80 
30 3379.17 i 3574.94 
30 3379 37 n 19000 3578.69 
95 3379.83 n 160 H 358433 

140 3382.68 n 130 358530 n 
95 3391.43 n 17000 3593.49 
55 3392.99 n 350 3601.67 
70 3393.84 n 40 360237 
55 3394 JO n 85 3603.74 
30 3402.40 n 3603.78 n 

170 3403.32 n 13000 360533 
360 3408.76 n 40 3608.40 
210 3421.21 n 40 3609.48 
270 3422.74 n 40 3610.05 
140 3433.31 n 70 3612.61 
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Intensity Wavelength(A) Spectrum Intensity Wavelength (A) Spectrum 

85 3615.64 i 120 3793.29 i 
130 3632X4 i 130 3793.88 i 
350 3636.59 i 85 3794.61 I 
630 3639.80 i 140 3797.13 I 
85 3640J9 I 200 3797.72 i 
70 3641.47 I 530 3804.80 i 

220 3641.83 I 110 3806.83 i 
45 3646.16 I no 3807.93 I 
85 3648.53 I 180 3815.43 I 

220 3649.00 I 70 3818.48 I 
170 3653.91 I 180 381956 I 
220 3656.26 i 70 382352 I 
45 3662.84 i 130 3826.42 I 

130 3663.21 i 130 3830.03 I 
45 3665.98 I 380 3841.28 I 
95 3666.64 i 190 3848.98 I 
55 3668.03 i 140 3849.36 t 
65 3676J2 i 290 3850.04 i 
40 3677.68 n 140 3852.22 i 
55 3677.89 n 190 3854.22 I 
40 3679.82 I 110 3855.29 I 
19 3681.69 i 140 385557 i 

120 3685.55 i 260 3357.63 i 
130 3686.80 i 70 387453 I 
130 3687.25 i 660 3883.29 i 
75 3687.54 i 50 3883.66 i 
19 3688.46 i 570 3885.22 i 
75 3712.95 n 380 3886.79 i 
40 3716.53 i 60 3891.93 I 

130 3730.81 I 260 3894.04 i 
150 3732.03 i 40 3897.65 i 
95 3742.97 i 35 3902.11 i 

480 3743.58 I 360 3902.92 i 
570 3743.88 i 60 3903.16 i 
85 3744.49 i 960 3908.76 i 
55 3748.61 i 120 HD 3911.82 i 

340 3749.00 i 3912.00 I 
50 3757.17 I 120 3915.84 i 

230 3757.66 i 10 3916.24 i 
60 3758.04 i 35 3917.60 I 
24 3767.43 i 1900 3919.16 I 

260 3768.24 i 600 3921.02 i 
95 3768.73 i 30 3926.65 I 
95 3788.86 i 600 3928.64 i 
95 3790.45 i 410 3941.49 i 

130 3791.38 i 30 3951.10 i 
130 3792.14 i 40 3952.40 i 
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Intensity Wavdength(A) Spectrum Intensity Wavelength (A) Spectrum 

35 3953.16 I 70 4165-52 I 
1900 3963.69 I 40 4169.84 I 

120 3969.06 I 35 4170.20 I 
1600 3969.75 I 40 4172.77 I 

85 3971.26 I 170 4174.80 I 
1600 3976.66 i 30 4175.94 I 

as 3978.68 i 170 4179.26 I 
40 3979*) I 35 4184.90 I 
85 3981.23 I 30 418636 I 

960 3983.91 I 35 4190.13 I 
190 37o4.34- I 85 4191.27 I 
160 3989.99 I 35 4192-10 i 
960 3991.12 I 85 4193.66 I 
160 3991.67 I 70 4194.95 I 
190 399X84 I 40 4197.23 I 
40 3993.97 I 85 4198J2 I 

160 4001.44 I 60 4203.59 i 
120 4012.47 n 40 4204.47 I 
30 4014.67 I 35 420836 I 
85 4022-26 I 110 420937 I 
70 4025.01 I 40 4209.76 I 

120 4026.17 1 40 421135 I 
85 4027.10 I 40 421636 i 
85 4030.68 I 85 4217.63 I 

190 4039.10 I 40 4^1.57 I 
160 4048.78 I 40 4222.73 I 
120 4058.77 I 40 4238.96 I 
40 4065.72 I 60 4240.70 t 
85 4066.94 I 20000 425435 I 
35 4074.86 I 70 4255.50 I 
40 4076.06 I 60 426135 I 
40 4077.09 I 110 4263.14 I 
40 4077.68 I 30 4271.06 I 
40 4104.87 I 40 4272,91 i 
40 4109.58 I 16000 4274.80 i 
40 4120.61 I 85 4280.40 t 
40 4121.82 I 10000 4289.72 I 
35 4122,16 l 40 4291.96 l 
40 4123.39 I 85 4295.76 I 

140 4126.52 I 70 4297.74 i 
35 412730 I 35 4300.51 I 
40 4127.64 I 50 4301.18 I 
40 413136 I 30 4305.45 i 
30 4152.78 I 35 4319.64 I 

120 4153.82 I 60 4325.08 I 
85 4161.42 I 780 4337.57 i 

140 4163.62 I 1100 4339.45 I 
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Intensity WaveIength(A) Spectrum Intensity Wavelength (A) Spectrum 

380 4530.74 
50 4535.15 

240 4535.72 
40 4539.79 

240 4540.50 
240 4540.72 
35 4541.07 
19 4541.51 
24 4542.62 

140 4544.62 
24 454534 

600 4545.96 
50 4556.17 
22 4558.66 
19 4564.17 

120 456531 
95 4569.64 

120 4571.68 
22 4575.12 

360 4580.06 
24 4586.14 

360 4591.39 
70 459539 
50 4600.10 

480 4600.75 
50 4601.02 

240 461337 
bOO 4616.14 
70 461935 
85 4621.96 
70 4622.49 
24 4622.76 

550 4626.19 
24 4632.18 
40 4637.18 
50 4637.77 
50 D 463932 

4639.70 
1600 4646.17 

24 4646.81 
24 4648.13 
24 4648.87 
35 4649.46 

570 4651.28 
840 4652.16 
35 4654.74 
19 4656.19 

380 4339.72 
60 4340.13 

1900 434431 
70 4346.83 

380 4351.05 
2300 4351.77 
570 4359.63 

70 4363.13 
530 4371.28 

70 4373.25 
no 4374.16 
70 437533 
50 4381.11 

530 4384.98 
60 438730 
70 4391.75 
60 440330 
24 441030 
60 4411.09 
35 4412.25 
50 4413.87 
60 4424.28 
24 442830 
50 4430.49 
50 4432.18 

110 445834 
30 4459.74 
30 4465.36 
30 4482.88 
40 4488.05 
50 4489.47 
60 4492.31 

66G 4496.86 
50 4498.73 
70 450030 
50 4501.11 
22 4501.79 
24 4506.85 
95 4511.90 
12 451437 
35 451433 
24 4521.14 
24 4526.11 

380 4526.47 
70 D l 4527.34 

4527.47 
24 4529.85 
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Intensity Wavclength(A) Spectrum ! Intensity Wavelength (A) Spectrum 

40 4663.33 I 35 4964.93 I 
70 4663.83 l 60 5013 32 I 
95 4664.80 I 17 5051.90 I 
35 4665.90 I 17 5065.91 I 
22 4666.22 I 40 5067.71 I 
70 4666.51 I 40 5072.92 I 
50 466934 I 30 5110.75 : 
40 468034 i 17 5113.13 I 
19 4680.87 I 17 5123.46 I 
70 4689.37 I 50 5139.65 I 
60 4693.95 I 14 51*4.67 I 
24 4695.15 I 70 5166.33 I 
60 4697,06 I 35 5177.43 I 

240 D 4698.46 I 70 518439 I 
4698.62 I 70 5192.00 I 

35 4700.61 i 12 5193.49 I 
190 4708.04 I 85 5196.44 I 
240 4718.43 I 35 5200.19 t 

50 4723.10 I 5300 520432 I 
50 4724.42 I 8400 5206.04 1 
50 4727.15 i 11000 5208.44 I 
24 4729.7- I 19 5214.13 I 

120 4730.71 I 30 5221.75 I 
140 473735 I 85 5224.94 I 

19 474531 I 12 5226.89 I 
70 4752.08 I 19 5238.97 ! 

340 4756.11 I 30 5243.40 I 
50 4764.29 I 290 524736 I 
22 4766.63 I 60 5254.92 I 
30 4767.86 I 60 5255.13 I 

190 4789.32 I 19 5261.75 I 
95 479231 I 530 5264.15 I 

120 4801.03 I 30 5265.16 I 
110 482938 I 180 5265.72 I 

14 4836.86 I 35 5272.01 I 
17 48613) t 30 5273.44 I 
70 4861.84 i 95 H 5275.17 I 

140 4870.80 i 35 H 5275.69 I 
35 4885.78 I 70 H 5276.03 I 
19 4885.96 I 19 5280.29 I 

130 4887.01 I 10 5287.19 I 
19 4888.53 i 340 5296.69 I 
35 4903.24 i 70 H 529736 I 

260 492Z27 I 660 5298.27 I 
110 493633 I 85 5300.75 ! 
70 494230 i 17 5304.21 I 

110 4954.81 I 24 5312.88 I 
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Intensity Wavelength (A) Spectrum Intenrty Wavelength (A) Spectrum 

24 5318.78 
340 H S328J4 
70 H 5329.17 
17 H 5329.72 
14 5340.44 
10 5344.76 

780 5345.81 
380 5348J2 
30 5386.98 
22 5387.57 
10 5390J9 
40 5400.61 
22 5405,00 

1400 5409.79 
12 544141 
19 5463.97 
19 5480.50 
24 5628.64 
7 564236 

12 H 564937 
24 5664.04 
7 H 568120 
7 H 5682.48 

24 5694.73 
40 5698J3 
24 5702J1 
12 571164 
24 571178 
7 5719.82 
7 5746.43 
7 5753.69 

12 H 578120 
6 H 5781.81 

24 H 5783.11 
30 H 5783.93 
24 H 5785.00 
19 H 5785.82 
60 H 5787.99 

180 H 5791.00 
35 6330.10 
22 636187 
19 6661.08 
11 6669.26 
5 H 6881.62 

10 H 688138 
21 H 6883.03 
27 H 6924.13 

17 H 692520 
30 H 6978.48 
11 H 6979.82 

T 7185.52 
6 H 723620 

85 7355.90 
130 740021 
150 746131 

11 H 794104 
5 H 8163.18 
9 834828 
6 845026 
3 845524 
6 8548.86 

40 8947.15 
19 8976.83 

Crm 

Vacuum 

20 96926 
40 1000.86 
40 1001.04 
30 100196 
50 1017.14 
50 1017.31 
50 1017.57 
30 1028.33 
60 1030.47 
30 1030.89 
50 103323 
50 1033.45 

100 1033.69 
50 1035.93 

100 1036.03 
30 1040.17 
40 1040.53 
40 1045.06 
40 1045.14 
60 1059.13 
60 1060.15 
60 1061.04 
50 106168 
30 106432 
30 1064.43 

m 
m 
ra 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
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Intensity WsvdcBgth(A) Spectrin Inteasty W«rek^th(A) «» Intensity WsvdcBgth(A) Spectrin Inteasty W«rek^th(A) 

50 1066.23 m 80 204723 m 
80 1068.41 in 100 2113.73 m 
30 1100.61 m 100 2113.83 m 
30 1101.43 m SO 211436 m 
30 1102-88 m 50 211433 m 
30 1117.19 m 100 2114.87 m 
30 1132.75 m 100 211733 m 
SO 1136167 m 80 212333 m 
SO 1161.43 m 80 2139.11 m 
30 1187.65 m 100 214L15 m 
60 120638 m 80 2144.15 m 
80 1209.13 m SO 2147.16 m 
80 121L12 m SO 214736 m 
40 1221.07 m SO 2148*5 m 
40 1221.90 m SO 2149.48 m 
30 1225.65 m 50 2152.76 m 
30 1228*5 m 100 21S7.17 m 
30 1231.88 m SO 2163.86 m 
50 123X96 m 60 21662S or 
40 123630 m 100 2170.70 w 
40 123831 m SO 2183.71 m 
50 1252*1 m 100 2185.01 m 
40 1259412 m 50 21904)9 m 
40 1261.86 a 1W 2190.76 m 
30 126234 m iOO 219138 m 
35 1263.61 m 100 2197 39 m 
35 126431 m 100 2153.62 m 
40 1287.05 m 100 220332 m 
30 1455.27 m 60 2208.70 m 
40 1584.60 DJ 200 2226.72 m 
30 1603.19 m 100 2231.81 m 
30 167935 m 100 22334)1 m 
30 1690-28 m 200 2235.91 m 
60 1692.89 m 150 223739 m 
60 1696.64 m 150 2244.10 m 
60 1701.48 m 80 2251.45 m 
80 1707.43 m 50 2257.92 m 
40 1707.78 m 100 727330 m 
45 17624J1 m 80 2275.43 m 
30 1766.92 m 100 227638 m 
30 1769.17 in 80 2277.47 m 
30 1827.26 m 150 2284.44 m 

50 228933 m 
Air 80 2290*6 m 

60 2295.55 m 
60 203639 m 50 2309.99 m 
50 2039.63 m 80 2314.63 m 
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Intensity Wavdength(A) Spectrum Intensity Wavelength (A) Spectrum 

100 2319.07 m 80 630 JO rv 
150 2324.88 m 30 632.62 rv 
60 2340.51 m 30 63734 rv 
50 2456.83 m 50 63735 rv 

100 2472-88 m 50 638.13 rv 
100 2479.77 m 30 63834 rv 
100 2483.06 m 100 66635 rv 
60 2488.26 m 75 66730 rv 
80 2506.41 m 40 67735 rv 
80 2530.99 m 40 687.12 rv 
80 2537.73 m 50 688.46 rv 
80 2544.',? m 100 693.92 rv 
50 2545.17 m 50 695.21 rv 
80 2SM.76 m 5) 705 98 rv 
80 26J630 m J0 712.90 rv 

100 2626.08 m 80 1055.89 rv 
100 'J640.73 m 60 1057.85 rv 
50 264730 m 30 136739 rv 
40 2655.28 m 40 1375.05 rv 
40 291637 m 70 1401.82 rv 

100 1417.42 rv 
30 1485.05 rv 

Cr rv 80 1595.04 rv 
90 D 159539 rv 

Vacuum 100 1658.08 rv 
120 1672.66 rv 

50 575.05 rv 90 1686.07 rv 
30 576.24 rv 100 1690.88 rv 
30 576.62 rv 80 1725.26 rv 
30 595.09 rv 90 1727.07 rv 
50 612.64 rv 100 1732JH rv 
40 613.75 rv 40 1733.98 rv 
40 614.03 rv 80 1734.16 rv 
40 614.90 rv 50 1739.19 rv 
30 61534 rv 70 1746.88 rv 
30 615.60 rv 8C 1747.13 rv 
50 616.82 rv 110 1755.64 rv 
40 618.23 rv 120 175831 rv 
40 619.13 rv 100 1769.64 rv 

100 620.66 rv 100 1777 XI rv 
60 621J6 rv 40 1791.09 rv 
40 622.09 rv 140 1802.72 rv 
30 62334 rv 130 1812.41 rv 
40 625.04 rv 60 1819.23 rv 
40 625.99 rv 30 1826.21 rv 

100 629.26 rv 30 1826.86 rv 
so 629.74 rv 100 1840.14 rv 
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C Vacuum Ultraviolet Lines for Cr I through Cr XXIV 
(Wavelengths and Classifications) 



C Vaconm Ultraviolet Lines for Cr I through Cr xzrv 

[Excerpted from: R. L- Kelly, J. Phys. Chem. Ret Dau It, Supplemenr 1 (1987)] 

The following tables, including the introductory com
ments, are excerpted from a new tabulation by R. L. 
Kelly,1 which supersedes and revises his previous tables 
published with Palnmbo in 1973.2 

The listed wavelength data are generally from obser
vations, with lines of the helium-like and hydrogen-like 
ions (Cr xxm and Cr xxrv) as notable exceptions. But 
also in some cases where lines have been observed, 
wavelengths given here are those resulting from a com
prehensive analysis of the spectrum rather than the mea
sured values. A few lines have been predicted from 
unpublished extrapolations along isoelectronic se
quences, and some unobserved weak lines in multiplett 
have been included for completeness. Such predicted 
values of wavelength are marked by the symbol P in the 
column labeled "Notes". 

The lines are arranged in order of increasing wave
length within each spectrum, and the vacuum wave
lengths are given as they are reported in the reference 
listed first for each line. A complete listing of these refer
ences is given at the end of these introductory com
ments. Where more than one publication reports the 
wavelength of the line, the decision as to which to retain 
was based primarily on the present author's judgement 
of the best value. This judgement was based on consider
ation of the dates of publication, on probable accuracy 
from the type of mctrumcotatkm used and the wave
length standards employed, on the spectroscopic source 
used, and on the comparison of the observations with the 
wavelengths predicted from the best known values of 
energy levels as descried above. 

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

The listed intensities have been normalized to a maxi
mum of 1000 for convenience in comparing the differen; 
references. The normalization procedure used w u get<-
erally a linear o. logarithmic transformation of the inten
sities reported by the original authors, depending on toe 
particular case. Intensities given by different observers 
have seldom been found compatible, however, ant the 
tabulated intensities should be used only as a rough esti
mate. 

The transitions are shown in standard spectroscopic 
notation with the lower level given first, asu the energy 
levels, Le., energies above the ground state, are pre
sented in units of 1000 cm"1, each value being rounded 
off to conserve space. Additive uncertainties are indi
cated by B, C, K, etc. which may be thousands of cm' 1. 
The energy level dau are taken from tt.e files of the 
Naval Postgraduate School Spectroscopic Dau Center 
(and thus do not necessarily agree with those tabulated 
in Section E of this book). 

The multiplet numbers assigned by C E. Moore1 are 
gives in a separate column. The classifications of the 
transitions are given in the accepted form, the primary 
references being the NBS spectroscopy tables.** For 
convenience, separate columns are used for showing the 
configurations, terms, and /-values. In the term column, 
the symbol g is used to denote the ground term. Other
wise, 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 nota
tion of a, b, c , . . . (for even terms) and z, y, x, . . . (for 
odd terms) to indicate the order of appearance of terms 
of the same multiplicity and same type has been contin
ued. 

A few descriptive symbols are used in the "Notes" 
column which have the following meanings: 

F - line is forbidden by electric dipole selection 
rules 

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

There are three classes of predicted lines: 

(a) lines that have been observed but for which calcu
lations of wavelengths from energy levels are su
perior to the observations as in hydrogenic spectra 
and in other specific transitions. 

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

(c) lines for which one or both of the energy levels 
have been found by Hartree-Fock type calcula
tions, by interpolation, or by extrapolation. 

Thase three classes are not separately distinguished in 
the "Notes" column. 
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CHROMIUM , Z = 24 
Unclassified Line* 

Muloplet Rd Int. X^ (in A) Levels (in 103 cm ') Configurations Terms 

0 12.201 
0 12.329 
0 12.435 
0 12.589 
0 12.778 

10 13217 

2 H394 
1453 

10 14775 
20 15.21 
10 15 680 
80 17107 

100 205.82 
100 206.53 
300 210.16 
300 21538 
300 217.19 
200 217 55 

200 217.61 
100 218.06 
100 218.15 
400 21929 
200 219.94 
20J 222 16 

300 226.89 
334.95 
3807 
4192 

J - J I Nc.csI References 

— 4 — I 
1 | 716 
! ! 716 
j i 716 

716 
i 7 l 6 

| 716 

! 1089 

! I 7 , ° 
716 

! | 716 
I | 716 
| 716 

, 256 
256 

{ 256 
j 256 
I 256 

256 

i 256 
i 256 
i 256 

256 
256 

; 256 

256 
251 
251 
251 

CHROMIUM I (C r ° ) ,Z = 24 
Ground State 1s'2s'2p'3s23p>3d,4s(7S1) (24 electrons) 

Ionization Potential 54 575.6 cm '; 6.7666 eV 

Multiple! Re! Int A , f c (in A) Leve Is (in 10 cm ') Configurations Terms J - 1 Note* References 

10 165106 0 0 - 60 49342 3d'(a*S)4s - 3d*4s<a*DH)p ga'S q'D" 3 - 3 490 
300 1747 14 

1798 2 
1798 6 
1799 7 
1800 7 

1800 9 
1801 1 
1801 7 
1802 4 
1803 0 
18037 

0 0 - 57 23750 3d'(a*S)4s - 3d'4s<a"DK>p g a S - p 'F- 3 - 4 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 

490 
882 
882 
882 
882 

882 
882 
882 
882 
882 
882 

http://Nc.cs


C-4 

CBI- rnt i -u l 

kJaftfck^t RcLbL K~ (» A) I 
f 

Leveh ( • ltf cm ') „ , T « n - J - J Notes R j t fc j fm H W V R I RcLbL K~ (» A) I 
f 

Leveh ( • ltf cm ') CoauguriooQi T « n - J - J Notes R j t fc j fm 

1805J | 
1105.4 j 
1*06.5 | 
1807.7 j 
18084 ; 

1809.7 j 

A 
/. 
A 
A 
A 
A 

SS2 
SS2 
SS2 
812 
8S2 
882 

1 
11104 
1812.2 
1813.7 
1815.9 ! 

A 
A 
A 
A 

M2 
882 
SS2 
8S2 

1818.4 0.0-54.99293 3d VS)«* - 3d V D ) 4 p p'S-v>F* 3 - 2 A SS2 
i 1 1835.2 0.0-54.4900 3dVS)4a-3dVS)3Sp p ' s - ' r 3 - 4 A 882 

1 1835.4 0.0 - 54 4840 JdVS)4*-3dVS)37p p ' S - ' r 3 - 4 A 8S2 
i 1835.5 0.0- 54.4806 3d VS)4» - 3d VS)36p p's-'r 3 - 4 A 882 
i 1835.7 0.0-54.4748 3dVS)4»-3dVS)35p f a ' S - T 3 - 4 A 882 
1 1835.9 0.0-54.4685 3dVS)4»-3dVS)34p p ' S - ' r 3 - 4 A 882 
1 1836.2 i 00 -54 4603 3dVS)4»-3dVS)J3p p ' S - ' r 3 - 4 A 8*2 
i 

| 
1836.4 0.0-54.4534 3dVS)4a-3dVS)32p p ' S - ' r 3 - 4 A 882 

i 1836.7 | 0.0-54.4450 3dVS)4*-3dVS)31p p ' S - ' r 3 - 4 A 882 
1 1837.0 0.0-54.4361 3dVS)4*-JdVS)30p p ' S - ' r 3 - 4 A 882 

1837.4 0.0 - 54.4254 3dVS)4s - JdVS)29p p ' S - ' r 3 - 4 A 882 
' 1837.8 0.0- 54.4135 3d>(a*S)4a - JdVSV?8p p ' S - ' r 3 - 4 A 882 

| 5 1838.2 0.0-54.4005 3d VSX« - 3d VS)27p p's-'r 3 - 4 A 882 
' 5 1838.7 0.0-54.3855 3dVS)4a - 3dVS)26p p ' S - ' r 3 - 4 A SS2 

I 0 1839.1 A 882 
j 5 1839.3 I 0.0-54.3686 3dVS)4» - MVS)23p p's-'r 3 - 4 A 882 
1 S 1839.9 j 0.0-54.3508 3dVS)4a-3dVS)24p p ' S - ' r 3 - 4 A 8(2 

10 1840.69 ; 0.0-54.3272 3dVS)4»-3dVS)23p p ' S - V 3 - 4 490 
10 
00 

1841.5 
18424 j 

0.0 - 54.3036 3d'(»«S)4» - 3d'(a*S)22p p ' S - T 3 - 4 A 
A 

882 
882 

10 
00 

1842.6 
1843.1 

0.0-54.2711 3d'(a*S)4a - 3d'(a*S)21p p's-'r 3 - 4 A 
A 

882 
812 

5 

' 1 
1843 ' 
1844.6 

0.0-54.2388 3dVS)4»-3dVS)20p p's-'r 3 - 4 A 
A 

882 
882 

j 10 
1 1 
i 

1845.1 
1846.4 

00-54.1966 3d'(a<S)4« - 3d'(a*S)l9p P'S - 'r 3 - 4 A 
A 

882 
882 

: 10 1846.8 0.0-54.1477 3dVS)4i - 3dVS>l8p p's-'r 3 - 4 A 882 
i 5 1847.2 A 882 
1 00 18473 0.0-54.13288 3d'(a>S)4f - 3d,4«a'D)3p p ' s - i ' r 3 - 3 A 882 
! 10 

1 
1848.8 
1849.5 ! 

0.0 - 54.0890 3dVS>4s-3d'(a*S)l7p P'S - 'r 3 - 4 A 
A 

882 
882 

S i o 
1 

18513 0.0-54 0171 3dVS)4» - 3d'(a*S)16p P'S - 'r 3 - 4 A 882 

10 1854.3 1 0.0-53 9280 3d,(a*S)4a - 3d>(a*S)l5p P'S - 'r 3 - 4 A 882 
15 1858.2 1 0.0-S3 8158 MVSMa - 3dVS)l4p P'S - 'r 3 - 4 A 882 

; * 1859.3 0.0 - 53 78277 3d'(»"S)4. - 3d*4a(a'D)5p p'S - »'D' 3 - 4 A 882 
S 2 5 1863.2 0.0 - 53.6714 3 d V S ) 4 f - M V S ) l ) p P'S - 'r 3 - 4 A 882 
i I 1864.3 0.0 - 53 64074 3d'(aaS)4a - Jd*4^i*D)5p p ' S - I ' D ' 3 - 3 A 882 

25 1869.7 A 882 

i 25 18698 00 - 53 4826 3d'(a*S)4« - 3d'(a*S)l2p P'S - 'r 3 - 4 A 882 
50 

! 1 
i 1 

18737 
1874 4 
1878.0 

J 
A 

882 
882 
882 

50 18784 A 882 

' 
18788 0 0 - 53 2268 3dVS>4»-3dVS)l lp P'S - 'r 3 - 4 A 882 



c-s 

cm 

MaMfiirt ReL lac. V» (m A) Lcvcb (m 10* cm ') Terns J - J Notes; References 

J 1*79.1 
5 1*79.2 

» IW0.39 
230 ISSI.S7 

1 1M2.6 
90 IM3 I I 

1 ISM.2 
00 IM5.3 
$0 IMS 50 

300 IM6.34 
130 IM760 
30 l«*7.«5 

ISO ISM 17 
50 1M920 

1 11900 
30 1(90.4 

300 1*907* 
:11914 

50 1*92.01 
30 1*92-* 
50 '. 1193.59 
5 1194 2 

50 1*95.7* 
1 18969 

150 1902.43 
50 1903 30 
50 190357 

100 190667 
100 1907.21 
200 190*46 

W, 190972 
19103 

350 1911 30 
200 1912 79 
100 19162) 
10 19248 

13 1927 1 
10 19217 
10 192960 
50 1940.45 
50 1940 56 

194064 

49 40 194*31 
10 1961 93 

49 200 19*905 
41 750 19*992 
41 400 1990 27 

ISO 199122 

41 300 1992 12 
41 250 1992 63 
41 400 1994 10 
41 750 1994 55 
49 250 1995 69 
49 j 250 1997 09 

7.92747-61.10793 
7.92747-61.06596 

0.0-53-11754 
809521-61 19*68 

0.0 - 33.07390 

7.59316-60.629*7 
109521 -61.10795 
7.92747 - 6090484 
7810*2-60.71125 

1.09321 -6105641 
7 7507*-60 6*353 

• 307S7-61.19577 
0.0 - 51*695 

7.92747 - 60.7*125 

8 09521 - 60 904*4 

(.30757 - 61.05641 

7*13*2 -60.37494 
7 75071 - 60 29104 
1.09521-69.62796 
7.92747-60.37494 
7*1082-602415 
(.09521-69.49342 

7.92747 - 60.29104 
0.0-52 34** 

(30757 - 60.62796 
1.09521-60 37494 
I 3075/-60 49342 

7 59316 - 59 41701 
0 0 - 5 1 5344 
00-515315 
00-515294 

(09521 -5941701 

7 92747 - 58 20265 
7*10(2 - 5(063(0 
7.7S07I - 37 99504 

00 - 502210 

(09321 -
7810*2 -
7810*2 -
7.92747 -
(.09521 -
(.09521 -

3(29262 
57 99504 
57 95*42 
3(063(0 
SS2C26S 
5(167(9 

3d*4x2-3<r4a(a'D)6p j a ' D - r f " 2 - 2 
3d*4»:-3d*4a<i*D>6p I r D - r T { 2 - 1 

3dVS)fa-3dVD)*t4p( 'P*) i ia , S-- 'F* j 3 - 4 
3d'4t'-3d44a<a*D)6p j a 'D -HP" j 3 -3 

3dVS)«»-3<lVD)«i4|i< ,P-)j«a'S-r'F* I 3 -3 i 

3dVS>4*-3d''a ID)4p 
3d*4r - 3d*4a(a*D)6p 
3<J*4«2 - 3d*44a*D)6p 
3<*'4»'-3d'4«(a*D)*i> 

3d*4»2 - 3d*4a(a*D)6p 
3d*4t; - 3d*4«a*D)6p 

3d*4>1 - 3d*4*<a*D)6p 
3d'(a*S)4.-3<lVS)IOp 

3d*4»! - 3d*4a(a,D)6p 

id"* - 3d*4a(a*D)6p 

3d44»I - 3d'4t(a'D)6|> 

3d*4»J - 3d*4a(a*D)6p 
3d*4»! - 3d*4»(a*D)6p 
3d*4»J - 3d*4«a»D)6p 
3d'4ti - 3d*4«(a*D)6p 
3d*4*1 - 3d*4^a*D)6p 
SdMi" - 3<f4«<a*D)6p 

3d*4»' - 3d*4«(aaD)6p 
3d'(a*S>4.-JdVS)9p 

3d*4»' - 3d*4a<aaD)6p 
3rf*4t' - 3d*4Ma*D)6p 
3 d V - 3d*4<(a*D)6p 

a 'S- i 'D* ' 2 - 2 

A 
A 

I a 'D-r ' r 
I a'D-o'F* I i 2 

2-3 
a'D-o'F* 1-2 

j a'D-o'F* 
! a'D-o'F* 

! a'D-o'F* 
I t a 'S -T 

3-4 
0-1 

4-5 
3 -4 

a'D-o'F* | 2-2 
I 

e'D-o'F* | 3-3 

a'D-o'F* 

j a'D-q'D* 1-2 
| a'D-q'D* 0 - 1 
1 a'D-q'D* 3-4 
1 a 'D-q 'D* 2 - 2 
! a 'D-q 'D* 1-0 
1 a 'D-q'D* 3 -3 

j a 'D-q 'D* ; 2 - 1 
jga'S-'P* I 3 -4 

a 'D -q 'D ' I 4 - 4 
a 'D-q 'D ' ! 3 -2 

' a 'D -q 'D ' | 4 - 3 

3d'(a*S)4t - 3d*(a,F)4*4p(lP') i a'S - r 'P 2 -3 
Jd'(a*S)4»- 3d'(a*SXp ga'S - v'P" j 3 -4 
3d'(a*S)4t- 3d'(a*S)*p j j a ' S - v ' r i 3 -3 
3d'(a*SH(-3d'(a*S)*p jga 'S -v ' r 3 -2 

; ' i 
3<f•4t, - 3d*(aTHt4p(,P*) | a'D - tT ! 3 - 3 j 
3d*4f; - 3d'(a'F>tp 
3d*4-' - 3d*4«4a*D)5p 
3d44i' - 3d*4a(a*D)5p 

3d'(a*S)4» - 3d'<a*S)7p 

3d'4.' - 3d*4i(a'D>3p 
3d"4»' - 3d*4t<a,D)5p 
3d'4t> - 3J*4»(«'D)5p 
3d*4»' - 3tf*4««VD)Sp 
3d'4iJ - 3dVF)4p 
3d*4i' - 3d'(a'F)4p 

« a'D - »'F" 
I a'D - r'D' 
I a'D - r'D* 

2 -3 
1 - 2 i 
0 - 1 I 

**2 
t*2 
341 
341 
8*2 
341 

8*2 
t*2 
490 
341 
341 
341 

341 
341 
**2 
« 2 
341 
375 

i 341 
A i 882 

! 341 
I A ; 8*2 

4 - 4 i 341 
I A 1 M2 

341 
341 
341 
341 
341 
341 

341 
373 
341 
341 
341 
882 

A 
A 

A 
A 
A 

aa'S - T 3 -4 

a ' D - r ' D ' 3 -4 
a'D - r'D' l - l 
I 'D - r'D' 1-0 
a'D - rt>* 2 -2 
a'D - i'F* 3-3 
a ' D - i T 3 -4 

8*2 
1*2 
490 
882 
8*2 
1(2 

490 
490 
341 
341 
341 
341.373 

341 
341 
341 
341 
341 
341 



c-« 
CBI — Conrintd 

Mutaplet Rd Ut V . <m A) ; Levels ( a l O ' c n ') CoafigurabowB Tcnns t -} jNotcs! Refefences 

4S 500 1997.30 
4g COO 1997.90 

7.92747 - 57.99504 
S 09521-51 14776 

*."+? - 3d*4a(a*D)«? 
V 4 r - 3d*4sfVD)S» 

at> - r̂ D* 
a'D - r'D" 

: 2 - 1 ; ; 341 
3 - 3 ; 341 

IH(Cr'*),Z = 24 
Ground State 1s>2^2p(3st3p>3d*(aSM) (23 •tectrora) 

Ionization Potential 133 060 cm '; 16.4075 «V 

Mataplet Rd. Int. X .̂ (in A) Leveb (m 10* cm ') Coafigflfations J - J .Notes: References 
-4-

10 1392.13 
100 1406.90 
40 1492.23 
20 1304.16 
20 1604.12 
20 1606.67 

SO 1626.15 
10 1637.11 
10 1661.02 
20 1663.91 
70 1696.27 
10 1712.15 

70 1727.11 
10 1727.71 
40 1729.79 

200 173663 
20 1754.36 

224 40 1716.11 

30 1719.24 
224 40 1791.31 

10 1794.47 
I I 60 1KB 66 

100 1110.01 
20 1112.91 

20 1113.41 
60 1013.32 
20 1111.19 

100 1119.77 
20 1120.77 

I I to 112014 

160 1121 31 
20 112307 

4 60 1125.34 
20 1121.56 
60 1121.62 

4 100 113061 

I I 240 1136.23 
33 300 1152.13 

30 1152.31 
33 60 1152.37 

20 1154.46 
60 1154.61 

19.63121-91.42631 
20.02411-91.10336 

0.0-67.01221 
2002411-16.5073* 
11.96200- 74.2734* 
'.UMin - 74.27341 

25.04310 -8631106 
3106311-9142631 
31.35115-91.55654 
31.53162-91.55634 
3160373 - 91.55634 
32.69373 - 90.91631 

47.46494 - 105.3652 
23.04310-12.92003 
2504310-12.15400 
33.52123-91.10336 
1149679-69.49(27 
35.56902 - 91.55634 

21124*2-77 71366 
33.60760-91.42631 
1114*00- 67.1756* 
19.63121-74.920*0 
1114*00-67.393*0 
31)5115-165110* 

1230391-6744*12 
19.63121 - 74.71*05 
31 53162-16.5110* 
12.49679-67.44W2 
12.14*00-67.0704* 
19 79*01 - 74.71*05 

1149679-67.393*0 
196)121-7441425 

0.0-54.7*667 
196)121-74.311*6 
19.79*01 - 74.41425 

0.0-54.62576 

20.02411 - 74.4*425 
20.51275-74.50451 
20.51*33 - 74.50451 
20 51915-74 30451 
20 51262 - 74.43614 
20.51133 -7443614 

3dVD>4»-3d*(b,P>4p 
3dVD)4s - 3d4(bT)4p 

3d' 
3dVD>4s 
3dVD)4s 
3dVD>«s 

^ a T X p 
3dVF)4p 
3dVD)4p 

-3d*(a,D>4p 

3d'-3dVFMp 
ViVFXs-VJTb'PVIp 

3d' - 3d40>'P)4p 
3d'- 3d^b*P)4p 
3d' - 3d\b'P)4p 
M'-Sd'Oi'F^ 

3dVD)4p-
3d'-
3d'-

3dVG)4i-
3dVD)4a-
3dVF)4(-

3d'-
3dVF)*»-
3dVD)4s-
3dVD)4 i -
3dVD)4t -

3d'-

3dVD)4s-
3dVD)4§-

3d'-
3dVD)4*-
3dVD>4»-
3dVD)4. -

3dVD>6>-
3dVD)6>-

3d'-
3dVD)4(-
3dVD>6>-

3d'-

3dVD)6j -
3d' 
3d' 
3d'-
3d*-
3d' 

Sd^a'OH 
3dVD)4p 
3dVD)4p 

3d*(a,G)4p 

3dVS)4p 
3dWM» 
3d1CF)4p 
3d>a'D)4p 
3dVP>*P 
3d^a'F)4p 

3dVD*P 
WaT»4« 
3dVF)4p 
Sd^aWp 
3dVF>*P 
3dVD)4p 

3dVF)*P 
3dVD)4p 
3dVD)4p 
3d'(a,D)4p 
3dVD>6p 
3dVD>4p 

3dVD)4p 
3dVD)4p 
3dVD)4p 
3dVD>4p 
3dVO)4p 
3dVO>ip 

a«D - r D ' 
a*D - w*G' 
ga-S-yT-

! a*D-v-TV 
': a *D-w*F 

a " D - w * f 

I b*D - v*Dm 

a*F - u'D-
a 'D-c 'D* i i 1 

a'D - u'D" 
a«F-o J D' 
tf-wV 3 I 

I " 1 

i f - f G 1 I 
I 2 

b ' D - w ' r J J 
J T 

b ' D - w ' r 1 1 
1 " 2 

b*G - w*0 ' I I 
I " I 

a*D-i*F* > t 
2 2 

b^F-n'D* 1 J 

a«P-x ' r 1 J 
I I 

b'F-n'D" 1 1 
1 1 

a*D - I'D* 1 I 
I I 

a*D-s*P* J 1 
1 ~ I 

a ' D - y T - 1 1 
1 1 

a'D - v"D' i 1 
1 1 

a*D-y*F* I < 
I 1 

a*D-»*P* J 1 

a'D-v^D* J 1 
1 1 

a*D-y J F* 1 t 
1 1 

a*D-y*F J 1 
1 1 

a*D-**P* 1 J 
1 " I 

a*D-y*F t I 
1 " 1 

a*D-«*P* J 1 
1 1 

ga*S-«T)' \-\ 
i D - w T 1-] 
a'D-a*** M 
p * S - i * D ' f - 1 

a ' D - i ' F ' I > 
1 " ! 

rt-wT Y-! 
i X J - w T • - ? 
• * 0 - w * F ?-? 
a ' O - a V ,-} 
a*0 - »'P i-i 

490 
490 
490 
490 
490 
490 

490 
490 
490 
490 
490 
490 

490 
490 
490 
490 
490 
340 

490 
340 
490 
340 
340 
340 

340 
340 
340 
340 
490 
340 

340 
340 
340 
490 
340 
340 

340 
340 
490 
340 
340 
340 



C-T 

- * * RcLbt. * . « • & > L r ^ h l - N P o l 
^ • ^ ^ ^ ^ ^ 

J - 3 NoCtt X M . 

33 M» 1135.14 amm-mam 3*-3JVD»» • X i - w * - M 3M 
33 4M H5U4 20Snt2-7*3Utt tf-itvutv riB-WF- M IM 
13 3M U30.72 20LSIt33-74JIMt M ' - J J V D * rt-wp M 949 
33 240 IMBM 2031262-7427341 M ' - M V D X p rfG-WF* I-I r 3M 

20 lOtSJO < 2051033-74-11441 W M V G * rfO-rt" I-I 340 
156 300. IMUB 32JSSM-tMMSD 3*»-3*VF>% «*-»*r I ! 3M 

20 i n a s i 2D4»»-734«S» 3«VD>k-3iVD7«r •fltt-vir I-I p 340 
CO I075L22 3IJSIIS-K47739 3 * - 3 * 1 * 1 0 * rt>-rf" 1 2 3M 

IX 209 l*794t 3Z35594-f357343 Mf-u^fyi, •* -^ ir 2 . 2 * * p IM 
120 IMIJM 21422M-74M493 3 # - 3 4 V b » % •*-»*• i-I MB ' 

40 2M IH3J5 2UM2S-X90M) 3 ^ - 3 4 V D » ¥ A-tfr I-I IM 
i; - 20 P "^f 31^162-04M49? 3 f - 3 « V F ) » r «*»-•** M r 3M 

120 ntrs* ' 20J5U33-7340569 3 * - i 4 > * » » riS-wW I-I 3M 
m " MO •f*55 2L122M-WJU05 *P-3Art*»V **-rtr \-\ 3M 
•%•'- .'-TM -' ^^f^r \ Z1422M-744042S rf-34V*»4p *r-*r 2 - 1 3M . 

.<•» Z tmm Z U 2 B | - « » 3 f l ( 3#>-3*V&?«» •*-»*• I-I 4 » 
c M vmJ» B4967»-«4J243e 3*VD*k-34V»7<P «n>-y*r !-I r 340 
155 MO m i x 3235594-1447739 3*-MV*7*P •* - •*• I-I p IM 

to m t n 205I9*5-T244S79 **VMV •v-rtr l-I 340 
ISS MO I923JD2 3240373-t44D9» U P - J i V F ) * JF-rfr i-! 3M 

10 192161 3 4 4 5 9 a - t u i M t 3«Vr)t»-3«VF)tp • * - » * r I-I 490 
as 24V 1929.96 39.74236-91.55*54 rf-JdVP)*p e«F-.lr I-I MO 
m no 193244 3941400-91.42*31 SdVG^-SdlpVPPp «&-•?>* I-I 340 
39 SOD 1935.0 2I422K-734(5*0 3 d 3 - 3 * t , W p *T-w*Dr p MB 

X 400 1937.5* 2I424S2-7343*27 tf-ftlVupp <t-*ir M 340 
3» «0 1931/12 21422M-734119* w-muwif *t-«w !-I 3M 

IX 120 1939 5 31JSI IS-4X92003 3d ,-3dtB.'>>fp •"D-w** §-! 340 
as no I939'0 3947720-9142*31 3dP-3*IO/P>l;; c'F-B'ir X J 340 
IK 200 I945.1t 31.33162- 42.92003 3)f-3irU ,D)4p A - w * - M 340 
136 200 I94M7 3133162-4245400 3tr-3ir(B'D)*p •to-w*" I-i p 340 
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17 390 101*219 09*399-1037201 3T-30VO|«0 • » - » • 4 - 4 099 

«0 IOf*J5* 194*31-199425*2 ir-wy •nD-"r 1-0 093 
to 09O53I 29.13407-1090093 34*-3J1fr>'ID*9' •x>-v 4 - 4 093 

130 OS7.I49 29.70994 - IfMOMB 34*-MV&M9 •?»>-»• 2 - 1 099 
190 99*7.209 29.73*44-10421*2 34*-9*1|rfD9*> •"©-T 3 - 2 099 
130 •0*7.999 29.70999-IM42I42 3**-3J\rt>J49 • •©-•r 2 - 2 099 
400 I0O4M 2*0149* -19*412*0 3T-30VIO¥ •^-•tr • - 9 099 

1 
30 99*9.49 

294*931 -I042I42 j r - M V D x r ••©-•r 1-2 099 
490 

«0 99*9.919 2S.U097-IO999II 94*-MV%>>*> •w- ir 4 - 3 099 
30 097*99 JN99-93.7MSI 3 T ' 3 « V F > ¥ pfl>-*r 3 - 2 490 

M 300 9972.11* 09*399-11149*97 3#-MVO|*> »»-v 4 - 9 093 
W ISO 9973.727 09IIW-11144*7* SS-MVOH* •flr-v 3 - 4 099 

90 1071.999 17.99*92-IO907I* 3r-3iV(3>«0 • • H - i r 5—4 099 
1* «0 0974.94* 099D9-1114*47* H-JrfVOHf fr-tr 4 - 4 093 
1* 190 1074,147 O4904-111-97*9* I f - l O V O * ^W-'V 2 - 9 099 

39 107*441 17.27970-IMI9409 yr-xiVT*, •H-tr 4 - 4 099 
n 130 1074.74* 2).72*M-I0999II W-J4VDJ4, • • D - V 9 - 3 099 
1* W 107*49) O9lllf-IIIJ7409 3T-3«VOf*> •aF-Yr 3 - 3 099 

» 10 1077.371 29.70994-110.99*11 3r-J«VD»*> rt>-tr 2 - 9 099 
H> wn.m I4.77IM-W9570U ir-iovrxo • T - T 0 - 1 099 

n 40 wn.m 29.72444 - IIM2299 W - W W 7 • •D-V 9 - 2 099 
n 130 

W tm.9i 
29.7099* -IIM2299 W-34VDX9 •v-tr 2 - 2 on 

490 
n M 1010211 294*991 - IIM2299 W-J4VDX9 •v-ir 1-2 on 
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e-ts 

IS?-. 

Uri^kt *_«*A> Levels t a Wcm- 1 ) a**-*- T — J-J H - « ™ 
99 IDZflO 4X4*199-U149979 sr-soVPXo » » - V 2 - J on 
30 1123-37 20-793*4-109-72279 i r - i < v » t > •to-ir 3 - 3 400 
no I123J07 27J7232-tML372»Z 3d*-34VD»¥ * * - * • O-I •on 30 40 112*405 23.709N-IM.7IC79 3d*-MVP)«P »?D-*r 2 - 1 on 

30 no tnusr 259tUI-IM71t79 3 * * - 3 * V > * •*>-ir 1-1 on 
a 309 1129.73* 2a703M-Mft53423 34*->dVO)4r • » - » 3 - 4 on 

99 

n 
H2SJ02 

tnus 
29L7099*-IMJ99M 3*f-30V*|*> • * > - > r 2 - 2 on 

400 
230 1127.70* 4Jut4l99-132.11790 3 4 f - 3 0 V O ¥ m » - l y 2 - 3 on 
99 1120.757 44.1413*-132-73422 sr-sovn*/ » » - * > • 0 - 1 on 

120 
ISO 

1120070 
IUM0 

4X9M99-13249970 rf-jivn* •Jr-ir l —* on 

_ no 1132.742 25.U997-II34I993 3*f-30V(3}«> • t t - i r 4—5 on 
-. 90 113*013 25.13017-11X31009 M ' -^g» •»-•»?• 4 - 3 on 

' <0 113425* 4X20*71-1314501* 3*f-3Mb^*9* t*--*r 4 - 5 on 
99 113*539 29-7999*-11X7*713 3*f-3#|A|*j> • D - W 2 - 2 on 
M 

•Ufctt* 
113*91 

25.13007-IIXII52I 3i>-3*V(Q*> •w-sr • — • on 
499 

99 1137091 4X32217-1314*5** 3 * - 3 4 * * ) * > W - * F 3—4 on 
n ID7.400 259*931-11X7*713 VT-34VTHI. Jo-tr 1-2 on 
99 1130.797 4X30*33-131.11*1* 3d«-MVF>«P VF-\T 2 - 3 on 
10 II39J024 4X32217-I3I.IM3* S f - S t V F * VF-'ar 3 - 3 on 
M> II41.IJS 25.72*4*-11X3570* 3df-3dVn*9 ••D-ir 3 - 2 on 
23 

ISO 

1142.22* 

114X43 

29.7099*-11X3200? 3d*-3dVO>«P •"D-*" on 
499 

230 114449* 2*01409-11341993 3<r-3dV<D4p • t - i r *-> on 
200 IM4J0O 29.72*44-11X11521 3d*-3*V0)*> •flD-'G' 3 - 4 on 

- 300 114*335 23.13997-II2372H S f - S d W D t p ••O-TP* 4 - 4 on » 40 II52JS9 29.72*44-1124*701 3<r-3dVO>*p • " D - * " 3 - 3 on 
29 200 115X509 29.70094-1124*701 V - S d V O X p •'D-'r 2 - 3 on 
29 200 1134.109 23.72*44-IIZJ72W 3d*-3dVO)*P •"©-•P 3 - 4 093 
29 23 115*479 29.7999*-11X3999* 3d*-3rfVO>*P • * > - * " 2 - 2 on 29 .30 II35J70 259401-11239904 M>-MVOHP • * » - * • 1-1 on 

4 IIS5.7I0 27.37232-113499*3 w-wvm» • • O - T 0 -1 on > 20 115*42 490 
23 1199.0* *5.7*J2I -15103721 3d*-3iWD)«p V D - ' F 2 - 3 **> 

330 II4I.4M 374051*-123.1090* 3d*-3dVD>*p •V- 'D* 3 -2 on 
10 
10 

11*2*10 
11*423 

32.15199-111.1*515 3d>-3dWD)*p ,'D-1>* 2 -1 on 
490 

i » IW0J92 25.709*4-111.37*09 W-3dVO)4p ••D-'O' 2 - 3 on 
| 120 11*0.72* 43JW7I -120450*9 tf-SdVFMP o/F-'r 4 - 4 on 
1 » 11*9.201 43.32317-I2MS049 3d*-30VP>*0 w-«r 3-4 on 
1 
! * 1170.111 43.32217-I20.7MI3 w-vwm fc^-l" 3-3 on 
1 90 1170273 43.30*53- 120.754*2 V - S d V P X p VF-V 2 - 2 on 
i JO 1170*4 490 

40 1173.19 490 
! SO 1173.34 490 
! loo 
i 

1173.77 490 

i J00 1174(23 49.7*9*5-11449754 J d ' - M W H ? b'O- 'P 4 -3 •93 
1 JO 1171.55 490 

20 1171.10 490 
10 1170.99 32.15199- 11*96909 3d*-3dVD)«p • ' D - ' F 2-3 490 
10 1179.44 490 
4 1100.579 17.39*92-102.1007* Jtf-JdVFMp • • H - T 5-4 093 



C - f » 
43$ll»m 

- M - KcLft* »«Q»A> Lcwfc*> 0 9 * 0 - ) C - 0 - i - T _ 1-3 N * . O * — 

« IIOMI • - 499 
^ ^ • " — " • • " • * * 99 IKU9 490 

. - . : ;«» .» - - -•>- "' » IUMS 490 
- - X. • so IUI43 32.15199-110.70205 3*-3«V*Hr • • b - v 2 - 2 490 

' :; |!T^v>~. : -. 90 II0L723 32.ISn9-IIO.7M0O 3#-MV^7*r • •D-V t - l ^ on 
no IIOUM 32.15199- IH4SII9 j r - 9 a f n 9 f > aPD-V 2 - 1 093 

k^i^fe ISO IWMSO 32.19199-11*37292 3*-3#f* t* rfD-V 2 - 1 093 
230 1107437 49.7*0*5- I33J0957 W-MV*)* V O - V 4 - 4 093 

?' - ' S - - • "* • ISO IHUM 25.72*44- 10937009 3*«-3*»g0/ a to -V 3 - 2 093 
209 II934C* 25.70091 - 909L5108 3*'-34VV7*f A - * * 2 - 1 093 

«& * e-7I*-~-- "-*• 10 1193J9 03,17499- MUStH 3o\rt)*i-Mnfnijf> * - V 2 - 1 499 
30 199M* 254*031 -999.570*2 3#-3tf|VtJ0/ A - * * l - l •» • -

' 30 I M N . - • - . • 499 '• 
^BB^SBEB^^^^^-1 . 10 , l ? M l . •Ĵ HL̂ ! -̂$, 

••-* »«w» 2544031^10943011 ~3*r3j«tfh!p-'* ~*B£*.^ Is* JSp«-? '•" -i 
to I H U K r MtfllK-IOUOBT* 3**-iivm> i * r * J « l ~MT'"?.' ? 

Wr - ^y^^^^S^S^^' SDO 1(97.30 1*3*339-102.1007* 3**-s«vn¥ Jf-V 4 - 4 on 
• ^ t : ^ ? - v . > ^ ^ ^ ^ ^ ^ ^ ' ' » 119740 499 

* , •; ,-s^3fe^^2''^B»>-3iJ"!, -. . - ^ r ^ ^ s * 10 itoui *5J92M-1493*409 3«Va»i»-3tf|M>)*f *a-T 3 - 2 499 
=- , ' -> . ' • • : ? - - . * * • . uo 

so 1200.91 
1*431*4-101.74*21 3d»-3riVO¥ JP-V 2 - 3 (03 

499 
. "- so I2MJ0O 499 
'' ' 409 I20M«7 23.72*44-IOI.9729D 3d*-34Vr)«P iD->r 3 - 2 093 

15 300 120142* IC3IIU-101.74*21 w - J J V * * tfr-f 3 - 3 (93 

<0 mzMi 2S.70OM-100.97290 3r-3dvn«9> %1o-'r 2 - 2 093 
IS 120 12024*0 1030339-MH.7M2I 3**-3fl>¥>*>> JF-Y 4 - 3 093 

ISO 
2D 1203.95 

23.70094- 1014*491 Srf-SdVXC • " D - W 2 - 1 093 
499 

1 1201375 32.13199-IIS.I02IS 3*-3*V»» • • D - V 2 - 2 093 
7 90 I20M49 1739(92-10042301 S T - S A V F * • • H - V S-3 093 

<0 120*400 2544(31-KK4**M 3t*-3dV»>4»< • • D - V 1-1 093 
IS 390 

10 
120*429 
1205.15 

1(431(4-KM44457 sf-fctVO* • » - * ' 2 - 2 093 
499 

IS 120 
10 

1205.707 
1200.12 

K3IIM-10144457 3d«-3dVT)«p •TP-'T 3 - 2 093 
499 

7 570 120*3(1 17.530*)-10042301 3A*-3aVF>*» V K - V 0 - 5 093 

30 1200.70 4)42025-1324997* 3dVF>fc-3dVF)*r V - V 2 - 2 490 
20 1200.99 25J403I-100497*3 kf-wvrxf r u - V 1-0 499 

200 I207J0I7 2544(31-10*497*3 vt-yeifen* • " D - V 1-0 093 
200 1207.12* SIMM-11944*47 3d*-3dVDXr • * - » ' 3 - 3 093 

7 90 1207.340 I7J7370- MO.MO** 3**-3aVF)*F •"H-V 4 - 4 on 
390 12074*0 45.7432I - I4C.573M S f - S t f ^ ' D I * W>-V 2 - 2 093 

- 25 120040* 25.72*44- 9904*140 W - M W P • J D - T 3 - 2 093 
7 500 1209.13) 1739*92-M0.I0CK* 3d»-3*VWr •W-W 5 - 4 093 

10 120942 (SJ9239-14037301 3dVO)*t-3d ,(» ,D)4p "O-V 9 - 2 499 
10 120940 4942991 -13249971 JflVF^-SdVF)* T - V 3 - 2 499 

7 400 
w 

Kli.123 
1211 J* 

1737370-99441*7 34*-3tfty7>4p • W - V 4 - 3 093 
499 

so 1212.91 4942025-13247071 MVFXi-JdVVC 'F - 'D' 2 - 2 490 
50 
10 

100 
50 
50 

1213.51 
1213.(2 
121040 
121(49 
1219.55 

25.14(31 • 109.25099 Jd-.JdVWp • * - « r l - l 499 
490 
490 
499 
499 

.-:§ia 

;M& 

http://32.ISn9-IIO.7M0O
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« • - COBHWKB 

M*»« J W O - A ) LevckfialO'ca ^ G - * - * - T a  1-3 Notes 

290 1220.14 490 
3 » 
10 

1221076 
122143 

3740516-IM.900S3 Sf-SdVHPp rn*- "cr 3-4 •93 
490 

M 400 1221 JO* 1151339-M042301 3d*-3dVF)«|> rf-'e- 4 -5 •93 
P 
30 

NO 

I223JI6 
122443 

1225.02 

32.1SI99-113499*3 3d'-3dVPXp ••D-"r 2 - 1 •93 
490 

490 
3DO 
ISO 

aaja 
I22SJ2 

32.15199-113.7*713 36*-3dVHp • • D - W 2 - 2 993 
490 

14 300 
10 

1225445 
I226.lt 

ILSlllS-MO-MOt* 3d>-3dVF)* • • F - ' C 3-4 •93 
490 

M ISO 1226.735 tfc51339-MO.N0f6 3d*-3dVF)*P rfF-tr 4 - 4 •93 

20 
10 
» 

I2n.il 
122103 
I22SJ7 

27J>7232-NfJ69M 3 6 * - 3 * V » ¥ ••s-nr 0 - 1 490 
490 
490 

M 3SO 1221447 IMSK4-9944I67 3d*-3dVF)«9> «*-*r 2-3 •93 
14 2D0 

10 : . 

10 

1221552 
123035 

1230.49 

IISIIU-99J4I67 W-XWFt+ rfF-te" 3-3 •93 
490 

490 
21 2S0 rmm 20J5295 - MB-M076 3d*-3dVF)*P • * * - * • 4 - 4 •93 

VJD 1231471 32.15199-II332H0 3d*-3dVG)4p • • D - * - 2 - 3 •93 
21 570 

10 
1232.973 
I233J0 

209*694-102.10076 3d>-3dVFHp • t o - * * 5-4 •93 
490 

21 200 1233.919 20.703*4-101.74621 3d*-3dVF)4p • * » - * • 3-3 •93 

21 , SOD 1236.197 20JS295-101.74621 3d*-34VF)*p • * » - * • 4 - 3 •93 
40 1236424 27JT232-IOU50H 3d*-36VT)«p • • S - T 0 - 1 193 
10 
W 

123651 
1236.71 

70.91126-15145212 3*WD)H-30&D)»p • D - T 1-0 490 
490 

21 400 1231529 20.70X4-10144457 3**-3dVF)*p ••©-•p 3-2 •93 
20 

10-
20 

I24IJ2 

I2420B 
124343 

. 490 

490 
490 

25 
40 

1243*27 
1243.97 

I7J7370-974*3*9 sf-atfVFXr •"H- ir 4 - 3 •93 
490 

10 124441 7147719-13243721 VWH»~*WD)* "H-V 4 - 3 490 
100 C244.SC 17.27370-9741941 3d*-34VF)4p •"H-T 4 -5 490 

«o 1245.097 32.15199-11246701 3d«-3dVO)*p t'D'T 2-3 •93 
* 200 

100 
1245.231 
I246J3 

16.77136-97.0779* 3d«-3<fVF>*P • • - t r 0 -1 •93 
490 

6 ISO 1247446 17.1*15*-97J0659 3d*-34VF)4»> • • - V 1-2 (93 

20 
1241.621 
1230.13 

I7.5J065-974194* 3S-3rfVF)«r • " H - V 6-5 •93 
490 

20 I2S0.S7 17.3*692-97.3SWI 3d»-3dVFXr • •H-V S-4 490 
6 2S0 1251424 17.1*15*- 97J7796 SS-SdW)* • •F - i r l - l •93 
* 359 1252414 I74SIM-9749399 3 * - 3 « V > * • f - i r 2 -3 •93 

S 
20 

125347 
11560*6 

17.16156 -96.92202 yt-mnykp •v - i r 1-2 4*0 
017 

20 ISO 1756.754 2045293-IO04230I 3**-3*Vr)*> • "©-V 4 -5 •93 

« 250 1251.561 17*51 II-r7.30*S* W - M V F * • f - V 2 -2 •93 
20 570 12*9.014 20*9*04-10042)01 W - W V D * •>o-v 5-5 •93 
20 400 12*9417 20.703*4-100.100** Id'-JdVFHp • • © - V 3-4 •93 

250 125*794 I*,T7I3*-96.14*25 id'-id'dvxp • f - T 0 -1 •93 
20 12*1*3 17.151 II-97.12142 Itf-loVF)** • f - T 2-3 490 

20 570 12*14*4 2015295-100.100*4 Jd'-MVFXp • 'O- 'O' 4 -4 •93 

http://I226.lt
http://I2n.il


C-19 

CWJ-Cai i i im* 

I W ^ l D RcLbt Jk -G-A) LevcfcGaMPcar 1) C — — - T « 1-5 Notts «rf 

* 40 12*2-229 1743111-970779* 3d*-3dVF)4p • * - v 2-1 (93 
230 12*2347 I7.t*03»-9i3lt31 i r - i d V F X r • • - v 1-2 093 

u 200 I2OJ0M IS3I11S-974099 i r - M V F X p • " F - V 3-3 •93 
29 300 12*3447 20.703C4-99J4K7 1** -34VF)* • y j - i t r 3-3 093 
13 3SO 12*420* U3U39-97403*9 W-3dVF>*F • • F - W 4 -3 •91 

200 I 2 *U99 I03S339-974I9** 3da-3dJUT)« r • " F - T 4 -5 •93 

29 40 12*6090 2043295-994*1*7 W-34VF)*P »*s-*r 4-3 •93 
300 UK.12S l7.H0S4-9i.H92S 34*-3dVFHp • * - * • l - l •93 
40 UtfcSSI 4344199-I22J9M9 M«-3dVn*P k 'p - ' r 2 -1 •93 

-5 230 ITitlP* 1743110-94.71404 34*-3dVF>* «"r-ir 2-3 •91 
U 40 1240.140 M4SM*-9739*S9 3d*-3dVD*> • * F - i r 2 - 2 093 
19 400 12*9.110 1151111-97.3009 3i*-3*VF)«r rt=-V 3-2 •93 

13 2S0 1271.039 1MS1M-974779* 3d*-3dVF)4, • • F - V 2 -1 •93 
200 1271312 l74SIU-9*ja*3I * f - 3 * V F ) » r • T - V 2-2 •91 
ISO 12753* 1131111-9*32202 W-MVF)«P • " F - W 3-2 017 
200 1274.7* IS4S1M-9M743I 3J*-3iVF)*p • " F - V 2 -1 047 
23 1277.174 I7J3IU-94.I492S sr-sdVFHo •"r-T 2 -1 •93 

12 20 127171 I(3IIU-9*.7I4M W-3dVF)4p • " F - V 3-3 490 

12 230 1279.90* IS3S33*-9*.7M0* 34*-3dVF)*p • • F - V 4 -3 093 
1 !2SliBS 7iJ2327-M9JU*4 3dVW»-3d\* ,DH|» •D-«r 2-3 •93 

300 1201:977 4344199- I2I44C77 i**-3*vn*> WF-«sr 2 - 1 093 
«0 12(3-132 l(4SIU-9*30*3l Id ' - ldVFHo • " F - V 2 -2 093 

200 
10 

10 

I204.MB 
121*4* 

12*3.90 

l t3II IO-9*J*il l IT-SdVFKp • • F - V 3-2 091 
4(0 

490 
400 12*7.05 IMSIM-** . 14923 3d*-3dVT)*> rt-v 2 -1 4*0 
230 12994a* 43.91459-12144377 V - S d V T X o • • - f l - l 0*1 

37 300 12(0.940 43JM33-120.74720 3d*-3dVHHp • » - 1 0 * 2 -3 093 
37 <0 1201^40 4332217-1207*72* M*-3dVH)*p b^-IO* 1-3 093 
37 MO vmsn 4332217-120.74955 M*-34VH)*> fc'F-'O- 1-4 •93 

37 400 1291.743 4330*71-120.70927 M*-3dVH)*P fc"F-J«r 4 -3 •91 
200 
40 
40 
20 

12933*9 
129*01 
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40 
10 

191241 
11*92 

34.5557 -IW.3W9 M'-ldVVMp • T - i V i-J 219 
490 

1 119.7)2 52.975) - 174.9*74 )*"-JrfH*'l»*p • • D - r V i-i 219 
10 no.N 531420-174.9*74 M'-MVDMp b'D-r'ir i-i 490 
1 9I4.U4 52 975)-1*2.299* M>-)4VF>*P *»D-»V i-i 219 
1 92*2*1 51975) - 1*0.9)51 M'-MVFMp w>-i*- i- 219 

http://I9.43M-M0.9t50
file:///ro-fr


c-st 

cmv-

M * * . RdL hoi JC f» A) 
i 

LenkQalO'ca *> O - i . — T c m J - S I N M B ; Kcfcnacs 
> i 

0 933.172 53-1420-MOJ039 3d'-3«VF>*r kfD-rf ? - ! i 219 
30 

w 
10 

N02J9 
•090.97 
tonus 
mutt 

I 410 
' 9*0 

490 
K> 

K> 
M » 

1111.17 

1227.43 
1319.00 ' 

4*0 

4*0 
4*0 

129 1311*9 I57JS95-233J45 3dVF)«p-3rfVF)4d rtT-e-H J _ | p 791 
ISO imm 157.9311 -233.71* 3dVFMp-3*VF)*J *vr-rti r i r~2 p 7*1 
200 I324J9 •SI4275-2J4Jf* 3dVFH|>-3ilVF>«d «HT-e*H l _ t t p 791 
90 13294* 157.9311-233J45 3dVF>*p-3*VF>M * ,C*-e ,M T T p 791 

90 1331.73 I5MZ73-233.711 3 4 V F » f - 3 d V F ) ( 4 *xr-«*i * _ { p 791 
290 I33Z27 l ^ n f ^ V w . wJVr^W 3dVFHp.-3dVF)M f V - r t l ¥ - ¥ p 791 

W 133102 1J14Z75-233-3*5 34VFHr-3dVF)M r'C-e'H t f p 791 
, » 133941 l9944»-234.Mt 3«VF)«p-34VF>4d «xr-*w a u 

s - J 
p 791 

to 
20 

40 
10 

I94M4 

1351*3 
1399.93 

1994400- 233.711 3dVF)* -3dVF)M iW-eWI U f 
I I 

p 791 
410 

4)0 
4)0 

w 13*449 M*42t»- 177.9144 StVnfc-SOVGMr *T-rG* z z 4)0 
ISO 13*7.39 4*0 
20 \ym» 4)0 
20 

200 
W 
20 
30 
10 

13734* 

I373J* 
13*124 
I3H49 
139513 
1399JO 

M5.M4I - I77.9M4 3dVF)fe-3dVG)4p bT-rG* 1 Z I 
liffi 

220 

20 
30 

1401422 

141037 
MIU4 

M9.9402-111.27*3 3dVF)«»-3dVP)4p fc'F-iir J J 219 

4)0 
4*0 

490 
MO 
MO 

M> 

1 0 

im
i 

IM49M-111.2419 3dVF>»>-3dW>*P k'F- . iy Z I 219 
4*0 
4(0 
4*0 

4*0 
1 0 
20 

144703 
14*1.0* 

HM.257I -173.3*44 3dVF)**-3dVD>4p \fr-r*r >.z 4*0 
4)0 

30 
20 

14*500 I05.M4I -173.3*44 3dVF)«>-3dVl»4r w-rV i - i 0 4*0 
4(0 

10 

10 
20 
20 

1471.151 

1475.10 
MOOT 
I4R.3* 

109.9402 -177.9144 3*W>*>-3OVD>*P WF-^O' J-f 219 

4(0 
4*0 
4)0 

220 
10 

120 

K> 
20 
10 
10 

H
i §§i§ 

1104*04-17102*1 3dVF)*t-3tfVG>*> * * - , * > • , - ! 219 
4)0 
4*0 

4)0 
4*0 
4*0 
4*0 

9 15*1.745 1104*04- I74J449 SdWM-MVHp •V-yV { - , 21* 
9 157*491 IO*.9408-I7).3*M 3dVP)*>-34VD)4p vr-fr M 219 



c-*» 

OB IV— 

MaMafct RcLhL *.«»*) L m k ^ t f c a ' ) o — - * - T « j - > H - . — 

S 1594.739 insmo-ntzia 50^»D|4» - 30 1F,Y)*» c"D-rtr X 1 
i — i 219 

205 1995499 mMbi-man J 4 V F ) * - ) 4 V D T V **-»*• 219 
no IS9S55* M04904-17336*4 3*VF>*->«VD» * » - ! * • i-i r 219 
to IS9S422 IUJ70D-UIJ41S 3*V3J*»-36^(rt>*p cto-rtr i i p 219 
40 I59B.723 IU-7265-MIZ763 34^rtJj**-3*1brtj»» cto-rtr . - ! 219 
s 1999419 IIS.72f5-IM.24IS 3*VD)**- 34VTTV c>D-rtr i a 

I I 
219 

20 M13tH 119.2906-ISUMS 34Vn«k-34Vr)*r nr-rtr i_* 
I ~ I 

490 
40 M57.7I 105.3041 — 1654209 MVF)fc-34VF)*P *fF-rtr I ~ I 490 

430 MOM*) I27J0U-U7-5M7 jfvcm-vfVG* • » - « * • I _ I 219 
no M5093 N442S6-M44066 34VFMi-34VF)«|> K-F-ISF i i I I 490 
no ItttM I73J6»*-233J6S 34^13)%-3«VF>W > * • - € « i t 

i - i 
4*0 

sso M O W 127.1939-M697H 3«VG»*s-3*VCf*J> • * - » * • t z I - I 219 

MO WI34SI 127.2063-10*9701 3 6 V g » * i - 1 0 j » g » IrtJ-rt5" M 219 

• -
l » 
40 

M0I473 
MC54B 

1244092-U34739 JOV'H' - 36%W|tji vr-fr i I 
i i 

219 
490 

3 0 HOUR 1244092-H3.7W7 34Vn*» - nfwr&t *r-/r i-J 219 
490 MMMtl 124.7329-U34739 34VrX>-3«VV7V vr-i*- i ~ i 219 
MO M9SJ» U4.7329-IS3.7II7 3 0 V > * > - 3 i W ) ¥ • * - , * • . - , 219 

30 M90J5 1744*49- 233.710 34Vr>¥-34VF)W irr-tfn I ~ I 490 
110 M99477 1105100-1774050 3* !U tD»te-3«V»)*9 eo-fr M 219 
20 
10 
SO 
90 

30 

1701203 
I70440 
170949 
171349 

l7ISiM 

IIS.7265-1774050 34VD>»»-34Vl>)*p eo-ir- I I 219 
490 
490 
490 

490 
IH> I7I&S3) 1117265-176.915) 3riPta'D)ti-3riVr)tp eo-fr j - l 219 
4S0 1719.510 119.2906-1774090 3 4 V n * > - 3 d V ) * p vr-jr j - » r 219 
70 I722J* 174.1449-232.909 3flVrM»-3dVF>M iv-ea »-» 490 

«« MO 1722497 M4J97I-1622996 3dVFH>-MVFHp •T-rtT j - | 219 
m 1725.297 IM.7269- 1764091 3dVDMt-3dVr>*» c'D-yT* '-J 219 

20 1724x00 174.9674-232.909 3«VD>«P-3dVF)M y**-*Xi I-I 490 
360 1727467 119X113)- 176.9153 3oVr»*-3dVi ,>*» *T-»*r i - j 219 

13 70 1729.919 104.2971 -1620633 3oVF)*t-3dVF)*P *T-*tr l-l 219 
13 220 1731.210 103.9947-161.7944 3dVF)«*-3dVF)4(. kT- iD- l-l 219 

490 17324*3 1194700-1774090 3dVn*»-«vr)*p vr-fr l-l 219 
220 1733432 11*01))- 176.6091 S d V r M i - S d V X p vr-rr ' - ' 219 

14 450 1733.979 104.6216-1622996 3dVF)4>- 34VF)tp icp-rtr I-? 219 
215 
to 

1734.15* 
173441 

119.2506- 176.9193 ^ • f H t - M V F H p H T - y V i - i 219 
490 

13 450 1739.19) 10*2571 - 161.7941 3rfVF)*»-3«VF)<p fc*F-«V i - i 219 
MO I740.9M 119.2906-1764091 3dVr>*i-3dVr)*p HT-yT* i J 219 

13 1*0 

30 

1741.100 

1741.93 

10*4216-16206)) 3tfVF)**-34VF)«p b T - « V i 2 219 

490 
17 220 1743421 103.9947-161.3934 JdVFX^-WVFXp mp-«ir i-i 219 

220 1746475 1194700-176.9193 SdVrXt-SdVFMp i f r - i T l-l 219 
13 215 

20 
1747.132 
1794.52 

104.2971 -1614939 3dVF)**-34Vl ,>»» w-rtr i-i 219 
490 

» 110 1794415 103.9947-160.9050 3dVF)*»-3dVFMp w-rt>* {- i r 219 

13 550 
50 

1799.64) 
1790.37 

105.10*1 - 1624633 3dVF)*»-»Vr)*p MF-rtr ?-i 219 
490 

250 I7904M 1244092-111.276) W'(r'D»» - W(»,F>*p b»F-»'iy i-i r 219 
13 400 

30 
1790.542 
1762.52 

1044216-1614939 3dVFM»-3dVF)«p w-rt>* i-i r 219 
490 

14 2»5 1762.00* 104.2571 - 16091*0 Sd'O'FXi-M'CaY^p w-rtr i-i 219 

http://IIS.72f5-IM.24IS


C-40 

cnnr-dMUMtd 

Mahpfet kci. I u . A _ ( i » A > Leveb (m 10' a n ) CottnfEXBDoas Terms J -
r • 

J N o t o Rcfereaots 

3*0 1764 324 1042571 - 160933* 3 d V F ) 4 s - MH«T>*p b'F - r 'F - f - 219 
110 176*349 124 7329 - 1(1 2763 3d J1»'PM* - 3 d V P H p b"P - * t > - : - \ 219 
4 )0 1769 635 124 7329- 1*12415 3di»'P>4s - M i a ' P H p b"P - r D " ) 219 
340 1773131 11(5700-1749674 3 d i » D H s - M i a ' D H p <r"D - r D - ; - ; 219 
30 1775 909 103 9947 - 160 3039 M i a T r t s - 3di i 'F>«p b T - r-F* t - P 219 
10 1775 972 104 62(6 - 160 935* 3d :(a'FHs - 3 d V F H p b'F - z-'F- P 219 

20 1776992 1115700- 174*449 3d U D M * - 3d (a'PHp c : D - y ' D - ? - 219 
4S0 1777 821 127 1939 - 113 4426 3d ( . G H s - 3dH» G H p b=G - rW * - 'i 219 
no ITT* 053 11*7263- 174 9674 3d u D H * - M i i ' D H p c D - y"D* 3 ? 219 
40 I ' M 223 104 2571 - 160 3039 3d <a F H i - 3 d V F H p b T - I ' F 5 P 219 

220 1791 094 103 1041 - 160935* 3d (a F M * - 3 d V F H p b'F - x ' F 5 219 
2*5 1791729 11*7265- 174 53*4 3d (a D H * - 3dia D H p c-D - y-'D- t I 219 

40 1794 796 119 2506- 174 9674 3d (a PHs - 3d (a D H p b'P - y-D" 5 219 
70 1796 129 104 62*6 - 160 3039 3d(a 'FHs - 3dia F H p b'F - r F : 219 

220 1800991 119 0133 - 174 53*4 3di»'PHs - 3dia D H p b'P - y"D- | i 219 
20 1802 340 127 1939- 1*2 6777 3d(a G H * - 3dia G H p b'G - r H " ! * 219 

870 1802 723 127 2063 - 1*26777 3d ;(a G H s - 3dia G H p b G - r H * ? 2 I« 
MO 180*410 119 6700- 1749674 3d (a P H * - 3dia D H p b'P - y : D * -5 219 

no 1*0*723 119 2506- 174 53*4 3d (a'PHs - M i a D H p b'P - y"D- ; •I 219 
12 MO 1810499 104 6286- 159*621 3d'(»'FHs - W U ' F H p b'F z*F- '. 219 

730 1812413 119 6700- 174*449 3d (a PHs - 3d (a'PHp b'P - y 'D* - : 219 
12 360 

10 
1815100 
1818 90 

104 2571 - 159 3505 3d ( a ' F H * - 3dla'F>4p b'F - i ' F ? -;. 219 
490 

16 870 1819 231 109 9402 - 164 90*6 3d(a F H * - 3d(a 'FHp b F - t:Q- ) 219 

70 1820 454 118 7265- 173 6579 3d (a DMs - 3d(a PHp c : D - y 'D* i -1 219 
12 220 

20 
1821 621 
1822 49 

[03 9947 - 15**912 3d (a F H * - 3d : (a'FHp b'F - i*F" - ; 219 
490 

430 1823 341 119 2506- 174 0948 3d(a P H * - 3d (a PHp b'P - y ' D - i - | 219 
450 1824 995 118 5700 1733644 3d(a D H * - 3d (a D H p c D - y : F ! 219 

12 730 1826211 105 1041 - 1598621 3 d ( a F H » - 3 d ( a F H p b'F - j - ' F ? - ! 219 

16 630 1*26863 110 6904- 165 42*9 3d(a FH» - 3d (a F H p b'F - r G - -'• 219 
12 630 1827 408 104 6286 - 159 3305 3d (a F H * - 3d(a F H p b'F - i f - ; 219 

220 1830010 1190133- 173 6579 3d (a 'PH* - 3d (a'PHp b'P - y 'D* •i 219 
12 430 

10 
1830 350 
113366 

104 2571 - 158 8912 3d (a'FH» - 3d (a 'FHp b'F - * * F ? -1 219 
490 

12 450 1833812 103 9947- 158 5259 3d ( a F H i 3d(a 'FHp b'F - z'F- -I 219 

1000 1837 400 1196700 174 0948 3d (a P H * 3d (a'PHp b'P - y'D" P 219 
450 1837 642 1190133 - 1734306 3d (a P H * 3d (a PHp h'P - y 'D - ! •r 219 
220 1837 991 119 2506 173 6579 3d (a PH* 3d (a'PHp b'P y 'D- - : 219 

11 1000 1840 139 105 1041 159 44*0 3 d ( a F H * 3d (a F H p b'F t'O- ? - '- 219 
12 220 1842 6X6 104 2^1 158 5259 3d <a F H * 3d (a F H p h'F * ' F - i -': 219 
12 220 1842 897 !'14 6286 1588912 3d ( a F H * 3d (a'FHp h'F r'f 219 

12 220 1843 448 U>« 1041 !<'» 3505 3 d ( a F H * - 3d fa F H p b'F i'r ': 219 
40 1844 407 110 (>•*>• 164 9086 3 d < * F H * - 3 < 1 . . F H p h F j : G - 219 
70 1*45 705 1I9J506 1714306 3d (a 'PH* 3d (a PHp h'P y 'D* ' ; 219 

285 1848 5»' 118 7265 172 8216 3d (a D H * VI (a D H p c D / P- ': 219 
160 1849 612 118 5700 172 6347 3d (a D H * 3d (a D H p cD y •>- • : 219 

I I 1000 1851 890 104 62X6 158 6275 3 d l a F H * id (a F H p b'F ,'(,- 219 

220 1852 277 119 6700 1716579 I d l a P H * 3d (a PHp h'P y'D" ; 219 
285 1855 012 118 7265 172 6347 Id (a D H * .Wf (a D H p c-D y > - : 219 

20 1858 449 119 0113 172 8216 I d u P H * 3 d ( a D H p h'P / P" 219 
I I 870 1861 108 1042571 1579111 l d u F H * U l a ' F H p b'F I'CV 219 

160 1865 255 118 5700 172 1821 Id (a I>Hs 3d la D H p c-D / P' 219 
20 1866 685 119 2506 172 8216 3 d ( j P H * Id (a D H p h'p i-r 219 



C - 4 1 

CM nr - CoauHKd 

•tapl el R d lai 

750 

* . . (m A l 

1161344 

Lcvcfe <m 10 cm ) 

105 I0«l - 1516275 

Cooficvnaons T e n m 1 - J Sola Rcfereaca 

I I 

el R d lai 

750 

* . . (m A l 

1161344 

Lcvcfe <m 10 cm ) 

105 I0«l - 1516275 3d (a FH» - Sd'U'FMp b T - i*G- '.-' 219 
11 170 1173 192 103 9947- 157 3595 3d ia F>4t - 3dia'F>4p b T - «*G- i - • 219 
11 T 5 0 11760*3 104 6216- 157 9311 3 d l » FH% - 3d U F H p bT - rti" j - 219 

I 1SWI1 I I I 9 0 I 3 3 - 172 1121 3d(» P)4» - 3dH» D>4p b*P - r r | - 219 
11 650 1M3 156 104 2571 - 157 3595 M i a F>4» - 3di»'F)4p bT - i*G- : - 219 

!• 40 1(92 9*0 105 I0«l - 157 9311 3d U F>4» - 3dia'F>4p b T - r X T i- 219 

I I 20 1196419 104 6216 - 157 3595 3d :t» F>4» - 3d <«'FHp b*F-i*G- ; - 219 
400 1904 323 119 6700- 172 1121 3 d V P H * - 3d i» D>4p bT - r r ) - P 219 
350 1904 410 I I I 5700- 1710797 3 d « D H * - 3dia'P)4p c'D - i V : - P 219 
50 1909 I t 109 9402 - 162 2996 3 d ( » F H » - M i a ' F M p b~F - rD' i - P 47 
70 1910 107 I I I 7265 - 1710797 3 d ( l D>4» - 3d i» P)4p c : D - z*S* i - 2!9 

5 1918 542 109 9402- 1620633 3di. 'F>4» - 3dia'F)4p b'F - zXT i - 219 

160 1920 620 119 0133- 1710797 3 d U P)4s - 3dia'P)4p b T - 2*S* i - 219 
220 1929 422 119 2506- 1710797 3d :(» PH» - M V P H p b T - i T < - 219 
215 

20 
1929 953 
1934 13 

109 9402- 1617541 3 d i » F>4i - 3d :(»'F>4p b : F - z*D* | - 219 
490 

750 1937 630 110 6904- 162 2996 3d <» F>4» - 3dia'F>*p b : F - r D ' : - 219 
110 1939 723 109 9402- 1614939 3d U F>4* - 3dia'F>4p b-'F - tXT 219 

220 1945 160 119 6700- 1710797 3d<a P H * - 3dia'PMp b T - i T j - 219 
360 

20 
1946 549 
194121 

110 6904- 1620633 3d ( i FK» - 3d : (aF)4p b : F - i *D ' 219 
490 

550 1959 060 109 9402 - 1609150 3d(» F>4» - 3d (a 'FKp b F - r D * 5 - 219 
15 650 1960 950 109 9402- 160 9351 3d( i 'F>4»- 3d(aF>4p b ; F - r ' F 5 - 219 

170 1967 111 127 1939- 1710211 3d (a GK* - 3d (a G H p b O - y ; G" ? - ! 219 

360 1961)64 110 6904 - '614939 3d<a F>4* - 3d (a 'FHp b : F - I 'D" ! 219 
70 1971 513 127 1939 - 177 9144 V j ' U G H * - 3d :(a'G)4p b G - y G* ! - 219 

650 1972 075 127 2063- 177 9144 3d (» G>4» - 3 i ( a G>4p b ; G - y G 1 | - 219 
15 450 1915 552 109 9402 - 160 3039 3d U F)4% - 3d (a FHp b F -rf ]- 219 
15 650 1990 247 110 6404- 1609331 3d (a F>4* - 3d (a 'FKp b'F - I P : - 219 

450 1990 664 124 7 )29 - 174 9674 3d(a'P>4*- 3d (a D K p b : P - y D - P 219 

20 1997 35 490 

CHROMIUM V (Cr' ' ) , Z = 24 
Ground State 1a12s12p'3a13pt3d>( ,F>) (20 atoctrom) 

Ionization Potential S60 200 cm '; 69.46 aV 

Multiple' Rel Im A . , (in A) 

20 4 ) ) 119 
5 434 110 

220 434 306 
110 435 143 
110 4)5 636 
70 436)51 

70 4)7 420 
40 4)7 655 

100 4 ) 1 59) 
130 4 ) 1 6 ) ) 
220 4 ) 1 6 ) 7 
110 441056 

l-evel* (in 10 cm 

5012 2)1 » 2 9 
0 230)16) 

1 1417 231 3929 
5012 230)16) 

0 229 5517 
1 1417 230)16) 

5012 22* 1201 
0 2214191 
0 2210011 

5012 2214191 
1 I4|7 229 1201 

1) 11*0 2)49175 

Confif iratmnt 

3d W4p 
3d' 3d4p 
3d Jd4p 
3d - 3d4p 
3d; 3d4p 
Jd -3d4p 

3d' 3d4p 
3d- 3d4p 
3d; 3d4p 
3dJ 3d4p 
3d; 3d4p 
3d - 3d4p 

Term* 

' » F - r 
t F r 
g F F' 
fc F - F' 
I F F-
( F P 

« F - D" 
gF D' 
|'F - 'D* 
( F - D-
I F D-

D- r 

S • i Noto References 

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

)-) 
2-2 
2-1 
J-2, 
4-3; 
2-1 

211 
211 
211 
211 
211 
211 

211 
211 
211 
211 
211 
211 



c - 4 2 

CS V - Goaumcd 

Malnptct Rei lat. A . , tm A ) Lcveb (m 10' cm ) Configurations Tcnns J - J No«e» Rcfei 

20 441243 0 - 2 2 6 1148 3d -3o4p g F D- 2 _ 2 218 
20 44? 751 13 1880-237 5245 3d -3d4p D - F* 2 _ 3 218 

5 446672 160410-234 4175 3d 3d4p p - p * i _ 1 218 
5 451 !4I 13 1880- 234 8464 3d -3d4p D - ' P - y _ > 218 

; 451607 13 ISSO-234 6184 3d -3d4p D - ' P - 2 - 1 218 
110 456 272 15 6766-234 8464 3d -3d4p p . p- 1 - 2 218 

TO 456357 15 4418-234 6184 3d - 3d4p P - ' P * 0 - 1 218 
TO 456637 15 6766-234 6685 3d -3d4p P - P- 1 - 0 218 
40 456 743 15 6766-2346184 3d -3d4p p- r 1 - 1 218 

leo 457 02» 16 0410-234 8464 3d -3d4p p- p- 2 . 2 218 
70 457 504 16 0410-234 6184 3d - 3d4p p- r 2 _ | 218 

450 464015 22 0142 - 237 5245 3d -3d4p G- F 4 - 3 218 

110 464311 160410-224 1208 3d -3d4p P - D* 2 - 3 2i» 
220 464 634 13 1880-226 1148 3d -3d4p D - D' 2 2 218 

TO 464 893 15 6766-2284841 3 d - 3 d 4 p P - D- 1 - 2 218 
40 470 567 IS 4418-228 0018 3d -3d4p P - D* 0 - I 21D 
20 470647 160410-2284841 3d -3d4p P - D- 2 - 2 218 

5 470476 15 6766 -2280018 3d -3d4p P - D- 1 - 1 218 

l«0 524 742 SI 1464-2344175 3d -3d4p S- P* 0 - 1 218 
110 754 521 226 1148- 358 6538 3d4p-3d5s D-- D 2 - 2 218 

1 764 151 226 1148-356 4813 3d4p-3dSi D - - D 2 - 2 218 
1 768 251 228 4841 - 358 6538 3d4p-3dSs D* - D 2 - 2 218 
1 774074 228 4841 - 357 6754 3d4p-3d5s D - - D 2 - 3 2!8 
1 775 30* 228 0018 - 3 5 6 4813 3d4p-3d5i D- - D 1 - 2 218 

5 776 743 228 0018 - 356 7448 VHp-3d5> D* - D 1 - 1 218 
160 777173 224 1208-357 6754 3d4p-3dSs D* - D 3 - 3 218 
40 778 253 228 4841 -3564813 3d4p-3dSs D- - D 2 - 2 218 

1 774 204 230 3163-3586538 3d4p-3d5> F' - D 3 - 2 218 
40 7S6 210 224 5517 - 356 7448 3d4p-3dSs F* - 'D 2 - 1 218 

110 784 442 230 3163- 3564813 3 d 4 p - 3 d h F- - D 3 - 2 218 

160 741872 231 3424 - 357 6754 3d4p-3dS> P - ' D 4 - 3 218 
40 814 I M 234 8464 - 357 6754 3d4p-3d5» r - D 2 - 3 218 

5 817 246 2346184-356 9813 3d4p-3d5f r - D 1 - 2 218 
I 818 803 234 6184 - 356 7448 3d4p-3dS> 'P - - 'D 1 - 1 218 
1 814 153 234 6685 - 356 7448 3d4p-3dS» r - ' D 0 - 1 218 

220 825 600 237 5245 - 358 6338 3d4p-3dSi F- - D 3 - 2 218 

I 832 304 237 5245 - 357 6754 3d4p- 3dS» F' - 'D ) - 3 218 
1 837 157 237 5245-3564813 3d4p-3d5t F' - D 3 - 2 218 

20 842 145 234 4175- 358 6338 3d4p-3dSt 'P* - 'D 1 - 2 218 
220 468 70] 226 1148-324 3303 3d4p-3d4d D- - D 2 - 2 218 

1 478 064 228 0018-3302431 3d4p-3d4d 'D # - P 1 - 1 218 
1 474 540 228 0018- 3300848 3d4p-3d4d D- - P i . o 218 

1 474 434 228 4841 - 330 3368 3d4p-3d4d •D* - P 2 - 2 218 
TO 482 736 228 4841 - 3 3 0 2431 3d4p 3d4d D" P 2 - 1 218 

110 486 035 224 1208- 330 5368 3d4p-3d4d D' - 'P 3 - 2 218 
1 447 704 224 1208-329 3303 3d4p- 3d4d D' - D 3 - 2 218 
1 1002 024 224 5517 - 324 3303 3d4p-3d4d F- - D 2 - 2 218 

TO 1024 842 2280018- 323 1041 3o4p-3d4d D* - F 1 - 2 218 

110 1031 105 228 4841 - 325 4723 3d4p-3d4d D" - 'F 2 - 3 218 
110 1033 452 224 1208 - 325 8842 3d4p-3d4d D" - 'F 3 - 4 218 

5 1035 037 228 4841 - 325 1041 3d4p-3d4d 'D' - 'F 2 - 2 218 
40 1042 544 234 6184 -330 3368 3d4p-3d4d r - 'p 1 - 2 218 

220 1045044 234 8464- 330 5368 3d4p-3d4d ' P - - ' P 2 - 2 218 
5 1045 7J3 234 6184- 3302451 3d4p-3d4d ,p . , p 

1 - ' 218 



C-43 

CH V — Continued 

Malapiet Rel Inl X.. (in A) Levels (in 10' cm ') Configurations Terms I - J Notes References 

20 1046.294 
40 1046 364 
20 1046342 

5 1047.494 
20 1048 236 
TO 1030931 

1 1034.991 
110 1058 298 
285 1060051 

1 1062 933 
20 1073367 

5 1089 079 

40 1103 390 
1*0 1104 296 
20 1104 230 

5 1108 322 
5 1109 731 

220 I I12 452 

285 I I14 330 
450 1116478 
3«0 1117 559 
220 IMS 157 

5 1118 518 
630 1121066 

5 1122 255 
20 1126 090 

650 1127 631 
40 1134 768 

160 1137 529 
20 U 38 177 

160 1140 489 
40 1146 668 

450 1193 950 
360 1196042 

70 1200834 
110 1201 556 

70 1204 126 
220 1210 499 
220 1259 986 
450 1263 501 
650 1465 861 

5 1477 769 

220 1481651 
220 1482 757 
220 1484 666 
450 1489 711 
650 1497 966 
750 1519030 

1000 1579 696 
750 1591 721 
650 160) 191 

40 1607 015 
40 1611 >V> 
40 1622 607 

2346685 - 330.2451 
230 3163 - 325 8842 
229 5517-325 1041 
234 6184 - 3300848 
234 8464-3302451 
230.3163-325 4725 

230 3163-325 1041 
231 3919-325 8842 
237 5295-331 8112 
2313929-325.4725 
226 1198-319 2840 
237 5295 - 329 3503 

228 4891-319 1191 
226 1198-316.6749 
229 1208-319 5168 
228.0018-318.2276 
228 4891 - 318 6017 
228 0OI8-3I7 8938 

228 4891 - 318 2276 
229.5517-319.1191 
229I2O8-3I8 6017 
239 9175 - 329 3503 
228 4891-317 8938 
230 3163-319 5168 

2291208- 3182276 
230 3163 - 319 1191 
231 3929- 3200744 
2313929- 319 5168 
234 6184- 322 5281 
234 6685 • 3225281 

234 8464- 3225281 
2313929- 3186017 
234 8464- 3186017 
234 6184- 3182276 
2346184 317 8938 
234 6685 - 317 8938 

234 8464 317 8938 
239 9175 322 5281 
239 9175 319 2840 
2)7 5295 316 6749 
171 6981 239 9175 
167 1764 234 8464 

167 1764 234 6685 
167 1764 2346184 
167 4910 234 8464 
167 4910 2346184 
168 0895 234 8464 
1716981 237 5295 

168 0895 211 1929 
167 4910 2 ) 0 ) 1 6 ) 
167 1764 229 5517 
168 0895 230)16) 
167 4910 229 5517 
167 4910 229 12 « 

3d4p-3d4d 'r-'r o-i 
3d4p-3d4d 'F* - 'F 3 - 4 
3d4p-3d4d "F* - F 2 - 2 
3d4p-3d4d 'r-'r i -o 
3d4p-3d4d 'r-'r 2-1 
3d4p-3d4d ' F - 'F 3 - 3 

3d4p-3d4d ' F - 'F 3 - 2 ! 

3d4p-3d4d ' F - ' F 4 - 4 
3d4p-3d4d ' F - 'G 3 - 4 
3d4p 3d4d ' F - ' F 4 - 3 
3d4p-3d4d 'D' - 'P 2 - 1 
3d4p-3a4d ' F - ' D 3 - 2 

3d4p-3d4d 'D' - "G 2 - 3 
3d4p-3d4d D ' - ' F 2 - 3 i 
3d4p-3d4d 'D' - 'G 3 - 4 
3d4p-3d4<j ' D ' - ' D 1 - 2 
3d4p-3d4d ' D ' - ' D 2 - 3 
3d4p-3d4d 'D' - D 1 - 1 

3d4p-3d4d ' D ' - ' D 2 - 2 ! 
3o4p-3d4d F - *G 2 - 3 1 
3d4p-3d4d ' D ' - ' D 3 - 3 : 
3d4p-3d4d ' F - ' D t - 2 
3d4p-3d4d ' D ' - ' D 2 - 1 
3d4p-3d4d ' F - ' G 3 - 4 

3d4p-3d4d 'O' - 'D 3 - 2 
3d4p-3d4d ' F - ' G 3 - 3 
3d4p-3d4d ' F - ' G 4 - 5 
3d4p-3d4d F - ' G 4 - 4 
3d4p-3d4d r-'s 1 -1 
3d4p-3d4d ' F - ' S 0-1 

3d4p-3d4d F - s 2-1 
3d4p-3d4d F - 'D 4 - 3 
3d4p-3d4d ' F - ' D 2 - 3 
3<14p-3d4(l F - ' D 1-2 
3d4p-3d4d F - D 1 - 1 i 
3d4p-3d4d ' F - ' D 0 - 1 

3d4p-3d4d F - D 2 - 1 
3d4p-3d4d F - ' S 1-1 
3d4p-3d4d F - ' P l - l 
3d4p - 3d4d ' F - T 3 - 3 
3d4»- 3d4p D - ' F 2 - 1 
3d4»- 3d4p D - F 1 2 

3d4*- 3d4p D - F 1 -0 
)d4s - 3d4p D - F 1-1 
3d4»- 3d4p D F 2 - 2 
3d4«- 3d4p D F 2 1 
3d4* - 3d4p D - ' F 3 2 
3d4* - 3d4p ' D - ' F - 2 3 

)d4* ld4p 'D r i 4 
)d4> )d4p D F 2 ) 
)d4^ )d4p 1) F 1 2 
\d*\ )d4p D 'F 1 ) 
ld4s )d4p •D F 2 2 
id*» ld4p 1) [)" 2 1 

I 



C-44 

C*» V — Continued 

Murripkt Rd. Inl X... (in A) Leveb (in 10' cm ) Configurations Terms I } Nous Rrfci 

110 1630910 
:*s 1638495 
220 1639 403 
160 1644 093 
70 1652595 
70 1655.639 

70 1705 629 
20 1705 968 
110 1728.497 
1000 1837 502 

167 1764-228 4891 
168.0895-229 1208 
167 4910 - 228.4891 
167.1764-228 0018 
167 4910 - 228.0018 
1680895 - 2284891 

167 4910 - 226 1198 
1716981 -2303163 
1716>8l -229 5517 
1716981-226 1198 

3d4s-3d4p 
3d4s-3d4p 
3d4s-3d4p 
3d4s-3d4p 
3d4s-3d4p 
3d4s-3d4p 

3d4s-3d4p 
3d4s-3d4p 
3d4s-3d4p 
3d4s-3d4p 

'D - 'D' 1-2 218 
•D-'D' 3-3 218 
'D - 'D' 2-2 218 
'D - 'D' l-l 218 
'D - 'D* 2- I 218 
'D - 'D- 3-2 218 

'D-'D - 2-2 218 
D-'F 2-3 218 
D-'F 2-2 218 
D - 'D* 2-2 V 218 

CHROMIUM VI (Cr s ), 2 = 24 
Ground State 1s32s12p'3«23p (3df ,Dv l) (19 eltctrons) 

Ionization Potential 731 020 cm '; 90.636 eV 

Muliiplei Rel. Inl A., (in A) 

1 14476 
1 144.961 
1 146 776 
4 146 980 
4 149 706 
12 149918 

30 154 197 
50 154418 
80 161659 
80 161687 
80 161 836 
12 161908 

1 161930 
110 162 565 
12 162764 
50 163014 
12 163 514 
12 163801 

4 164 159 
1 164 301 
12 164 564 
12 164833 
II 168 088 
4 168355 

150 169435 
12 170 569 
30 171 400 
4 172204 
80 172487 
JO 172 841 

4 17} 973 
12 174 175 
150 175 756 
200 176 037 
375 201007 
250 201 224 

Levels (in I0 ; cm ') 

0 - 690 781 
940 - 690.781 

0 -681 307 
940-681 307 

0 - 667.973 
940 - 667.973 

0-648.521 
.940-648 533 

0-618.583 
940 - 619 419 
940-618 849 
940-618 583 

940 - 618.491 
940 - 616.079 

0 -614 385 
940-614 385 

0 -611 568 
;•: -610 497 

0 -609 166 
0 -608 631 

940-608 631 
940-607 615 

0 - 594926 
940 - 594 926 

940-591 137 
0 - 586 273 

940-584 371 
0 - 580 697 

940 580 697 
0 578 566 

940 575 742 
0 574 135 
0 - 568 9574 

940-568 9930 
0 497 495 
0 496 958 

Configurations 

3p*3d 
3p*3d 
3p'3d 
3p'3d 
3p'3d 
3p*3d 

3p"3d 
3p*3d 
3p*3d 
3p"3d 
3p*3d 
3p"3d 

3p*3d 
3p*3d 
3p*3d 
3p'3d 
3p"3d 
3p*3d 

3p'IOf 
3p*l0f 

• 3p*9f 
3p"9f 
3p"8f 

-3p«8f 

3p*7f 
-3p*7f 
3p'6f 

• Sp'SdCD'H* 
-3p'6f 
-3p*6f 

- 3p'3<K'D-)4» 
- ipUCF")* 
- 3p'3dCF>4» 
- 3p'3dCF">4i 
- 3p'3d('D*)4s 
- 3p'3dCD-)4» 

3p"3d - 3p'3d('D')4» 
3p*3d - 3p'3dCD'>4» 
3p"3d - 3p'3d('D')4$ 
3p"3d - ip'idCD'iit 
3p"3d - tyMr'y* 
3p*3d - 3p'3dCF')4» 

ip'U - Ip'MT'Hs 
3p"3d-3p'3d('F-)4» 
Ip'M-ip'WFyh 
3p"3d-3p'3d('P*>4» 
3p*3d- Jp3dVF>4» 
3p"3d - Jp'Jdt'P'Hs 

3p"3d 
Ip'Jd 
}p"3d 
Jp"3d 
»p"3d 

Terms J - J Notes: References 

r "D - : F-
g :D - J F 
g'D - 2 F 
g'D - : F 
g ' D - ' F 
g ' D - ' F 

g-'D - »F 
g :D - ' F 
g :D - : F 
g :D - 'D* 
g ' D - ! F 
g !D - ! F 

g'D - -D' 
g'D - J F 
I 'D - »F 
g'D - ! F 
gJD - -D-
g :D - ! D ' 

g'D - 'D-
g'D - *D' 
g'D - 'D* 
g'D - 'D ' 
g'D - ' F 
g'D - f 

g'D - 'F* 
g'D - f 
g'D - 'F-
I'D - 'r 
t'D-'r 
I D r 

3p"6p 
3p*6p 
3p'5f 
3p*5f 
3p'('P*)(3d'('F» 

3p*3d 3pVP*KW(>») 

g r > 

g D 
g'D 
g'D 

'r 
•r 
<r 
'F* 
D # 

'D* 

009 
: 222 
! m 
i 222 
i 222 
1 222 

I " 2 

! 222 
I 222 
i 222 
i 222 
I 
i 222 
! 222 
! 222 
! 222 
i " 2 
! 222 

i 222 
I " * 

222 
222 
222 
222 

I 222 
222 
222 
222 
222 
222 

222 
232 
222 

i 222 
222 

! 222 



C - 4 S 

CB VI — Continued 

Mutoplet Rd Int., X.. (in A) Levels (m \& cm ') Configurations Tcnns J - J Nota RCKKUCCS 

no 201388 
450 201.606 
110 202057 
375 202.442 
300 202739 
HO 204.682 

•50 2050*4 
375 207*89 
450 207 651 
110 207 892 
450 226.241 
375 227.202 

80 227689 
250 264.078 
12 264.732 
300 269 776 
W 279.154 
SO 280143 

12 280879 
ISO 335123 
M0 336.184 
450 337 185 
1 383575 
1 385 015 

0 420499 
0 423559 
1 562.572 
1 602011 
30 607 239 
50 1 614.028 

4 720 771 
4 723675 
12 756786 
30 773223 
520 942610 
600 . 957009 

300 959091 
12 1086681 
12 1103 926 
ISO ; 1107 225 
200 III4II4 
12 1164 146 

110 : 1167 222 
10 1177 469 
200 1255832 
ISO | 1261 128 
50 1264746 
SO ' 1281 439 

50 ' 1342 741 
(0 1360504 
100 i 1417659 
700 1455 282 
50 i 1907 4*2 
10 ! 1924089 

940 - '.97.495 
940-496.958 

0 -494 9112 
940-494.9112 

0. - 493.2471 
0. - 488 5619 

940 - 488.5619 
0.-481.9560 

.940-482.5171 
940-481.9560 
.940-442.9454 

0-440.1352 

940-440.1352 
0. - 378.677 

.940-378.677 
940-371.618 
.940-359.165 

0 - 356.962 

940 - 356 962 
0. - 298.3967 

.940 - 298.3967 
0 - 296.5732 

227.8579 - 488.5619 
227 8579 - 487 5895 

296.5732-534.3817 
298.3967 - 534 4897 
442.9454-6207005 
402.8886 - 568.9930 
296 5732-461.2530 
298 3967-461.2530 

481.9560-620.6963 
482.5171-620 7005 
440 1352-572.2723 
442 9454 - 572.2744 
296.5732 - 402.6617 
298.3967 - 402 8886 

298 3967-402.6617 
402 8886-494 9112 
402 6617 - 493 2471 
4819560-572.2723 
482 5171 - 572 2744 
402 6617-488 5619 

402 8886- 488.5619 
402 6617-487 5895 
402 8186-482 5171 
402 6617-4819560 
402.8886-48I9S6O 
572.2744-650.3108 

487 5895-562.0641 
488 5619 - 562 0641 
227 8579-298 3967 
227 8579 - 296 57)2 
4819560-534 3817 
482 5171 -534 4897 

3p*3d - 3p'(2P -X3d !( ,F)) 
3p*3d - SpYrXMH'F)) 
3p'3d - ip'OryiMW)) 
3p*3d - B p Y r X M W ) 
3p"3d - SpVPTOtrtVl) 
3p'3d - 3p*5p 

3p"3d - 3p«5p 
3p*3d-3p*4f 
3p*3d - 3p*4f 
3p'M - 3pMf 
3p*M - SpVPTOdVR) 
S p ' M - V e n O d W ) 

3p*Jd - apVPWCF)) 
3p*3d - j p v n o d V D ) ) 
3p*M - S p V r x W C D ) ) 

3p'M - 3p'(JP*X3dI( ,G)) 
3p*3d - WrWi'G)) 

3p*3d - ip'l'rWi'G)) 
3p*M - V « P 
3p'3d - 3p'<P 
3p*3d - 3p*4p 
3p'4» - 3p*5p 
SpMiOp'Sp 

3p*4p - 3p*5d 
3p*4p - 3p*5d 

' 3p*4d - 3p*5f 
3p'4p-3p*3( 
3p'4p-3p*5* 

j 3p«4f-3p«6f 

| 3pMf-3p«6g 
j ipyrnid>cr!))-ip'H 
! 3p'(IP"X3<l,(,F))-3p*5g 

3p*4p - 3p*4d 
J 3p'4p-3p'4d 

3p'4p - 3p'4d 

3p«4d - wrwcm 
3p*4d - 3p'( ,rXJd'( ,l >)) 
3p*4f-3p'5i 
3p'4f-3p*5| 
3p*4d - 3p*5p 

3p*4d - 3p*Sp 
•^•4d - 3p*5p 
3p*4d - 3p'4f 
3p'4d - 3p'4f 
3p*4d - 3p*4f 
3p'5g - 3p»7h 

3p»5p - 3p'6» 
3p'5p - 3p*6> 
Jp*4» " 3P*«P 
3p*4i - 3p»4p 
3p#4f-3p'5d 
)p'4r-)f*Sd 

g ' D - ' D ' 
g*D--D* 
r D - * P " 

tfD-'V 
g ' D - ' F 

g 'D- 'F 

g ' D - ' F 
g ' D - ' F 
g'D-T* 
g ' D - ' F 

g / D - ' F 
g'D-'F* 
g>D- ; F 
tfD-'F 
g ' D - ' F 
f 2 D- 2 F* 

g ' D - ' F 

g»D-'F 
g ' D - ' F 

'S-'F* 
'S-'P* 

' r - 'D 
•r-'D 
'f-'G 
'D-V 
'r-'s 
'r-'s 
»F-«G 

tV-K> 

: 

222 
222 
222 
222 
222 
222 

' F -
T -
'r-
>r-
•D-
•D-
• F -
' F -
'D-

' D -
' D -
' D -
' D -
' D -
' O -

•r-
•r-

• s -
'S-

'r-
>r-

D 
<r 
r 
•o 
'O 

r 
r 
r 
F 
F 
F 
H' 

S 
S 
r 
r 
D 
D <-u 



C - 4 6 

CR VI — Continued 

MuJDptet Rd Int. A., (m A) 

12 
30 

1932783 
1933955 

Levels (in 10* cm ') 

568.9574 - 6206963 
568 9930-620.7005 

Configurations 

3p"5f-3p"6g 
3p*5f-3p*6g 

Terms 

: F- -=G 

J - J Notes References 

" C I "122 
] - ] 222 

CHROMIUM VII (Cr* ), Z = 24 
Ground State 1«22s22p*3sa3p*('S.) (18 •tectrons) 
loniiation Potential 1 291 900 c m ' ; 160.18 eV 

:l Int A» (in A) Levels (in 10* cm ') 

71.744 0 - 1393.84 
I 74.875 0. - 1335 56 
4 81 491 0 - 1227.13 
1 81.980 0 - 1219.81 
1 92 128 0 - 1085.446 
5 92969 0 - 1075 627 

5 95917 0 - 1042 568 
20 96.760 0 - 1033 485 
20 100.593 0 -994 105 

1 101 565 0 - 984.59 
40 104 127 0. - 960.366 
40 105.139 0-951122 

285 114 235 0 - 875.3805 
285 115.407 0 - 866)028 

5 116.654 0. - 857.2345 
650 146.497 0 - 682.6102 
450 148714 0. - 672.4277 
20 166.488 341 1793-941.811 

70 I66S60 342 7735-943.1491 ! 
40 166.936 342 7735-941.811 

220 167.020 3461371-944.8667 
110 167496 346 1371-943.1491 
40 168523 363.0609 - 956.454 ! 

5 169 084 357 5437-948 9439 

5 169 847 360.1719-948.9439 
5 170086 357 5437 - 945 4757 ! 

20 170139 3601719-947.9174 ! 

450 170 393 337.5437-944.4168 
285 170(50 360 1719-945 4757 
160 170982 3630609 9479174 

5 174070 382 7374-9)7 20)1 
160 174286 312.6823 - 9)6 454 
220 175315 386.6166 - 9)7 0046 
70 175812 ] 315.1213 - 954 623 

110 176.0)3 ! 386.6166 - 954 623 ' 
5 176.295 j 389.2262 - 9)6.454 

285 | 176613 ! 312 7374 - 9419439 
40 i 176.916 1 3*2 6123-947 9174 
70 177694 382 7374 - 943 4737 
70 1 177.895 1 382 7374 - 944.1667 

1 ! 178 831 ! 382 6823-941811 
5 j 179.612 j 316.6166-943.1491 

Configurations Terms J - i Notes R Terences 

V3p-
3v3p« 
3s;3p-
W 
3s'3p-
3, ;V 

3 .V 
3»V 
3sJ3p« 
3.-V 
3.'3p«-
3 . V -

3 . V -
3 . V -
3.V" 
3.'3p«-
3, 'Jp-

3s'3p'3d -

3»'VW-
WtyM • 
3*'3p'3d -
WtfM • 
3»'3p'M • 
Ss'VSd-

3»'3p'3d 
H'ip'id-
3.*3p'3d -
H'tfU -
3.'3p'3d -
3 t V 3 d • 

3»'3p'3d-
3 i V * l 
3t'3p<3d • 
3.'3p'M • 
H'if'U 
3t'3p'M 

3*J3p<3d 
3*>3p'M 
3t'3p'3d-
3.'3p'3d 
3s'Jp'3d 
Jt'Jp'W 

3s3p*7p 
3s3p*6p 
3s3p*5p 
3s3p*5p 

3s3p*4p 
3s3pMf> 
3s 23pV p''i> 5* 
it'JpH'n,)* 

^SpVPt/jMd 
3$'3pVPvj>« 

H'SpVPtj)** 

J r t p W W 

fc'lpfF'/iW 
3f'3pVP*M)«f 

3i'3pVPtj)4f 
J»»JpVl»w)»f 
3. ] 3pVr M )4f 
3f'3pVP*vj)4f 

3f'3pVP"„>4f 
•••JpVFf/iHf 
Jt'SpVPUXf 

h?}p'erv,w 
yt'ip'CK,^ 
3t,3pV>/>)*' 

g's - 'r 
g's - 'r 
g's - r 
g's - >r 

•D' 
JL'l 
an 

'D'-IJ] 
•D'-JH 
'p-ifij 

'D'-UJ 
•D'-Hl 
•D'-L'l 
'D'-IiJ 

0 - 1 
0 - 1 
0 - 1 
0 - 1 
0 - 1 , 

A 
A 
A 
A 

g'S-iif ; 0- l j 

«'s-ur 
g-s-iir 

; g's-'r 
g's-'r 

: s's-Slr 
\ i's-iir 
: i-s-Hr 
: «'s-iir 
: I's-IJT 

%'s-ar 
! «'s-ijr 

! * • - » 
! '•»•-» 
i 'r-i\] 
\ 'F--SJJ 
! •F'-ii] 
I 
i v-fll 

*F*-Ji] 
•F--JU 
* • - « ! 
'F--ii) 

; o - i 
: 0 - 1 
I o-i 
! 0 - 1 
| 0 - l 
• 0 - 1 , 

I o - i 
0 - 1 

I 0 - 1 
jo-. 

0 - 1 
0 - 1 

440 
440 
440 
440 
907 
907 

907 
907 
907 
440 
907 
907 

907 
907 
907 
907 
907 
907 

907 
907 
907 
907 
907 
907 

907 
907 
907 
907 
907 
907 

907 
907 
907 
907 
907 
907 

907 
907 
907 
907 
907 
907 



C-47 

CH VW — CoMlMwcd 

MaMpletiRel. IaC- A« <» A) Levcb(B 10* c m ' ) 
j 

CoangwsdoQS Term J - J 
; I 

1 
Noteii References 

40 179.776 ! 3892262-945.4757 WSp'M-JjVCPtiW i 1F--JS 3-4 J 907 
; 170 202.128 0. - 493.0354 j^yp'-Wip'M ! g 's - ' r o - i 907 

20 241.393 342.7735 - 757.0358 Wlp'M - fc'V'P ; " p - - * ; i -o 1 907 
5 242.461 3465371-758.5721 Ss'V*) - 3»,3p'4p ! n r - 'p : 2-1 ! 907 

TO 242.579 346 I37i-751.3744 3»'Jp'Jd - 3»'3p'4p i , P*- , D J 2-2 • 907 
20 242.953 342.7735 - 754.3719 3»J3p'3d - 3»!3p'4p : , P*- , P , l - l 1 907 

i 

5 244.363 342-7735 - 751.6493 fc'VJd - J* 2 V«P ; r-v \ 1-2 i 
| 907 

20 243.431 341.1793-748.6293 3 s V 3d - ^ V 4 ? •P'-'D 0-1 ! 907 
70 246.399 346.1371-751.6493 J»;3p'3d - 3»J3p'*P • r * ' 2-2 ! 907 
40 230.311 346.1371-745.6311 3v3p'3d - 3s]3p'4p ; ' r - ' D ! 2-3 ! 907 
20 251.124 360.1719-758.3744 X'ip'M-W&H, ; "T - 'D ! 3-2 ! « 7 

1 252.837 3630609-758 5721 3sJJp'3d - 3s'3p,<P •F*->P ; 2-1 I 907 
j 

20 234.177 341.1793 -734.6053 J»'3p'3d - Wif'tp • P * - * i 0-1 j 907 
70 235.210 342-7735 - 734.6053 Wfy'ld - 3s23p'4p ' r - ' s i - i | 907 
1 255.447 360.1719-731.6493 3 r V M - 3*23p'«P •F--*P 3-2 I 907 

40 255545 363.0609-734.3719 3^V3d - 3s23p'4p ' T-'V 2-1 ', 907 
70 257.422 346.1371-734.6053 3s23p'*> - 3*23p'*P • p - - * : 2-1 1 907 

430 257676 357.5437-743.6311 WtyH - Wyp'tp •F'- 'D 4-3 
1 

285 259 181 0. - 385 8283 3»23p* - 3s'3p'3d t 'S- 'D' ; 0-1 i m 

110 259 360 363 0609 - 748.6293 3»;3p'3d - 3»23p'4p •F * - 'D J 2 - 1 ; 907 
40 259432 360.1719-745.6311 3*23p'3d-3»23p'4p •F'- 'D ! 3-3 ' 907 

360 259 636 360 1719-745.3289 3$'3p'M - 3s]3p'4p "F - 'D ! 3-2 1 907 
20 261 598 363 0609 - 745 3289 3s23p'3d - 3»!3p'4p •F*-'D 2-2 907 
1 266 172 382 6823 - 758 3744 3s23p'3d - 3»23p'4p •D' - 'D 2-2 : 907 

70 268852 386 6166-758 5721 3*'3p'3d - 3s23p'4p •D* - 'P 2-1 907 
70 269038 382.6823 - 754.3789 3s23p'3il - 3s23p'4p 'D' - 'P 2-1 907 
20 269.397 385 8283 - 757 0358 3*23p'3d - 3»23p'«P *D'-'P 1-0 907 

160 270897 389.2262-758 3744 3»23p'3d - 3»23p'4p ' r - ' D 3-2 907 
160 271070 382 7374-7516493 3»23p'3d - 3»23p'4p 'D' - 'P 3-2 907 

5 273.269 382 6823 - 748 6293 3»23p'3d - 3»!3p'4p 'D ' - 'D 2-1 907 

1 273952 386 6166-7516493 3i23p'3d - 3»23p'4p 'D' - 'P 2-2 i 907 
1 275 563 382 7374-745 6311 3s23p'3d - 3$23p'4p 'D ' - 'D 3-3 907 
5 275 635 385 8283 - 748 6293 3s23p'3d - 3»23p'4p 'D ' - 'D 1-1 907 
1 275 756 382 6823-745 3289 3»23p'3d - 3»J3p'4p 'D ' - 'D 2-2 907 
1 275 792 382 7374-745 3289 3»23p'3d - 3»23p'4p 'D ' - 'D 3-2 907 
5 275 926 389 2262-7516493 3»23p'3d - 3»23p'4p r - ' P 3-2 907 

1 280 571 389 2262-745 6311 3»23p'3d - 3523p'4p r - 'D 3-3 907 
20 280 823 389 2262 - 745 3289 3»23p'3d - 3t23p'4p ' r - ' D 3-2 907 
20 291 738 0 - 342 7735 3i23p' - 3»23p'3d g's- ' r o - i 907 

1 355012 3461371-627 8267 3»'3p'3d - 3»3p*3d ' r - ' D 2-2 907 
220 375 425 342 7735-609 1427 3*:3p'3d - 3s3p*3d ' r - ' D 1-2 907 
70 376 073 342 7735 - 608 6796 3f23p'3d - 3»3p*3d ' r - ' D i - i 907 

5 377 687 363 0609 - 627 8267 3»23p'3d - 3»3p*3d 'F ' - 'D 2-2 907 
360 379153 346 1371-609 8878 3»23p'3d - 3f 3p'3d ' r - ' D 2-3 907 
110 380 219 346 1371 - 609 1427 3t23p'3d - 3»3p»3d ' r - ' D 2-2 907 

1 380 897 346 1371-608 6796 3»'3p'VJ - 3»3p,3d ' r - ' D 2 - i 907 
4)0 396 288 357 5437 - 609 8878 3«'3p'3d - SsSp^ 'F ' - 'D 4-3 907 
40 400 432 360I7I9-6O9 8878 3t'3p'3d - 3»3p*3d •F- - 'D 3-3 907 

360 401651 360 1719-609 1427 3»'3p'3<» - 3«3p*3d 'F ' - 'D 3-2 907 
70 406 369 363 0609-609 1427 3«23p'3d - 3«3p'3d •F* - 'D 2-2 907 

213 407 138 363 0609 - 608 6796 3t'3p'3d - 3i3p*3d 'F'- 'D 2-1 907 
220 407918 382 6823 - 627 8267 3iJ3p'3d - 3»3p*3d 'D ' - 'D 2-2 907 
160 408 019 382 7374 - 627.8167 3»,3p'3d - 3t3p*3d 'D'- 'D 3-2 907 
160 414 582 386 6166-627 8267 3»'3p'3d - 3»3p'3d 'D'- 'D 2-2 907 



C-4« 

CfiVN-CoMMed 

1 ' 

MampktjlteL tat Lrvcb < • 10* cm ') Cfflinjuff1*1*^ 
! ! ! 

-J | Notes j Hifautu 
i 1 

110 419 104 389 2262 - 627.8267 Js-'3r 3d - 3sJp*3<l ' F * - ' D j 3 - 2 ; j 907 
1 440.121 3*2 6123 - 609 817* 3v3p'3d - 3*V3d ' D ' - ' D :. 2 - 3 907 

215 440244 382-7374- 609.887* 3s'3p'3d - 3s3p*3d ' D ' - ' D 3 - 3 907 
70 4415*4 382.6823-609.1427 3s:3p'3d - 3s3p*3d 'D* - 'D 2 - 2 907 
20 441610 382.7374-6091427 3r3p'3d - 3$Jp*3d "D- - "D 3 - 2 l 907 
40 447 792 385 8283-609.1427 3s:3p'3d - 3*3p*3d t V - ' D 1 - 2 ; 907 

40 447 882 3*6.6166 - 609.8*7* 3i'3p'3d - 3s3p*3d • D * - ' D , 2 - 3 907 
110 441.729 3*5 (2(3 - (0*6796 3s-V 3d - 3*3p*3d ' D " - ' D 1 - I 907 
110 449 316 3*6.6166-609.1427 3s:3p'3d - 3v3p*3d 'D* - 'D 2 - 2 907 
20 450314 3*6 6166 - 608.6796 3s:3p"3d - 3s3p*3d 'D* - 'D 2 - 1 907 

110 453 183 389 2262 - 609 887* 3s-'3p'3d - 3s3p»3d 'F- - l D - 3 907 
20 741*89 493.0554 - 62.7.8267 3v3p"3d - 3s3p*3d ' P * - ' D - 2 907 

40 801277 734 6053 - 859 4071 3s:3p"4p - 3j:3p'(-PT .Hd •s-iir - 2 907 
20 815 474 734 6053 - 857.2345 3s:3p"4p-3s:3pVP::)4d •s-tir - I 907 
5 820 239 7516493-873 5655 3s3p'4p - 3s'3p'(:PT .Hd 'p-itir . ! - 2 907 
j 821788 734.6053 - 8562922 3s3p'4p - 3s:3p'<:Pi :)4d •s-iir - 0 907 

20 836 644 745 6311-865 1558 3s:3p'«P - 3s :3p'( :* -Hd D j ; r 1-3 907 
20 841747 745 3289-864 1295 3s'ip'4p - 3s:3p'('P> ;>4d "D-jir ; ! - 2 907 

5 844 989 757 0358 - 875 3*05 3vJp'4p-JyJp*(-'P7:>4d 'p-air < ) - 1 907 
40 841517 754.3789 - 872 2316 3s:3p'«P - 3»'3p'{!PT :Hd 'r-iir - 2 907 

100 862.043 745 3289 - 861 1984 3»'3p"4p - 3»"3p'(:P; .Hd D-ijr ! - 3 907 
70 865 800 748 6293-864 1295 3»;3p'4p - V'3p'(:PT :Hd 'D-i ir 1-2 907 
20 869 615 758 5721-873 5655 3v3p'4p - 3i:3pY'P: :)4d "p-Sir 1-2 907 

220 870980 745 6311 -8604443 3s:3p«P - 3»"3p'(:P: .Hd o- j i r 3-4 907 

110 871296 758 3744-873 1461 3>:3p"4p - 3»'3p-(;P: ;Hd D-s?r ! - 3 907 
70 8810)2 7516*93-8651558 3s3p'4p - 3s:3?'(:P: .)4d >p-j?r 2-3 907 
20 926 520 758 5721-866.5028 3s3p'4p - 3s:3pYP: .)4d •p-«r 1-1 907 

1 936492 758 3144 - (65 1558 3s3p'4p - 3»:3pVPT :)4d D-i?r 2-3 907 
5 1163 516 6T2 4277 - 758.3744 3s 3p'( PT :)4s - 3s'3p'4p Sir - o 1-2 907 
1 1163 947 857 2345-943 1491 3s:3pYPT :)4d - 3s:3p'('Pt ;)4f Sir-Sii 1-2 907 

5 1170 143 859 4071 - 944 8667 h ; 3p' ( : r ;)4d - 3s ;3p'< !r :)4f Sir-Si) 2-3 907 
40 1181 920 672 4277 - 757.0358 3»:3p'(:Pt .Hs - h :3p'4p Sir - p 1-0 907 

5 1186 561 861 1984 - 945 4757 3i : VC'Pt .-Hd - 3s;3p'(:P; :»4f Sir-*?] 3-4 907 
5 1189 640 873 1461-957 2051 3s 3p'(;PT :)4d - Js'3p'(!F :)4f a?r - an i 3-4 907 

20 1190 867 860 4443 - 944 4168 3s:3p'(:P: :)4d - H'Sp'CV; .)4f Jir-sn »-5 907 
70 1193 492 865 1558-948 9439 3s :3pY^ ;)4d - 3s:3pYPT -Hf Sir-sn 3-4 907 

20 II98 481 873 5655 - 957.0046 3s3p'(:P; :Hd - 3s'3pVPT .Hf air - ail 2-3 907 
220 1207*66 668 8586-7516493 3s3pVP; .H» - 3s'3p'4p Sir - 'p 2-2 907 
360 1302 551 668 8586-745 6311 3s:3p'('PT :)4s - 3s:3p'4p iir-'o 2 -J 907 
160 1307 696 668 8586 - 745 3289 Jvi/CPT ;)4» - 3s-'3p'4p Sir - o 2-2 907 
220 1312 107 672 4277 - 748 6293 3s 3p('PT :Ks - 3s:3p'4p Sir - 'D 1-1 907 
220 1319885 682 6102 - 758 3744 3s'3p'(:P: -.)** - 3s'3p'4p Sir - 'D 1-2 907 

110 1393 366 682 6102 - 754 3789 3s ;3pVr .)4» - 3s'3p'*P «r- 'p I I 907 
220 1426 644 678 5347-748 6293 Js'JpVPT ;>4s - 3»'3p'4p ssr-'D !)- 1 907 
40 1448457 682 6102-7516493 3« 3p'('PT .Hs - 3 i V 4 p sir - 'p 1-2 907 



C - 4 9 

CHROMIUM VIII ( C r T ) , Z = 24 
Ground State 1sx2sa2p*3B*3p<(*P'tn) (17 •tectrom) 
Ionization Potential [1 490 000] cm '; [194.7] «V 

Multiple! Rd lm V« (m A) Levels (ra 10' en ) Configurations Tonus J J Notes References 

10245 00 - 976 08 3s'3p' - Jv3pTD>4d r r - -D i-:. (54 
103 03 00-970 59 3s:3p" - 3v3pYD>4a ,-P- . -p :-: (54 
103 36 9(919-977 38 3s;3p* - 3s°3pTD>4d r r - D i _ i (54 
103 48 00-966 37 3s'3p" - 3s'3pTP)4d r'P" - :s i-i (54 
10392 9 8919-972 17 3»:3p' - 3s'3pTD>4d g'p* - -r I _ I (54 
105 69 00-946.16 3»'3p' - 3v3pVP)4d jr-'D i-t (54 

106 61 98919 -94727 3s'3p' - 3s:3pTP)4d r r - ' o i _i (54 
200 124 1M 00 - 80) 26 3s"3p' - 3s;3pYS>ts r ' f - s :-• 182 
100 125 72» 9 8919-805 26 3s :ip' - 3s:3pTS)4* r r - ' s l _ i : 182 
700 129 99* 00 - 769 24 3s:3p' - 3s'3pY0)4* r'r - -T) i 2 '• 182 
600 131638 9 8919 - 769.55 3s:3p' - 3v3pYD>4» r'P" - : D I . J :i2 
200 132 321 00 - 755 74 3s:3p- - 3v3pVP)4* r*P" - 'P i i • 182 

600 133 395 0.0 - 749.64 3s:3p' - 3s'3pVP>4t fr--v J . J 182 
300 134 076 9 (919 - 75) 74 3»:3p' - 3s'3pTP)4» fr --v i _ i 182 
400 134 942 00-74106 J» 'V - 3s'3pTP)4s r'p- - *p i - } 182 
100 135 1(5 9 8919 - 749.64 3s:3p' - 3»!3pVP)4» i 'r - 'v i i 182 
50 135 892 00-73)88 3sJ3p' - 3s'3pVP)4s g-'p* - *p l i 182 

143 17 135 +D-833 47^D 3v3pVP)3d - 3»:3p*CP)4f • D - T - •-: 854 

146 37 146 335 + S-829 535 + S 3»'3p4('P)3d - 3»J3p*CP)4f • F - ^ ' ; » 
• i " J 854 

146 63 142 359 + S-824 347 + S 3s!3pVP)3d - 3»J3p*CP)4f *F-*G- j : 854 
147 20 145 »S-824 347 + S hWrnd-xwrw •F - *G* > u 

2 ~ 2 
(54 

147 30 164 ^ L - 842 8*6+ L 3» 3pVD)3d - 3s'3pTD)4f : G - -H' 1 . U 854 
147 49 146 335 » S-824 347+ S 3s:3pVI»)3d - 3s!3pVI")4f •F-«G- : t 854 
20154 00 - 496 17 3»:3p' - 3>'3pTD)M , ' r - : D j J 

i - 1 260 

700 205 01 00 - 487 78 3»:3p' - 3 * V < D ) W g!P- - ; D J 3 260.256 
400 205 65 9 8919-496 17 3*:3p' - 3s'3p'('D)3d i 'r - 'D l J . 

J * : 260.256 
300 207 07 00 - 482 91 3»:3p' - 3» 3p4('D)3d g ip - . 'p J . l 260.256 
200 20(63 00-479 31 3s:3p' - 3>:3p*('D)3d t'r - 'p j j 

1 " 2 
260.256 

200 21142 9 8919 - 4(2 91 3»:3p' - J»3p*(D)3d g'p* - 'p 1 1 
2 " J i 260.256 

200 213 03 9 8919-479 31 3»:3p' - 3s'3p*CD)3d g'p" - ! P i j ; 
i ~ : 260.256 

400 216 67 00-461 54 3iJ3p' - J» 3pYD)3d t'r - >s J » 
: ~ 2 i 260.256 

200 22141 98919-461 54 h'3p' - 3* 3pYD)3d g'p- - 's 1 i 
2 2 ' 260.256 

650 413 112 00-242065 3s:3p' - 3»3p* gJP* - 'S i - i ! 726 
450 430713 9 8919 - 242 065 3»'3p' - 3s3p* g'P" - 'S j - j 726 

94 33 
96 17 
9648 
96 55 
97 19 
97 97 

CHROMIUM IX ( • > • ) , Z = 24 
Ground State 1»12*)*2pt3*>3p4(:T>,) (16 •tectrona) 
Ionization Potential (1 6 M 000] cm '; [200.3] «V 

Multiple! R 4 >ni \ . . (in A) Levelt (in I0 1 cm ') 

7(21 -1067 9 
30 284-1070 112 
30 284 - 1066 771 
66 835-1102 576 

0 - 102191 
7(21 - 102(54 

Configuration* 
r 

Term* r r -
J • J I Motet; Reference! 

1 3i'3p4 - 3t'3p'('D')4d i , ' p - 'D' 1-2 (51 
3»'3p' - Jt'VCD'Xd ' D - ' F 2 - 3 (54 
3*'3p* - 3.'3p'('D')4d 'D - 'D* 2 - 2 (54 
3»'3p' - 3t'3p'4d s - p - 0 - 1 (54 
3»'3p' - 3»,3p'CS->4<l g'P - '!»' 2 - 3 | 854 
3t'3p* - 3t,3p'('S')4d g'P - 'D' 1-2 (54 



C - 5 0 

CN DC - Commaed 

MaJnpkt R d Int X . . On A ) Levels On I0-' cm ') C o n * * * — Terms J J Nous References 

<nx» 9 5*9 - 1029 14 3s"3p* - 3» :3p(*S*>4d | ' P - D- 0 - 1 854 
200 1I7 4J5 30 2(4 - 881 ^ fc-V-fc-'JpVrx. D - r 2 - I 181 
6*J 117 942 0 - 847.87 3s3p' - 3»3p ( D->45 g'P - D- 2 - 3 1(1 
200 I K 16? 0 -846 26 3 » V - 3v3pVD- )4 * g'P - D- 2 - 2 1(1 
400 119 269 7.821 - 846 26 3s:3p" - k ' J p V D ' H s g'P - D* 1 - 2 1(1 
200 119 320 7 821 -845 90 3s-3p* - 3v J p V D ' H t g'P - D- 1 - 1 1(1 

100 119 569 9 549 - 845 90 3s:3p* - 3s : V<"D">«* g'P - D* 0 - I 1(1 
600 121 293 30284 854 7} 3v3p* - 3s :3p'<D">*» D - D' 2 - 2 1(1 
400 121 7gl 0 -82107 3» V - 3v3p'(*S')4* g P S* 2 - 1 181 
200 122 710 66 855 - 881 72 3s 3p* - 3s 3 p V P - H * s-r 0 - 1 181 
200 122 964 7 821 -82107 3s 3p* - 3s ;3p <*S'>4s gP V 1 - 1 181 

y> 123 226 9 549 -82107 3s 3p* - 3s : 3 r (*S*Hs g P - V 0 - 1 181 

127 31 1 0 2 8 6 4 5 - S - 1814 1 2 9 - S H ; 3p» D-)3d - 3v3p V D ' H f F* - ' G 2 - 3 854 
127 42 1029 323 - S - 1814 1 2 9 - S 3» :3p'("D-(3d - 3s-'3p < :D-)4f F * - G 3 - 4 854 
12753 1030 - S - 1 8 1 4 1 2 9 - S 3s :3p'< :D*)3d - 3 » 3 p ' ( : D - H f F - - G 4 - 5 854 
12788 C 9 572 - D - 1661 555 - D 3s :3p'CS-)3d - 3s : 3pCS'Kf "D- - F 3 - 4 854 
127 95 880 - D - 1661 5 5 5 - D 3s:3p'CS*>3d - 3v3p'l*S-Hf ' D ' - 'F 4 - 5 854 
129.77 1030 - L - 1800594 -L 3»'3p'( :D->3d - k ' l p 'C 'O 'X f G* - H 5 - 6 (54 

129 99 1170 - r R - 1939289-R H-3pVp-)3d - 3$ ; 3p'(-r>4f F * - G 4 - 5 854 
13108 50000^ K - 1262 89 r K 3v3p'( : D-)3d - 3 * : V ( : D ' H T G - - H 4 - 5 (51 
176 86 400 0 0 - X -965 42 t X 3. :3p ( V > 3 d - H :3p'(*S'»4p • D ' - 'P 4 - 3 (51 
180 f 4 « O 0 0 ^ V - 1 0 1 3 8 0 - Y 3s3p ( D ' | 3 d - 3s3p'( : D-)4p G - - F 5 - 4 (51 
208 53 0 -479 57 3s-3p* - H : 3p'CS-)W g'P - D ' 2 - 2 239 

200 209 44 30 284 - 507 75 3s 3p' - 3s'3p'( D-)3d D P 2 - 3 239.256 

210 62 0 - 474 79 3s :3p' - H ;3p'(*S->3d g'P - D* 2 - 3 239 
211 32 9 549-482 76 3s:3p* - V'3p'CS*)3d g'P - D* 0 - 1 239 
21197 7 M l -479 57 3s3p* - 3s :3p'(*S*)3d g ' P - ' D - 1 - 2 239 
215 04 66855 - 531 M 3s :3p' - 3s :3p'('D-)3«l s - r 0 - 1 239 
215 97 30 284-493 31 3s:3p* - h : 3 p ' ( : D - ) 3 d D - D* 2 - 2 239 
22002 0 -454 51 3s:3p* - h : 3p' ( : D->1d g'p - r 2 - 2 239 

223 87 7 821 -454 51 3s'3p* - 3» :3p'( :D*)3d g'p - r 1 - 2 239 
1 327 26T 0 - 305 561 3» V - >»3p' g ' p - r 2 - 1 726 

no 363 271 30 2 ( 4 - 3 0 3 561 3 S - V - W P * D - r 2 - 1 T2o 
no 407 637 0 - 245 317 3»3p'-3s3p g'p - r 2 - 1 T26 
no 414602 7 821 -249016 3 » ! V - H 3 p ' g'p - r 1 - 0 T26 
160 418290 0 - 239 068 3.'3p'-3s3p< g'p - r 2 - 2 726 

70 418 923 66(55 - 303 561 3s3p' -3s3p' S-'P" 0 - 1 726 
no 421057 7 (21 -245 317 h 3 p ' - 3 f 3 p g'p - 'r 1 - 1 726 
TO 424 146 9 349-243 317 h ! V - 3»3p" g'p - 'r 0 - 1 726 
TO 432 440 7 (21 - 239 068 3s3p'-3s3p" g'p - r 1 -I 726 

1496 0 - 6 6 ( 4 9 3»:3p« - 3 i ' V g'P- S 2 - 0 F.P 375,726 
1(3 16*4 I I T ( 2 I - 6 6 849 3s;3p« - 3s !3p* g'p- , i -o! F 726 



C - 5 1 

CHROailUMX(Cr*-),Z = 24 
Ground State 1«*2»12p*3a13pYSi/1) (15 •toctrona) 
tontartton Potential [1 971 000] cm '; [244.4] «V 

MulupJet R d lot * ™ (•» A ) Levels (in 10' cm ) Coafigvratwas Terms J - J Nous MulupJet R d lot * ™ (•» A ) Levels (in 10' cm ) Coafigvratwas Terms J - J Nous 

10649 0 -939055 3v3p' - WipH'r* •*s* - *P i -: 8S4 
107 14 0 - 9 3 3 358 3v3p' - WipH'Vy* g*s- - "P - i 854 
107 45 37 106-967 84 3s :3p' - V S j r t ' D H * : D ' - : D -\ 854 
107 70 0 - 921 505 3s :3p' - Jv3pVP)4» «*s* - *P -\ 8S4 
107 80 39 454 - 966 93 3s-"3p' - SvSfr f 'DKi : D - - : D - : 834 
109 84 39 4 5 4 - 9 4 9 78 3» :3p' - J%:ipH'r)*t - D - - : P - j 854 

110 37 37 106 - 943 30 3v3p' - 3s :3pVP>4s : D ' - : P i i 
* i 8S4 

11102 67 163-967 84 3s :3p' - WipH'D)*i >r - D l _ j 854 
I I I 16 67 163-966.93 3s :3p' - J s ^ i ' D ) * • r - : D 854 
11331 67 163-949 78 fc'V-^ipH'P^ •r - -p _ j 854 
11370 63 9 3 6 - 9 4 3 30 3s :3p' - H ^ ' P * •r - -p i 854 
115 29 7J0 - • D - I 6 I 7 3 7 7 - D WWr»d - ii:it>H'F)*f * F - * G - _ ii 8)4 

116 75 950 - h S - 1806531 ~ S 3s'3p :('D)3d - S v ^ p ^ D H f ^ - : H ' -• 8)4 
117 09 950 » S - 1804043-rS H 3 p i D)3d - Hipl'DW 'O - ' H - -i 854 
21672 39 454 - 500 88 3s :3p' - fe^'RM : D - - •¥ -i 239 
21888 63 936 - 52082 3s :Jp' - 3s :3pVP)3d lr - "D -\ 239 
22042 67 163-520 82 3v3p' - 3» :3p :('P)3d •r - : D -i 239 
221 18 67 163-519 28 3s'3p' - ii'ipH'r)* 'r - : D - I 239 

223 86 0 - 446.71 3s :3p' - 3s :3p :('P)3d «"s--*p . » 239 
224 74 0 - 444 96 3*3p' - 3s'3p :('P)3d g*S' - *P -i 239 
22624 0 -442.01 3» :3p' - 3s :3pVP)3d g * S ' - * P - i 239 
227 42 37 106-476 82 3» :3p' - 3» ;3p( D)3d •D' - ' D - i 239 
228 71 39 4 5 4 - 4 7 6 6 8 3s :3p' - 3s J 3p : (D)3d 2 D * - ' D - ; 239 
23121 63 936 - 496 43 3s ;3p' - 3 i : 3p' (D)3d • r - : r -1 239 

23296 67 163-49643 3s ;3p' - 3»3p : (D)3d •V - : P _ J 239 
233 80 63 936 -49165 3s:3p - 3* :3p :( 'D)3d ' p - - = p - i 239 
247 67 37 106-440 87 3s:3p - 3» :3p :('P)3d ' D ' - V - J 239 
25264 37 106-432 92 3s'3p - 3s :3p :('P)3d ; D " - P -i P 239 
254 15 39 454 - 432 92 3s J 3p'-3» ; 3p( 'P)3d : D - - : P - \ 239 

70 333035 37 106-337 373 3s'3p' - 3s3p* ' D * - ; P ' - ! 726 

5 337 490 37 106-333 414 3* :3p' - 3i3p* ' D * - : P - J 726 
220 340 181 39 454 -333 414 3v3p - 3»3p* ! D - - ; P • - \ 726 

1 351092 63 936 - 348 763 3v3p - 3»3p' •V - 'S -\ 726 
«0 355 112 67 163 - 348 763 3v3p - 3»3p* 'r-'s - j 726 
20 365 718 63 936 - 337 373 3s ;3p' - 3»3p* •r -v : - j 726 

1 371086 63 936 -333 414 3v3p - 3»3p* V - P : -: 726 

1 375 584 67 163-333 414 3s 3p - 3»3p* V -'? • - i 726 
JOO 395 984 37 106-289 639 3s 3p - 3*3p* D" - ; D ! -\ 726 
450 398 150 39 4 5 4 - 2 9 0 614 3s'3p - 3»3p' D - - D ': -\ 726 

40 399 707 39 454 - 289 639 3s:3p - 3s3p' J D ' - D \ -'; 726 
70 411655 0 - 242 922 3s'3p - 3s3p* g'S" - 'P i -'• 726 

110 416690 0 -239 987 3s'3p - 3s3p* g'S- 'P • - J 726 

220 427 551 0 - 233 890 3v3p' - 3»3p* g'S- - ' P : - I 726 
1 443 062 63 936 - 289 639 3s 3p 3»3p* •r D • - \ 726 

20 447 529 67 143-290 614 3s 3p - 3*3p' •r D 726 
0 148904 0 -67 1574 3v3p 3s 3p' g*S - - V • - • F 940 

1564 10 0 63 9345 3v3p - 3v3p g-s- r • - • F 940 



C - 5 2 

CHROMIUM XI(Cr" ),Z = 24 
Ground State 1«z2»t2p*3a13pz(1>t) (14 •taction*,) 
lonlMMon Potentiai [2 184 000] cm '; [270J] cV 

MutapJ-t R d lot A . , On A ) Levels On 10' cm ) Configumioas Terms J - i Noco References 

8102 0 - 1234 3 3v3p : - 3s:3p4d g ' P - ' D ' 0 - 1 970 
(1 IS 11980-1243 8 Js :3p : - 3s:3p4d f ' P - F * 2 - 3 970 
81 23 5 536-1236.6 3» :3p : - 3s:3p4d g ' P - ' D ' I - 2 970 
8139 5 536-1234 3 3» :Jp : - 3s:3p4d j r ' P - ' D " 1 - 1 970 
81 55 I I 980-1238 2 3j '3p : - 3v°3p4d g ' P - ' D ' 2 - 3 970 
8205 Jo 99* - 1255 8 3*'3p : - 3s:3p4d ' D - ' F * 2 - 3 970 

83 31 749*63 - 1275 3 3s :3p : - 3»:3p4d 5 - P- 0 - 1 970 
9847 5 536-1021058 3» :3p : - 3*'3p4s g ' P - ' P * 1 - 2 854 
98 94 0 - 1010713 3»"3p: - 3s*ip4» g ' P - ' P " 0 - 1 854 
99 10 11980-102105* 3s"3p: - 3s:3p4s g ' P - ' P * 2 - 2 854 
9913 306 570 -13154 3s3p' - WlfJS D * - ' F 2 - 3 970 
99 48 5.536- 1010.713 h '3p : - 3v'3p4* g ' P - ' P * 1 - 1 854 

9967 5 536-1008 796 3 i ; 3p : - 3s"3p4* g ' P - ' P " 1 - 0 854 
100 09 306 570-1305 7 3*3p' - 3t'3p4f ' D ' - ' G 2 - 3 970 
10013 IS 9*0 -1010713 3s:3p- - 3s'3p4» g ' p - r 2 - 1 854 
10090 36.994 - 1028.067 3$'3p : - 3* 3p4j • D - ' P * 2 - 1 854 
105 26 3 8 4 0 + D - 1 3 3 4 0 3 - r D J i J p M - 3vJp4f F ' - ' G 4 - 5 970 
IOS65 378 5 + D-1325.02 + D 3«:3p3d - 3»'3p4f ' F ' - ' G 3 - 4 970 

115.13 478.59 - 1347 2 3r3p3d - 3s :3p4f F* - 'G 3 - 4 , 970 
11713 490 35-1344.1 Ji'3p3d - 3s :3p4f ' P - - ' D • - 2 , 970 
226.45 36 9 9 4 - 4 7 1 5 9 3 i : 3p : - H'JpJd 'D- 'F 2 - 3 ; 239 
230.29 0 . - 4 3 4 24 3i!3p-" - 3»J3p3d g ' P - ' D ' o - 1 ; 239 
23218 5.536-436.21 Js'Jp - 3s!3p3d g ' P - ' D ' 1 - 2 239 
23326 5 536-434.24 3t : 3p : - h ' ipJd g ' P - ' D ' l - l 239 

235.03 0 - 425.41 3» :3p : - 3* :3p3d g'P- 'p- C - l 239 
235.53 11.9*0 -436.55 3»:3p-' - H'JpJd g'P- 'D" 2 - 3 ; 239 
23574 11.9*0-436.21 3»'3p : - H J p J d : g ' P - ' D ' 2 - 2 1 239 
237 24 5 536-427 09 3»-'3p' - 3*J3p3d g ' P - ' D ' 1 - 2 1 239 
24076 74.9*63 - 490.35 3» :3p ! - >* :3p3d 'S- 'P" 0 - 1 239 
241.87 5 5 3 6 - 4 1 ( 9 8 3*'3p : - 3 » > 3 d g > p - ' p - l - 2 i 239 

24570 1 1 9 * 0 - 4 1 * 9 8 3» :3p : - 3»!3p3d i g ' p - ' r 
1 

2 - 2 ! 239 
25632 36 994 - 427 09 3» :3p : - H'3p3d ' D - ' D ' 2 - 2 239 

1 2*0572 0 - 356.424 3» :3p : - 3»3p' g ' p - y 0 - 1 , 726 
20 284 988 5 536-356424 3» !3p : - 3»3p' g ' p - y 1 - 1 726 
40 290.323 119*0 356424 3»'3p : - 3*3p' g ' p - y 2 - 1 726 
40 298 059 36 994 - 372 498 3* !3p : - }*3p' • D - ' r 1 - 1 ! 726 

336 121 74 9*63 - 372 49* 3» ;3p : - 3»3p' 'S- 'P* 0 - 1 726 
5 339.446 1 1 9 * 0 - 3 0 6 570 3»'3p ; - 3»3p' g ' P - ' D ' 2 - 2 726 

359 203 0 - 278 394 3»'3p : - 3»3p' g'p - ' r 0 - 1 726 
40 3660*5 5 536-278 698 3» !3p' - 3»3p' g'p- 'p- 1 - 2 726 

5 1 366491 5 536 -27*394 3r'3p : - 3«3p' g'p - 'r l - l 726 
5 ' 366942 5 $36 - <78.059 3i'3p : - H3p' g 'p - r 1 - 0 726 

40 370959 36994 -306 570 3»'3p ; - 3»3p' D - ' D ' 2 - 2 726 
70 1 374 927 11980-27*698 3t ! 3p : - J»3p' g ' p - ' p * 2 - 2 726 

375362 1 1 9 * 0 - 2 7 8 394 3»'3p ; - 3»3p' g ' p - ' p - 2 - 1 726 
5 412629 0 - 242 346 H'Sp 1 - 3i3p' g ' P - ' D ' 0 - 1 726 

20 422083 5 536-242 456 3»'3p; - 3»3p' g ' P - ' D ' 1 - 2 726 
5 422 282 5 536-242 346 3»3p ; - 3«Jp' g ' P - ' D ' 1 - 1 726 

20 431 154 119*0 -243916 3. 3p ; 3*3p' g ' P - D ' 2 - 3 726 
0 1439 85 5 536 -74 9863 3»'Jp' - V 3 p ' g'P S 1 - 0 F 726.442 

1587 1 1 1 9 * 0 - 7 4 9863 3»'3p' ) » > ' g ' P - ' S 2 - 0 F.P 375.726 



C - 6 3 

CHROMNJMXII(Cr" ),Z = 24 
Ground State 1a*2a*2p*3a?3p<1P*,/*) (13 i l tctraw) 
fcmlMMon Potential [2 404 000] c m ' ; [2MJO] *V 

. 1 ! 
Muhiplct Rd I m X . . (m A ) Levels (m 10* o n ') Coafigurabom ; Terns I ' " ' Notes' KcfcfCTCCS 

200 75115 0 - 1319.00 3s'3p - 3s»4d ig 'r - 'D 1 i 
! 3 " : 1 180 

300 7 6 4 M 12.261 - 1319 65 3s"3p - 3 r4d i f T - D 1 1 
3 "" 2 110 

9086 20000 + W - 13006 + W 3s3p :-3s3p4* • p - T 3 1 ! 241 
9611 I2OO0 + X - 2 2 4 0 5 + X 3*3p3d - 3s3p4T T - - * G • * u 

2 2 ' 241 
9635 II7O.0 + Z - 2 2 0 7 9 + Z 3*3p3d - 3i3p4f *F* - *G a _ : ! 241 
96 50 I 1 8 O 0 + Y - 2 2 I 6 3 + Y 3s3p3d - 3s3p4f « F - * G . : i 

2 1 241 

>0t 39 4 0 1 6 6 - 1394 95 V 3 d - 3s*4f ', 'D-'-f i i-i i 241 
10146 40? 84 - 1395 45 3»:3d - 3v4f t>-T I :~'! 241 
244 70 0 - 40166 3s'3p-3s :3d gT-l) 1 I i • 239 
25152 12 261 - 4 0 9 1 4 V 3 p - 3s:3d E T - - D J : • 239 
252.27 12 261 - 4 0 1 6 6 3s :.p - 3s:3d t!r - *D 

: 1 J p i 267 
294.77 0 - 339 25 Js 3p - 3t3p ; gv-:r : i i 

I * X t 
239 

30001 0 - 333 24 3s:3p - 3s3p-' fr-'r P 251 
305.11 12.261 - 339 25 3s'3p - 3s3p' V r - ' p . 1 1 

: I 239 
31155 12261 - 333 24 3s:3p - 3s3p; gV-'r 1 1 

i 2 ~ 1 239 
318.89 0 - 313 58 3»:3p - SsSp* ?r->s I i-i P 239 
32020 I88 84 + W - 5 0 I 15 + W 3s3p: - 3p •p-*s* ! i-i 239 
325 13 193 58 + W - 5 0 I 15 + W 3s3p: - 3p' , *P-*S* i J 239 

33117 12.261 - 313 51 3v3p - 3s3p: t?r-!s : i i 
• 2~ 1 239 

33206 20000 + W - 5 0 1 15 + W 3s3p" - 3p' •• •r-'sr 2 1 
1 ; " ! 239 

39300 0 - 254 45 3»:3p - 3t3p : t ' r - ' D i i J 
• 239 

41091 12 261 - 255.62 3»3p - 3»3p: r*r - ! D •> > 239 
41290 12 261 - 25445 3«:3p - 3s3p: g'r-'D P 

i 
239 

CHROMIUM XIII (Cr" ) , Z = 24 
Ground State 1t I2»J2p*3a i( ,S,) (12 amctrona) 

Ionization Potential [2 062 000] cm '; [354.8] aV 

Multiple! Rel Ini A , , ( in A ) Level* (in 10' cm ') Configurations Terms 
- T r 

S i Notes References 

4092 0 0 - 2443 80 3sJ - 3s7p g s - r 0 - 1 851 
43 75 0 0 - 2215 70 3s J -3s6p g'S-'P* 0 - 1 851 
47 26 203 4 5 - 2 3 1 9 45 3s3p-3*6d T - ' D 0 - 1 851 
47 34 207 38 -2319 71 3s3p - 3s6d r - ' D 1 - 2 851 
47J5 21657- 2319 57 H 3 p - 3t6d • r - 'D 2 - 3 851 
49 03 216 57 -2256 17 3s3p - 3s6s T - ' S 2 - 1 851 

49 59 0 0 - 2 0 1 6 50 3s; - 3s5p g'S-'P- 0 - 1 151 
53 02 59001 - 2476 IS 3»3<J - 3i7f ' D - ' F * 3 - 4 851 
53 39 203 45 - 2076 45 3»3p - 3s5d •r- 'D 0 - 1 851 

50 53506 207 31 - 2076 33 3t3p - 3s5d 'P"- 'D 1 - 2 180 
100 53 765 216 5 7 - 2076 52 3s3p - 3s5d T - 'D 2 - 3 180 

56 37 304 61 - 2078 61 3i3p - 3s5d 'r-'D 1 - 2 851 

5 6 % 207 3* - 1963 00 3s3p - M\ 'r - s 1 - 1 851 
57 24 590 08 2337 08 3«3d - 3<6f D - 'f 3 - 4 851 
65 04 21657 175407 3s3p - 3p4p r s 2 - 1 851 
65 13 21657 175197 3s3p 3p4p r - r 2 - 2 851 
65 39 21*57 1745 87 3»3p - 3p4p r D 2 - 3 851 

50 65 968 590 08 2105 97 3s3d 3s5f D f J 4 110 
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C - 5 5 

CH X M — Continued 

Multiplct Ret lm A . on A> 

56011 

L o t b l i n 10 cm > 

0 0 - 2 0 7 38 
30**1 -483 15 

Configurations 

3v - 3*3p 
J v i p - J f . 

Terns 

«s 
r-

r 
D 

J - J Notes References 

0 - I 
I - 2 

1131 
J54 

CHROMIUM XIV (Cr" ),Z = 24 
Ground State 1s12s22p*3a( ,5,n) (11 electron*) 
Ionization Potential 3 OM 500 cm '; 304.17 eV 

Multiplet Rrl Int A . (in At 

21467 
21770 

0 35 450 
t 36 466 
8 38 036 
0 38 679 

0 38 844 
I 59 746 

^ 40018 
7 40 782 

10 40 800 
i 4! 556 

2 4! 788 
42 453 

3 44 547 
4 44 864 

15 45 835 
1 46 034 

5 46 125 
55 46 468 
i : 46 527 

i 48 300 
3 48 338 
1 50 821 

4 51 172 
2 52 121 
J 52 361 

35 51760 
:o 54 164 

K 60 644 

10 60 756 
70 63 324 
6ft 63 534 

4 64 005 
10 68 544 
20 64213 

10 64 247 
25 K04I6 
30 81 8)8 
27 86 057 
28 86 164 
10 101 05 

L n c h f m 10 cm ) 

0 
0 
0 
0 
0 

242 724 

4658 3 
454} 5 
2820 87 
2742 2*0 
2624 088 
2121 106 

256 535 2827 245 
242 724 - 2755 534 
256 535- 2755 410 

0 - 2452 062 
0 - 2450410 

242 724-2649 115 

256 535-2644 566 
256 535-2612 M l 
242 724 - 2485 027 
256 535 - 2485 245 
242 724- 2424 510 
584 568 2761 634 

256 535 2424 510 
0 - 2152018 
0 2I41289 

587 867 - 2658 260 
584 568 2658 333 
242 724 2210414 

256 535 
587 867 
589 568 • 
242 724 
256 535 
587 867 

589 568 
0 
0 

589 568 
242 724 
256 535 

256 535 
242 724 
2i6 5J5 
587 867 
589 568 
589 568 

2210 728 
2449 145 
2499 313 
2102 811 
2102 811 
2235 25 

2235 21 
1579 180 
1573 836 
2152 018 
1700 577 
1701 350 

1700 577 
1478 517 
1478 517 
1749 887 
1750 145 
1579 180 

CaafimmtaoiH 

2p'J» - 2p*3v 
2p*3% - 2p'k: 

2p"*t - 2p"9p 
2p"3s - 2p"tp 
2p"3» - 2p*7p 
2p'3p - 2p"9d 

2p'3p 
2p'3p-
2p'3p-
2p'3»-
2 p ^ -
2p-3p-

2p-3p -
2p* ' r -
2p3p 
2p'3p 
2p-Jp -
2p"3d-

2p"3p 
2 p - 3 \ -
2p*3s 
2p-3d-
2p'3d 
2p"3p 

2p'3p 
2p"3d 
2p"3d 
2p '3 P 

2p'3p 
2p'3d 

2p*3d 

Jp _3t 
2p*Jd 
2p"3p 
2p'3p 

2p*3p 
2p'3p 
2p")p 
2p*3d 
2p"3d 
2p*3d 

2p*4d 
2p"*d 
2p"M 
2p"6p 
2p"6p 
2p*7d 

2p"7d 
2p*7» 
2p"6d 
2p'6d 
2p-6N 
2p'8f 

2p"6» 
2p"5p 
2p"5 P 

2p"7f 
2p^7f 
2p"5d 

2p"5d 
2p"6f 
2p*6f 
2p'5» 
2p"5» 
2p"5f 

2p"5f 
2p"4p 
2p*4p 
2p"5p 
2p"4d 
2p*4d 

2p*4d 
2p"4» 
2p"4» 
2p"4f 
2p*4f 
2p'4p 

Terms 

g s r 
g:s r 
r ' s - r 
g s - r 
g s r 
•r - D 

r -
r -
r -

gs 
r's-
r -

r -
r -
r -
r 
r -
D -

r's- r 
D - f 
D F" 
r D 

r D 
D r 
D F* 
r s 
r s 
D F* 

I • 1 Notes Reference 

V S 
g s r 

D r ? 
g s r ( 
*s r ! 

D r 
r D ! 
r o • 
r 
r 
>r 
•D 
'D F-
'D P* 

D '••' 
S ! - ' 
S '.-> 
f ','. 

26S 
265 



C - 5 6 

CM H V - CooowKd 

Matapkt Rd I H A^. (m A) Lrveb(m 10'cm ') 

12 10142 
10 187 02 
10 117.30 
30 204 9 ! 
30 20501 
30 289 735 

300 271 
301 814 

ISO ivm 
200 41199 

587.867- 1573 836 
1100 577-2235 25 
1701 350-2235 2* 
1749.887 - 223791 
1750 145 - 2237 92 
242 724-587 867 

256 535 - 589 56S 
256 535 - 587 867 

0 - 256 535 
0 - 242 724 

Cooiigurauoas 

2p*3d - 2p*4p 
2p*4d - Ip-Sf 
2p"4d - 2p"51" 
2p'4f-2p"5g 
2p*4f-2p*5g 
2p-3p - 2p*3d 

2p"3p - 2p*3d 
2p"3p - 2p"3d 
2p'3s - 2p"3p 
2p-3» - 2p"3p 

Terms J - J Noies Rcicreacci 

: D - r i , i 118 
D - - P • ! - 1091 

•D - : P :- 1091 
: f -<i '- 1091 
•F-'-G :- 1091 
•r - -D :- 118.437 

•r - -D 118 

-r - D :-: 118 
gs- r :-: 270.437 

g:s- r 1 _ 270.437 

CHROMIUM XV (Cr"), Z = 24 
Ground State 1«*2»,2p*(,S,) (10 aiactrons) 

Ionization Potential 8 151 000 cm '; 1010.6 aV 

Multiple! R d Int. A, , (in A l Levels (in 10' cm ) Configurations Terms J - J No«e» Rcfen 

10 13294 0 0 - 7522 2 2s"2p" - 2s 2 p ( P ; >6d " g!s~iir 0 - 1 716 
10 13416 0 0 - 7453 8 2»2p" - 2v2p"(P! >6d gs-^r 0 - 1 716 
20 13 862 O 0 - 7 2 U O 2»2p" - 2s:2p'('PT )5d I'S - or 0 - 1 716 
20 13991 0 0 - 7 1 4 7 4 2» 2p" - 2s ;2p'( :PT )5d gs-iir 0 - 1 716 
10 15 509 0 0 - 6447 9 2s 2p* - 2 J 2 p ' ( T > 4 i g S - P- 0 - 1 7!6 
20 15 781 0 0 - 6 3 3 3 9 2» 2p" - 2s 2p'( P*>4s g S - P- 0 - 1 716 

100 16 889 0 0 - 5 9 2 1 0 2s 2p* - 2s2pY'S)3p g S - P- 0 - 1 716 
SO 16 971 0 0 - 5894 5 2s'2p" - 2s2pY'S)3p g 's - r 0 - 1 716 

400 18 497 0 0 - 5406 3 2s2p" - 2s'2p"( P7 )3d g's-^r 0 - 1 766 
200 18 782 0 0 - 5324 2 2$ 2p* - 2s'2p'(:PT :)3d g's-tfr 0 - 1 766 

5C 19 013 0 0 - 52590 2s 2p" - 2s 2p'('P: ;)3d g's-iir 0 - 1 766 
400 20 863 0 0 - 4 7 9 J 2 2s'2p" - 2» : 2p ' ( ' r .)3s g'S - (I.!)' 0 - 1 i 766 

300 21 153 0 0 - 4 7 2 7 5 2» 2p" - 2s'2p'('PT .)3s g's-*!.!)• 0 - 1 766 
21 213 0 0 - 4 7 1 4 1 2» 2p' - 2»'2p'C'P: .)3f g's-*r i 0 - 2 F 1112 
5288 52690 • C - 7 1 6 0 I + F 2s 2 p " ( D 3 d - 2»'2p'('P: j)5f r-Jir 4 - 5 ; p 1055 
58 02 47141 - 6 4 3 7 6 2» 2p"CP; :)3« - 2s:2p'0'P*>4p iir - -D i i-y \ 1055 
58 20 4793 2 - 6 5 1 1 4 2s:2p'< 

: P; ;)3» - 2» ! 2p'( ! l > - )4p (S.ir - i p 1 1 ! 1053 
62 375 49630 + C - 6 5 6 6 2 + C 2s2p< PT -)3p - 2s'2p'('P-)4d ' P - ' D " ; 1 - 2 395 

62 481 4946 1 + C - 6 5 4 6 6 + C 2»2p( PT ;)3p - 2s'2p'( :P ,>4d ' D - 'D* ! 2 - 3 ' 395 
62 837 4954 1 » C - 6 5 4 5 5 + C 2» 2p*('P: .)3p - 2» ;2p'CP-)4d D - 'F- 3 - 4 395 
62 931 50409 • C - 6 6 2 9 4 + C 2«2p'( F :)3p - 2» :2pY'P')4d P - 'F* 1 - 2 395 
63 055 5042 9 * C - 6 6 } I 8 + C 2*2p'( P: ;)3p-2i'2p'C'l ,")*«* D - F ' 1 2 - 3 395 
63 3t 4974 6 + C - 6 5 5 4 1 + C 2*2p'( r, ;)3p - 2»:ip"( r y w •p . ' f 2 - 3 P ; 395 
74 70 5235 0 • C - 6 5 9 3 7 + C 2» 2p'CP*)3d - 2» :2pYP;,:>4f •P--JI1 2'2' 

; | 
1055 

74 97 52690 • C - 6 6 0 2 9 + C 2» 2p'("'P")3d - 2»'2p'( :P: ,)4f 'P-ffl 4 - 5 . I 1055 
75 25 53121 + C - 6 6 4 I 0 + C 2» 2p'( 'r>3d - 2»'2p'C'P: ,)4f f - il\ 2 - 3 i 1053 
75 29 5274 3 • C - 6 6 0 2 5 + C 2«'2p' ( 'n3d - 2s'2pVP* ; )4f •r-fil 1 3 - 4 ; 1055 
75 44 53605 + C - 6 6 8 6 I + C 2» ,2p'(P')3d - 2» 2p'('PT . K f 'F--i(?| ; 3 - j i 1055 
75 73 5360 5 + C - 6 6 8 I O - r C 2 . 2 p ' ( ; r ) 3 d - 2» ;2pVP* ,(4f r - i\\ • 3 - 4 ; j 1055 
76 14 5292 4 + C - 6 6 0 5 S + C 2. '2 ( P")3d - 2s'2p'('P* )4f •ir-il) I 3 - 4 | 1055 



C - S 7 

CHROMIUM XVI (CrN*K Z = 24 
Ground State 1at2a*2p<(,PVi) (9 atoctrona) 

Ionization Potential [8 850 000] cm '; [1097] aV 

Mutapkt R d Inl V . (in A ) Levds (m 10' cm ') 

3 13528 
10 13556 
10 13953 
10 14039 

1429 
1447 

30 17073 
SO 17 242 
80 17370 
60 17438 
30 17514 
20 17589 

50 17603 
20 17 633 
40 17671 
20 17704 
30 17730 
50 17 785 

20 17 793 
20 17 833 
20 17 856 
20 17931 
30 17993 
20 18017 

300 18 775 
80 19 038 

ISO 19 255 
60 19 442 

100 19511 
100 19 5)8 

200 19714 
100 19 807 

10 19 847 
60 19 9:1 
20 19 995 

300 106 629 

2VJ 115)48 
1410 IS 

0 0 - 7392 1 
0 0 - 7376 8 
0 0 - 71669 
0 0 - 7123 0 
0 0 - 6997.9 
0 0 - 6910 8 

0 0 - 5857.2 
70890- 5870 7 

0 0 - 5757 1 
0 0 - 57346 

70.890- 5780.6 
70890- 57562 

0 0 - 56808 
0 0 - 56712 
0 0 - 56540 
0 0 - 56485 
0 0 - 5640 2 
0 0 - 56227 

0 0 - 5620 3 
0 0 - 5607 7 

70890 56712 
70 890 5648 5 
70 890 - 5628 6 
70890 5620 3 

0 0 - 5)25 3 
70 890 - 5325 3 

0 0 -5193 5 
0 0 - 5143 5 

70 890 -51962 
0 0 -51182 

70 890 5143 5 
0 0 - 5048 7 

70 890 -51094 
9)7 829 5950 3 

70 890 -5072 4 
0 0 - 9)7 829 

70 890 - 9)7 829 
0 0 70 890 

Coafigurauom Terms J - J 'Notts References 

2sI2p" - 2j 2 p V D M d fr-s i -\ 1 1019 
2 * ^ ' - 2s 2pTS)4d fr-*D i -; i 716 
2»;2p" - 2» :2pVP)4d r r - T i i 1 ' ! 716 
2s'2p' - 2v2pVP)4d r'P*- !D ; -i\ Q 716 
2»-2p" - 2s-'2pyP)4d '• g-'p* - *p i • -i\ r 716 
2»;2p" - 2s'2pTS)4s yr - ' s | j > 

"*! 
716 

U ' V - 2*:2pVS)3<l y r - ' D j ' -• ! 150 
2s"2p'- 2s :2pVS)3d ,'V'D ' -1: 850 
2s'2p , -2»2p*( 'D)3d g" 'P" - : D : J _ J • 850 
2v'2p" - 2 s ' 2 p T D ) M 

gr-s | ' - 5 1 850 
2»:2p" - 2s :2p'J'D)3d g J P * - : D ; J -\\ (50 
2s :2p' - 2$ 2p'< D)3d 

g ' r - - p j -i i 
i 

850 

2v2p' - 2 * : 2 p Y P ) M g : P * - : D . . ! 150 
2s"2p'- 2s 2pVP)Jd g-'p* - *p ! ISO 
2s'2p'- 2» 2pVP)3d vr-r j i 

~ 2 850 
2»:2p" - 2s2pVP)Jd g :P*- :D 1 1 

~ : 
850 

2s:2p" - 2s'2pVP)^<• g- r - 'p | . j 850 
2 v 2 p ' - 2s 2pVP)3d g ' P - - * F - j 

j 

850 

2s2p" - 2»2pVP)3d g-r-'p -il 850 
2s 2p' - 2s :2pVP)3d g-r-'p i 

-1 ! 
850 

2s2p' - 2 s 2 p V P ) M %'r - ! P . i . 850 
2s 2 p ' - 2s2pVP>3d g ; P* - : D _ j i 850 
2s 2p" - 2»2pVP)3d g : r - ; P _ i 1 850 
2s'2p" - 2s'2pVP)3<l g : r - 4 P . _ j ' 850 

2s 2p' 2s2p*<S)3s g P- S I _ i ; 

850 
2s :2p' - 2s:2p*('S)3s ,r- s . _ i , 850 
2s 2p' - 2s 2pVD)3s g

; p- - >D '-• 850 
2s 2 p ' - 2s 2pVP)Js | T P - i 850 
2s 2p' - 2» 2p'( 'D)3i g ; P* - ' D ' • - ' . 850 
2s 2p' - 2s :2p'('P)3s g'p- - ' p 1 . J 850 

2v2p' - 2s 2pVP)3s g'p* - : P i _ i 850 
2s2p - 2s :2pVP)3s g'p* - 'P : - : ' 850 
2s 2p' - 2s 2pVP)3s g'p*-«P '. _ i • 850 
2s2p* - 2s2p"(T)3s s-'r : -\ ' 850 

2s 2 p ' - 2s2p'('P)3s g P* *P . _ J 850 
2s ?p" - 2s2p" g P" - S j - j ; P 1104.1091 

2s 2p' - 2s2p' g P- S ! - i : P 1104.1091 
2s 2p' - 2s 2p' g'p* g f .' " 2 F.P 1137 

CHROMIUM XVII (Cr1*), Z = 24 
Ground State 1a'2V2p'('P?) (8 alactrona) 

Ionization Potential [9 560 000] cm '; (1185] aV 

Multiple' Rel Inl A , (in A) I.<vels (in 10 cm ) 

30 16221 0 0 6164 8 
30 16 249 60)78 6214 6 
V) 16)1 5» 146 6U9 4 
90 16 455 0 0 6015 ) 
10 1664 60 '78 6070 0 
40 16 675 26) rjo 6260 1 

Configurations Ter ms J • J Note • Refc 

2s 2p* - 2s :2p'('P')3d g'P D ' 2 - 3 ^ ! 877 
2s 2p' - l%Wr)U g P D* 1 - 2 877 
2s 2p* 2»'2p'( ,P")3d g P D" 0 - 1 , 877 
2s 2p* - 2s i 2p( 'D')Jd g'P D- 2 3 716 
2s 2p' 2s ; 2pVD-)3d g P r># 1 2 877 
2s'2p' 2s 2pCP*)3d 'S P- 0 1 P 947 



c-ss 

cnxvH-

I 
M«tofjlct|Itcl. lot. 

1 

L c v t b (m 10> ca> ' ) | 
1 

Configiafatiom Terms 
i 1 

Nous References 

J 10 1 6 6 % 13510-6124.6 | 2$ 2 2p 4 -2» 2 2p' ( 1 D*)M ! ' D - ' F - i t 
1 2 - 3 ! 877 

1 16773 135.10-6096.0 2s > 2p' -2s , 2r f 'D")3d 1 ' D - ' O * 1 2 - 2 P 877 
10 16 811 0 0 - 5 9 4 8 5 2s : 2p' -2» ! 2p , rS ' )3d g ' P - ' D - | 2 - 3 i 877 

ISO 17.957 0.0 - 5568 9 2s J 2p 4 -2 * J 2pVD'W» g ' P - ' D - 2 - 3 ! 865 
so 17.961 135 10-$701.0 l%>2p'-2s>lp\!nJ% ' D - ' P * 2 - l ! 865 

, ISO 18.020 0 .0 -5549 3 2»-2p* - 2s J2p'( !D')3f ' g ' P - ' D - 2 - 2 : 865 

so 18.219 60.378 - 5549.3 2s-2p* - 2$ : 2p , ( ! D')3 i g ' P - ' D - 1 - 2 ' 865 
200 1*336 0.0-5453.9 2 r 2p* - 2s : 2p'<*S")3» g'p-"s- 2 - I | 865 

50 18 389 263.00- 5731.0 2»*2p 4-2» :2p'( 2P')J» 'S- 'P* 0 - 1 ! 865 
IS. 52 0 .0 -5399 4 + K 2s22p4 - 2s:2p"(*S-)3s g'P-'S- 1-2 P 680 

ISO 18 531 60 378-5453.9 2»:2p* - 2»'2p'(*S-)3i g'p-*s- 1 - 1 86S 
18.73 60.378-5399 4 + K 2s'2p*-2» :2p ,rS*)3» g'P-'S- l - * i P 680 

ISO 89 57 00 -1116 .42 2»'2p'-2s2p' g'P-'P- 2 - 1 1091 
10 94 49 58.146- 1 ! 16.42 2s'2p'-2s2p' g'P-'P* : o - i ; 1091 
4 94.69 60.378-111642 2$ : 2p' -2*2p' g'P-"P- 1 - 1 ' 1091 

30 97.20 858.15-1886.95 2s2p' - 2p* 'P-- 'S 1 - 0 1091 
230 101.91 135 10-1116.42 2»22p' - 2s2p' 'D - 'P * 2 - 1 ; 1091 
250 116.53 0 0 - 8 5 8 15 2$'2p' - 2$2p' g'P-'P- 2 - 1 ! ; 1091 

110 117.20 263.00 - 1116.42 2s'2p' - 2s2p' 's-'p- 0 - 1 1 1091 
200 12084 60 378 - 887 92 2$ :2p4 - 2»2p' g ' p - r 1 - 0 ; i 1091 
375 12291 0.0-813.60 2sJ2p* - 2$2p' g'p-'p* 2 - 2 ! 1091 
ISO 125 00 58146 -858 15 2»:2p* - 2s2p' g'p - 'p- 0 - 1 1091 
200 125.35 60.378-858.15 2s"2p4 - 2s2p' g'p- 'p- I - l i 1091 
200 129.78 1116.42- 1886.95 2$2p" - 2p* 'p--'s 1 - 0 1091 

250 132.76 60 378 -813 60 2s'2p* - ?»2p' g'p- 'p- 1 - 2 1091 
10 147.40 135 1 0 - 8 1 ) 6 0 2s'2p' - 2s2p' D - ' r 2 - 2 1091 

3802 0.0 - 263.00 2s'2p* - 2s'2p* g ' P - ' S 2 - 0 F.P 375.1091 
4938 60 378 - 26300 2s"2p'-2s'2p' g ' P - ' S 1 - 0 ! F 1120 
7408 0 0 - 135 10 2$ :2p' - 2»J2p* g ' P - ' D 2 - 2 ! F 1120 
7819 135 10 -263 00 2s :2p' - 2s'2p' D - ' S : 1-0 F.P j 375.1091 

1299. 58 146 -135 10 2s'2p* - 2s'2p' g ' P - ' D 0 - 2 F.P | 375.1091 
1338 60 378- 135 10 2» J 2p'-2»'2p' g ' P - ' D ! 1 - 2 F.P 375.1091 
16563 0.0 - 60.378 2s:2p* - 2s'2p* g ' P - g ' P 2 - 1 F ; 1120 
1720 0 0 - 5 8 146 2» : 2p' -2» I 2p' g ' P - g P 2 - 0 F.P ! 375.1091 

CHROMIUM XVIII <Cr") ,Z = 24 
Ground Stat* 1«,28»,2p,(4S^3) ( 7 *toctrofw) 

Ionization Potential [10 480 000] cm ,;[1299]*V 

Mulnplel Rel Ini A,, (in A) Levels (in 10' cm ') Configurations Terms J • J Notes Referent 

15501 126 040-6577 2 + F 2»;2p 2»'2p'('D)3d TV - F l-1-' P 877 
15 512 0 0 - 6 4 4 6 6 * F 2»'2p -2» : 2p( 'P)3d g*s- -p '-: P 877 

10 15 52 0 0 - 6 4 4 3 3 2»'2p'- 2s'2p('P)3d g'S" 'P 877 
15 550 150 776-6581 7 * F 2»2p - 2» '2p(D)3d D' P '••-' P 877 

20 15 587 150 776-6564 7 2s 2p 2s;2p <D)3<J I ) ' F '•-'• Q 716.877 
15«» 150 776 64660 » F 2»2p -2s : 2p( 'P)3d TV F • - 1 1 ' 877 

16 292 264 482 - 6402 i * f 2s'2p' - 2s-2p( P)Jd r p '•-': P 877 
50 9063 0 0 1103 35 2« 2p' - 2«2p* g*S" P i _ J 1091 
10 93 36 667 56- 1738 69 2.2p' 2p" «p p- : ', 1091 
4 <M 16 0 0 - 106204 2»'2p' - 2»2p' g 'V S i . i 1091 

150 95 77 126040- 1170 20 2» 2p 2»2p' D- P i i 1091 
150 102 32 126040 1103 39 2»'2p' 2s2p* D* P i J 1091 



C - 5 9 

CR XVIII — Coniinurd 

Multiplet Rel Ini K . tin A) 

300 104 98 
10 105 92 

150 106 84 
10 108 37 

375 11041 
110 112 27 

300 113*9 
110 11921 
200 119 62 

80 122 56 
250 123 87 
200 125 38 

300 125 51 
375 128 10 
ISO 136 52 
375 139 87 
110 140 82 
50 143 3; 

30 147 79 
300 149 80 
200 149 94 

80 155 46 
200 157 40 

378 10 

442 34 
663 24 
72232 
793 3 
879 46 
999 72 

1328 

Levels (in 10 cm ) 

150 776- 1103 35 
226068 - 1170 20 
126 040 - 1062 04 

OC - 922 77 
264 4 8 2 - 1170 20 
922 7 7 - 1813 47 

226 0 6 8 - 1103 35 
264 482- 1103 35 
226068 - 1062 04 
922 77 - 173869 
93141 - 1738 69 

264 482 - 1062 04 

126.040 - 922.77 
150 7 7 6 - 9 3 1 4 1 

0 0 - 732 49 
0 0 - 7 1 4 95 

1103 3 5 - 1813 47 
226.068 - 922 77 

1062.04- 1738 69 
0 0 - 6 6 7 56 

264 482 -931 41 
117020- 1813 47 
1103 3 5 - 1738 69 

0 0 - 264 482 

0 0 - 2 2 6 068 
0 0 - 150 776 

126040 - 264 482 
0 0 - 126 040 

150 776-264 482 
126 040 -226 068 

150 776-226 068 

Configurations Terms J - J Notes References 

2s 2p : - 2s2p4 

2s 2p - 2s2p* 
2s 2p' - 2s2p* 
2s :2p' - 2s2p* 
2s'2p' - 2s2p* 
2s2p* - 2p' 

2s ;2p' -
2s2p -
2s 2p' -
2s2p'-
2s2p'-

2s :2p' -

2s2p -
2s :2p' -
2s ;2p' -
2s'2p' -
2s2p*-

2s'2p' -

2s2p'-
2*'2p' -
2s :2p' -
2s2p'-
2s2p'-

2s'2p' -

2s'2p' -
2s 2p' -
2s'2p -
2s'2p' • 
2s 2p' -
2s 2p' • 

2s2p' 
2s2p* 
2s2p* 
2P' 

V 
2s2p* 

2s2p' 
2s2p' 
2s2p* 
2s2p* 

V 
2s2p* 

V 
2s2p' 
2s2p' 

V 
2p" 
2s2p' 

2s 2p' 
2s2p' 
2s'2p! 

2s2p' 
2s 2p 
2s 2p 

D- - P 
r - p 

D- - S 
g's- - D 

P* - : P 
D - r 

•p- - -p 
p - . p 

: P* - : S 

D - :r 
D - P* 
p- . :s 

: D ' - D 
: D ' - D 

£*S- - *P 
g's- - *p 

p . p-
r - D 

s - -r 
g*s- - 'P 

: P * - : D 
•p - p-
p - p-

g's- - p-

g's- - P-
g'S- - D-

D - - P* 
g's- - D" 

D* - P* 
D - - P* 

2s'2p' - 2s'2p 

i-i 1091 
i - i 1091 

l-l 1091 

i-i 1091 

i-i 1091 

• - • 1091 

i-i 1091 
i-i 1091 

i-l 1091 
i . i 1091 

I-I 1091 
i-i 1091 

i-i 1091 

!-? 1091 

i-i 1091 

i-i 1091 
i-\ 1091 

I-I 1091 

I-i 1091 

i-i 1091 
j _ : 1091 

I-I 1091 
i.'. 1091 

]-) F.P 375.1091 

• . - > . F.P 375.1091 

I-I F.P 375,1091 

'. -'. F.P 375.1091 
J J F 1120 

I-I F.P 375.1091 

i-\ F.P 375.1091 

i-i F.P 375.1091 

CHROMIUM XIX(Cr" ), Z = 24 
Ground State 1s*2s'2pfP() (6 •toctrora) 

Ionization Potential [11 260 000] cm '; [1396] «V 

Multiple! Rcl Ini A . {in A l 

14 802 
I4H09 

10 14 836 
n 14 925 

15 027 
15 180 

15251 
15301 
1591 

10 95 62 
V) 95 88 

no 104 IK 

Levels (in 10 cm ) 

47 806 6803 5 • B 
82 453 6835 0 + B 
82 453 6822 5 • B 

184 596 6885 7 • B 
82 453 6737 1 • B 
298 87 68f5 7 • B 

184 5% 6742 2 • B 
686 83 7222 3 • F 
82 453 6367 6 
40441 1450 11 
47 806 1090 68 

0 0 959 88 

Configurations Terms J J Notes Referent 

2s 2p - 2s 2p3d g ' P - D* 1 - 2 
t 

P 94" 
2s 2p - 2s 2p3d g ' P - T 2 - 2 P 949 
2s 2p 2s 2p3d g ' P - XT 2 - 3 P 949.716 
2* 2p - 2s 2p3d D P- 2 - 1 0 716.949 
2s 2p • 2s 2p3d g P F- 2 - 3 p 949 
2s 2p 2s 2pld s p- 0 - 1 p 949 

2s 2p 2» 2p.W D D* 2 - 2 p 949 
2s2p' 2%2p('P)3d D - F 3 4 p 877 

2s2p 2«2p.H g p f 2 2 p 375 
2«2p' 2p' S' P 2 - 2 1091 

2s 2p 2s2p g P P - 1 1 1091 
2s2p 2<.2p g P S- 0 1 I0V| 
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CR XIX — Continued 

Multiple! Rel. Ini V » (m A) Leveis (in 10 cm > 

200 109 64 47.806 - 959.88 
250 110 37 184 596- 109068 

50 111 18 686 8 3 - 1586 24 
80 11188 82 453 - 976.22 

300 113 9? 82 453 -959 88 
110 11831 672 7 7 - 1517 98 

150 118 67 6 7 1 6 3 - 1514 32 
no 118 83 672 7 7 - 1514.32 
50 125 93 0 0 - 7 9 4 12 

175 126 30 298 87 - 1090 68 
200 U4.33 184 596-976 22 

4 12795 804 7 4 - 1586 24 

375 128 43 67163 -1450 23 
30 12863 672.77 - 1450 23 

250 13099 686 83 - 1450 23 
10 132 I I 47 806 - 804.74 

ISO 13399 47 806 -794 12 
80 134.89 47 806-789 15 

IP 137.89 789 15- 1514 32 
50 13815 794 12 - 151798 

300 138 45 82 453 - 804 74 
4 138.86 794 12-1514 32 

30 14051 82.453 794 12 
110 14092 804 7 4 - 1514 32 

110 14357 1090 68-1787 21 
110 14864 0.0 - 672 77 
30 15242 794 12-1450 23 
30 154 92 804 7 4 - 1450 23 
10 16001 47 806-672.77 

i iso 160 30 47 .106-6716) 

i 250 163 94 976 22-1586.24 
ISO 16546 82 453 - 686 83 

* 16973 82 4 5 3 - 6 7 1 6 3 

1 » 17918 9 S 9 . M - 1517 98 
30 1*0 37 959 88-1514 32 

1 10 20182 109068-1586 24 

300 20394 959 88 - 1450 23 
3106 82 453 -404 41 
3984 47 806-298 87 
462 07 82 45) - 298 87 
$4172 0 0 - 1(4 596 
M U 4 7 ( 0 6 - 1(4 596 

•7509 184 596-298 87 
9790 (2 45) -114 596 

1213 0 0 - 82 45) 

-. _ --- -—_ -_ - ... ::\ ———-̂  . „ . _ . . 

Configurations Terms 1-1 Notes References 

2s 2p - 2s2p gP- V 1 - 1 1091 
2v2p - 2s2p D - V 2 - I 1091 
2s2p^ - 2p' D- - D 3 - 2 1091 

2s :2p'-2s2p g ' P - ' D - 2 _ 2 1091 
2s 2p : - 2s2p; g P - S" 2 - 1 1091 
2s2p - 2p* D* - P 1 - 0 1091 

2s2p -2p* D* P 2 - 1 1091 
2s2p - 2p* Dm - P 1 - 1 1091 

2s'2p-2s.2p gP- r 0 - 1 1091 
2s 2p - 2s2p' s-p- 0 - 1 1091 
2s 2p : - 2s2p D - ' D * 2 - 2 1091 
2s2p' - 2p4 p - . ' D 2 - 2 1091 

2s2p -2p* D* - P 2 - 2 1091 
2s2p - 2p4 D* - P 1 - 2 1091 
2s2p' - 2p' D" - P 3 - 2 1091 

2s 2p : - 2s2p' gP P- 1 - 2 1091 
2s 2p" - 2s2p' g'p - r 1 - 1 1091 
2s:2p - 2s2p' g'p-p- 1 - 0 1091 

2s2p - 2p* p - - ' p 0 - 1 1091 
2s2p' - 2p' •r - 'p 1 - 0 1091 

2 . ' :p ; - 2s2p' I ' p - ' r 2 - 2 1091 
2i2p' - 2p* r - ' p l - l 1091 

2s 2p : - 2i2p' g'p- ' r 2 - 1 1091 
2s2p' - 2p' r - 'p 2 - 1 1091 

2s2p' - 2p' r - s 1 - 0 1091 
2s :2p ; - 2s2p' g ' P - D - 0 - 1 1091 
2s2p' - 2p4 ' r - 'p 1 - 2 1091 
2s2p' - 2p' ' r - 'p 2 - 2 1091 

2s'2p' - 2»2p' g'P-D- 1 - 1 1091 
2»'2p' - 2s2p' g'P-'D- 1 - 2 1091 

2i2p' - 2p* 'D ' - 'D 2 - 2 1091 
2i ; 2p ; - 2i2p' ! g'P-'D" 2 - 3 1091 
2i'2p ; - 2»2p' g'P-'D' 2 - 2 1091 
2i2p' - 2p* ! 's'-'p 1 - 0 1091 
2s2p' - 2p* 'S* - 'P ! - l 1091 
2»2p' - 2p* 1 'P- - ' D 

i 
1 - 2 1091 

2»2p' - 2p* i . s . . . p 1 - 2 1091 
2i'2p ; - 2s2p' i g'P-'S* 2 - 2 P 375.1091 
2»'2p' - 2»'2p : gP-'S 1 - 0 F 1120 
2»'2p' - 2»V gP-'S 2 - 0 F.P 375.1120 
2»V - 2«'2p' ! i 'P- 'D 0 - 2 F.P 375.1120 
2»V - 2»'2p' | Jj'P-'D 1 - 2 F 1120 

2»'2p' - 2»'2p' ; 'D-'S 2 - 0 F.P 375.1120 
2»'2p' - 2i'2p' J g'P-'D 2 - 2 F 1120 
2»'2p' - 2»V j !»-!» 0 - 2 F.P 375.1120 
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CHROMIUM XX<Cr"-), Z = 24 
Ground Stat* 1s12*>2p(,P',/1) ( 5 (wctrom) 

lonliatlon Potential [12 070 000] cm '; [1496] *V 

Multiple! Rd Int v . (m A) Levefe (in 10' i Configurations J - i Notes References 

3 10712 0 0 - 9335 3 2s :2p - 2s :4d r r - : D ! _ i . 1019 
2 10840 82 950 - 9308 I 2 l 2 p - 2v4d tfr - -*D - t 10(9 
3 10 940 0 0 - 9145.0 2s-2p - 2s"4s t'r - '•% _i 10(9 
5 11 030 82 950 - 9145 O 2s :2p - 2s-'4s fr-s i _ i 10(9 

13 631 0 0 -7336 2 r F 2s'2p-2s2n('P)3p g-'P* - *D -i P 177 
13 6*3 82 950-7391 2 * F 2s :2p-2s2p('P)3p g- ' r -^D i - : P 877 

13910 0 0 - 7 i 8 9 1 - F 2s ;2p-2s2nCP)3p r 'P" - : P ! • P 177 
13.946 82 950 -7253 4 + f 2s :2p-2s2p( ,P)3p r P " - : p ' - • P 177 

i 14065 861.671 - 7971.6 2s2p'-2s2p< lp-)3d ;p- - 'D ' - t 10(9 
1 14093 653 010 - 7748 8 2s2p ' -2»2p( ' r )3d - D - I F - , -: 10(9 

14 129 0 0 - 7 0 7 7 6 + F 2s ;2p - 2s-3d r P * - - ' D -i P 177 
10 14 205 428 13-7466.4- rF 2s2p : - 2*2p("P*)3d •p-«p- : - ! . Q 716.(77 

14214 428.13-7463 4 + F 2s2p :-2s2p('p-)3d •p -«D' -•; p 877 
2 14261 428.13-7440 3 I'Jr-isWmt t - V - ; : 10(9 

14447 653.010-7574 9 + F 2s2p : - 2s2p('P-)3d ! D--*F* -1 p 877 
14524 640.990-7526.2+ F 2s2p ; - 2s2pCP-)3d ! D - : F " i - ? ; p t 177 

0 14641 640990-7470 l + F Wr-iOfi^lA -D-- 'D* - ! Q 716.(77 
14 669 653 010-7470 l + F 2s2p : -2s2p( , P-)3d ! D - : D * i • -! P 177 

30 15061 82 950 - 6724 5 2s :2p - 2s'3s r r - ! s ' ' - i Q 716.375 
80 11605 0 0 - 8 6 1 6 7 1 2s'2p - 2s2p r'r - : P _ 1 ' 1091 
30 117 95 0 0 - 847 763 2s :2p - 2s2p: g^r - : P _ i ; 1091 
10 122 29 l 1091 

375 128 42 82 950 -861671 2s ;2p - 2s2p: g:P" - -'P _ j ; 

1091 
50 129 26 640 9 9 0 - 1414 60 2s2p : - 2p' >D - ! r ; j 1091 

250 130 76 82 950 - 847 763 2s'2p-2s2p : g-'p- - 'r . i i 1091 
150 131 31 653 0 1 0 - 1414 60 2s2p ; - 2p' 'D-'r ": 1091 
250 13150 0 0 - 7 6 0 4 1 0 2»2p - 2s2p: g:P- - 'S _L 1091 
150 133 82 352 3 3 - 1099 51 2s2p - 2p 4 P-*S- i 

J 1091 
110 135 26 640 9 9 0 - 1380 28 2s2p : - 2p' : D - ' P * _ ; 1091 
250 140 75 389 12 - 1099 51 2s2p ; - 2p' • p - ' s - _i 1091 

4 147 62 C. 9 5 0 - 7 6 0 410 2 » I p - 2s2p t'r - :s _ 1 1091 
250 • 48 99 428 13- 1099 51 2s2p; - 2p' *P-*S' . i 1091 

30 152 86 760 4 1 0 - 1414 60 2s2p : - 2p : S - : P * i 
~ 2 1091 

200 156 00 0 0 - 6 4 0 9 9 0 2s2p - 2»2p; g : r - - D _ i 1091 
10 161 33 760 410- 1J80 28 2s2p; - 2p' s - - r -| 1091 
50 164 63 640 990-1248 39 2s2p: - 2p ; D - : D ' -i 1091 

200 167 97 653 010 - 1248 39 2»2p ; - 2p D - 'D' 1091 
SO 169 87 640 990- 1229 67 2»2p- - 2p D - 'D' 1091 
50 173 42 653 0 1 0 - 1229 67 2»2p; - 2p D - J D* • _ t 1091 

150 175 42 82 950-653 010 2* ;2p - 2i2p g;P* ; D • - ? 1091 
4 176 42 M 7 763 - 1414 60 2*2p ; - 2p P - P " • _ J 1091 

50 17921 82 9 5 0 - 6 4 0 9 9 0 2« 2p - 2»2p: g'P* - D • _ j 1091 

80 1*0 *< 861 671 - 1414 60 2»2p ; - 2p p - r .> 1091 
10 187 7V 847 763 1380 28 2%2p - 2p f Jp* - • . 1091 
4 192 1*2 861 671 1380 28 2»2p - 2p ?- r ' - * 1091 

50 2 M 10 760 410 1229 67 2*2p 2p S- D* ' -; 1091 
25">0 0 0 389 12 2» 2p 2«2p g P" *p 1058 

50 25H5 1 861 671 1248 39 2*2p 2p P D* ' • ' ' 1091 

10 r 7 i T : X6I 671 1229 67 2s2p 2p P D' 1091 
2x1 » 0 0 352 3 3 2s 2p 2s2p gp- *p • : P 1058 
289 7 *2 950 42» 11 2s 2p 2s2p g P* *P 1058 
126 6 H2 950 1M9 12 2s 2p 2s2p' gP- «P 105* 
171 2 H2 950 152 U 2s 2p 2s2p g P" 'P : : P 1058 

I20« 9 0 0 K2 9V) 2s ?p 2s 2p gP" gP ' • • i 1120 



C - 6 2 

CHROMIUM XXI <Cr" ), 2 = 24 
Ground State 1«*2sx(,Sa)( 4 •tectrons) 

loniiation Potential [13 180 000] cm '; [1634] «V 

Muluplet Rrl. Int X... (m A ) Leveb (in 10' ctr ') Coofigiiiaiioas Terms J - J Nous References 

10 12909 341 12-8087 l + B l>:2s2p - Is 2p3p r - p i - 1 0 716.619 
10 12981 40503-8108 7 L~°2s2p - Is :2p3p P - - S 2 - 1 643 
0 13.018 405 03 - 8086.8 ls:2s2p - Iv2p3p r - 'D 2 - 3 643 
0 13060 318 04 -7975 1 l. :2s2p - ls:2p?;> 'r- 'D 0 - 1 643 

13081 0 0 - 7 6 4 4 . 7 + B lv"2i - ls :2*3p g'S - 'P- 0 - 1 P 619 
0 13 123 0 0 - 7620 2 ls'2» - l» :2»3p g's - r 0 - 1 643 

0 I3 20 j 667 23 - 8241 3 U 2s2p - I J : 2 J 3 » r - ' s 1 - 0 643 
13316 667 2 3 - 8177 0 + B !s;2s2p - U'2p3p r- 'D 1 - 2 P 619 
13314 318 0 4 - 7718.0 + B ls;2»2p - l» :2$3d 'r- J 0 - 1 P 619 

10 1355 341 1 2 - 7 7 2 1 2 U'2s2p - Is :2s3d T - ' D 1 - 2 877 
0 13 6*7 405.03 - 7732.7 Is;2s2p - Is :2s3d 'P - - 'D 2 - 3 643 
0 13 6*4 911 09-8218.8 ls :2p - I .2p3d ' P - '!»• l - l 643 

0 13 732 947.08 -8218.8 ! » > ' - ls'2p3d 'p- ' r 2 - 1 643 
10 13 760 86474-8134 4 ls :2p : - Is'2s2p P - 'D* 0 - 1 0 877 
10 13779 94708 - 8204 J U :2p' - lv'2p3d 'P - 'D- 2 - 3 643 
10 13 844 103189-8275.4 ls'2p : - Is"2p3d ' D - T 2 - 1 643 
0 13 870 911.09-8121.0 1» :"; .» 2p3d •P . t r 1 - 2 643 
0 13.930 105189-8220.4 ls'2p - I s ^ J d ' D - 'P* 2 - 2 643 

10 14029 667.23 - 7795 3 Is-2s2p - !s"2s3d ' r - 'D 1 - 2 p 619.716 
0 14.041 341 12-7463.2 l»'2*2p - W'2s3* r - s 1 - 1 643 
2 14 172 403.03 - 7463.2 l» ; 2l2p- l» :2»J* 'r-"S 2 - 1 Q 1089 
2 14.217 911.09-7946.8 ls'2p : - I» ;2p3* 'p- ' r 1 - 2 0 1089 

14244 1234.91 - 8275.4 U ; 2p ; - I>'2p3d •s-'r 0 - 1 P 619 
14457 1031.89-7969.0 l i ; V " l»'2l>J» 'D - 'P * 2 - 1 p 619 

14896 1254.91 - 7969.0 l»'2p - I i '2p3* 'V - If 0 - 1 p 619 
300 149.87 0.0-667.23 l* !2» : - U :2*2p i's - •r 0 - 1 1091 

50 134.61 405.03 - 105! 89 I»'2i2p - U:lp' •r - 'D 2 - 2 1091 
«0 165.03 34112 -947 08 L J2*2p - l» J2p' > r . i p 1 - 2 1091 
30 168.62 1804 91109 U-2t2p - U'2p : >r-'? 0 - 1 1091 
50 170.16 667.23 - 1234.91 l» :2*2p - ls'2p' •r-'s 1 - 0 1091 

ISO 175 45 341 1 2 - 9 1 1 0 9 I r2 i2p - l f : 2p ; 
'•• ' r - ' p l - l 1091 

110 18448 403.03 - 947.08 I»'2s2p - l. :2p- ', ' r - 'p 2 - 2 1091 
30 19098 34112 -864 74 It'2i2p - U'2p'° : 'r-'r 1 - 0 1091 
10 197.61 403 03 -911.09 I» !2*2p - l«'2p r - 'p 2 - 1 1091 

i io 259.97 667 23 - 1051 89 lt'2*2p - W'2p ! j r - D 1 - 2 1091 
30 

i 
293 15 0 0 - 3 4 1 1 2 l * : 2i : - li'2«2p 1 g'S - 'r 0 - 1 437.730 

Multiple! Rel. Int X.. (in A) 

2 190 | 
7562 
7664 
7.774 ', 

I 7.817 i 
7828 

CHROMIUM XXII(Cr*"),Z = 24 
Ground State 1aa2s(aS,/,) (3 oteetrono) 

lonitatlon Potential 13 M2 000 em '; 17214 «V 

Levels (in 10' cm ') 

00 - 45662 
0 0 - 13224 I 
0 0 - 13048 4 

357 49 - 13220 9 
0.0 - 12793 6 

448 40- 13223 0 

T Configurations 

L'2»-
I .2 . -
1.2.-
l»'2p -
1.2.-
lt'2p -

l»2»2p 
1 . ^ 
Ii'8p 
l»'9d 
lt'7p 
lt'9d 

- r - • • - r - ' 
Term. | J • J 1 N o u s 

: e's-'p- T ' T 
1 - - ' I P 

g'S-'p- ! i - H p 
; I'S-'P- i - i P 
' 'r-'D > > P 
' i's - 'r > > p 

•r-'o > > P 

Reference* 

631 
643 
643 
643 
643 
643 
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CH XXH — Continued 

1 I m A . I lf l A ) Levels (in 10 cm 

7 881 357 49 - 13046 2 
-<m> 448 4 0 - 13049 2 
8 042 357 49 - 12792 2 
8066 0 0 - 123980 
H 100 448 4 0 - 12794 1 
* 304 357 4 9 - 1240CO 

* 3*5 448 40 - 12403 0 
8 516 0 0 - 11743 0 
S 77K 35 ' 49 - l l 7 4 9 6 
h 84* 448 4 0 - 117517 
9 4X8 0 0 - IPS»S7 
9 49X r > o - 10528 3 

9 »06 357 49 - 10555 3 
9 870 357 49 - 10489 0 
•» (%•»! 448 40 10558 6 
<* •»«(> 448 4 0 - 10489 0 

lOri 12 01? 0 0 - 7928 32 
:<JO I2 65« 0 0 7901 26 

: i » 11 142 357 49 7966 68 
200 13 2»« 44X40 7975 12 

20 1 3 42" 357 49 - 7H04 86 
2(«) 13 594 448 40 7*04 86 
150 2 : 3 0 1 ; < ) ( ) - 44*40 
120 2-9 711 0 0 357 49 

Configurations 

W 2 p - l s : 8d 
Is 2p - Is M 
lv'2p - Is'7d 
Is 2s - W 6 p 
Is 2p - l v 7 d 
Is 2p - Iv'od 

Is 2p - is 6d 
Is 2s - Is 5p 
I s 2 p l s 5 d 
Is 2p - Is 5d 
Is 2s - l v 4 p 
Is 2 s - I s 4 p 

Is 2 p - I s 4 d 
Is 2p - Is 4s 
I s 2 p I s 4 d 
Is 2p - Is 4s 
Is 2 s - I s 3 p 
Is 2s - Is 3p 

Terms J - J Notes References 

Is 2p 
I s 2 p 
l s 2 P 

Is 2p 
Is 2s 
Is 2s 

Is 3d 
Is 3d 
Is 3s 
Is'3s 
1 . 2 p 
K 2 p 

r - D j - 4 P 643 

r - D : - \ P 643 

r - D i - T P 643 
gs- P* • - : ; P 643 
r - D : - ? P 643 
p * - D • - - : P 643 

r D • - - . P 643 

gs P* • - • P 643 

r - D • - : P 643 
r D '•-] P 643 

g-'s- P" • . • P 977 

g S - P- • - • P 977 

V - D . _ i P 977 

r S P 977 

r D • - - O 977 

r - S • - • P 977 

g s P- P 977.273 
g S - P" • - : f 977.273 

P" D P 977.273 
p- D - - : P 977.273 
V S P 977.273 

V S • - r P 977.273 
gs P -

• - •: P 977.730 

gs P* P 977.730 

CHROMIUM XXIII <Cr" ), Z = 24 
Ground State 1»3('So) ( 2 electron*) 

Ionization Potential 60 349 000 cm '; 7482.4 eV 

Multiple! Rrl Ini K . On A ) Levels On 10 cm 

I 724 0 0 5K021 1 
I 7*3 0 0 56714 4 
I 856 0 0 5.1888 2 
2 l*2 0 0 45832 0 
2 I92 0 0 45614 9 
2 203 0 0 45189 1 

II 82 45389 1 538509 
1209 45M9 0 5388*2 

126 26 45389 1 45695 6 
469 48 4S6I9 0 45832 0 

115471 51764 1 53850 9 
15x2 2X 51825 0 51888 2 

Configurations 

Is Is5p 
Is Is4p 
Is Is lp 
Is Is2p 
Is Is2p 
Is Is2s 

Is2s Is lp 
Is2s I s lp 
Is2s Is2p 
Is2s Is2p 
Isls Is lp 
IsK Is lp 

Terms 

g S P* 

J - J Notes References 

0 I 728 

gs p* 0 1 p 728 

g'S r 0 1 p 728 

g ' s - p ' 0 1 p 956 

gs p . 0 - 1 p 856 

gs s 0 1 K P 375 

s p . 1 2 P 375 
;s V 0 1 P .375 

s p . 1 2 P 375 

s p . 0 - 1 P 375 

s V 1 2 P 375 

s p . 0 1 P 375 
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CHROMIUM XXIV (Cr" ) , Z = 24 
Ground Stat* 1»fS,„) ( 1 otoction) 

Ionization Potential 63 675 300 cm '; 7894.79 *V 

Mulnpkt Rei Inl X.. On A) Lcsds (in 10' cm ') 

1605 0 0 62385 13*5 
I 615 0 0 61919 1477 
I 636 0 0 611415413 
I6--5 0 0 597153160 
1 766 0 0 56634 2120 
I 76 ' 0 0 56597 5 ;00 

:.(wo 0 0 47843 0420 
2096 0 0 -47719 2500 
6 820 •7722 8200 62385 13*5 
6 877 47i43 0420 •62385 1385 
7044 47722 8200 6191s 1477 
7 m 478430420 61919 1477 

7 45: 477228200 61141 5413 
7518 47843 MX -611441334 
8 339 47722 8200 -59715 3160 
8 419 478430420 • 59720 3786 

i i 2 2 2 47772 »>00 56634 2120 
I I 360 47843 0420 • 56646 2052 

17 281 56598 5810 62385 1385 
17 388 56634 2120 62385 1385 
17 425 56646 2052 62385 1385 
18 795 56598 5810 61919 1477 
18922 56634 2120 61919 1477 
18 965 56646 2052 61919 1477 

22 012 56598 5810 6M4I 5413 
22 173 566342120 61144 1334 
22226 56646 2052 • 61145 4279 
32085 56598 5810 597153160 
32403 5*6342120 59720 37*6 
32 502 56646 2052 59722 9040 

31 794 47722 8200 47*43 0420 

Configurations 

I » - 7 p 
I t - 6p 
W - 5 p 
l s - 4 p 
l s - 3 p 
Is - 3p 

u - 2 P 

l s - 2 p 
2, 7p 
2 p - 7 d 
2s- 6(> 
2 p - 6 d 

:-. 5 P 

2 p - 5 d 
2s - 4p 
2 p - 4 d 
2s 3p 
2 p - 3d 

3s- 7p 
?P - 7d 
W - 7 f 
3s - 6p 
3 p - 6 d 
3d 61" 

3s 5p 
3p Jd 
3 d - 5f 
3 s - 4 p 
3 p - 4 d 
3 d - 4 f 

2 » - 2 p 

Terras J -J 

g S -
g S -
g S -
gs-
gs 
gs-

gs 
g S -

s -
p- -
s-

r -

s-
p* -
s 

p-
s -

p* 

s -
p- -
D -
S -

P* -
D -

S -
P- -
D -
: S -

r -
D -

r 
r 
r 
r 
r 
p-

r 
r 
r 
D 
r 
D 

p* 
D 
r 
D 
p-
D 

r 
D 
F* 
r 
D 
F' 

r 
D 
F -

r 
D 
r 

o t p i Referem 

p 1042 
p 1042 
p 1042 
p 1042 
p 1042 
p 1042 

p 1042 
p 1042 
p 1042 
p 1042 
p 1042 
p 1042 

p 1042 
p 1042 
p 1042 
p 1042 
p 1042 
p 1042 

p 1042 
p 1042 
p 1042 
p 1042 
p 1042 
p 1042 

p 1042 
p 1042 
p 1042 
p 1042 
p 1042 
p 1042 

s-'p- 1042 
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(Wavelengths, Classifications, and Transition Probabilities) 



D. Magnetic Dipole Lines for Chromium tons 

(Excerpted from: V. Kmahnam and J. Sugar, J. Phys. Chem. Ret Data 15,321 (1986)] 

1. Introduction 

The following tables, inrlwlmg the introductory com
ments, are excerpted from the above cited compilation of 
observed and predicted wavelengths of magnetic dipole 
lines arising within ground configurations of the type 
ns V * (« " 2 and 3, k - 1 to 5). The compilation work 
was done by V. Kaufman and J. Sugar of the National 
institute of Standards and Technology (formerly the 
National Bureau of Standards). 

All measured lines that are correctly identified are in
cluded. Some are only tentatively classified by the au
thors, but appear to be reasonable on the basis of 
predictions along isoelectronic sequences. 

Also included B a selected group of electric quadru-
pole lines (E2) that are frequently observed in nsbip1 and 
nship* configurations; these are the 'Dj—'S. transitions. 

It will probably be difficult to observe the nsnp 
fPnuj-'Pi) transitions in the Be and Mg isoelectronic 
sequences because the very large electric-dipole transi
tion probability of the ns1 lSt~nsnp 'Pi resonant transi
tion will tend to rapidly deplete the nsnp *P, level. 
Similarly, but to a lesser extent, the J P 0 - 3 P i transition 
can be expected to be weak because of the 
ns2 lSt-nmp }?i transition. However, these magnetic -
dipole transitions have been included for the sake of 
completeness. 

Calculations of line strengths and transition probabili
ties have been made for all of these lines by both rela
tivists and non-relativistic methods. Preference has been 
given to the relativistic results. Calculations by both 
methods for the n - 3 shell differ on the average by only 
5%' 

2. Predicted Wavelengths 
For the chromium ions, predicted values for the wave

lengths of the Ml and E2 lines were obtained from the 
known energy levels by the Ritz principle of deriving 
wavelengths from energy differences. Their uncertain
ties are derived from the reported level uncertainties. 
The source of data is given in Sec. 7 below. 

3. Observed Wavelengths 
The most common laboratory source generating copi

ous forbidden lines is the tokamak, which contains a 
magnetically-confined, high-temperature plasma with an 
ion density similar to that of the solar corona. By inject
ing any impurity element, magnetic dipole lines of that 

element may be seen in stages cf juration determined 
by the plasma temperature. Most of the chromium data 
are from tokamak observations. The other wavelength 
data are from astronomical sources, including gaseous 
nebulae, stars and the solar corona. 

The sources of observed data that have been credited 
are those providing the best measurements. 

4. Predicted Transition Probabilities 

In most cases muldconfiguratjon Dirac-Fock calcula
tions of line strengths are available. These calculations 
do not generally converge for neutral and singly ionized 
atoms, but non-relativistic calculations have been made 
in every such case. Line strengths for the magnetic 
dipole lines of the isoelectronic sequences of B I, C I, N I, 
and FI were taken from Cheng er aL * Those for the Al i, 
Si I, P I, and Q I sequences were taken from Huang1"5 

and Huang a al.* The relativistic calculations are not 
available for the Be, Mg, and S isoelectronic sequences. 
The transition probabilities for all magnetic-dipole lines 
of the Be-like, Mg-like, and S-like ions were therefore 
calculated in the manner described by Sugar and Kauf
man.1 These are non-relativistic calculations in interme
diate coupling. They agree within a few percent with 
relativistic calculations in the n — 3 sequences for which 
both are available. 

Line strengths for the electric-quadrupole lines of 
2 r V CDj-'So) [* - 2 ] and [Jt - 4 ] are for the carbon 
and oxygen sequences from Cheng a al.1 The transition 
probabilities for these lines in the sulfur sequence, 3»23p4, 
are from Mendoza and Zeippen.7 

Relations between transition probabilities v4(r~') and 
line strengths S are given explicitly as 

A - 2-697 * 10" c r w n A ^T- S(M1), 

. 1.680 x 10** . _ . , . 
A " ££ *(E2). 

where X is the transition wavelength in A and g is the 
2 / +1 degeneracy of the upper level. S(Ml) in Bohr 
magneton units (u*) and 5(E2) in atomic units (eal) are 
the n*..*Detic-dipole and electric-quadrupole line 
strength*, respectively. 

The magnetic-dipole transition rate in almost all cases 
is a few orders of magnitude greater than the electric-
quadrupole transition rate. The E2 rate has been added 
to the Ml rate in those cases for which the former is 
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greater than 1% of the latter. This is true only for some 
of the N I (2p*) and P I (3p*) sequence transitions An 
asterisk following the transkkw rate in the tables shows 
where this occurs. 

5. Data Table Information 

The tables contain the predicted and observed wave
lengths and predicted transition probabilities for mag-
netk-dipole transitions within ns hq>* (k - 1 - 5) and nsnp 
configurations for n - 2 , 3 . The electric quadmpole tran
sition 'Dj-'So for * - 2 , 4 is included because it is fre
quently observed. The dau are presented in order of 
increaskg wavelength. The columns from left to right in 
order of appearance contain the following information: 

Column No. Description 

1 Wavelengths (observed and predicted) 
in A below 20 000 A, md in microme
ters (tun) between 2 and 1000 jun. 
Wavelengths given without units are in 
A. Wavelengths in vacuum are given 
below 2000 A, in air between 2000 A 
and 5 jun, and in vacuum above 5 pjn. 
Each wavelength is followed by its un
certainty in parentheses. Tentative iden
tifications are preceded by "T". E2 
transitions are denoted by "Q". 

2 Transition probabilities (d) are written 
as a factor times 10 to a power. The 
power of ten follows the decimal factor. 
For example, 220 + 4 means 
2.20 x 10*. An asterisk following the 
transition probability indicates that the 
E2 rate for the transition is greater than 
l%of the Ml rate and has been added to 
that value. 

3 Spectrum. 

4 Electronic configuration. 

5 Line classification. Lower level is given 
first 

6 Ionization energy in thousands of elec
tron volte (keV)."* 

Column No. Description 

7 References for observed wavelengths. 
Definitions of symbols are given in 
Sec. 8, "References for Observed 
Wavelengths''. 

6. Rafarancaa to Taxt 

"J. Sugar and V. Kaonaa. J. Ope. Sot Am. B 1,218 (1984). 
'K. T. Cheng. Y. -K. Kim, tod J. P. Dctdaur, AL Data Nod. Data 
Table* 14, 111 (1979). 
1C -N. Haass, private cormmmtrtrinn (1985). 
*K.-N. Huang, AL Data Nod. Da* Tabic* 32,503 (1985). 
t -N. Haaag, AL Data Nad. Data Tabic* 34, 313 (1984). 
T . -N. Haas*. Y. -K. Kin, K. T. Cheng, and I. P. Deadaux. At Data 
Nad. Data Table* 38,35S (1983). 

'C. Mendoxaand C i. Zappa. Moo. Not R. Aaron. Soc 1*2,981 
(1983). 
•C. E. MOOR, Nad. Stand. Ret Data Ser.. NatL Bur. Stand. (U.S.) 34, 
tor Be through Ar (1970). 
*J. Sugar and C Carina, J. Phya. Chem. Ret Data 14 SuppL 2, (or K 
through Ni (1985). 

*T. A. Carbon, C. W. Nestor, N. Wcmermaa and I. D. McDowell. AL 
Data 2,63, for Cu through Mo (1970). 

7. Reference for Energy Levels 
Sugar, J., and Carina, C. (1985). J. Phy*. Chem. Ret Data 14, Suppi. 2. 

8. References for Observed 
Wavelengths 

DH Dense, B., and HianOT,E.(1984X J. CfL Soc. Am. B 1,699. 
FBM F«akenthal,M.,BeU,R.E., Moot, H. W., and TFR Group 

[1984], J. Appi. Phy*. St, 2012. 
HSCS Hmnov, E., Suekewcr. S., Cohen, S., and Sato, K. (1982), 

Phyi. Rev. A 2S, 2293. 
J Jeflerka,J. T. (1969), Mem. Soc. R.Sd. Liege 17, 213. 
M MagoaM-Crifo,F.(1973)>Soi.Phyi.31,91. 
PSS Peacock, N. J., Stamp, M. F., and Silver, J. D. (1984), Phyi. 

Scr. T8,10. 
SBT Sandus, G. D., Brueckncr, G. E., and Touacy, R. (1977), 

AMrophy*. J. 214,898. 
Sa Sackcwer, S. (Oct. 1985), private rommiinkarinn 
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Magnetic Oipoie 

Wavalan»th A ( s _ 1 I 
Cfcsarvad CaLculatad 

286.51(17) 1 2* »* 
306.80(5) 7 *2 *3 

378 CC3! 378.1(3) I. 61 »•* 
381.6(3) 6 56 *3 

398 *;3) 398*2(16! 6 38 •* 
U 2 :;3i **2.3(*) 1 31 »* 
• 93 8(3) *93.79(2*) 6 *2 ••* 
6c3 1(3; 663 1(9) 3 22 *2 
722 us; 722 56(16! 1 56 «•* 
73: :<3; 731 07(8) 5 62 »3 
7*: 75(3) 7*0.75(3) 6 67 »3 

5 781.9(6) *.19 +1 

793 3(3) 6 12 «3 
0 875 6(8) 2 03 *1 

879 96(23) 5 1* '3 
975 3(3; 979 06(1*; 5 93 t3 

988 5(1.0; 7 59 *1 
999 6(3) 3.33 *3 
1028 *9(10) 5 03 *1 
1135 8(1 3) 6.25 *1 

1205 9(3; 1205 9(3) 5.11 *3 
13*0 7(*) 13*0 09(20) * 09 *2 

1*1C 6C(2) 1*10 62(*) 6 39 *3 
1**0 01(2) 1**0 8(2.1) 3 68 *2 

1489 0»(3) 1*69 05(16) 1 21 *2 
156* 30(2) 156* 09(17) 5.89 »1 
1566 *(!> 1565 (5) 3 38 +3 
1656 3(3) 1656 29(27) » 58 »3 

1693 9(6) : *0 »2 
2090 9(3; 2090 9(*) 1 81 *3 

253* 1(5) 3 67 1' 
2606 *'3; 2606 *(3) 3 80 '2 

0 263* (7) 1 03 »l 
269* *(5) 1 1* »1 

0 2733 6(1 51 6 *1 »0 
2885 »(3, 2885 *(1 2) * 69 '2 

3178 3177 9(7) 1 77 »1 

3301 1(5) 2 99 •! 
3326 *(8) 6 22 <1 

3608 2(9) 2 86 M« 
3725 8(1 0) 2 82 •!• 

f or Chromiun 

Spactrua Config Classification I.E. Haf. 
(kaV) (obs. K) 

Cr XXI 2s 2P 3P l'x : 63 
Cr XXI 2s 2p 3 P . - l ' l 1.63 
Cr XVIII 2s2 2p3 

S3/2 " 
2 P 
*3/2 

1.30 CH 
Cr XXI 2s 2p 3 p 2 - i j >l 1.63 
Cr XIX 2s 2 2P 2 \ ' % 1 *0 HSCS 
Cr XVIII 2.2 2P3 *c 

s3/2 2 p 1 2 I 30 DH 
Cr XVII 2,2 2P4 

3 p l - % I.19 HSCS 
Cr xv::i 2s2 2P3 

S3/2 2°5/2 1.30 DK 
Cr XVIII 2.2 2p3 ^ 3 / 2 " 2 p 3 , 2 1.3C DH 
Cr XIX 2. 2 2P 2 3P. - S l.*C HSCS 
Cr XVII 2. 2 2P* \ - l Q 2 1 19 PSS 
Cr XVII 2. 2 2P* \ - \ 1.19 
Cr XVIII 2.2 2P3 *, 

s3/2 Z D 3 / 2 1 30 HSCS 
Cr XIX 2.2 2P 2 l°2 - \ 1 *0 
Cr XVIII 2.2 2P3 

2°5/2 " S,2 1 30 
Cr XIX 2.2 2P 2 

3*2 - l°2 1 *0 HSCS 
Cr XIII 3. 3p 

\ • 
l*l 0 35 

Cr XVIII 2. 2 2P3 \ l 2 - 2*l/2 1 30 
Cr XIII 3. 3p 3*1 - l*l 0 35 
Cr XIII 3. 3p >'2 - l'l 0.35 
Cr XX 2.2 2p 2'3/2 1.50 HSCS 
Cr XVII 2. 2 2P* \ - X°2 1.19 FBM 
Cr XVI 2.2 2P 5 2 pi/2 1.10 PSS 
Cr XI 3.2 3P2 \ - % 0 27 SBT 
Cr X 3.2 3P3 *o 

s3/2 
2P 

P3/2 
0 2* S8T 

Cr X 3.2 3P3 ** 
s3/2 

2P 
pl/2 

0 2* SBT 
Cr XXI 2. 2p 3'l " 3 p 2 1.63 Su 
Cr XVII 2.2 2P* 3 p 2 - 3 p l 1 19 HSCS 
Cr IX 3.2 3P4 

3 p l - \ 0 21 
Cr XIX 2.2 2p*. \ - \ 1 *0 HSCS 
Cr X 3.2 3P3 

* S3/2 " 2°5,2 0 2* 
Cr XVIII 2.2 2P3 2p 

p3/2 
1 30 DH 

Cr XI 3.2 3P2 
l»2 " s0 0 27 

Cr X 3.2 3P3 *« 
s3/2 

2°3/2 0 2* 
Cr IX 1.2 V \ • ^0 0 21 
Cr XIX 2.2 2P 2 

\ • 
3'2 1 *C HSCS 

Cr XI 3.2 3P2 \ - % 0 27 M 
Cr IX 3.2 3P4 \ l°2 C 21 
Cr X 3.2 3P3 2p 

p3/2 
0 2* 

Cr X 3.2 3P3 2, 
• V 2 

2P 
p3/2 

0 2* 
Cr X S.2 3P3 

\ l 2 • 
ZP 

pl/2 
0 2* 
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Magnetic Dipole Lines for Chromium - Continued 

Wavelength A ls~M Spectr-jc. Cor.fig Classification '. E 
Observed Calculated ;«eV; 

3996.8(1) 3996 6(1.I; 2 6C »1 Cr XI 3s 1 3p 2 3 P 2 ''D2 Z .17 

*038.6C3; 4039 (7; I 27 »2 
4330.(40) 2 38 *2 
4450.5(1 4) 4 19 »0 

8153.8(4, 8153.7(7) I 66 • ! 
10106 »(2.0) 1 74 *1 
10878.(120) 1 03 <-I Cr XIII 3s 3p JPj - J F 2 2 35 
12783.(8) 1 04 »I Cr IX 3s 2 3p* 3 P 2

 3Pj C 21 
15514.(17) 3 46 »0 Cr XI 3s 2 3p 2 3Pj - 3 P 2 0 27 
18059.(16) 2.98 «0 Cr XI 3s 2 3p 2 3 P 0 - 3 P . 0 27 

2.54(6) vn 1 13 »0 Cr XIII 3s 3p 3 P 0 - 3P. 0.35 
3 103(7) «m 2.74 -1 Cr X 3 s 2 3 p 3 2 p

1 / 2 " 2 p3/2 ° 2* 
4.260,13) urn 1 28 -I Cr X 3 « 2 3 p 3 2 D 3 / 2 - 2 D 5 / 2 ° 2* 
4 3(4) am 1.93 -1 Cr XVII 2 * 2 2p* 3 P 0 - 3 P j 1.19 
5 787(24) vm 2 73 "1 Cr IX 3 s 2 3 p 4 3 P , - 3 P n 0.21 

Cr XVIII 2s^ 2p" 2 ° 3 - 2 "tl2 
Cr XXI 2s 2p J?o J P 1 
Cr IX 3 s 2 3 p 4 \ - 1 D 2 
Cr XII 3 s 2 3p * * W - 2 P P3'2 
Cr VIII 3 s 2 3 p 5 ^ 3 / 2 
Cr XIII 3s 3p \ S Cr IX 3 s 2 3F* \ \ 
Cr XI 3 s 2 3 p 2 \ • \ 

Cr XI 3 s 2 3 p 2 3P - 3 P . 
1 

Cr XIII 3s 3p \ " 3f; 
Cr X 3 s 2 3 p 3 Z*uz - 2P 

r3/2 Cr X 3 « 2 3 p 3 
2 ° 3 / 2 " 2 D 5 / 2 

Cr XVII 2 s 2 2p* \ \ 
Cr IX 3 s 2 3 p 4 \ - \ 



EL Atomic Energy Levels of Chromium, Cr I through Cr XXIV 



E. Atomic Energy L*v«te off Chromium, Cr i through Or xxrv 

(Excerpted from: J. Sugar and C Codies, J. Pay*. Chem. Ret Data 14, SnppL 2 (1985)]. 

1. Introduction 

The following tablet, inrlnrimg the introductory com-

atomic energy levels by J. Sugar and C Corliss (1983) of 
the Atomic Energy Levels Data Center at the National 
Institute of Standards and Technology (formerly the 
National Bureau of Standards). 

Generally, only published papers have been used as 
sources of data. Unpublished data are inrlnded when 
they constitute a substantial improvement over material 
in the literature. For many of the higher ions the original 
papers do not give energy level values, but only classifi
cations of observed line*. In these cases the level values 
have been derived from the given data. 

All energy levels are given in units of c m - 1 , beginning 
with a value of zero for the ground level. Ionization ear 
ergies found in the literature are usually given in eV or 
cm' 1 . The conversion factor, 8065.479(21) cm'VeV, 
given by Cohen and Taylor (1973X is used here. In a few 
cases where adequate data were available but the ioniza
tion energy had not been derived, this calculation was 
carried out. For a number of the ions, no suitable series 
are known. In these cases values obtained by Lotz 
(1967), by a method of successive differences along 
isoelectronic sequences, have been quoted. Although un
certainties are not provided with these extrapolated val
ues, it is estimated that they are accurate to 02% by 
comparing them with recently determined values. 

Nearly all of the data are based on observations of 
various types of laboratory light sources. However, the 
laboratory data are sometimes supplemented by data ob
tained from solar observations. This is 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 ener
gies for the low levels. Whenever both solar data and 
equivalent laboratory data are available preference is 
generally given to the laboratory measurements. 

When no observations are available to connect inde
pendent systems of levels, an estimate of the connecting 
energy is adopted. Those level values affected by the 
estimate are denoted by +x following the value. The 
value of jr is the systematic error of the estimate. 

Included under the heading "Leading Percentages" 
are the results of calculations that express the eigenvec
tor percentage composition of levels (rounded to the 
nearest %) in terms of the basis states of a single configu
ration, or more than one configuration where configura

tion interaction has been included. First the percentage 
of the basis state corresponding to the level's name is 
given; next the second largest percentage together with 
the related basis state. Sometimes the leading percentage 
in an alternative coupling scheme is given. Generally, 
when the leading percentage is leas than 40%, no name is 
given. When the first and second resultant terms are the 
same and sum to 940% the first name is given. When the 
first and second resultant terms are the same but have 
different parentages, and their share of the eigenvector 
composition sums to 40% or more, die level will be 
named as the higher percentage term. In cases where 
these percentages differ by one or two units (an msignifi-
cant difference), either term may be selected for the level 
name, and die lower percentage may appear first For 
the unnamed level, the term symbol follows the percent
age. The user should of course bear m mind that the 
percentages are model dependent, so that the results of 
different calculations can yield notably different percent-
ages. In the case of Cr, the 1969 results by Roth are 
adorned It was intended to use his new 1980 calculations 
as well, but it was found that the sum of percentages for 
a number of states exceeded 100 by significant amounts 

For configurations of equivalent <f-electrons, several 
terms of the same LS type may occur. These are theoret
ically distinguished by their seniority number. In the 
present compilations they are designated in the notation 
of Nielson and Koster (1963). For example, in the 3d 1 

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 text for each ion does not include a complete re
view of the literature but is intended to credit the major 
contributions. In assembling the data for each spectrum 
the following bibliographies were used: 

L Papers cited by Moore (1949,1952) 

a. C. E. Moore (1968,1969) 

iii. L. Hagan and W. C. Martin (1972) 

iv. L. Hagan (1977) 

v. R. Zalubas and A. Albright (1980) 

vi. Card file of publications since June 1979 
maintained by the NBS Atomic Energy Levels 
Data Center 
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He i Isoelectronic Sequence 
Spectra of K, Ca, Ti, and V were obtained by Aglitskii 

« aL (1974) with a laser-heated plasma in third and fifth 
orders of a crystal spectrograph. Reference lines of 
MgXI and Al xn published by Flemberg (1942) were 
used, and an uncertainty of ±0.0005 A was reported for 
the lines of the He I isoelecoonk sequence, which fall in 
the range of 2 J - 3 . 6 A. Flemberg's reference wave
lengths were in x-units. The equivalence to A that he 
used must be increased by 8 parts in 105, according to the 
more recent conversion determined by Deslattes and 
Henins (1973). With this correction, the data of Aglitskii 
er al. deviate randomly from the calculated wavelengths 
of Safronova (1981) by ± 0.0008 A. 

In a beam-foil experiment the He-like argon spectrum 
was observed by Briand et aL (1983a). Their wave
lengths for the \sl "S, - l*2o *PJ and "P? transitions were 
3.9693(3) A and 3.9491(3) A, in agreement with the cal
culated values by Safronova. 

The 1*2* $ , — is2p 'PJ transition has been measured in 
Caxrx by Livingston (1983) and in Fe xxv by Bucket tf 
oL (1982). The measured wavelengths are 466.78(8) A 
for Ca and 271.04(10) A for Fe. The corresponding en
ergy difference'- are greater than those predicted by 
Safronova by 1*2(37) and 123(136) cm' 1 , respectively, 
or 0.07% and 0.03% of the energy difference. A new 
calculation of these energies by Hata and Grant (1983) 
predicted value* that were 60 cm' 1 lower in Ca and 
154 cm' 1 lower in Fe than the observed values. 

Because of the excellent agreement of Safronova's cal
culations with the best experimental data available and 
the paucity of these data, the compilation of this se
quence was baaed on ber results. Her calculated energies 
were quoted for the l»2# and W2p levels of the He I 
isoelectronic sequence and for the principal ionization 
energies (with correction to the Rydberg for finite 
atomic man). The observed Lr2r %-lslp 'PJ intervals 
in Ca xrx mentionrsri above are incorporated in the re
spective level lists. For n - 3 - 5 the calculated binding 
energies reported by Ermolaev and Jones (1974) are sub
tracted from the binding energy of the ground state by 
Safronova to arrive at energy level values. The uncer
tainty in the calculated energy levels and the ionization 
energies is unimcd conservatively to be 2 parts in 10*. 
corresponding to the deviations from the Aglitskii tt al. 
(corrected) observations. (The deviation from the mea
surements in Ar is 1 part m 10*.) The uncertainties in 
energy differences for levels of the same n -value are esti
mated to be 2 parts in 10*. The deviation of the U2p 
I T - 'P? intervals measured by Aglitskii tf al. with reso
nant lines differ randomly from the calculated values of 
Safronova by 3%. 

The singlet-triplet mixing coefficients for the hnp U P * 
states are quoted from Ennolaev and Jones. 

H i Isoelectronic Sequence 
No observations of is-np transitions have been suffi-

cienUy accurate to test the theoretical values. The best 
measurement available is for the lr —2p energies for 
Fe xxvi with an uncertainty of ±5000 cm"1, or 1 part in 
10*. by Brand, Tavernier, and Indelicato (1933b). 
Erickson (1977) has calculated the absolute binding ener
gies for each of the levels through n = 5 and for the re 
and np states through n = 13. An improved calculation of 
the Lamb-shift effects was reported by Mohr (1983), 
who gave the energy separations among the n = 1 and 2 
levels. Gould and Marrus (1983) have measured the 
Lamb-shift of the 2r 'S^i state of Ar xvm, obtaining the 
value 1264(13) cm' 1 . Their results agrees with the value 
1275.8(0.8) cm' 1 calculated by Mohr and is three stan
dard deviations lower than Erickson's value of 
1301(2) c m 1 . 

Mote's results for the energy separations of n = 1 and 
2 levels have been compiled, and Erickson's for n = 3 - 5 
relative to the 2p *?\n level. This increases Erickson's 
values for the levels, or, equivalently, increases the bind
ing energy of the ground state (the ionization energy). 
Assuming that the uncertainty in these compiled values 
is mainly due to the error in the Lamb shift, the frac
tional error is taken as equal to the experimental frac
tional error in the Ar measurement. This contribution to 
the level values relative to the ground state is about 4 
parts in 10* for the iron period. This is about 10 times the 
error estimated by Mohr for his calculated \s — lp inter
vals. The corresponding intervals calculated by Erickson 
are lower than those of Mohr by about the same frac
tional amount. 

References for Introduction 
Agluskii, E V . Bcko. V A , Zakharov. S M . Pikuz, S A , and 

Faenov. A Y (1974). Kvanl. Elcfctron. I. 90S 
Briand. I P. Motse. J P. Indelicaio. P. Chevalier. P. Girard-

Vernhet. D, Chetioui, A . Ramos, M T . and Desclaux, J P (1913a). 
Phyv Rev AM. 1413 

Bnand. J P. Tavernier. M . and Indciicaio. P (I9SJb), Phy» Rev Leu 
54.132 

Buchet. J P. Buchet-Pouliiac. M C. Den». A , Desequelle*. J . 
Druetla, M . Knystauus. E J . and Lecler. D. (1912). Nucl Instrum 
Meth » 2 , 79 

Cohen. E . R.. and Taylor. B N (1973), i Phyv Chem Ref Dau 2. M3 
Codas. C , and Sugar, J (1977). Energy Level* of Manganese, Mn I 

through Mn xxv. J Phyt Chem Ref Data «, I2S3 
Corliss, C . and Sugar. I (1979a). Energy Levels of Titanium. Ti I 

througn Ti xxit. J Phyt Chem Ref Data t, I 
Corliss. C . and Sugar. J < 19""*), Energy Levels of Potassium, K I 

through K xix. J Phyt Chem Ref Data I . 1109 
Corliu. C . and Sugar, J (1911), Energy Levels of Nickel, Ni I through 

Ni xxvtii, J Phyt Chem Ref. Dau 10, 197 
Corliss, C . and Sugar, J (I9S2). Energy Levels of Iron, Fc I through Fe 

xxvi, J Phyt Chem Ref Data I I . 135 
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CRC HMdbook of Chemtstry aad Physics. 65di Ed (19*4-1915). pp 
E-IS7 to E-313. Lme Spectra of rhe Elements. Ed by J Reader and 
C H. Corliss (CRC Press. Inc.. Boca Raton. FL) 

Desbncs. R. D and Keaias. A. (197)). Pays. Rev Lett 31.972 
Enckson. G W (1977). J. Pays Chen Ref. Dau 6. *JI 
Enuolaev. A M . and Jones. M (1974). J Phyv B7. 199 
Flembrrg. H (1942). Ark. Mai Astro* Fyv 2*. I 
Gcnld. H . and Marrus. R (1913). Phys Rev 2*. 2001 
Hagan. L »!977>. BMwgraphy on Atomic Energy Level* and Spectra. 

July 1971 through June 1973. Natl Bur Stand (U S) Spec Pub! 363. 
Suppl I (US Govt Printing Office. Washington. D C ] 

Hagan. L . and Martin. W (1972). Bibliography on Atomic Energy 
Levels and Spectra. Jnly I9W through June 1971. Natl Bur Stand 
(US)Spec PvM 363<U S Gov'tPrmtmgOffice. Washington.DC) 

Hats. J . and Grant. I P (19*3). J Phys Bit. 523 
Kelly. R L (1915). Atomic and Ionic Spectrum Linn Below 2000 

Angstroms Vol II—Potassium through Zinc. J Phys Chan Kef 
Dau. 

Kelly. R (1979). Atomic Emission Lines m the Near Ultraviolet. Hy
drogen through Krypton. Sections I and I I . NASA Technical Memo
randum I02M 

Livingston. A. E. (19*3), private communication 
Lou. W. (I967L J. Opt Soc Am 57.173 
Martm, W. C . Zahtbas. R . and Hagan, L (1971). Atonuc Energy 

Levels -The Rare Earth Elements. Nail Stand Ref Dau Ser.. Nad. 
Bar. Stand. (US) . 60 

Martm. W C . and Zalobas. R (1979). Energy Leveb of Alummum. 
Al i through Al xni. J Phys. Chen. Ref Dau 1.117 

Martm. W. C . md Zaiubas. R (19(0). Energy Lcvcb of Magnesium. 
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CM 

Z = 24 

Ground state: U:2s:2p'h:3p'3d'*i "S, 

Ionization energy = 54575.6*0.3 cm ' (6 76669±O.000O4 eV) 

The early contributions to the analysis of this spectrum 
are summarized by Catalan and Sancho (1931). who give 
a list of over 700 classified lines. Kiess (1953) remeasured 
the spectrum in the range of 11 610-189" A with a wave
length accuracy varying from 2:0.005 A to ±0.05 A. 
About 4400 lines are jiven. 80% of which are classified, 
including Zeeman patterns for 10% of them. This consti
tuted a significant extension of the analysis and provided 
improved values for all the known levels with an esti
mated uncertainty of ± 0.05 cm ' Kiess obtained a value 
for the ionization energy of 54 570 cm"'. 

An absorption spectrum below 2000 A was observed 
by Huber. Sandeman, and Tubbs (1975) with an accuracy 
of =0.004 A. They identified the MVSVy P* Rydberg 
series for n =8 and for n = 12-38 with an uncertainty of 
±0.1 c m ' , from which they derived a value for the 
ionization energy of 54 575.6±0.3 cm''. Improved wave
lengths are given for the multiplets a ' D - f 'D \ 
a 'D -o ' P . and a ' D - r 'P* reported by Kiess. 

Further observations of the absorption spectrum at 
lower wavelengths were reported by Connerade, Bug. 
and Newsom (1981) with an accuracy of ±0.05 A. They 
identified five 3a"(*S)4* *S- 3o"('D)4j CD)np series for 
n =6 to n =28. For n =6 the term structure is identified 
by means of a diagonalization of the energy matrices of 
the 3rf *4»6p configuration, as well as by quantum defects. 
Their results contradict the assignment by Kies* of terms 
to id'4i6p. which we have therefore dropped. The levels 
identified by Connerade, Baig. and Newsom with this 
configuration and their percentage compositions are 
given. They have also observed the principal series 
3a"(*S>v> 'P* reported by Huber et al. and have identified 
the missing 7/>. 9p, lOp. and 1 \p terms. 

Mansfield (1977) reponed the observation in absorp
tion of the ^ V P ^ ' f ^ S * ' ' P term. 

Most of the g-factors for the levels are obtained from 
Catalan and Sancho. supplemented by Kiev' three-
decimal-place values. The mo e accurate values tor the 
3«f'(*S)4> JV\ and 'Pi levels werr measured in an atomic 
beam by Budick. Goshen, and Marcus (1964). and those 

for W(*S)4J S and 3a"4r 'D were obtained by ChiMs 
and Goodman (1965). 

The alphabetic prefixing of terms with lower case let
ters for distinguishing repeating terms of the same type 
has been •etained from Kiess except where the levels 
were reinterpreted by Roth (1970) on the basis of his 
theoretical treatment. 

Roth has calculated the odd-panry configurations 
id'*p. id'*s*p. and 3a"4s:4/> with configuration inter
action. His percentage compositions and designation 
changes for the experimental levels are adopted here. 
Roth distinguished repeating terms of the id' core by the 
letters, a. b. - rather than by seniority. The percentages 
include the sum of seniority sutes contributing to the 
term. 

Fischer. Hansen, and Barwell (1976) pointed out that 
an error in Roth's calculation arising from insufficient 
precision in his diagonalization routine resulted in an in
correct mixture of the 2 D" and y 'P* terms. Revised 
percentages were provided for these terms and for z'V 
by Hansen. 

Percentages for the configuration id'4s were taken 
from an ab initio calculation by Vizbaraite. Kupliauskis, 
and Tutlys (1968). 

RtfwvncM 
Budick. B. Goahrn. R J. aad Maura*. S (19*4). Bui Am Pay* Sac 

».» 
Caulu. M A . n d Saacho. P M (1931). Aa R Soc Eap F» Qwai 

H.327 
Chdds. W J. and Goodsu*. L.S (IMS). Phyi. Rev Al«l. 447 
ConcradcJ P.BHC.M A . and Newborn. G H (I9ali. Proc R Soc 

Uadoa. far. AJTi. 443 
Fader. C F. Haaam. 1. aad Barwdl. M (1976k I Phyt. B9. IS4I 
Hater. M C E. Saadn—i. K J.and Tabbt, E F (1975). PTOC R fac 

London. S*r. AMI. 4)1 
Kim C. C (195)). I Ret Nail Bar Stand (US) SI. 247 
Maaafidd. M. W D (1977). Proc R Soc London. Sar. AM*. 253 
Koch. C (1910). I Raw Nad Bw Stand (U S) 74A. 157 
Virtarart*. J, Kastaatka. Z. and Tirtlyt-V (1941), Urtuvot Fiakot 

Rariuayt t. 497 



E-S 

Cri 

Cbafigaraboc i TCTM Level 

M'(*Si4» 

3rfii«St4* 

3d«4r 

3d*i4P»4« 

fc/4^ 

3cf5l''S»4/> 

3rf*4r 

3dVD>4« 

afi'G)* 

brut 

3<fiiDt4s4pi$P") 

Mi<*S>4p 

a S 

o°S 

3d ii ,Gi4f i 3 % 

« T 

o J P 

z P 

•H 

6>D 

. * 

* T r 

o 
i 
2 
3 
4 

2 
6 
3 
4 
5 

3 
2 
1 

0 
1 
2 

2 
3 
4 

4 
5 
6 

0 
4 
1 
2 
3 

3 
4 
3 

2 
3 
4 

0 
1 
2 
3 
4 
5 
6 

3 
2 
1 

0.00 

7 59316 

2.00)83 

2.006 

7 750.T8 
7810.82 1.50060 
7 927.47 1.50060 
8 095.21 1.50060 
8 307.57 1.50060 

20517.40 0.37 1M 
20519.60 153 IK 
20520.92 053 100 
20523.69 1.13 I « 
20 52394 1.25 1M 

21840.84 1.6 M 
21847J8 1.847 » 
2185694 2.500 100 

23163-27 
23 51200 
24 093.16 

23305.01 2534 c 
iSSSSJS 1.9176 07 
23 WM 1.7510 07 

23 933 JO 
24 056.11 
24 200 JO 

24 277.06 100 
24 28254 1.51 IN 
24 286.54 1.48 100 
24 299.89 1.51 M 
24 303.94 1.55 M 

24 833.86 100 
24 897.55 100 
25038.61 100 

24 94061 
25106.34 
25'77.39 

U $7l.tl 100 
Si OW.U 1.52 100 
iS 089.20 1.50 100 
ti tOt.Ot 1.49 100 
tS3i$tt 1.51 100 
25 S48.fi 151 100 
2i 771k0 1.53 100 

it787.50 1670 * 
it 7H.28 1830 01 
21801.93 2512 K 

a 
s 
si 

3rf ,( iD)4f4#rt*P*>7P' 

http://S48.fi


E-« 

3d*«*P)4» 

Tern 

3<f •*[»}** 
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3d*î G2»4« »'G 

3dV'D»4#4>''P'i y'T 

3rf,i''Oi4f4p<iP*) x V 

2 

6 

1 
3 
2 

4 
3 
2 
1 
0 

2 
3 
4 

4 
5 
6 

2 
3 
4 

3 
2 
4 

JJ7SS.SS 
M89T.it 
J4 19049 

33 762.74 

33 906.65 
33 934.88 
33 935.65 

35 398.02 
35 501.26 
35 572.94 
3561*51 
35640.69 

35 807.90 
35 813.73 
35 862.82 

35 87053 
35884.40 
35 934.02 

95 897.97 
SS0S4-9S 
St tit. 15 

36 552.13 
36 558.55 
36 577.73 

36895.73 

37 205.88 
37 23350 
37 244.17 

37 883.34 

38 537.68 

98597.09 
98 790.97 
98911.99 

39158.63 

i090S.it 
t0 971.99 
41 088 tt 
kltU.78 
41999.47 

4099091 
4098997 
41 043 Si 

1.49 
1.55 

0004 
1.28 
1.246 
1360 

2455 
1.76 
1640 

» 

100 

ny 

100 
100 

M 
w 

100 

05 
OS 

w 

100 
100 
100 

to 
M 

M 
M 
M 

04 
n 
01 
n 
02 

« 
M 
S6 

12 
12 
12 
II 
14 

7 
7 
n 

3tts(,G)4pir 

3c^*<•p>4psP• 

http://M89T.it
http://i090S.it


E-8 

Cr i—Continued 

Coafipnooc Te Levd 

3d*iiDi4t4p<!P"1 » ! ) • 

3<f<IH»4f4pi,P-» r ^ * 

3</Va,P>4»4p<JF> ; jr*ir 

3a*<«S»5p 

3dVpt«> 

3if>(*S)4tf 

3o*C*)5p 

3tfl*H)4rtp<*r> 

3d>\o*r)4»4fri*r) 

rTP* 

3d4(1H)4*tp<sP'i I 

3d*<*Si4a' ! «TD 

3d*«'G»V t t* 

4 
3 
2 
1 
• 

1 
2 
3 

4 
5 
6 
7 
8 

2 
3 
4 
5 
• 

u mso 
il 289.IT 
il iOt.OS 
il 575.10 j 
47 78t.l9 ! 

i 
itotsto 
ii 079.81 | 
4iW*74 
itmjt 
it 11897 
itt9tH 
iaJ98.8t 
iSSiSJ* 

H90U7 

tttttat 

i*t75JO 

it 15117 
42253.42 
42254.52 
42 25126 
422S8J7 
4226146 

VS1SJS 
4t 598.81 itsass 
V589SS 
it 406.81 

49194-8$ 

44 060*7 
44 068.72 
44 080 JO 
44 098J2 
44 ( 

44'KM 
UHU* 
H9S9J9 

uw.ro 
44X7.94 
U 999.10 
44S1444 
U 94455 

U 99198 

umu 
44*944* 
44M4* 
44 MM 

1.503 
1.304 
1.303 
1.300 

1.501 
1.494 
1.4S8 
1.497 

1.55 

0.35 

1 2 
1.32 

1.98 

2.74 
1.19 
1.68 

0.35 
0.93 

1.26 
1J4 

54 
i x 

SI 
C 

CI 
ss 

i « 
i B 

i • 
a 

*H-

M* 

M 
» 

U 
u 
u 
13 
14 

» 
n 
17 
14 

s 
21 
a 
a 
» 

• I m 
ST if 
a u 
IT i« 
ST XT 

I I 
s 
I 

3f>'p<ipiir 

3d*<\S>4piT 
3rf*('G»4piH-

3rf*<iD>4t4p«'i»'»3ir 

3o*(\J»V5G* 

3a4<1H)4«4p4*I»'> *}• 
&f('H>4*4p<'P> Hi* 
3<f (to>4«4p<1>'> *J' 
%tii,Ht4*ipt'r)*G* 
3rf•(*H)4»v^*p•^•H• 

3rf*<a *P)4»4^«*P*)'S* 

*r 

http://uw.ro


E - t 

Cri 

c - ^ - Tom ; y Lend t bc&m 
' - — 

3rf*io,P»4»4p«,P*> **r l 
2 
3 

USSS.7i 
U87S.l$ 
iSUSJS 

2.47 

1.65 

7i • 
* 

u 

3rf*(«D)VJP* 

3i**ta ,Fi4t4p«3P*» 

I 
i 

1 
2 
3 

4 

ismu 
iS 225.20 
iSiSSSl 
iS 284.08 

m 
a 
a 
a 

a 
n 
a 
a 

3d*( \ s )4>»r 

3d*(\J)4p*F" 
3d*«\j)«i»»r 

3d*(« ,F»4»4p4 ,P"t i 5 iSSOfiS 1.41 » "G- M T 

3tfi*Gt4p * * H ' j 
i 

i 

6 
S 
4 

iSSiL7S 
iSSSi.lt 
issss.es 

• 
9 

1C 
K 
8 

1r 

3^(\ii4p 

j 

1 
i 

3 

*s 
6 
7 

iSStf.02 
isaiu 
iSttSM 
iSTorjt 
iS7iHi 

0.52 

129 

7* 
SI 
«s 
m 
u 

a 
a 
a 
a 
a 

&f ('H>4«4p4'p*) *H* 

3d 4(«G)4p»ir 

3<* ,(*H)4*4#K ,PM i!r 

3<t<*S)6» 
1 

/••S ! 3 4564X38 2.06 

3d*i'P»4i> ; V i 1 
0 
2 

AS 719.10 
H7SSS9 
iS7SiJS 

« 
a 
m 

a 
it 
a 

3d*<o ,P)4»4|rt ,P*>'P' 

3^<*Gi4p 
i 

2 
3 
4 

iS9t$4S 
itOOO.H 
4SOS8JO 

n 
M 
n 

s 
i 
7 

3^|•(a'F^4*«J»^'P•)'F• 

-V , < < Si6. / • * | 2 45967.81 

3</Vp>4p ' 1 if 077.09 a 1r 1* 3d*(«D)4p*r 

3rf ,to'F-kJp«'P't K*V 0 
1 
2 
3 
4 

it 081.27 
if 198 Si 
ifSiSSO 

itstsss 
it iiUS 

« 
42 
«• 
M 
» 

a 
a 
a 
27 
S4 

3^<•(o ,Pl4»4p^»P*)sD• 

3rfVP>4/> i 2 if 109 tt 1.24 a *or 14 3d*(*D)4p*P 

3«f *Pi4p 
i 

3 tfI7iiO 1.33 r *v IS 3«|•(a'P)4»4J»(,P*^*D• 

3d* 4*5* /•TD 1 
2 
3 
4 
5 

46 448.60 
46 524.84 
46 637 21 
46 783.06 
46 958.98 

£99 
1.99 
1.77 
1.63 
1.61 

.V«'G»4»4p« ,P ,t u'r 2 
1 
3 
5 
4 

it 677 06 
H678.JS 
iff88ti 
i6 70198 
i6 720 Si 

125 
1.37 

» 
21 
a 
a 
22 

18 
I* 
22 
M 
U 

^ ( • D ^ p 1 ? * 

http://iSSSi.lt
http://issss.es


E-10 

T « Lewd t i ^ ^ i i -
• ' — -

3dV,HMf4|H,r» * \ T 3 
4 
5 

4f XK.OS 
4* 9ti.tr 

«z 
m 
H 

a 
a 
a 

3tl,<«,F>4»4jH,P'»Hr 
3tf(o'F)4»4|K,P'»'G* 
3il*<\J)4p\j* 

3<f(*P)4p . S p . 3 4487t.fl 
4*947.70 
47011.75 

168 
184 
2.42 

«I 
SI 
ss 

a 
a 
a 

3d*(«D»4pIP-

3d,(*H>4*4p<,P"> * * ' 2 
3 
4 
6 
5 

4704747 
47 ltS.70 
47 IBM 
47SStS7 
47U9M 

C.4S 
OJt 

1.44 
1.27 

CT 

s 
• 

a 

15 
U 
IS 
U 
I* 

3d*(\;>4|.sG-

ZfiSilip * * ' 3 
4 
5 

4704t4t 
470S4J1 
4705SJ1 

• 
12 
M 
M 

3rf*(,H»4»4p«,P'»\J* 

3rf'<«*P)4»4p<'P'l zlS- 1 470U40 n ( MVP)4p%" 

3rf*(*H»4f4p<'P') **P 5 
6 
7 

47SUM 
47*9049 
47(9tU 

a 
ST 
a 

a 
H 
« 

3rf»(^C)4»4|K,P,»1ir 

3d't,C)it4pi*r> **H' 3 
4 
5 
6 
7 

47SS1J1 
47*9151 
4779S.U 
4794999 
4tl40.lt 

u 
w 
a 
• 

u 
u 
a 
a 
«2 

3«f (*H)4«4p<'P'> *H* 
3rf*('H)4Hp<,P-) 'H' 
3d*('H)4^p('P') "T 

3dt(iD,4$5pi*rt r T 1 
2 
3 
4 
5 

47*99.** 
47ttm 
47*9*94 
47*9944 
47*44-7$ 

IJ4 

3dii'SiCf> w > 2 
3 
4 

47*9744 
4770949 
4T 719.01 

3d»(«Sl5rf # 7 D 1 
2 
3 
4 
S 

47 700.'8 
47700J6 
4770Z30 
47 704JC 
47 700JO 

*»*(*P>4p v*V 1 
2 
0 
3 
4 

4777SJ0 
477U.10 
47799.04 
4711440 
471*444 

1J7 
1J0 

1.53 
150 

• 
« 

• 
a 

a 
a 

a 
a 

3d*(a,P)4»4p(,P•^lD• 

3d*<'G)4p 1 47177U 0.00 is *r IS 3rf*(o'F)4»4p(,P'»,P' 

3^1 "CM/) « T * 2 

I 
47917.9$ 
4797449 
47 994.7* 
4t 014-40 

1.04 
1.36 
1.38 

u 
u 
a 
a 

a 
a 
a 

9d,(aT)U4p<*Pm)ir 

i 4 4I04S.W ' 

http://9ti.tr
http://4487t.fl
http://4tl40.lt


E - 1 1 

Cr l 

Lcvd 
( € • ' ) 

3ef<a1F»4*4p»JP*t *D* 

1d*io'Pi4»4pi,P'» M*T 

3d,i*Ht4»4i»tP-i ' v ' l r 

U * 4 M 

*t:*PHp 

3dVD)4p 

r * 

•Wio'FfWfx'P'i; T 

3rf*iaJP»4«4p<*P*i! * 1 r 
i 
! 
; 

3<#,«a'Fi4i4p«,P"i i l v ^'* 

i 

<*P" 

W«o ,F>4«4p< ,P'i! 

W<o'P>4«4p<,P'> 

1 
2 
3 

0 
1 
2 

4 
5 
6 

0 
1 
2 
3 
4 

3 
4 
5 

iS 210.04 
ifil7.fi 
if iSI.fl 

nmjt 
if SSI. JO 
tSi5S.t7 

ititSJ7 
itilOJf 

4g 488.23 
48 507.56 
48 558.57 
48661.59 
4882450 

ii 5 ISM 
if Stilt 
it7tfJS 

ittftli 

ittSt.tO 
isatrjs 
itjiart 

4*177.83 

49321.51 

ifS70.70 
if4Sf.fi 
4$ snot 
Hift.77 
ifSlt.7S 
ifS7J.0S 
iftl7.tl 
ifUS.lt 

*»*77M 

49 566.38 
49717.88 
49 863 .50 

itStttT 
if HUt 

it snot 

iftf0.it 
ittso.it 
ittSS.7t 

ittnst 

1.46 
1.46 

1.04 

1J5 

2.48 
1.77 

1.88 

2.00 

Si 
« 
M 

a 
n 
m 
a 

« 

n 

t 
t 
s 

2i 
IS 
» 

u 

14 
T 

3d s lVS>4p ir 

3rf*(4P)4p,D* 

m t 3rf•<,H>4»4*W,P,,I^G• 
m a 
SI IT 

« i i 3d*(Ml4p1C' 
s* u 
a i t 
n IT 
n IT 

3fla*P)4»4p(*r)'8r 

4* J» &ri*P>4>*P' 
SI * 

» ltr u ifiTHtp'r 

M IS WQMaApiTt'r 
a i t 
IT it 

II » ^ • P i V * 

http://ifil7.fi
http://iSI.fl
http://if4Sf.fi
http://ifUS.lt
http://iftf0.it
http://ittso.it


E - H 

o — " Tarn / Lewd 
(— "I 

8 » - — • 

3d*<«D>«> ,if 1 
2 
3 
4 
5 

50018.80 
50057.81 
soioto* 
5081087 
5085847 

1.27 
1.25 
1.39 

44 
4S 
44 
» 
44 

9 
S 
S 
a 
a 

3rf,<\»)4*4p«'P->ir 

3d*(4D)4p m*or 1 
2 
3 

501064* 
5018110 
5088*48 

n 
14 
U 

3d*<*P)4p1D" 

3rf*(*S)7p *r 3 
4 

50185 
50187 

3d*(*D>4j> u

itr 4 
3 
2 
0 
1 

50557J8 
50888.11 
50854.78 
50881J0 
50888.77 

1.54 
1.54 
1.51 

1.46 

44 
4* 
a 
4* 
71 

U 
7 
1 

I* 
t 

3d*(<D)4>iF* 
3d*(<P)4|»iD* 
3rf*(*P)4lp*ir 
3d*(*P)4p*D-
3d*«*P>4|»iD' 

3rf,l\j)4»4^'P'» »*r 2 
3 
4 

5088015 
5085048 
51058.78 

41 
«* 
4t 

a 
a 

3d*(*D)4>'F* 

3d*,«S»8f h*S 2 51035.68 

^ ( •Dt ip w*T 0 
1 
2 

51178.88 
518*847 
5188848 

71 
m 
4S 

u 
• 

a 

3^*,(a,P^4«4p<'P•)»P• 
3<|•(a,P)4^4p<*p•)1»• 
3tC(« ,P>4»4p<,P•) 'IT 

3d4('H>4f4jx'p-> *'H' 5 514014* • u Scfrt)«> 'H* 

*ft*s>ap 7 r 2 
3 
4 

515884 
515814 
5158*4 

3d*<*D>4#4p<,P'> r*ir 0 
1 
2 
3 
4 

51888.88 
58008.08 
580184* 
58081.78 
5808*47 

M 
M 
M 
« 
n 

3d*(*S)%» Tp- 588*1 

3rfVl )4*4X *T) y l - S 
< 
7 

585814* 
58880.81 
58877.88 

m 
m 
m 

a 
a 
a 

M»(*l>4p,T 

*f(*G)4i1p<*9') «&• 4 5878007 n 14 8«l ,( ,H»4»4^ ,P f) *»• 

3*(*S)lQp 'r 588574 

W(alG)404pi*r) *»H- 6 
« 
4 

5888548 
588H.8* 
588884* 

m 
n 
a 
a 

3d i< ,I)4p ,ir 

3rf*<*D)4f4p<,P') r T 1 
2 

. 1 
4 
6 

58011.85 
5808748 
58078.80 
58117.5* 
5817848 1.42 

m 
M 
0 
•1 
M 

|d*(«D)4^*r 



Cri—CoaDnued 

o - — TOM / Levd 8 • — - — 
3<f4f*f eTG 1 

2 
3 
4 
5 
6 
7 

53148.35 
5317747 
53228.49 
5329640 
53393.50 
5351745 
53662.64 

Sd'Md * T D 2 
3 
4 
5 

5319543 
5328444 
53375.46 
53627.75 

tfwd e T F 1 
2 
3 
4 
5 
6 

53215.40 
5327940 
53384.72 
53526.22 
53706.06 
53927.47 

3d*(*S)llp > S3 911.0 

3d°<*S>12p 7P« S3WJ 

&tit5p • I* 2 
3 
4 

SJ SiltS 
SSW.74 
S37U.77 

3d*<*S>lty> > S3 3714 

3dVFi4i*4P p'G- 3 
4 
5 

S380i.ii 
$3337*9 
Si 078.13 

a S 3d f(4P)4p%* 
a a 
a s 

3d'i'S>14/> Tp- S3815.1 

3cf'(<S)iV 7P* S3 WO 

3cf4f3p . » P 1 
2 
3 

S3 933.05 
Si 031*3 
Si 139.83 

3^i*S)16p 7P« Si 017.1 

3*<*S)Vp > Si Ott.O 

tfi'snsp 7P" Si U7.7 

3d*(*S)19p > Si 194 f 

3^4*5^ ffT 1 
2 
3 
4 
5 

Si 198.33 
Si SSI 19 
Si 398.95 
Si itS.99 
Si 538.53 

3d*(*S)20p 'P- Si 337.7 

3c/*f*S)21p 7P« Si Vti 



CM—Tntiwul 

° - — T « / Lev«l t 
- — — — 

t*r 1 
2 
3 
4 
5 

54298.78 

5447fc29 
5457*84 
54890J1 

%t(*S)Bp 7 p- « J 8 * 4 

*fiH)4p *K* 6 
7 
8 

SiSISM 
StMJ* 
S44SUT 

v a 3dVl)4»4p<'P') *K* 
M « 
SI 41 

*?(tS)23p 
3oft*)24p 
3of(*5)2Sp 
3tf(%)2Sj> 
2tf(*S)Zlp 

'p-
T p-
7P* 
T p-
7 p-

Sim'J 
5iWJ 
»$$$.$ 
SiSISJ 
Sims 

3d*(*S)28p 
*ti*S)23p 
3tfi*S)30p 
*?(*S)ilp 
3<t(*S)32p 
3f(*S)33p 
3tf{*S)34p 
3d*(«S)35p 
3d*(«S)36j 
3d*(Sl37p 

7 p-
7 r 
7 p-
7P* 
7 p-
7 p-
7 p-
7 p-
7P-
7 p-
7 p-

SiilXS 
si mi 
Si 4X1 
SiUi.O 
SUSJ4 
SiW.7 
5HO.S 
Sii/i.8 
sim* 
SHS54 
SiiiU 

CrD(*Sv»» Limit $4HM 

3<f,4«5» #*D 0 
1 
2 
3 
4 

54*4120 
54 871JO 
S481&56 
5498842 
56209.01 

3d4('H)4«V( ,P') w*H' 4 
S 
6 

H7S4M 
Si 79$. IS 
Si SUM 

« » 3d*(1>4p*H* 
«i n 
a u 

SdVl)4»4[p(,P,> * ' 6 Si 900.9$ » « 3d>(1)4p ,K* 

id1 US* «*D I 
2 
3 

54 80440 
54 974.64 
55204.79 

*f{*G)hp e * 4 
6 
5 

Si 810.fi 
Si SS0.S7 
Si9S9.7S 

^••D^cT) v *V 1 
2 
3 

Si 9SS.S9 
SSlSt.U 
SSiSlti 

» a 3d*(oaD)4/>»D' 
» » 
JO 19 

3dVl>4p *'K- 7 Si $70.U T» 10 *K' 

http://810.fi


E-15 

Cr i—Continued 

Omfigamioa Term / Levd 
(€•-") 

C ' — -

Sifla^DUp « y 2 
3 
4 

54999,99 
55101.87 
5590740 

36 
22 
3* 

30 
15 
18 

3d*(«*F)4p*F* 

3d*( *G)ap u*r 4 
3 
2 

ssiton 
55959.79 
5547X87 

^ ( ^ ( • p 6 555180 K »r 20 3dVl>4»4>< ,P ,)1r 

3d*<*I>4p xl' 5 
6 
7 

55 $8*4$ 
55741.11 
55799J0 

s 
34 
30 

30 
30 
32 

3d*Ol)4itp{*P')*r 

3«f*('I»4»4p(1P-) u*W 5 
4 

55874.98 
55915.50 

« 
•7 

12 3d*(»H)«>'ir 

3<*Vl)4«4p<*P,> 6 55908.lt 37 *H' 37 3d*<*nvr 
3a*(*I>4j> ylH' 5 55945.08 43 12 3d*('te)4t4><^P'> 'H* 

3dVF)4p v>G' 2 
3 
4 
5 
6 

5$ 155.lt 
5$t09.81 
5$ $79.5$ 
5$ HIM 
S$ 449.10 

4t 
4? 
51 
SS 
s» 

44 
38 
40 
38 
34 

3d*(4F)4j*4psG* 

3fi*f,D»4»4p<"P) v*r 2 
1 
0 

5$ 591.88 
5$ 788.80 
5$ 809.50 

42 
40 
SS 

18 
10 
10 

3d*(o *D4p "P" 
3<*4<,D)4•4p^,P•) 'P* 
3<f*<«*D>4|>'P• 

3d4<a'Fi4«4><,P,i 3 5$985.$7 » \r IS 3»f( ,D)4»4p( ,P'> ,r 

3rf4ia'Fi4^pi ,P'i u*G' 4 
5 

57088.80 
570M.95 

24 
2S 

IS 
23 

3d,(*H»4*4|»<*P,),G* 
3d,(*H)4o4p(*P') *J* 

3rf4(o'Sl4f4p(JP'i K'P* 

P*F* 

2 
I 
0 

1 
2 
3 
4 
5 

3 

57087.70 
S71SS.59 
57154.59 

570H.$t 
57100.$$ 
57188.80 
579S7.S0 
57987.$$ 

5714185 

a 
40 
40 

22 
21 
a 

3d*(o*D)4p*P* 

3d,('D>4»4p<:,P') 2 57990.87 24 *r 14 ^ ( • P ^ V 1 * * 

3dVF>4p 3 5797t.4t io *F 10 ^ ( f l ^ ^ T 

3dVF>4p 4 i7SS5.il is ,F* 13 3d"(4F)4»24p ,r 

3d*<4G>5i r«c 2 
3 
4 
5 
6 

57 360.65 
57 361.24 
57 372.78 
57 382.93 
57 389.32 

http://55908.lt
http://155.lt
http://i7SS5.il


E-16 

Cr i—Coaaaaed 

Tcm J Levd 1 g 
(c - 1 ) j ' - — " 

3d s(o*F»4p t^}' 3 
5 

57 SS'.US 
57 70199 

40 
SB 

U 3d s ( 4 F»4p i T 
3d 4 (a , F>4*i i H , P'> \ j ' 

3ds<a*F>4p 4 57SS7JS a Hi' IS S i f t ' D V ^ 

3d*USp 0 
1 
2 
3 
4 

3 
5 
4 

57*584* 
57995.0* 
58099.80 
58147.78 
58999.99 

57 984.94 
57 99023 
57 992.15 

3d*<a *F>4p ,*r 2 
4 
3 

5818184 
58197.89 
ss sot.es 

» 
IS 

IS 

a 

3d'<alD>4p,F* 

3d*(*F)4p 1 5i7tSJ8 » tr IS 3d*(*F)4p'ir 

3d*(*H>4p t*H' 4 
5 
6 

58 79899 
58 7S4JS 
58 775J9 

a 
24 

It 
17 
17 

3d*(^)4p*H* 

^ • P ) ^ t*V 2 
1 
3 

58 77109 
58870.90 
589U.it 

3dVF>4/> u*V 2 
3 

5889093 
5919115 

1* 

a 
a 
» 

&('D)U4pitP'l'Dr 
3d>(*D)4g4pi*P')'D' 

3tf44fl*D)^> > 2 
3 
4 

59990 
59910 
S*UJ 

3rf*4s(*Dty 'P- 2 
3 
4 

59990 
stui 
59959 

3cf(a*F>4*4p<lP') r»T 2 
3 
4 

59957.90 
59517.01 
59597.71 

n 
* 
M 

u 
• 
t 

3d ,(«F)4/» ,r 

»rf ,4f( #D% 'IT 2 
S 
4 

59597 
59999 
59977 

8rf*('H)4^< ,P') w*I' 6 
6 
7 

59009.97 
5999517 
5995740 

•4 
74 
n 

i« 
IS 
is 

i^(*H)4p*\' 

3rf,4»(*D>«p T 2 
S 

59948 
90197 

3«<*(a«0)4p 6 90005.90 » •o* IS 3d*(»H)4p 'H' 

M'fa'PMftpf'P') * * • 1 90094.09 41 It »> 

http://sot.es
http://589U.it


1 - 1 T 

~ '" = 

Tern / Level 8 U t d M 
' - — 

0 
1 
2 
3 
4 

2 
3 
4 

totstot 
tO 986.59 
S037t8S 
S0i91.it 
toasts 
sotsxoo 
tostf.04 
tO 367.38 

3d*(*H>4p c l - 5 
6 
7 

tomts 
60S97J5 
tO 654.97 

» 
74 
IS 

IC 
11 
c 

3d*(a %)«> 'H* 
3d*(a%>4p'ir 
3«*,J*I)4|»»I-

3d*(lH>4p x'r 6 tOW4l a 17 3d*(a ,G)4p ,ir 

3d*(o1G»4p 5 60467.85 M Hi' n 3rf*(fH)4>*P 

%fta%>4p • t- 4 tO 503.94 4t t 3d*(^I)4p^C' 

3d6<a2G>4p 3 tOS18.lt n \r l< 3d*(a *]P»4|» 'F* 

3d*(*K»4p 3 tOSIS.84 M 'D* 17 3rf4(aID)4p'D" 

3di<.«JD>4p 2 
1 

, 
2 
3 
4 
5 

tO Of.87 
t0t78.lt 

60678.53 
SO 777.85 
tototss 
ti ostss 
tl 19S.98 

25 
I t 

24 3«/,(a,D>4«4>(*P*>,D' 
3^/,(a•D)4H»rt,P•),D• 

3<r<6Ti4p p t 3 
4 

SO 819.50 
60960.58 

SrfSa^Gi^ . * < 
5 

50 870.63 
51 008.07 

to. 1 
2 
3 

61065.96 
SI 107.95 
SI 198.68 

3dVHi4/> rHi' 3 
4 

61078.98 
61 ItS.tO 

3aVH>4p 5 61161.35 

3rf*raiG»4p 6 61191.64 

3dV«ID>4i4/><*P'> /'P- 0 
1 
2 

61387.86 
61537.34 
SI 675.73 

34* 4*5* r*P 1 
2 
3 

61 558.17 
61687.56 
61 850.17 

40 21 
I t 24 

a 13 
41 11 

3dVF)4*4/M ,P')'r 

3d^,H>4» l̂p<lp•»*H• 
3«f,(*H)4»4p(,P')*H' 

24 
It 

i t 
is 

&?<b*F)4p'G' 
2<f(b*F)4p*G' 

IS •G- IS 3d*<c1G>4p,H' 

U *H' 27 3rf*(*H)4p'I' 

77 
U 
St 

7 
1 
R 

3«<*(o'D)4i»'F 
3tt4(«P)4»i4p>r 

http://S0i91.it
http://tOS18.lt
http://t0t78.lt


« - 1 f 

° - — Ten* / I M I s • — — -

*fi*F)4p « * • 3 «/*atv « is 3rf*<\;>4^i>('p*)H;* 

3d*(*F)4p 4 S1S7S.S0 a HS' a U , ( 4 P)4^4p«r 

U * ^ ATF 3 
4 
5 
6 

8
8

8
8 

3<f»(*P)4p 5 a onto si \S* u 3<l4(%)4*4jHlP'>*ir 

3d*(*G)4d fH» 2 
3 
4 
6 
5 

62646.60 
62661.96 
62671.00 
6267SJ2 
62690J6 

3rf*4*4p r*IT 4 
5 
6 

070.0$ 
OUOM 
a MHOS 

«j*ir 4 
5 
6 

aui.90 
a HIM 
SSlSSJi 

3tfip P*H- 4 
5 
6 

atSTJT 
SSS97M 

3rf* 4n» e*H 3 
4 
5 
C 
7 

6471244 
64751.42 
64 80108 
64 8S6J0 
64940.28 

3d*4p PVJ' 3 
4 
5 

ssoous 
MOH-Oi 
ssisast 

3pi3tfUi 'P* 4 
3 
2 

snuo 
sutso 
sis no 



E-1w 

Cr» 
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V i boelectronic sequence 

Ground sttte: l 5 : 2 f > 4 3 f > ' W , S M 

Ionization energy = lJ29t*±10ctn ' (16.4SS8±O.OH0 eV) 

Kiess (1951) carried out the principal analysis of tins 
spectrum using his extensive measurements of wave
lengths and Zeeuian-effect data. Changes in several of his 
term designations for the id'Ap configuration suggested 
by Roth (1969) on the basis of theoretical calculations 
have been adopted here. 

Johansson (1983) has reobserved the spectrum, extend
ing the observations into the infrared. All the previously 
known level values were redetermined, and the new con
figurations id'AsAf. 3o**4/. ip, id, if, ig, (*, tp, U. tig. 
and 7s as well as a few levels of 3o"8r and 9r were found. 
In addition, new levels of 30**45.4p, and f» were added. 
Altogether 450 new levels were reported. The level value 
determinations are still in a preliminary stage. The results 
are given here wi:h an uncertainty of ±0.05 cm' 1 . 

From the 6-member 3rf*(*D)« *TXi series, Johansson 
(1983) determined a new value for the ionization energy. 

The percentage compositions for 3o**4n are by Roth. 
Repeating terms of the 3«** core are labeled in alphabet
ical order rather than by seniority. Shadmi. Oreg. and 
Stem 0968) have calculated the 3d". 30**41. and 3o , ,4i 1 

configurations bat give percentages only for o i l and 
6*H. apparently the only highly mixed terms. No changes 
of designations were made except for the e'G and e!D 
terms. The percentages represent the sum of seniority 
states contributing the same core term. 

.S <••*}>. i 
. C. C (1931), J. KCi. Nad. Bar Stand. (US)47. 313. 

Roth. C. ( I W ) . 1. Res. Nad. Bar Staad. (U.S.) 7 M . 125 
. H. N. (1950K I. Opt Soc Am «*. 6IC-
, Y . Ore*. J . aad Sua. i (I9U). I. Opt Soc Am tt. W 
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I -

«*$ j % 

> % 

b*S : V, 

c*D : % 
! ' i 
I 

z*r i v. 

d*D 

d-F 

i 
i 
i 

j d*G 

i ,-, 

, 'D* 

'V: 

35 

40 202.12 
40 228.33 

40 415.09 

42897.99 
42986.62 

44 307.09 

45 669.37 
45730.58 

4*829.99 
4*905.17 
4704095 
47297.24 
474*4.55 
47 751*2 

47 354.44 
47 372.53 

48998.95 
4849110 
48 699.12 

48 749J* 
49005.99 
49 70S.99 

49951.80 
4949977 
495*4-90 

j 49*4577 
49898.98 

I 50 667.24 
50 687.62 

51584.15 
51**948 
51 788.89 
51949.70 

52 29781 
52 32101 

53 051.35 
53 271.09 
53 566.28 
53 923.60 

54 41802 
54 499.52 
54 SUSi 
54 7844» 

-0.689 
1.124 
1.314 
1.378 
1.416 

2382 
1.875 
1.710 

2M4 \m 
1.624 

1.628 
3.155 
1.824 
1.577 
1.570 

0.406 
1.025 
1.248 
1.338 

0.007 
1.178 
1.376 
1.430 

•s 
M 

IM 

ss 
Tl 

11 
a 
zt 

X 
II 
41 

«*D>'D' 

(*D»«p-

n 
91 
M 

M 
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< * * — T « j Uvtl 1 » - " - " 

3rf*(1F)4t «f«F i 54 8S7.C1 
548C&62 
5488154 
54 887J7 

3rf*(^P)4c e«P 5 
* 

56023.19 
56398.74 
55C2&21 

3rf*(IP»4» 6*P 5913*30 
59520,73 

UN*!* t*r St 59 579.19 
59577.00 

3rf'(,G)4« «*S 
% 

CZ888JS 
02701.07 

3rf*(tl>4/> *nr sssnsi 
SS7fSJ0 
am.7i 
SiOSOJS 

0.990 
1.099 
1.138 
1.234 

n 
M 
n 

i* 
w 
u 
IS 

i*G)*fr 

3d*<a'Pl4|> y i r 

\ 

SS901U 
St 0S1.7S 
SiUltl 
stntM iii

i n 
M 
m 
at 

7 
1 

M 
14 

(a*F)*Dr 

3rf4«o*P>V z*sr \ SS0U4S n 7 la*P)*P" 

3rfVc5F)4p iM- 1 SS1SSJS 
SStSSM 
ssmss 
SSTOSJO 

UJ93 
OJ20 
'..120 
1.266 

7f 
ft 
s» 
71 

14 
U 
M 
II 

(\J)*G-

W*(*H»*» **!• 

\ 

sswst 
sstitss 
(S917.S9 
Sinit.it 

M 
S» 
M 

i « 

3*»*H»4p rte' 
\ 

SS Stiff 
SS $70.09 

• 
41 

U 
II 

(a *f) Hi' 

3d* 4 / c*«p 

\ 

0S882J8 
M 010.39 
00250.75 

3</'«aaP>4p y*r SSUS47 
SSSH.U 
SS7U.S1 

2.545 
1.671 
1.502 

It 
« 
n 

11 (a *?) *Sm 

3rf'la ,Pl4^ i'r ssstsn 
94 VI.91 

SI 
7» 

IS 
14 ia*?)1*' 

3rf,la'F)4p y*r 

'i 

(701110 
9707045 
S7m.ii 
S7ttt.S7 

71 
SI 
7« 

a 

11 
21 
to 
ID 

(a »P) 'IT 
(a *P) 'P* 
( 'Hl 'C 

http://Sinit.it
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O n - C o w n c d 
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Coafigafanm Tern / Level g Leattag perceataacs 
<«•• '> ! 

3rfVH>4/> »*G* 
• 1 

y, 

\ 

I 1 

t733SJS 
tTSU-OS 
t7JSSJ9 
S7MSU 

———— 
a> 
m 
SI 

u 
a 
s 
s la'FlY;* 

WioT>4p ztr 
\ 

9737947 
t7U7.lt 

a 
St 

» 
u 

•« ,F»*F' 

3d*''H»V J T 

< 

t750t.lt 
t7SU.S0 

n 
ss 

M*<« *Fi4p «n>- 1 t79S9.tl 
f7 tt7.t* 
t7970M 
f797S4S 

a 
77 
M 
• 

II 
u 
u 
IS 

<arP>*Dr 

3rf*<a *Pf4> *«s* % asosu 1.378 7» n (a *?>*?• 

3rf*.*HHp **H* ttwut 
t87S7.SS 

•1 
•4 

u 
M 

(••otr 

W m *F>4p **r 
1% 

ft SUM 
tt 759.99 

St 
m 

21 
u 

«Hs>*r 

3</V<G>4> 7*H' 

! 

atisjo 
ts 99140 
t917039 
asttts 

a 
K 
B 
H 

K 
14 
11 
u 

^,H>*H• 

W ' o 'PiV *D* 
\ 

0Ut.lt 
tt 954.09 

« 
« 

a 
a 

«a1F>*D' 

3d*i,CHp • r 

\ 

ttt77.*S 
ttm.n 
asot.ot 
tttstts 

TI 
m 
m 
ti 

1! 
U 
II 
U 

la T ) Hi' 
(4,*P)^G* 

Id4'a 'F>«> j*c -
\ 

ft 90S $S 
70107.97 V 

a 
a 

«*H»̂ G-

3a**,G>4> x«C* X 70 Sit 90 
70*17.0$ 
70979.15 
70979.90 

m 
•i 
44 
41 

17 
It 
a 
a 

l*H»«C' 
I ' d * 

3d,(1C)ip y*H' 
\ 

70 SU» 
70399.37 

St 
47 

it 
14 

t^O^C' 

M< Kiip ylr 
\ 

7059*47 
70959.33 

a 
st » 

(o*f)*r 

3o*i1G>4/> xHi-
\ 

nut.st 
7i 71173 

71 
7» 

II 
13 

('Hi HI' 

id't'Dtip w*rr X 73407.00 
73*11 H 
73*9917 
73 itS ft 

M 
II 
m 
m 

http://t7U7.lt
http://t750t.lt
http://0Ut.lt
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Cr 

Coaftgtmxw 
( c - 1 ) 

3d*ia ^ U p 

3rfVD>V 

3rfVl>4ji 

U*<« 1Gt4p 

Wt'DHp 

W«« 'G>V 

**•«• *S)V 

M*« a 'D)V 

W(a lD)4p 

x*P* 

J * " 

«-*?• 

x*tr 

m*tr 

v*r 

1 

% 
Hi 

% 

\ 

\ 

\ 

'i 

Si 

i 

74U4J9 
74 490.15 

74 373J1 
749I99S 
744*9.(7 
74 504.17 

744*190 
74 74XSS 

744U.lt 
74959.90 

74455.it 
74 70749 

7449JJ9 
74 71749 
7499044 

74 95995 
T4 994-79 

7571955 
7591004 

79979.09 
79907.70 

7707999 
77970J95 

7771919 
77777J9 

7799545 
7910949 

9099996 
9049090 

919S9M 
9149999 

91949.lt 
917J7.97 
9191999 
9197999 
9919949 

91 795.09 
9199449 
91999.99 
991*9.15 
9999919 
9991999 

• • 
a 

I'D!**" 

K 

• 

n 
m 
< 

u 

H I'D** 

<S 
m 

n ('III* 

n 
n 

n 
u 

l*H)*ir 

a * i*D)*r 
a 
M 

St m (a ,S)*P' 
CI u 

•t » ( \ s» \y 
at u 

n a <a l C) , r 
n a 

m • <*J>*T 
*. • 

n 
m n I'D)** 

m 
u 
B 

(• 'D) 'Or 

u 
m 

U 
n 

(»D)1r 

http://744U.lt
http://74455.it
http://949.lt
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Level 

3*1*1 ^0)3* 

3rf*i« lD>4p 

3rfVF»4p 

3tfi*FiWp**P"> 

3rf*i'F>V 

3rf*<iDi4<f 

3rfVFi4p 

3rf»i*FH»4p<,P'> 

WiT) .^ 

3dVD>4d 

W I ^ D I * * 

/•D 

I 

! 

% 

% 

! }, 
* 

! 

'/, 

\ 

82692J6 
82763.75 
82881.17 
83041J8 
83240.41 

99959.95 
9991930 

84! 
84 329.21 
84 495.79 
84 726.71 

ttmu 
UtT7.lt 
ISWJi 
US*.* 
95 779.0 
94979J0 

8557X17 
95999J9 

86165J0 

99507J1 
99919.01 

9950955 
99797JS 
970910 
97*5047 

86564.33 
86654.18 
86 738.27 
86847.03 
86680.10 
87137.08 

86667.73 
86691.55 
86782.04 

87 453 M 
87 470.58 
87 514.82 
87 588.00 
87 687.52 

87 504.58 
87 666.26 
87 759.02 
87 858.56 
87 048 55 
88 00136 

I I 

7S 

http://UtT7.lt
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j Lewd t 
— — • ' 

3^«*F»4»«p<V*» • T 

! 

87999.74 
S77tS.fl 
87919.97 
8907949 

3#<*F)4a4p<¥*> •*ir i 89194.94 

3rf*<sD>4rf e«P 

\ 

8t2S4JS 
W277JS 

M V ' D ) * / c«G 

\ 

8906CJS 
8t 174J8 
022SJ2 
»50&55 

3d*tb*P)4p j«P* 89WJS 
89459J1 
99 509M 

a 
n 
K 

T 

H ' t ' D ) * * rn> 

\ 

8»C61« 
8172127 
89812.42 
909KM 

3d'ib*Pt4p r«ir 

\ 
v, 

9091849 

9047949 

• 
t l 
n 
n 

* lbtF)tOr 
u 
u 
M 

W<b*F)4p e«r 1 9090.19 
90W78 
90499J9 
9059949 

n 
u 
n 
u 

M*<*D>4rf t*r i M S U J f 
M608J9 
M 7 2 M 7 
M8S0JS 

W(b*F)4p t*r 
* 

90709.99 
9099079 

m 
t (6 'o , r 

l*ib*T)4p mSl' 1 91073.79 
91199.89 
9118941 
9199919 

M 
H 

W(b*H4p tHr 
\ 

91499.09 
9155940 

H 
H 

II ( l F) *D ' 
a lb*F)*tr 

*f(*T)4i4p(*P) i Hi
\ 

91 759.97 
9914494 

MVDl fc f t's % »1M6J» 

&<*P)4a4p<*P) t*r 

! 

99995.95 
99417.99 
99 959.88 

http://S77tS.fl
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Cr u—ContHHKd 

Coafipraooa Tern •f Level u * . . 
3tt>b'VHp >*s- % 92 SUA ft 

3rfV"D,.ip «r v. 

1 
9*msj 
93047.J1 
9314333 
9317f.8$ 
9JU4.I7 
93(4340 

Wi6*FlV> «nr i 93531.09 
93 $71.00 
93770.10 
9360039 

TO 
72 
n 
n 

rt ib*P)*Dr 
n 

n 

V l ' D i a p i r 
! 

9357444 
93770.15 
9390345 
« 177.lt 

3d*(6*Ft4p n't ' 93W.50 
93 t014t M 

.WD>-V •r 
\ 

9374A40 
93974.03 

3rfVFi4i4pi'P'i »*p 
\ 

93930.04 
94 319.00 

3rf,i'P»4«4pi'P*i x*D-

\ 

9390.70 
94 099.13 
94 305.99 
9445357 
94 050.94 

a ^ i D t i y •p- 94 00154 
9414443 
94 333.51 

S^i-Dfip «F* I 94 350.07 
94 305.19 
94 53331 
94 749.90 

&<b*?)4p „*r 
\ 

94 313.90 
94 934.73 

M 
K 

Zti'V\hp •D* 

\ 

94 939.97 
94 933.9$ 
95079.73 
9500.09 

W t k ' P ) ^ J * % 9034533 W 

3tf('G)4t4p<'ri <<c- 1 970V. IS 
97117.33 
97333.33 
97493.70 

http://177.lt
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CrO—OMOMKd 

° - ~ - T - J Level t — « — » 

3d*«*P»4»4p(,P*» **r 9718848 
9718954 
9799408 

3<f<frlG>4/r v*fT 97490.08 
9789941 

M a tbHitHir 
ft 

M*<6'G)4p #HJ-
\ 

977tSJS 
979044k 

n 

3irt*P)4»4jH*P'> /*S* \ 97875.00 

3d>lb*f)4p • *D- 98 907M 
98 S14J9 

TI n lb*Pi*Dr 

9fiH})4i4p(tr> S 9857840 
98841.88 
98 71940 

99089.9$ 
99 US 99 

3Jt(bHi)4p 5 

9857840 
98841.88 
98 71940 

99089.9$ 
99 US 99 

m • (b'FitF' 
M < 

3d*(a *P)5» f*p 1 9967713 
100040.22 
100650.52 

3 ^ ( ^ ) 5 . **H 1 10006846 
1001*642 
10022144 
100*22.11 

3d,(*P>4^p('P*» r*VT 1 100891.80 
10107458 
101 SUM 

3rf,(a'P)Si **p X 10078240 
10149244 

3*{*H)S$ e*H 
\ 

10102144 
10119448 

&l*9)*4pi*r) u»P- % 10115749 

*?(*H)U4p{*r> w*W 

\ 

10117098 
101994.80 
101789.90 
101900.89 

W(a*T)6$ f*r 

\ 

101246.00 
101 276.60 
10182148 
101882.97 

*t(*Q)U4fi(*r) • ni* 
\ 

101890.90 
10199187 

M,(*»4»4p<»P,> P'T s 10188417 
109 HSU 
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Cru—Continued 

Coafigvntm T e n J Level 
( a . ' ) 

* « — • - — 

3d,l*G)4»4p<1P•) r*G' 
\ 

1019S8M 
10S1VJ9 

3<?(*D>4f4p(,P') »4r 101987.'* 
10097.15 
109499.90 
10t7i5.$$ 

3d*<o*F)5. / • * ?! 102 148.81 
102243.22 

3d,(4P)4f4p<1P') qnr 109 $0940 
109 $19.58 
109 $55.95 
102 831.89 

3d*(4F)4f4p('P) . • G - 109 $79.00 
109915.01 
109199.80 
lOt 511(7 

3d,i*P»4f4p(,P') z ^ - % 109 $84.09 

Sd'iHDa. .'*c 
\ 

103 627.02 
103 736.99 

3rf*4rf n 103755.48 
103843.33 
103948.26 
104 069.62 

3d44d m 10394957 
104 023.95 
104 106.35 
104 190.63 

3rf,i*D»4f4p('P,i o4D* 

i 
104 974.89 
104 48783 
104 $80.78 

3rfV4F)4»4p(1P') p4D* 

i 
104439.77 
104 $18.97 
104 889.13 
105908.89 

3«/,(4F)4f4p(1F) rT 

i 
104 44850 
104 830.01 
104 875.34 
105903.4$ 

3d* id a 4 K % 104 460.28 
104 539.92 
104 633.04 
104 734.37 

%d*U f 'c 
\ 

104 543.17 
104 666.42 
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c - * - * . Tarn / Level t • — — — 

3rf4( iD)6« •D 

! 

IOSOS&M 
10616&82 
10628SJ7 
106447.06 
106650.58 

3d*( iD)V •F 4 lOSlttM 
10$ 98947 
10$ 39948 

3rf*4d a«K ^ 
•% 

106124J0 
105285J3 

Wv •P- JOS 17X47 
10$ 408.71 

arttow •H-

\ 

10$ 197M 
10598359 
rnmjs 
10$ $08.05 
main 

3d*4rf g* i 10519&M 
105255.34 
105 88757 
106484.42 

fcfSTJlV *H' 

k 
10$ 983.58 
105 408J9 
10555948 
10$ 74189 

W w 8*0 
\ 

106866^0 
10642842 

toti^if *0r 

! 

10$ 998.97 
10$ 410.09 
10$ 595.35 

9d,iiD)Af *G' 

! 

106 mn 
10$ 90947 
iosas.94 
10$ 7i$M 
10$ 89549 
10$ 89t.lt 

3rfV*D)4f •D-
\ 

10S$O7.$t 
lossn.is 

*?^)*f *r % 10$ $77.19 

MV'Dltf *r 10$ m.u 
10$ 893.86 
10$ 870.4* 

3^(*D)V *G' 

% 

10$ 87749 
10$ 794-77 
108099.94 
108045.39 

http://89t.lt
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Cr a—Continued 

CoflfigantKNi Tern Levd 

Wi-DOf T 105 T90.OS 
105903.05 
105 985. S3 

3rf*lT)t6» n> 
% 

"4 

105923.4 
106030.93 
106095.64 
106 27524 

3rf*4rf AI 10614526 
10634235 

3d*(lH>4»4pi,P*> **H* 
% 

lMlS3.lt 
10S1SSJ 

3«/'<tH)4rip V-i r«G* 

> 
10$ 7ISM 
106779.14 
10S 791.84 
10Sit7M 

3rfVp>4*4pi * , I P V \ 10S7H.0S 

3 ^ ( 1 ) >5rf «G 

i 
% 

10687720 
106929.42 
107 00629 
107 111.84 
107 246.87 
107 412.09 

3<rw • 'G % 106923.96 

S^r^Diarf *s % 106924.84 

3rf'r'D»4*4p .ip., . T 2fc 1O70SUS 
107153 IS 

:Wi't>)3rf *P 107 02524 
107 056.53 
107 U4.75 

3rf"i4P>4»4p< JP*t « 2D- 107 HISS 
107Sii.it 

3dM))5d •F j 
: 
4 

107 259.87 
107 30928 
107 386.22 
107 455.56 
107 701.34 

3d*<*D»5d «G 1; 
% 

107 400.84 
107 500.37 
107 632.26 
107 794.15 

3^(*D »5d •D > 

; 

107 414 68 
107 519.44 
107 627.40 
107 696.31 

http://lMlS3.lt
http://107Sii.it
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Cr H—Continued 

ConfigorauoQ Tcnn Level 
(cm 1 ) 

percentages 

SdS^Dtad 

fcf'iijtarf 

3d* Ad 

3rf*(T)i5rf 

3d*iiD)6p 

W<T))6p 

3d*<'D>4#4p<*p-> 

3d*(*D»»p 

3</'(iD»6p 

'F 

4D 

* 4 I 

3d'(2H>4f4p<3P"» ! ?*G' 

3rf*4d i A4H 

i 
I 
t 

j 
3rf*i*H»4»4p<,P*> ' x 2 ! ' 

! •/, 

'4 

•r 

.1r 

•D-

•D-

* 

% 

& 

I 

107 516.77 
107 726.82 
107 850.60 
107 94805 

107 597.65 
107 716.30 

107 706.84 
107 760.85 
107 846.75 
107 981.81 

107739.30 
10791849 

107 829.54 
10T7 922.41 
108017.98 
108 104.01 

107850.50 
108031 IS 

109394 47 

109544.97 
10$ SUM 
109494.38 
109814.04 
109945.71 
110154-04 

10984141 
109974.05 

109 774.35 
109844.95 
110097.11 

109914.48 
109944.57 

1099U.45 
110007.57 
no m.u 
110474.15 
110385.80 
110315.08 
110*71.38 
110445.5* 

110 941.7t 
111 044.38 
111 449.44 
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Cri 

° — - T „ J Lewd t « — . — • . 

3d'tiDiaf IT 1 
i. 

115908.97 
11598881 
U5909.lt 
115998.88 
11554881 
115794.85 

3^*1*01"« «D 1 
5 

115234-53 
115301.92 
115417.88 
115581.62 
11578848 

W^Sf •P-

! 

115 949Jl 
US 74789 
115787.13 

tfi^if •P- % 115 998JJ 

3«I*«*D)5/' •D- 1 115909.84 
11539347 
115 43093 
115591.90 

3rf*i*IV5j 'HI 5; 115371.26 
11537149 

Ztfi'THbf •H* 11599848 
US 49045 
115598.97 
115 789.87 

WTiibf •G- 11540818 
115817.78 

3d«i *!), i% 

3dtiiD)5f 

WVTVag 

• [ 5 ] 

«G' 

'2 

""41 

'[6] 

'2 

I J, 

/; s 9is.it 
US99740 

115411.98 
115 412.17 

115 444.00 
115444.02 

US 447.(4 
115 481.80 
115S8S.il 
11559943 
US 83(81 

115554.95 
US 555 05 

115 556.30 
115 556 44 

115 560 97 
115 56107 

http://U5909.lt
http://9is.it
http://115S8S.il
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Cr n—Conbaacd 

POMfigflCT Tom / Level * 

WD)5f 
* 

1 
11557091 
115605.95 
115 797J8 
115 W49 
1158*045 

3rf*(T)t7* *D 

ft 

115640.42 
115818.49 
116 047 JO 

Scfl^tSf *r 7* 11587t8* 
11S88SJ1 

3d'iiDi)5g in 115723.70 
115723.89 

3rf'»iD,>% l[31 J i 
115732.06 
U5732L23 

3<f*< *!>,>% *[4] 115738.43 

^ ( T J , ) ^ 2 l« l 115741.12 
115 741 JO 

^ • T V a j f '[5] ? 11574239 
115742J5 

tfi'Dia/' *V % 115810.3* 

3rf*(T)ti3* *[8) 115927.17 
i l5927 JO 

^ i T ) . ) ^ *[2) % 326.73 

3rf,i,P>4*4p,'P*> 1-

\ 

1159*3.7 
1159*8.7 
1180*1.7 

3dti'*D,)Sg 2[3J \ 115945.47 

3d*t%)Sg 1*\ 
\ 

115962.72 
U5962J4 

3d'iiDt)5g *[t] 
% 

115968.86 
115969.19 

3^(*D4)5# 2 (5] ? 115975.22 
115975.44 

^ ( T ) , ! ^ 2 [6] 115979.31 
115979.59 

&fi*D>6</ «G 
7» 

116171.71 
116 213.38 
116 281.95 
116 388.95 
116 531.26 
116708.67 
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Cr n—Coatiaaed 

Coafiganooa Tom J Levd 
(car 1) 

f 

3*/*r-DiW *P 

% 

116 253 J5 
116 295.06 
116 385.67 

j 
j 
• 

i 
; 

W r D i M «S \ 116355.55 i 
W.-DiW «F 

X 
% 
% 

116 360 38 
116 429.23 
116 477.51 
116 572.42 
116 601.65 
116829.01 

! 
• 

3dV"D.6rf *D 

% 

116 581.74 
116 687 JO 
116 79031 
116 831.84 

1 

1 
i 
i 

W<V>6d «G 116877.15 
116 985 JO 
117 141.58 
117 342.41 

• 

W i D - M 4D 
•'2 

117 072^3 
117 263.48 : 

:W<DiW •F 
% 

117 228.51 
117 488.50 
117 520.75 

i 

•W'DiW •P 117 381.64 
117 481.24 

V1D1W •s % 117 672.56 

:W(4Pi4»4prP'i 4D' 118H1.8 
118 840.08 
118 S4H 
118 75J.S4 

3dVT)i8* *D 

i 

v 
* 

4 

120 702.6 
120 757.1 
120 870.78 
121 036.43 
121 246.83 

3^1%,)% ?[5) ;* '» 120820.04 
120820.09 

MV-Dj.e* '[6| •% 120938.67 

Srf'i^ifi* '(7] 121 106.81 
121 106.04 

ScrV^e* ' '[6] 

i 
121 114.05 
121 114.25 

3rf*('1 ,̂16* ; 'is] 
'J 

121 11531 
121 115.45 



E-»« I 
Cr n Conri—ed 

C o - ^ o . Tcm J Levd t l ~ - * p « ~ * , 

3<fii>,»% 
'• 

J[81 
\ 

12131&57 j 
121315£3 | 

3rf' i iD,i% 

• 

*. 
'2 12133513 

12133S£S 

3tfY*IVfe 
i 

12133&3C 
121 338.68 

3rf*<T),t% ; *[«i 121344JI 
121345.09 

Siftto)* 1 *D 
i 

j 
124 310.74 
124 523J6 

C r D M s I V 
! 
| Limit I » M S 
'. ,— i J - I 

I 
• 



E-S7 

Cra 

Z=24 

Ti i isoelemonic 

Ground state: l522sI2^*3fIJ|p*3tf*,Db 

Ionization energy = 249 7O0±2O0cm l (30.96±a02eV) 

The analysis was begun by White (1929) who found 
systems of triplet and quintet terms, which were later 
unified by Bowen (1937). F. L. Moore considerably aug
mented this work and provided his unpublished results to 
C. E. Moore (1952) for inclusion in her compilation. 
Efcbcrg (1976) has remcasured the spectrum in the region 
of 750-2700 A with an uncertainty of ±0.005 A and es
tablished 76 new levels while rejecting 26 of those found 
by Moore. 

We give the results of Ekberg for the 3rf\ 3o"4s, and 
id'Ap configurations, including his calculated percentage 
compositions for the levels. The level uncertainty is ±0.1 
c m ' . The id'CFyU 'H term is from White. The other 
terms of 3d'4rf and those of 3d'Si are from the analysis by 
Moore. The uncertainty of these levels is ±0.5 cm"1. 

Johansson and Ekberg (I9S2) discovered three terms 
of the 3tf24j4i configuration and gave their results in a 
preliminary report. 

The ionization energy was derived by Catalan and 
Velasco (I9S2) from the 2-member M ' « series. 

. I. S (1937k Ffcys. Rev. S2.1153-
CmMa.M.A —lVcfaco,lt.(t9«). A* R.Soc Eq> F»-Q— 1 * . 

247. 
Ekboa. J. O. (IVMX rfcy*. Scr. M. 109. 
IOIIMMO«. S. mi Efcbng.I. O (I993X A W k Spcctnucopy A — I 

Report. Uwven«y of Laad. 
MOOR. C E. (1951). AKMMC Eaerty Leveh, NML BW. Suad. (VS.) 

Ore. 447. VoL II (rcatatd • 1971 v M«U. Bar. Suad. (US > NML 
Sami. Ref. D M Ser. 33. VoL II). 

WhHc H. E. (1929). Pfcy*. Rev. 33.914. 

Cr in 

CoBnyvitios Tern / Level 
(cm"') 

Leadmt pereca 

3d* *D 0 
1 
2 
3 
4 

0.00 
62.22 

183.16 
356.55 
576.08 

IM 
IM 
IW 
1W 
1W 

3d* *n 0 
1 
2 

16 771.36 
17 168.56 
17 851.18 

M 41 
M 41 
Si 41 

»P1 

3d* *H 4 
5 
6 

17 273.70 
17 396.92 
17 530.65 

» 
M 

180 

3d* T2 2 
3 
4 

18 451.84 
18 511.18 
18 583.39 

T7 22 
77 22 
77 21 

»P1 

3d* >G 3 
4 
5 

20 703.64 
20 852.95 
20 996.04 

N 
M 
W 

3d* >G2 4 25 138.87 04 36 'CI 

3d* •D 3 
2 
1 

25726.44 
25780.94 
25 848.31 

100 
100 
100 

3d* 'I 6 26 014.89 100 

3d* >S2 0 27 372.32 77 23 '31 



E - * t 

° — - T « / Lend 
I — 1 ) 

3n* >D2 2 3215139 77 S 'Dl 

3tf lF 3 37 005,16 It* 

3rf* ¥ 1 4 
2 
3 

43286.71 
4330433 
43322.17 

77 
T8 

n 
s 
s 

*F2 

* f *P1 2 
1 
0 

43441.99 
4391639 
44 141.36 

9 
5» 
9 

41 
41 
41 

»P2 

3d*i*Fl4« * 1 
2 
3 
4 
5 

49492.46 
4962855 
4982831 
50091.17 
50410.06 ii

ii
i 

311* •GI 4 49768.65 «& SS "G2 

3d*t*FH» Y 2 
3 
4 

5665137 
56993.08 
57 423.40 

M* 
If* 
1W 

3dVp»4» T 1 
2 
3 

63045.74 
6317430 
63421J2 

It* 
M 

IM 

3rf« 'Dl 2 6576351 71 22 "D2 

3*ft%l4s \J 3 
4 
5 

6589238 
6601031 
6622S39 

IW 
It* 
J* 

-

3tfVP>4* »P 0 
1 
2 

6960130 
6978139 
70 29236 

St 
St 
71 

41 
34 
IS 

(*P)*P 

3rf,iJG>4f 'G 4 69650.74 *7 

3 d V P >4* * 2 
1 
0 

70 191.01 
7034536 
70 487.01 

a 
a 

2* 
41 
41 

(*P)*P 

3dVD2»4» * 1 
3 
2 

7098156 
71328.06 
7132357 

u 
7» 

1* 
21 
21 

l*Dl)*D 

(*P)*P 

3rfVH»4t •H 4 
5 
< 

71 677.19 
71737.56 
71 870.17 

*7 
W 

ion 

3rfVp.4# P 1 73881.54 M 

3rfVD2i4i 'D 2 74 788.88 77 XL ('Dli'D 

SdVHUj H 5 75351.63 11* 



E-3S 

Cr m—Cammed 

C o a f i f i w 

:W F is 

Tarn Levd 

.let' 'F4p 

:W'F 4p 

:W'F4p 

W'F'4p 

W ;F 4p 

:«' 'F>4p 

:W -DI '4» 

:<rf'<-Dl>4» 

:«ef''*P>4p 

SrfVp^p 

:fc/'P.4p 

M' 'Gip 

F 

TV 

•D* 

'D-

•G-

'F-

D 

D 

V 

IT 

'P-

H-

2 
3 
4 
5 
6 

I 
2 
3 
4 
5 

0 
3 
1 
2 
4 

1 
2 
3 

3 
4 
5 

2 
3 
4 

3 
2 
1 

1 I 
! 2 
I 3 
t 

: o 
! 
2 
3 
4 

2 
0 
I 

4 
5 
*> 

*4 374 12 
84 484.76 
84 57253 

87 770.68 

9*009.99 
9* JT$.i9 
9i SOI 70 
95J0S.09 

9$H9.ii 
9$M$Jl 
97 W4i 
97JS981 
97tl9.it 

9$ $94.97 
9S7H.0i 
9t77lM 
HfiiOi 
97 ma 

970779* 
97J0S.S9 
97 SUM 

99 HI $7 
100100 $f 
loom ox 
10HU.S7 
101 74S.SI 
103100.7f 

102 236.46 
102 333.49 
102401.80 

10562689 

109250.89 
10HSI40 
10$ 795.84 

108(9783 
10888498 
109 $70 Sf 
109782.79 
noma 
10897290 ( 
109 mil \ 
109 $70 Si 

109 SUM 
109944 98 
110 $0718 

im 
14* 

Itt 
14* 
V* 
IN 
1W 

« K <*Filr 
M a I'FJ'TT 
«l T. • • F i i r 
T3 a <*F>TT 
*> 

SC 
51 * i*F» T 
7» IK 
* « 
T2 * 

T̂ » I*FI "T* 
«7 n t'Fi'T* 
7» • i'F» IT 

n . i • 'Gi^G* 
n 
n 

M 
K 
M 

T» » • i K i ' D 
Tit a 
T7 a 

7» 

n 
w 
M 

« JT 
*» M 
» » 
M 
*: 

w W 
«T 41 
.'•« 17 

us 13 
n U 
m 1* 

<'D2i 'D 

I ' P I ' P * 

i ' P i i D ' 

i 'H>'H' 

http://97tl9.it
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Cr m-

< c * ) 

3t/,<JG>4> 

3*i*<%i4p 

3rf*<%>4/> 

3rf**%l4p 

3*1*1 *P.4p 

3d*.-pi4p 

3rfVPi4> 

3tf'i :Hi4p 

•Vi-*02)4> 

MVD2>4p 

W . ' P . V 

3<iVPiV 

3rf».*D2>«> 

3d*«lK>4> 

M*<*H»4V> 

3d*i»D2l«> 

3>sVH>4> 

lr 

*P-

*D-

4 
2 
3 

4 

3 

2 

5 

2 

0 
1 
2 

1 
2 
3 

4 
5 
6 

11117(09 
III SU.7S 
11195(97 

UiSTi.99 
lit 999.94 
lit 4(7.01 

113llS.il 

1199*9,90 

119957.04 

UUIS.U 

Hi 7(7.19 

1199(147 
11999949 
114599.14 

114 71179 
115 iStlS 
IIS SUM 

115 571 J( 
115(70.7* 
115 SUM 

ntsnn 
lit Sfl.it 
117101.59 

11$ 4511$ 

11(59*95 
11(79*06 

111774.00 

11(9(9.09 

musts 
117 49195 
1179*9.99 

119145.15 
U»4**99 
11959911 

119900.59 

1194*14* 
1194990* 
119 t*S.it 

11911*90 

M s I*F» yy 
m s 
m 3 

71 
17 
U 
8 

(*D2»Jr 

si » f ' c i ' r 

T a tHfU'r 

ss 

77 u i*H» 'H* 

«I a • ^ ' D -

a a <*De»*P' 
57 a 
4T a 

Tt a I*P> "ir 
S» 21 
4* i i 

a « t*G>*H' 
« 14 
H IS 

m 'P* a (•pi'ir 

41 
0 

a 
IT 

(•pilr 

m U (*Pl*D" 

44 
S4 » 

i*D2>*r 
«*P)*iy 

S3 *S* 21 l*P>*D" 

n *T tt <tp>*ir 

n 
n 
m 
m IT (*D2i , r 
n l< 
TI IS 

t i IS <**) 'C 

41 St <*?)*?• 
a a 
41 s* 

il (*Q) 'H' 

http://113llS.il
http://Sfl.it
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Cr m—Coatimed 

Tern Lewd Ladag pocaMgi 

3tfi*D2i4j> 

3 ^ 1 ^ Up 

3dVP>4p 

3rf*<̂ »»4p 

3d*t*D2)4p 

3d*<*Fl4p 

3d*i*F >4j> 

Hi

's-

lr 

lv 

» 
4 

3 

1 

1 

2 
2 
3 
4 

3 
4 
S 

3rfVF >4p 'D- 2 

3rfVF>4p IT 3 
2 
1 

^ . - F i i p 'G- 4 

3rf*t2Fi4p <r 3 

:Vi-DI>4/> 'D* 1 
2 
3 

3rf'<2Dli4p IT 2 

3rf*i -Dl i4p Y- 2 
3 
4 

3rfVDIi4p V 2 
1 
0 

3rfVDl>4/> . , 3 

fcft'F^ 3 
4 
5 
»> 

.V<'Dli4p 

MOUSM 

H07t>O.i7 
130749.55 
1307S7JS 

iflUi-77 

13335*49 

113106M 

13*754.33 
m7U.lt 
mtsov 
MUlfJf 
miss.* 
MH50.lt 

133070.71 

Ml 117.50 
133499.7S 
133734-33 

133939.57 

WM7.S4 

H( 93f.lt 
143973.33 
W090.73 

14S573.il 

149344 03 
149383.64 
149 $33.30 

151351.37 
151 387.44 
151 S5t.lt 

1 St 037.11 

152927.3 
153099.1 
153 314.6 
153 5717 
1538717 

1569299.1 

ci 

TT 

w l*Dl) 'F* 

» 

IT 

Tl IT C^Kl'F* 

4C 41 (^•D-

K 
M 
M 

» 
X 

i 
i 

Tt 18 i2Dl>'D" 

sx 
n 
S4 

i 
i 
i 

<*DI> ,D-

a IS (*H» 'G* 

t* 

TT 
TT 
TT 

I* 
18 
IT 

(*D2)»D-

a » i*Ul)lV 

f2 
T» 
T5 

20 
22 
22 

(*DZ)*r 

TS 
TS 
Ti 

22 
24 
24 

(*02)*r 

(•Di'r 

i'D2>'p-

http://m7U.lt
http://MH50.lt
http://93f.lt
http://14S573.il
http://S5t.lt
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Cr ni—Commaed 

c-*-i Tcm J Lewd 
— • - — 

3tfrt)T* *F I 
2 
3 
4 
5 

1573032 
157435.1 
157 6373 
157908.0 
158241.8 

3fi*?\*d \ J 3 
4 

158066.7 
1584429 

*tl*F)S$ •F 2 
3 
4 

159031.8 
159375.6 
1598033 

3tr*(*P)4if *F 3 
4 

158463.6 
158623.7 

3rf*(*H>4<f *I 5 
6 

173200.5 
173662J 

3er*f*F»4«4i>«,P*> 'G- 2 
3 
4 
5 
6 

175965.9 
176 274 A 
176684.7 
177 196.0 
177 803 .9 

SdVFlfc^t'Fi *F* I 
2 
3 
4 
5 

1772923 
177 466.1 
177 724 .9 
178063.9 
178473.5 

3rf8<,F>4*4#>i1P'i *D* 0 
1 
2 
3 
4 

179815.5 
179863.2 
179951.6 
180100.8 
180334.0 

CrlV(4Fa,j> Limit 249 7M 
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Crrv 

Z=24 

Sc I isoelectronic sequence 

Ground sute: lj 225 ,^*3j 23p*3rf , 4FM 

Ionization energy = 396 50O±40O cm "' (49.16±0.05 eV) 

The initial analysis was by White (1929) and was later 
extended by Bowen (1937). Ekberg (1973) reobserved the 
spectrum and extended the analysis but reported no levels 
above 211 574 cm"'. With new observations Ekberg and 
Engstrom (1982) greatly increased the range of known 
energy levels by establishing 59 of the 67 possible 3d'4</ 
levels and 1S of the 16 id'Ss levels, t , well as the Id^'S^s 
2 S l / 2 level. The uncertainty of the energy level values is 
±0.4 cm' 1 . Percentage compositions for all the known 
levels were obtained by these authors. 

From the 3rfJ('F)« terms for n =4,5 and an extrapo
lated value for the change in effective quantum number 
between them, Ekberg and Engstrom determined the 
value for the ionization energy. 

References 
Bowtu. I. S. (1937). Fhys. Rev. 52. 1153. 
Ekberg. J. O. (1973). Phys. Scr. 7. 55. 
Ekberg. J. O. and Engstrom. L (1982), Phys. Scr 25. 6° .-
While. H. E. (1929). Phys. Rev. 33. 672. 

Crrv 

Configuiatioii Term / Level 
( cm 1 ) 

JUCSQUC DCfOCOUiaVCS 

3d» 4 F 

'2 
% 

0.0 
237.4 
556.4 
945.5 

100 
100 
100 
100 

3d* 4 P 

'2 

14 059.9 
14 177.5 
14 472.2 

100 
» 

100 

3d1 Hi X 15053.6 
15 402.4 

100 
100 

3d* *P 19 439.4 
19 520.8 

•3 
100 

3 * *D2 
'2 

20 651.0 
20 665.5 

72 22 *D1 
78 22 

3d* *H 
\ 

21066.9 
21 321.1 

100 
100 

3d1 «F 
\ 

34 364.3 
34 556.9 

100 
100 

3d1 n>i 
\ 

52976.4 
53143.8 

78 22 *D2 
77 28 

3d*(,F)4f *F 

\ 

103996.fi 
104 258.6 
104 630.2 
105 105.7 

100 
100 
100 
100 

*fi*T)U •F 
\ 

109 941.6 
110691.8 

100 
100 

3dt('D)4f «D 
\ 

1)« 571.6 
118 727.8 

» tt (*P)*P* 
M tt 

http://103996.fi
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Cr iv—Continued 

CoongMmm Level 

3rfit3P»4s 

3rf*<1P>4s 

3dVS>4* 

3rf:<,Ft4p 

af^Ft^p 

3rf*<3Fi4/> 

W I ' F I ^ 

3dVFi4p 

S d V P ^ 

3d*('Dt4p 

3dVD)4p 

3d*(*P>4p 

^('•DUp 

I ' P 

*P 

Hi-

T 

! JD-

4D-

I 

X 

I 

% 

I 

119 014 6 
119 252.0 
119 671.3 

124 410.5 
124 734.4 

127 195.7 
127 206 3 

155 354 4 

1573614 
157 933J 
158 629.5 
15944*2 

158 517.7 
158 89S.7 
159 352.0 
159 863.6 

1603054 
1609374 

160986.5 
1623014 

161 354.8 
161495.3 
161 756.3 
162064-9 

164 909.7 
1654300 

167896.5 

171 081.3 

1721840 
173823.2 

1726364 
173366.0 

1734319 
173659.1 
174 096.2 
174 846.2 

174 539.7 
174 968.6 

176690.9 
176916.7 
177406.5 

100 
58 
65 

100 
» 

too 
100 

100 

96 
97 
98 
100 
97 
98 
98 
98 

78 
T» 

45 
60 

94 
67 
52 
81 

96 
96 

»» 
91 

M 
96 

IT 
(4 

92 » 
88 

83 
82 

n 
99 
96 

42 
35 ('Di^D* 

5 
14 I'F) •D* 

42 ('Fi'D* 
22 

6 
15 
36 
13 

I 'PI 'P* 
(

J Fi *D' 

(•PI'S* 

(*F)*r 
(*P»4D-
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Cr rv—Continued 

ConfigywDon Tenn > Level 

3</V'G»4p 

3^13P i4/> 

3dJt 'G Up 

3d-<JP>ip 

Mf'GUp 

3rfVs>4p 

.•W-c'Fi-W 

M-''F>4rf 

:«-'F'-W 

:W:. F>W 

:W"''F'W 

=G- i v.. 
i »» 

*G 

4D 

«P 

M'<<F>id i * 
••W^'FiW 

i 

1 'D 
i 

V ' T i W 2H 

MVF'W *F 

J/ 

'A 

is 

! % 

I 177916.5 
I irstmo 

181 HJ.l 
181177.9 

182 679.1 
18JU41 

I8J7MJ 
183875.6 

186980.8 
187519.0 

210559.2 
ill 575.9 

232 566.1 
2328966 
233 236 7 
233 647 0 
233 117.3 
233637.6 

233 358.8 
233 708.5 
234 100.1 
234 500.9 
233618.4 
233798.9 
234 085.2 
234 502.1 

235 743 0 
236 491.4 

237 798.2 
238100.4 
238 447.1 

237 999.5 
238 561.3 
239 5414 
239 822.2 

239 582.S 
240 268.8 
240 967 9 
241 182.5 
241 472.8 
241 832.5 

81 
79 

99 
100 

n 

96 
97 

98 
98 

87 
82 
80 

82 
» 

12 
10 

(*F»*ir 

12 I ^ F 
II »*Fi*H 
18 I ' F I ' H 
19 I ' F I ' H 

I * F I \ J 

82 18 
80 
00 

20 

97 
98 
98 
95 

88 7 «'D)2P 
89 6 

M 13 ( J P) 4 P 
85 13 
84 14 

84 12 I ' D I ' G 
84 12 

78 18 ( lD(*D 
75 19 

91 9 f 'Gi'H 
90 9 

95 
95 
96 
95 
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Cr iv—CoobMcd 

r\_r_uj±iLL. Tern / Lewd Tern / Lewd 

3ii*<ap>4rf *P 247 099.1 
247 765.0 

ft 
a 

40 

SB 
l'D)*P 

3rfVD>4rf *F 
\ 

247 239 J 
247 546.7 

84 
K 

15 
11 

(*P»*F 

3dVD)4<f *G 
\ 

249932.5 
250007.7 
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Cr iv—Continued 

CoafigaratKM Level 
( c - 1 ) 

:W-'P'.~w 268 458 1 
268 813.4 

tao 

:W«G>5« 273 8653 
273 8666 

in 
MO 

Cr v . "F. 39SSM 
_ i _ 



E-4S 

Crv 

Z=24 

Ca I isoetectronic sequence 

Ground state: lsi2s22p*is1ip*idliFI 

Ionization energy = 560 200+300 c m 1 (69 46±0.04eV) 

The initial analysis is doe to White (1929) who reported The ionization energy was derived by Ekberg from the 
levels of the 3d\ 3d4s. 3d4p. and id*d configurations. series 3rf4s and id5s. 
Additions and revisions were made by Cady and Edlen 
and wue communicated to Moore for inclusion in her 
AEL compilation (19S2). The spectrum was completely 
reobserved in the range of 400-1800 A by Ekberg (1973) 
whose results arc quoted here. The uncertainty in his 
level values is given as ±0.5 cm"'. He added the 'So level 
of W and aD the known levels of 3dAdand JrfS*. The one 
term of 3d Ad doe to White was found to be false. 
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Crvi 

Z»24 

KI aodectroaic 

Ground state: ls*2s12p*ls13p1d 1Di/i 

Ionization energy = 731020±6 cm' 1 (90.63S6±0.0007 eV) 

The first known terms were found by Gmbs and White 
(1926. 1929) who reported the positions of the 3p*3d *D. 
At *$, and 4p *P* terms. The «/*F* series for a =5-10 was 
identified by Aleunder. Fekbnan. and .'raenkd (1963) 
and the missing V F * by Gabriel. Fawcett, and Jordan 
(1963) who replaced the false levels of this term given 
earlier by Kroger and Weissberg (1937). The 4p *P*-4«* 
*D mntaplet was found by Fawcett (1970). Observations 
of open 3p*-core configurations were first reported by 
FeWman and Freenkd (1966) who identified the 
3p*id—1p*3d4$ transition array. Some of these hnes were 
classified by Cowan (1967). Gabriel. Fawcett, and Jordan 
(1966) classified six hnes of the 3p*3rf-3p5W2 group. 

The spectrum was reobserved in the range of 
400-2300 A by Ekberg (1973). He interpreted a consid
erable number of new lines and verified the earner work. 
His revisions of the values for the known levels and his 
additions to the analysis are quoted here. Levels obtained 
from transitions to the ground term from 350000 to 

700000 c m - 1 are given to the units place and have an 
uncertainty varying from ± 5 to ±20cm" 1 . The rest have 
an uncertainty of ± 1 cm' 1 . The kmrration energy is de
rived by Ekberg from the «A series with a 
uncertainty of ± 6 c m - 1 . 
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CrvN 

Z = 24 

Ar i Boelectromc sequence 

Ground state: U:2s:2p'ls13p"Sa 

Ionization energy = I 291 900±600cm ' (160.18±0.07 eV) 

Most of the levels are taken from an extensive analysis 
by Ekberg (1976) who observed the spectrum m the range 
of 90-2000 A with an accuracy of ±0.01 A. The few 
earlier identificahons are noted in his work. Relative to 
the ground state the level uncertainty is ±10 cm - 1 . 
Among the excited levels the relative uncertainty is ±0.5 
cm"'. The designations and percentage compositions for 
the levels are from Ekberg. A value for die ionization 
energy of 1 291 900 (600) cm' 1 was derived by him by 
extrapolation. The same value may be derived from the 
3-member ns series. 

The terms is3p'ip 'PT. 5/> 'PT and 'PI. 6p 'PI. and 
7/> lr, were determined by Kastner. Crooker. Behring. 
and Cohen (1977) from observations of absorption in a 
spark between 70 and 100 A. The level uncertainty ob
tained from these data is ±100 cm"' 
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CTVM 

Z=24 

a I Boekctronic sequence 

Ground state: b ,2» 12p*3f-> 5 ,rw 

kxuzatkm energy = 1490000+3000 cm-' (184.7+0.4 eV) 

AD the known levels are derived fiv*n transitions to the 
3 j , V I p * groond term. Edien (1937) identified lines orig-
mating from ail levels of the 3**V*4f confignration except 
for 'he *P^. Earlier. WeJssberg and Kroger (1936) had 
reported lines from the ZP term of this configuration as 
well as from the *S term of Islp*. The transitions from 
3s23*43o* were identified by GabrieL Fawcett. and Jordan 
(1966) and by Fawcett and Gabriel (1966). The parent 
states for the terms isz3p*U 2P and *D are changed to 3p* 
(T) as indicated by the calculated states of Fe x by 
Bromage, Cowan, and Fawcett (1977). Transitions from 
3s23p*4tf were given by Fawcett, Cowan, and Hayes 
(1972). Line identifications in the ip'id - Ip'V transition 
array were also given in this paper bat cannot be used to 
derive energy levels because tbey do not combine with 
known levels. 

The recent measurements of the 3s 23f'-3* V* doublet 
by Smitt, Svensson, and Outred (1976) are used to 

Crviii 
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( o n ' ) 
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S^Vl'DlW n> 
\ 

976100 
977 400 

&ty(*9)U 2P 
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749 640 
755740 

Crar 2?,) Limit I4MM0 

determine the ground term interval with an uncertainty 
of ±2 cm' 1 and the h3p'*Svi level with an uncertainty 
of ± 10 cm"1. The uncertainty in the values of the higher-
lying levels is estimated to be ±100 cm"1. 

The ionization energy is an extrapolated value by Lou 
(1967). 
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Crix 

Z = 2 4 

S i isoriectronic sequence 

Ground sute: b ' 2 i > 4 3 j ' V " P i 

Ionization energy = 1688 000+3000 cm"' (209.3+0.4 eV) 

Edlen (1937) provided the initial spectral classifications 
by identifying the 3p*- 3p'4s transitions. Both singlet and 
triplet levels were detected but not the connection be
tween them. 

Classifications in the 3p 4 -3p'W transition array were 
made by Gabriel. Fawcett, and Jordan (196S) and by 
Fawcctt and Gabriel (1966). Some new measurements 
were later provided by Fawcett (1971) as well as two 
newly classified rates of this group. The 3s3p' config
uration was found by Fawcett (1970). Classified lines of 
the 3jp*- 3p'<</ and jp'3d—3pl4fatny% were reported by 
Fawcett. Cowan, and Hayes (1972). The latter array 
could not be used to derive 3p'4/levels because of the 
lack of transitions to known levels. 

Smitt. Svensson. and Outred (1976) give improved 
measurements of the 3*23p*-3*3p' transitions, obtaining 
an uncertainty of ± 5 cm"' for the levels, except for the 
3s:ip"So determined from a blended line. They also 
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found the mtcrsystem hue 'Pj—'PI and identified the 
'So-'PT line. The uncertainty in the levels above the 
3»3p' configuration is ±100 cm"1. 

The ionization energy is an extrapolated value by Lotz 
(1976). 
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Crx 

Z=24 

PI Jsoelectronic sequence 

Ground sate: U>2s22p'3s1lp,4S'in 

Ionization energy = 1 971 000±4000 c m 1 (244.4+0.5 eV) 

The levels of isip' are due to Smitt, Svensson. and 
Outred (1976) who gave unproved measurements and 
additional classifications in the is'ip'—isip* array, pre
viously interpreted by Fawcett and Peacock (1967) and 
by Fawcett (1970). The important *S*- 2P* forbidden 
lines of the 3*23p' configuration, which unify the term 
systems, were identified by FeMman and Doschek (1976) 
in solar coronal spectra. The uncertainty in these level 
values is ± 5 cm"'. Transitions from Ip'id to the ground 
configuration were identified by Gabriel, Fawcett. and 
Jordan (1966). Fawcett, Gabriel, and Saunders (1967). 
and most completely by Fawcett (1970). The level value 
uncertainty is ±100 cm"'. Lines of the 3J23/FJ-ls*3p lAs 
array were classified by Fawcett. Cowan, and Hayes 
(1972), giving a level uncertainty of ±300 cm' 1 . These 
authors also identified lines arising from the 3/>]4/ 

configuration but the lower levels have not been deter
mined. 

The ionization energy was obtained by Lou (1967) by 
extrapolation. 
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3a*3pt('P>4j 4P Ja 928 500 
3*3p* *D \ 289 637 >, 933 400 

% 290 606 % 939100 

3#3p4 'p % 333 412 

337 370 

3aJ3p ,('P)4f «P 
\ 

943300 
949800 

3a*3pVD)4a *D \ 967 000 
3#3p4 *s % 348 760 < 967 800 

3i , V«'P>M »p % 432830 
440 870 

Cr XI ( lP.) Limit 1971009 
3ai3p»(»P)3</ •p 

k 

442010 
444 960 
446710 



E - 5 7 

Cru 

Z = 2 4 

Si i isoekctronic sequence 

Ground state: U 2 2j>*lf , 3p , , Po 

Ionization energy = 2 184000±4000 cm"1 (270.8±0.5 eV) 

Fawcett (1970,1971) gave the first interpretation of the 
3s23p2—3*3pJ array. The level values were later revised 
by Smht, Svensson, and Outred (1976) on the basis of 
their more accurate measurements with an estimated un
certainty of ±0.008 A or better. The connection between 
the singlet and triplet systems results from this later work 
and from the solar coronal line at 3996.8 A (air) identified 
by JerTeries (1969) as arising from the forbidden 'D 2 -^> 2 

transition in 3r23jp2. The uncertainty in these level values 
is estimated to be ±5 cm' 1 . 

The levels of 3J23/> W are from Fawcett (1971). Those 
of ls**p4s and the 'D, and 'F, of *2}pAd are due to 
Fawcett, Cowan, and Hayes (1972). In table I of this 
reference the line given as 98.48 A must be changed to 
99.48 A to fit its classification. Kastner et al. (1978) added 

to the known levels of &3p4d and the 'G of fc'W- The 
uncertainty in the id level values is ±100 cm"' and for 
the others 300 cm' 1 . 

The ionization energy was obtained by Lotz (1967) by 
extrapolation. 
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C r » 

COBufimtlOD Term / Level 
(cm-1) 

CoBngnratioB Term J Level 
(cm-') 

3i*3p* *P 0 
1 
2 

0 
5536 

11980 

ZiZpZd »D- 1 
2 
3 

muo 
436310 
436550 

3^V 'D 2 36 994 ZfZpZd 
lr 3 478590 

Wp1 *or 1 
2 
3 

UIS46 
US 456 
US 916 

3fi3p4« *r 0 
1 
2 

1008800 
1010700 
1031100 

Z$3p* 

Wp* 

»P-

•D-

0 
1 
2 

2 

S78 059 
S78 39k 
S78698 

306 S70 

ZtZp4$ 

Z*3p4d 

ip. 1 

1 
2 
3 

1038100 

1334300 
1336600 
1337900 

Wp' •s- 1 3S64U ZiZpAd *r 3 1 US 800 

zap1 •p- 1 371498 ZiZpid •r 3 1355500 

ZiZpZd 

ZiZpZd 

2 
1 

2 

418980 
435410 

437090 

ZiZpAf 

Crxni*V\n) Limit 

4 1347300 

2184 000 



E-58 

Crn 

Z=24 

Al t isoekctronic sequence 

Ground state: lr 22i 2^*3» 23p T*^ 

Ionization energy = 2 404 000±5000 cm-' (298.0±0.6 eV) 

The 3/>-4o* doublet was identified by Edlen (1936). 
Thirty years later new observations of this spectrum by 
Gabriel, Fawc-tt, and Jordan (1966) resulted in the dis
covery of the ip —W doublet. The non-diagonal line of 
this multiplet was identified by Fawcett, Gabriel, â d 
Saunders (1967) by means of a laser-produced plasma. 
The uncertainty in the id and 4d level values is ± 100 
cm-'. 

The 2 P and 2 D terms of the low-lying is3p2 config
uration were first reported '„y Fawcett and Peacock 
(1967) again utilizing a laser plasma. Fawcett (1970) re
vised the classification of the 3*23p 2 P*-3*3p 2 2 D multi
plet and added the ^ ' - ^ lines. He also reported the 
4 P-*S* lines of the 3s3p2—3p' array. The quartet term 
position relative to the doublet system is not observed or 
predicted and therefore cannot be included here. 

Fawcett (1971) later revised the wavelengths of the 
3*23p — hip1 array from new plates taken with the theta 
pinch source. His value of 412.46 A for the 2 P ^ / i - 2 D M 

line is inconsistent with the 2P*/i— lT5m principal line and 
was not used here. He also reported the 3p — id doublet of 
the same array. Calculated wavelengths enabled Fawcett, 
Cowan, Kononov, and Hayes (1972) to identify more 

lines from the theta pinch spectrum. They classified the 
id— 4 / doublet and several quartet transitions uncon
nected with the doublets. The uncertainty of the level 
values of 3i 3p2 is ±50 cm"1. 

The ground term *P* splitting is obtained from the solar 
coronal line 8153.8 A classified by Jefferies (1969) and has 
an uncertainty of ± 1 cm - 1 . 

The value for the ionization energy was obtained by 
extrapolation by Lotz (1967). 
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Cr XII 

Configuration Term J Level 
(cm-1) 

CanngvaooB Ten. / Level 
(cm-1) 

3»*3p 2p. 

\ 
0 

12 SSI 
3t*d *D 

\ 
1319000 
1319 660 

3«V *D 254 450 
255 620 

tfif T 
\ 

1395000 
1395400 

3aV *S \ 313 600 

3»V *P 
\ 

333 240 
339 250 

CrxnM'S,) i t * 2404 M0 

3a* 3d 2D 
\ 

408 700 
409 840 



E-S9 

Crm 
Z=24 

Mg I isoelectronic sequence 

Ground sute: 1J22*22p*is2 'S, 

Ionization energy = 2 862 000±6000 cm-' (354.8±0.7 eV) 

The 3u2lSo—3J4/>'P7 resonance line was identified by 
Edlen (1936). He also reported two unconnected triplet 
systems, one containing levels of isip, l$4s, is Ad, and 
isid, and the other is id, 3*4/, and 3*5/ The analysis 
was resumed 30 years later by Fawcett. Gabriel, and 
Sajnders (1967) who unified the triplets by discovering 
the isip ]P* -isid'D multiple!. They also identified the 
resonance line is2 'So-isip 'V, at 328 29±0.03 A. The 
intersystem transition is2 'So—isip 'P? was observed at 
482 2±0.2 A. in a tokamak plasma by Finkenthal. Bell, 
and Moos (1982). These two lines were measured in a 
tokamak plasma by Peacock. Stamp, and Silver (1984), 
who obtained the more accurate values of 
328 267±0004 A and 482 17±002 A. or level uncer
tainties of ±4 and ±9 cm"'. The uncertainties in the rest 
of the levels of the above configurations is ± 100 cm''. 

The analysis was extended to ip2 by Fawcett and 
Peacock (1967) who identified the 3i3p'P*-3p2'P 
multiple!. Fawcett (1970) later found the 'So of ip2, the 
'Dj of is id and a'.I the levels of ipid presently known. 
The uncertainty of these level values is ± 100 cm"'. 

The analysis was augmented by Fawcett. Cowan, 
Kononov, and Hayes (1972) with their identification of 

transitions from 3*4/'FJ. isAd 'D b and levels of ipAf. 
Some of the last group are not connected to known levels 
and are therefore not used here. 

Improved measurements of the isip 'V-isid *D 
multiplet were made by Fawcett, Cowan, and Hayes 
(1972). In addition, they reported the 'D, of 3* id and the 
'D,ofl/>2. 

The ionization energy is an extrapolated value obtained 
by Lou (1967). 
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Crxiil 

Coaiifaratioa Term J Level 1 
(c.-) 

CO-milgWIttOB Tarn j Level 
( - - ' ) 

3«* l S 0 0 ipZd •r 2 
3 

mm 
811550 

3«3p *r 0 
1 

t0Si70 
S07W 

4 818910 

2 tissto 3p3d *r 2 857 U0 

3,3p ip . 1 mtso 3p3d *v 3 811010 

tf *v 0 
1 

482160 
488 260 

Zpid •p* 1 885 300 

2 499 220 3t4. •8 1 1385280 

tf 'D 2 483170 3*4/> •P* 1 nam 
*P> 'S 0 569 480 Md •D 1 

2 
1616060 
1616 460 

Wd •D 1 
2 

588 880 
689 210 

8 1 617 180 

3 U 0 1 0 0 3«4d «D 2 1(17 500 

Wd 'D 2 662 240 Mf *r 2 
8 
4 

1878 U0 
1878 UO 
1 878 770 
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Cr xui—Continued 

GwfigBraooB Tom J Level COSfigVBUOB Tern J Level 
( o n 1 ) 

w •r 3 1690800 3iatf *D 2 
3 

2 076 350 
2 076 540 

W 'F 3 I 916 140 
W »r 4 S105 990 

3p*f \i 4 
5 

1920 560 
1930 140 

Crxivi'S,.,) Lumtt 2862 NO 
W 'F 4 1931440 

3pV 'D 3 1940 840 



E-»1 

Or xnr 

Na l isoelectronic sequence 

Ground state: ls22s2lp*3s ^ 

Ionization energy = 3098 520±2O0 (384.171 ±0.020eV) 

Edlen (1936) reported three independent systems of 
doublets: 3s-np, 3p—nd (and 3p-4s\ and 3d-nf. 
These were unified by Fawcett and Peacock (1967) who 
identified the 35 —3p and 3p -3d doublets. New obser
vations by Peacock. Stamp, and Silver (1984) of the 
is — ip doublet in a tokamak plasma were reported at 
389.8o4 and 412.051 A. We use these and the improved 
values for the 3p-3d doublet by Edlen (1978). The 4s. 
Ap, Ad. 4/. id. if, and 6/( 2FT / J) terms are from the identi
fications and measurements of Edlen (1936). The uncer
tainty of then = 3 levels is ±:S cm''.ard the higher ones 
±200 c m ' . 

The additional series members 55—65, 6p-9p, 
6d-9d, and If-if were identified by Fawcett, Cowan, 
and Hayes (1972). Improved measurements by Cohen and 
Behring (1976) in the range of 35-70 A were used. They 
estimate their measurement uncertainty to be ±0.005 A 

Crxrv 

ConfiguraooB Term j Level 
(cm-1) 

Term j Level 
(—-») 

3p'3s *S \ 0 2p*6$ *S \ 2424 470 

2p*Zp *P* % 949998 2p*ep *T \ 9450990 
\ 956500 % 9459060 

2p*3d *D \ 587 810 2p*U *D \ 2484 990 
% 589 505 % 2485 240 

2p*U «S \ 1478 580 2p*<f *r 
\ 

9499090 
9499990 

2p*Ap *r % 1 574 180 
% 1579550 2/»'7t •s \ 2612050 

2p'4d *D 
\ 

1701 150 
1701940 

% 2649 530 

2p*1f *r ». 9958900 
2p*4f *r 1749 890 

1750080 
\ 9858970 

2p*%p *r \ \ 9749980 
2p*S$ »s % 2102 780 

2p*M *D \ 2755 510 
2p*Sp *r X 9149990 

9159 090 
% 2755 380 

2p'%f *r \ 9 791580 
2p%ix> *D % 2 210 730 

\ 2 211080 2p**P *r \% 9890870 

2p'V *r % 9935 980 
9995 440 

although their measurements differ from those of Edlen 
(1936) by about + 0.02 A The 2/»'3i22P* term was found 
by Feldman and Cohen (1967). 

The value for the ionization energy was derived by 
Edlen (1978) from core polarization theory applied to the 
nf series. 
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E-C3 

Crxv 
Z = 24 

Ne I isoelectronic sequence 

Ground state: Is:25:2p"So 

Ionization energy 8 I SI 000*5000 cm ' (10l0.6±0.6eV) 

Only resonance lines are classified for this ion. Tyren 
(1938) identified the lines due to the 2j'2p'3«. Wand Was 
well as the Islp'ip levels. Swanz. Kastner. Roche, and 
Neupen (1971) identified id. and hd. The magnetic qua
druple transition 2p* So-ip'li 'Pt was identified in the 
spectrum of a tokamak plasma by Klapisch et al. (1978). 
They confirm the wavelengths of Tyren for Jp'is 'P. and 
P. and 2p'id D. to within ± 0 003 A. but give the value 
18.488 A for 2p'id P. compared with Tyren's value of 
18 497 A used here. The uncertainty in the level values is 
estimated to be =2000 cm ' 

Kastner. Behnng. and Cohen (1975) identified transi
tions between 2p'5p and 2pJ4d but there is no connection 
with known levels. 

The percentage compositions were calculated by 
Bogdanovich et al (1980). 

We derived the ionization energy from the 
2s:2p W ' D I series for * = 3.4,5. The H =6 term does not 
fit well to a series calculation. 

Bofdanonch. P O . BofdaaovKfccac M I . Gndzmak*. I I . IUd-
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Crxv 

Coangvsooa T e n Level 
(cm 1 ) 

2r lp -\* 

2r lp -it 

2»- ^ -W 

2«: 2p W 

2r >f> .id 

Utf>- Ap 

Hip'' 3p 

2ti2p*d 

2M' 2p *d 

it' tp id 

2s- lp Vx 

2Miip'*d 

2*ltp*d 
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S 
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Cr xvi 

Z = 2 4 

F I isoeiectromc sequence 

Ground sute: U :2j :2p' :P", ; 

Ionization energy = 8 850 000= 18 000 cm : (1097=2 eV) 

The ground term splitting was obtained by Fawcett 
(1971) from his identification of the ls:2p'-2s2p* dou
blet It was observed directly from a magnetic dipole 
transition at 1410.6=0.3 A in a tokamak discharge by 
Hinnov et al 11982) The present value is taken in the 
more accurate measurement of 1410 60=002 A by 
Peacock. Sump, and Silver (1984) in a similar light 
source, giving an uncertainty of 2 cm : for thr interval. 
The ls2p' : S : : from the measurements of the resonance 
doublet by Doschek et al. (1974). and has an uncertainty 
of =200 cm":. 

The 2*:2p? — 2j:2p*Jj and id arrays were first analyzed 
by Cohen. Fetdman and Kastner (1968). This work was 
revised and extended by Feldman et al. (1973) from 
» hose classified lines we derived the energy levels. Their 
reported wavelength accuracy is =0.01 A. The con
sequent level uncertainty is r 6000 cm '. 

The Is 2p° : S : - Is Ip'is ; P' multiple! ts from Feldman 
etal. (K73). 

Bogdanovich et al. (1980) calculated the percentage 
compositions of the levels. 

The ionization energy was obtained by extrapolation 
by Lou (1967). 

References 
Bogdanovich. P O. Bogdaaovichenc. M t. GrodnmUj. I I. Rnd-

nkas. Z B. Tula. V I. ud Shadjkjuvme S D. ~SpecwoKop> of 
Multipiv Charged loos". USSR Acad of Set. Sci Counc oa Spectr 
<l«M0> 

Cohen. L . Fetdmaa. L . and Kastner. S O (I«b8l. J Opi Soc Am M 
331 

Dovchek. G A . Feldman. L . Cowan. R D . and Cohen. L il«T4>. 
Auropht i 1 I M . 4 1 * 

Fawcett. B C l l ° * l> . 3 Phw B4. 9SI 
Feidaua. I . Dtnchek. G A . Cowan. R D . aad Cobra. L I l « * ) i J 

Opt Soc Am *3 . 1445 
HnuKn. E . Suckewer. S . Cohen. S . and Sato. K < I W ' u Phyt Rev 

A25. 1Z<H 
Low. w J I !«**» J Opt Soc Am $7. «73 
Peacock. N i Stamp M F . and Silver. ) D ( I * H | . Ph>» Scr T t . 10 

Cr xvi 

Coanguraooa Level 
< c ') 

<VV''P'3tf 

W V ' P ' W 

i r ' V ' P ' M 

W V ' P ' V 

-P-

-S 

•P 

P 

-s 
4 P 

•P 

'p 

0 
ro m 

937 940 

i 5 048 700 
i 5 072 300 
j 5109 300 
I 
| 5118 200 
5143 400 

5193 500 
5 196100 

5323 500 

5607 600 
5620 600 
5640 200 

5 622 700 

5 628 500 
5 671200 

5648 100 
5680 800 

M 
v; 
S4 

4» 
M 

M 
SO 

42 ( 4Pl JP 

l'P)4P 

72 1.1 ('Pi 2P 
M IN I ' P I ' D 
T :U i 3 Pi 4 F 

I'PI'F 

42 32 I ' P I *D 
S2 23 I ' D I - P 

V 17 I ' D I 'D 
4» 17 



E-OS 

Cr xvi—Commed 
_ T « J Lewd 

2fi2p*«1,'3rf *F % 5659000 «t it i*P>*P 

2r 'Vi 'D)U % \ 5734 600 M 

2 r V ' D > 3 d *P % 5756 200 CT » (*P»*P 

2r2p'\'D)3d *D k 5 757100 
5780 500 « 

s C'PJ'D 

2r'V''S'3d *D 
% 

5857 200 
5870600 n 

2i2p5i'p-t3» *r $950X0 
ssusoo 

n 
w 

Crxvnt'P^i limit • 8M0M 



c-et 

Crxv* 

Z=24 

O i tsoetcctronic sequence 

Ground state: l* :2i :2p"P ; 

Ionization energy = 9 560000±19000 cm"' (I185±2eV) 

Several magnetic dipole transitions within the 2s:2p' 
ground configuration were observed by Htnnov « al. 
(1982) in a tokamak light source with an accuracy of 
=0.3A. They are 'P.-'P, at 1656.3A. 'P..- 'D : at 
740.8 A and 'P . - 'S , at 493.8 A. The ! P : . D : , and 'S. 
levels are derived from these data. Peacock. Stamp, and 
Silver (1984) obtained the value 740.75 ±0.03 A for the 
?P: - D : in a similar light source. The Is^'—lsty' array 
was first interpreted by Fawcen(I97l). It was reobserved 
by Lawson and Peacock (1980) who extended the anal
ysis. The 2*2/r 'PI-2/>* 'So transition was identified by 
Doschek et al. (1975). Both lines of this array were ob
served by Lawson and Peacock. Their measurements are 
used here to derive the levels of 2* 2/»\ 2p* and the "P0 of 
2f :2p* with an uncertainty of r 300 cm"'. The percentage 
composition of these levels was provided by Kaufman 
and Sugar (1982). Their calculation includes config
uration interaction between 2i:2p* and 2p\ 

The transition array 2i :2/»*-2j :2p'3j and 18 A was an
alyzed by Doschek. Feldman. and Cohen (1973). and the 
25:2/>'-2i:2/»'3rf at 16 A by Fawcett and Hayes (1975) 
Both report a measurement uncertainty of ±0.01 A. re
sulting in level uncertainties of ±3000 cm"'. Levels of 
2p'is with question marks were derived from doubly 

classified lines by Doschek et al. (1973). Some revisions of 
the 2p'3rf levels due to Bromage and Fawcett (1977) are 
included. 

The two levels of 2p'4</ are from Spector et al. (1980) 
with an uncertainty of ± 3000 cm : 

The value for the ionization energy was derived by-
Lou (1967) by extrapolation. 
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Cr XVM 

Z = 2 1 

N I rsoelectromc sequence 

Ground state: ls:2s:2p *S' : 

Ionization energy = 10480000r:2I 000 cm <1299r3e\") 

Four lines of the Zs'Zp'D' - ZsZp'CP. : D) multiplets 
were classified by Fawcett (H'li . The analysis of this 
transition array was extended and partly reused by 
Doschek. Feldman. Cowan, and Cohen (1974) The : S : 

of 2s 2p' was later reponed by Feldman. Doschek. 
Cowan, and Cohen (1975). Fawcett and Hayes (1975) 
classified the resonance line arising from 
2s:2p'-i P)iti'P. ; and observed the 2s :2^ :( D)W : F - : 

level of the doublet system They also located the 2p' 
configuration from transitions to 2s2p* :D. The 
: D : : — : P " ; line of this multiple* was reponed by Dos
chek. Feldman. Davis. ?nd Cowan (1975). 

The 2sz2fi'-2slp' and 2s2p'-2p' arrays were re-
measured by Law son and Peacock (1980) who found four 
imersystem lines. We used their wavelengths, accurate to 
r 0 03 A. to determine the energy levels with an uncer
tainty of - 200 cm Magnetic dtpole transitions within 
the ground configuration were observed in a tokamak 
plasma by Hinnov. Suckewer. Cohen, and Sato (1982) 
They reported privately the wavelengths 4038.6 A for 
D* : - : D : ; and 2606 4 A for : P * : - : P - ; . both in air 

with uncertainties of =0 3 A With these measurements 
and their published wavelength of 793.3 A for the 

*S: : — : D-. : transition, we obtained the position of the : D 
term with an uncertainty of — 50 cm : . and the fine struc
ture of the : P term with an uncertainty of r 4 cm 

The percentage compositions for the 2s:2p'.2s2p*. and 
lp' configurations were provided by Kaufman and Sugar 
(1982). The calculation included configuration inter
action between 2s:2/>' and 2p' 

The ionization energy was obtained by Lotz (1967) by 
extrapolation. 
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Cr xix 

Z = 24 

C i isoelectronic sequence 

Ground state: Ii : 2i : 2p : 'P 0 

Ionization energy = 11 2600002:22 000 cm ' (13%±3 eV) 

Transitions between the lsl1pl and 2s2p! config
urations were identified by Feldman et al. (1975). The 
spectrum was reobservcd by Lawson and Peacock (1980) 
in the range of 95-203 A with an accuracy of r 0.03 A. 
They identified many more lines of this array, including 
several intersystem lines, and classified 'he 2s2p!-2p' 
array as well. 

The levels of the 2s:2p~ ground configuration are deter
mined from the magnetic dipoie transitions observed in a 
tokamak plasma by Hinnov. Suckewer. Cohen, and Sato 
(1982). Their wavelengths, ranging from 398-2885 A. 
have an uncertainty of :r0.3 A. The uncertainty in the 'P 
and 'D levels is = 10. and for the !S ± 100 cm '. With the 
exception of the Islp' "S' level, the rest of the levels are 
due to Lawson and Peacock with an uncertainty of ±200 
cm Edlen (1984) has compared the known values of the 
'S* level in the isoelectronic sequence with theoretical 
predictions He concluded that the values given by Law-
son and Peacock are inconsistent with the trend. We give 

Edlen's predicted value in brackets. The percentage compo
sitions were provided by Kaufman and Sugar 11982). The 
calculation includes configuration interaction between 
2r2p-'andV 

Biomage and Fawcett (1977) have given predicted 
wavelengths of the ls:2p: -2s'-2pld array 

The value for the ionization energy was obtained by 
extrapolation by Lotz (1%7). 

References 
frontage. G E and Favtcctt. B C tl9TT). Mon Sol R Attron Sot 

171. «05 
Edlen. B (I 'M), private communication 
Fcldman. U . Doichek. G A . Cowan. R D . and Cohen. L (l»~?i. 

\uropbyv J l f t .613 
Hinnov. E . Suckewrr. S. Cohen. S . and Sato. K 11982). Prtvs Rev 

A25. 2293 
Kaufman. V. and Sugar. J 11982). private communication 
Lawvra. K D and Peacock. B C (19801. J r.ivv BIJ. 3313 
Lotz. W (1967). J Opt Soc Am 57. S'3 

Cr xix 

Coortfuratioii Term 

i 

J Level 
(«-') 

\ ff^mo percentages 

2s-2p: 
f 

*P 0 
1 
2 

0 
47 811 
82 458 

92 - 'S 
» i V 3 p 
M i<> 2s%r 'D 

X IfT 184 597 H3 

2»v 
Utpx 

•s 0 298 800 

•s* 2 [M170] 

, D . 2 
1 
3 

671630 
67t 770 
6t>6 830 

,p. 0 
1 
2 

789 160 
79i 130 
HOi 750 

's- 1 9S9 880 

D* 2 976 J JO 

p. I 1 090 660 

'P 2 
1 
0 

1 450 230 
1 514 320 
1 517 990 

H9 9 1P 

9» i .p. 

Hf VI 1 p . 
90 n 

100 

100 
«9 H , D . 
H2 VI 

m Vi p. 

% 1 P-

'J! 

'Ml 

'S 

2p'D 
•u%- 'p 
2p"S 

file:///uropbyv


E-71 

Cr xix—Continued 

Configuration Tern J Level Leading percentages 
(cm"1) i 

. . 1 t • • 

2p' D 2 1.-.86 230 ; 91 c 'P 

lpx : S ; 0 1T87 180 i<c 9 ' P 

C r X X ' - F • Limit : II 2*6 606 



E-72 

Cr xx 

B i isoelectronic sequence 

Ground state. lj :2s :2p : P " : 

Ionization energy = 12070000=24000 cm"'(1496=3 eV) 

The splitting of the ground :P* term was determined 
with an uncertainty of 20 cm"' from a magnetic dipole 
transition at 1205.9=0.3 A observed in a tokamak plasma 
by Hinnov et al. (1982). 

The trri ition arrays 2s:2p — 2s2p: and 2i2/r—2p* 
were classified by Lawson and Peacock (1980). They 
observed the spectrum in the range of 116-271 A with an 
accuracy of =0.03 A. The level values have an uncer
tainty of =200 cm~ :. The percentage composition for 
these levels was provided by Kaufman and Sugar (1982). 
Their calculation includes configuration interaction be
tween 2s'~2p and 2p}. 

The higher lying levels are from line identifications by 
Spector. Zigler. Zmora. and Schwob (1980) from laser-

produced plasmas observed in the 10-14 A range. The 
uncertainty in their values is =3000 cm ' 

The value for the ionization energy was obtained by 
extrapolation by Lou (1967). 
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Crxn 

Z=24 

Be I Boekctrooic sequence 

Ground state: b22i"Se 

Ionization energy = 13 180000+26000 c m 1 (1634+3 eV) 

Widing (1975) identified the 2f"S.-2j2? *V\ inter-
system line in a solar flare spectrum at 293.11 +0.03 A. 
The 'So- 'Pi transition was found in a tokamak plasma at 
149 90+0.03 A by Hinnov (1979). The uncertainty of the 
'Pi is +50 cm"', and of the 'Pi +150 cm -'. The transition 
array 2s2p —lp% was observed by Lawsou and Peacock 
(1980) in a laser-generated plasma. They obtained a level 
uncertainty of +200 cm - 1 . They identified the inter-
system line 2slp 'PJ-2/>2 "Dj, which confirms the solar 
identification of Widing. 

The higher configurations are from the line classi
fications of Boiko et al. (1977) at 13 A. A measurement 
uncertainty of 3:0.003 A is reported, giving a level uncer
tainty of +2000 cm"1. The two terms of \sls2p1 above 

the limit are from the observations of Boiko et aL (1978) 
at 2 A. with a level uncertainty of+10 000 cm~'. 

The ionization energy was obtained by extrapolation 
by Lou (1967). 
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Crxni 

Z=24 

Li I tsodectronic sequence 

Ground state: \s22s :S„2 

Ionization energy = 13 882 000± 2900 cm-' (172I4±0.4eV) 

The resonance lines 2s *S-2p ^p. 'PL? were ob
served in the solar corona at 222.99 A and 279.69 A by 
Sandlin. Brueckner. Scherrer. and Tousey (1976). We use 
the laboratory measurements of Lawson and Peacock 
(1980) with an uncertainty of ±0.03 A. giving a level 
uncertainty of ±50 cm"'. Hinnov (1979) reported ob
serving these lines in a tokamak plasma. 

l i e 2s— Ip and Ip — is, Id transitions were reported 
by Goldsmith. Fddroan. Oreo, and Cohen (1972). These 
series were remeasured and extended by Boiko. Faenov, 
and Pikuz (1978) to Ap and Ad by measurements in the 
range of 9-13 A with an uncertainty of ±0.003 A- The 
uncertainty of these high-lying levels is ±3000 cm"'. 

The ionization energy was determined by Edlen (1979) 
from the Ip —nd series. 
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Cr XXM 

Z = 24 

He i isoelectronic sequence 

Ground state: Is" '£> 

Ionization energy = 60 344 0 0 0 r 12 000 cm"' (7481 8 = 0 6 eV) 

Because of the excellent agreement of the calculated 
energies of the n = 2 shell by Safronova (1981) with the 
few well-measured spectra in the He i sequence, we have 
computed her results for the n = 2 levels and for the ioniz
ation energy. Detailed comparisons are given in the Intro
duction. Levels of the n = 3 - 5 shells are from the calcu
lated binding energies by Ermolaev and Janes (19/4) 
subtracted from Safronova's value for the binding energy 
of the ground state. We have assumed an uncertainty of 2 
pans in 10* for the excited levels relative to the ground 
state, and for the ionization energy (see Introduction). 
For differences between excited levels where An = 0 . we 
assumed an uncertainty of 2 parts in 103. 

Observations by Neupert (1971) of a solar flare spec
trum place the Xslp 'PT levd at 45 540 000 cm ! and the 
U2p 'PT at 45 890 000 cm ' with an estimated uncertainty 
of =60000 cm ' 

Percentage compositions are from Ermolaev and 
Jones. 
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Cr xxnr 

Z = 24 

H i isoeiectronic sequence 

Ground state: Ii : S , : 

Ioniraon energy = 63 675 900*200 cm : (7894.87*0.02 eV) 

Swanz. Kastner. Rothe. and Netipen (1971) identified uncertainty in the excited states relative to 2p :PV : is I 
the Ii - 2/7 unresolved pair of lines in a solar flare spec- part in 10*. 

ftvtarancos 
trum at 2 08 A. 

We give calculated values by Mohr (1983) for the it = 2 
shell and by Enckson (1977) for n =3-5 relative to the 
2/7 : P " : level. Further details are given in the Intro
duction Relative to the ground state, the level uncer- s » ^ M . K « ^ / s . f a ^ E . « r t N e ^ p m ! w YiVruJ Ph>* M. 
tainty is estimated to be 5 parts in 10*. The IT4T. 
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F. Atomic Transition Probabilities of Chromium 
(Enroled from: Q. A. Martin, J. R. Fahr, and W. L. Wiese, J. r*ys. Chem. Ret Data 17, 3(1988)] 

1. Introduction 2. Itwthod of DrfJurtlon 
amw •"aavaPMnirvjfl ws»a; nj»wnajB^st«mBHavsran: 

The foOowiag tables, including tbeaKrodnctory < 
, are excerpted front the above cited coaapBatioa of 

aaanoa piubabiitks by O. A. Martin, J. R-
W. L. Wime of the Data Center on Atoeac 

T n i m h i Piuoabiitio at the Naboaal ImbMc of 
and Technology (torascrly the Natmaal 

i of Standards). 
Thai • part of the third major critical coaapiatioa by 

the MBS Data Center oa Atomic Tn 
ties. A first tabdarioa1 i iisiiaM, 
for aboat 4J0OO ipectral fanes of the i 
tawaghaeoa, atomic — I n n 2 - 1 through 10, mctod-
mg the neatral atoms as well as tbek various ham. waa 
pobtished in 1966: A second data votame* v a iamed in 
1969, i maaimn dam for aboat 5,000 tinea of the de-
meats lodimn ( Z - H ) throogh calcium (Z-20% again 
for aD stages of ionization for which data wercsvaflable. 
The dam cooajnUtioa work then coatmaed with a aeries 
of amaDer tabic* fur the atoms and iooa of the dements 
of the iron group, Le, Sc and Tr\ V, Cr, and Mn*; Fe, 
Co, and N?; and the forbidden ones of aD these de
ments.' From the ĥ fJmMwg, ft has been the intention to 
integrate these smaller tabulations into a angle volume 
for the iron-group demram, in updated and expanded 
form. Unexpectedly, a great deal of new data were gen-
erated for these elements during die past few years, often 
with much improved accuracy, so that the revisions and 
additions became very extensive. Thus it took a much 
longer time than anticipated to complete these largdy 
new data tables, and the greatly expanded tabulations 
had to be split into two separate volumes. Chromium is 
included in a volume that contains the material on the 
elements Sc (Z -21) through Ms (Z -25), and a com
panion volume7 contains the material on Fe (Z -26) 
through N i (Z -28 ) . 

In the present compilation, the scope and format of 
the earlier tabulations is maintained, Le., critically evalu
ated atomic transition probabilities of allowed and for
bidden discrete transitions of all stages of ionization are 
presented for which reliable date are available. Data are 
listed for at least the more prominent lines of each spec
trum, even if some of these data are of low accuracy. 
Furthermore, transition-probability data are also pre
sented for weaker transitiom if the accuracy of these 
data hat been estimated to be better than ± 50% 

The original literature is continually monitored by this 
NBS Data Center, and a master reference list is main
tained from which all literature sources for this compila
tion have been taken. 

For the complatioa of dam on a critical basis, the < 
tral task is the evaluation of the data accuracy aad the 
substernal choice of the •oat aumale materiaL In or-

eral gakVposti were established for each experimental 
aad theoretical approach ia earlier cocapiatioa work, 
and these criteria were aaaataiaed ia this work. Specsfi-
caDy. each origan! literature aoarce was jwlgcd by the 

of the capabilities and rebV 
or theoretical 

(1) A 
of the 

(2) The author's consideration of the major critical 
factors in his approach that eater into the results. 

(3) The degree of agreement and general comistenry 
between the author's results and other reliable 

(4) The degree of fit of the data into established sys-
tematk trends and, if deviations exist, the reasons 
for such disagreements. 

(5) The author's estimate of his uncertainties. 

The general evaluations of each experimental and 
theoretical method have been discussed in considerable 
detail in the mtroduction* to previous tabulations.'"* 
Thus, these publications are to be consulted for further 
details. However, it should be pointed out that in this 
tabulation, particularly interesting situations are illus
trated by providing comparison tables or graphs in the 
mtroductions to individual spectra. 

With respect to error estimates, one should note that 
the theoretical literature sources, which provide a large 
part of the data, generally contain no error estimates, 
since no reliable assrssmrnt of the uncertainties intro
duced by the various approximations is possible. But 
even for the experimental papers, where error estimates 
may often readily be made, the statements by some au
thors are too imprecise and also incomplete, so that they 
are not particularly useful as presented. Sometimes only 
statistical measurement errors have been given, without 
allowance for systematic errors. It therefore became es
sential to judge each paper by the principal factors 1-4 
listed above, in addition to utilizing the author's error 
estimate (point (5)) whenever appropriate. 

F - 1 
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3. GeneraJ Arrangement of the Tables 

The same general arrangement of the tables is used as 
in earlier volumes," Le., data are included which serve 
to identify the spectral lines, as well as the actual transi
tion probabilities (and related quantities), accuracy esti
mates, and references to the sources of the compiled 
materiaL However, for most of the spectra of neutral and 
singly-ionized atoms of the iron-group elements, the 
transition array column was dropped. Instead, in order 
to identify the lower and upper levels of a transition, the 
level designation scheme of C E. Moore* was adopted, 
who affiled lower-case letters (aJ>tr.^cyjL) to the 
term designations. This convention b also retained in the 
very recent tables of "Atomic Energy Levels" by J. 
Sugar and C Corliss.* In other special cases, the notation 
was adapted to the special coupling situations encoun
tered in those spectra, as, for example, the Jj coupling 
encountered in Ne-Ute ions and J J and J, t coupling for 
Ax-like ions. 

Material pertaining to spectral-line identifications has 
been taken from the comprehensive wavelength tabula
tions of Reader and Corliss." Kelly,"-" and Kelly and 
Palumbo," the muitiplet tables of C. E. Moore, 1 4 4 5 and 
the recent energy-level compilation of Sugar and Cor
liss* (this last reference supersedes earlier compilations 
by Sugar and others1**"). The wavelength and energy-
level data from these sources have been supplemented by 
original literature data when needed in the course of 
preparing the transition-probability tables. 

Wavelengths and energy levels which are the results 
of theoretical calculations, or which were either calcu
lated from experimentally determined data or interpo
lated or extrapolated from data on similar (e.g., 
isoelectronk) species, are placed in square brackets in 
order to distinguish them from the usually more accurate 
experimental material. 

For each transition-probability table which contains a 
minimum of twenty distinct wavelength values, a "list of 
tabulated lines,** has been provided, in ascending order 
of wavelength, of the spectral lines contained therein, 
along with an index to the mulriplet number (or num
bers) in which each is to be found. Wavelengths that are 
printed in italics in the trarisition-probabtlity tables are 
not included in these line lists. 

The uncertainties in the atomic transition-probability 
data are denoted by letters as follows: 

A . . for uncertainties within 3 percent, 
B . . for uncertainties within 10 percent, 
C . . for uncertainties within 25 percent, 
D . . for uncertainties within SO percent, 
E . . for uncertainties greater than 50 percent. 

The word uncertainty is used here with the connota
tion "estimated extent of the deviation from the true 
value." The estimation procedure is based on the evalua
tion of random errors as wdl as estimates of the maximum 
effect of possible systematic errors. Often, further distinc
tions were made in the uncertainty labels by assigning 
plus or minus signs to some transitions to indicate that 
these lines are estimated to be somewhat better or worse 
than similar lines. These should, therefore, be the first or 
last choice among similar transitions. 
A summary of the abbreviations and special symbols 

used in the tables is given in Section 4. Included there for 
convenience are formulas which relate various proper
ties of individual spectral lines to those for entire multi-
plets. In Table 1, the conversion factors are provided 
which have been used throughout this compilation to 
convert from transition probabilities to oscillator 
strengths and line strengths, and vice versa. 
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The actor ia each box 
TABLE 1. O m e n t a factors 

by —*|ilii lii IB dw quantify abate k i ^ one at in; left. 

Au / - S 

1 6J67DI x IO ĴTI 
ft*1 

El 
2.026.x 10* 

1 6J67DI x IO ĴTI 
ft*1 

E2 
LaTW.xlO" 

A* 1 6J67DI x IO ĴTI 
ft*1 

Ml 
2j697*xlO n 

ft*' 
1 6J67DI x IO ĴTI 

ft*1 

M2 
6*26, x HP 

U L499, x 10**tfr* 1 
El 

303.7, 

El 
4.935, x W—gtX' 

El 

3.292, x lO-'g,*. 5 5.952.x 10-" *j»X' 

El 

3.292, x lO-'g,*. 1 5 
Ml 

El 

3.292, x lO-'g,*. 

3.707, x lO^gti? 
M2 

1509, x 10- a* tX* 

Tbeboe 
are at follows: 
For El 
ForE2 
For Ml 
ForM2 

(5) m given m 

•le* - 7.18*, x 10"" m* C* 
ate1-2.012* x 10"* • •C* 
ni - (tft/4«mw)2 - 1600? x 10-* J* T"2 

pfci - 2.408* x lO"" J* •* T "I 

for 

where «» e, m,, and ft are dw Bohr radius, electron charge, electron 
rcspectivdy. and a* is dw Bohr magneton. 

and Planck 

The transition probabiiry (An) * in unto of a'1, and the/-value if daiwnaVinlcm The wavdeogdi 
(X) • given in Angstrom unit*, and g, and ft are die statistical weight* of dw lower and upper levd, 
respectively. 
(Note: tiw definition of dw line sOesglh for E2ttann^ 
an 5-value diet if 50% higher dum that employed here and in earlier NBS tranaiooo-probabajty 
coaptations. Such line atreaglbj have been muttaj>lied by { before tabutatb^dtea here, aoddua fact 
ii indicated in die abort introduction* to tfw pertinent data table*.] 
For die atomic coojtant* catering into the relations given in dus table, tfw rrrflminwirtatfon* of tfw 
CODATA Talk Oroup on Fundamental Coo»tant> (E. P. Cohen and B. N. Taylor, Rev. Mod. 
Pby*.», 1121 (1987)) have been used The 1987 value* were not avaflable at the tine that most of 
die data wa* compiled for du* publication; however, dmVrace* berweea dieae and die earlier 
(CODATA Task Oroup, 1S73) value* of dw fundamental constant* were unload, which amount to 
only 0.002% or lea* for die El transttoo* tad 0.05% or lam for dw Ml, E2, and M2 (forbidden) 

i and have dwrefore not affected dw tabulated data. 
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4. K*̂  to Abbrwriattons and Symbols UMd 
InttMTablM 

(B) Relations between the strengths of allowed lines and 
the total nwhjplet strength: 

of accuracy: 

wdun3 percent, 
'"' 10 percent, 

25 percent, 
warn SO percent, 
greater than 50 percent. 

the source column of 

1. Symbols for 

A 
B 
C 
D 
E 

2. Abbreviations 
allowed transition* 

Is « L 5 coupling rules applied 
it — normalized to a scale different from tfcat of 

the anchor (as explained m the introductory 
remarks to the pertinent spectrum). 

tnterp. « derived by an interpolation technique, 
rather than taken directly from me literature. 

3. Special symbols used in the wavelength and energy 
level columns: 

Tne number in parentheses under the multiplet desig
nation refers to the sequence number of Ref. 14 (Revised 
Multiplet Table). If letters "uv" are added, they refer to 
the sequence number of Ref. IS (Ultraviolet Multiplet 
Table). 

Numbers in italics indicate multiplet values, Le., 
weighted averages of line values. 

Numbers in square brackets mdicue approximate cal
culated or extrapolated values. 

Useful Rciakns 

(A) Statistical weights: 

The statistical weights are related to the inner quan
tum Dumber JL (for one-electron spectra:;,) of a level 
(Lt\, initial or final state of a line) by 

U - 2/* + 1. 

and to the quantum numbers of a term (initial or final 
state of • multipUt) by 

g „ - ( 2 L + l ) ( 2 S + l ) . 

(The "multiplet" values gM may also be obtained by sum
ming over all possible "line" values j t . S u the resultant 
spin.) 

1. Line strength S: 

S{i.k)~^S(/.Jk) 

or 

5(Mottjplet) - XS (line) 

(k denotes the upper and i the lower term). 

2. Absorption oscillator strength fu: 

xX(/„' J») x / ( / . / , ) . 

The mean wavelength for the multiplet, x*, may be 
obtained from the waghted energy levels. Often the 
wavelength differences for the lines within a multiplet 
are small, in which case the wavelength factors may be 
neglected. 

3. Transition probability Am'. 

A f " ( I ^ I ^ + l) /& { 2 J t + 1 ] 

Relative strengths S(Jt,Jt) of the components of a 
multiplet are listed for the case of LS coupling in C. W. 
Allen, Astnphyskal Quantities, 3rd ed. (The Athlone 
Press, London, 1973); H. E. White and A Y. Eliason, 
Phys. Rev. 44,7S3 (1933); B. W. Shore and D. H. Men-
zel. Principles of Atomic Structure, p. 447 (John Wiley & 
Sons, Inc., New York, 1968); L. Goldberg, Astrophys. J. 
91,1 (1935) and U, 11 (1936). 

5. RwfwTwncM 
'W. L. Wave. M. W. Santa, aadB.Kt Gleaaoo, "Atonic Transition 

rrebabflitim-Hydrocta mro»(b Neon." Vol. I. NSRDS-NBS 4 

*V. L. WMK, M. W. Sana, aad B. M. Mflea, "Atomic Truuidoa 
ftobabOba-Sodm duonga CririaaV Vol. 0, NSRDS-NBS 22 

*W. L. Wmw aad J. R. Pair, J. rays. Ckeav Ret Dan 4,263 (197J). 
*S. M. Yoaaaw. J. JL Pate, 0. A. Martin, aad W. L. Wiow, J. Pays. 

Chan. Rat Data 1,4*5 (197*). 
'1. R. Paw. 0. A. Marts, W. L. Wkac, aad S. M. Younger, J. Pays. 

Caaa. Wet Data It, 305 (19*1). 
•M. W. Sana aad W. L. Wiaw, J. rays. Cham. Ret Data J, 85 (1973). 
'J. R. Paw. O. A. Mama, asd W. L Wane, "Atomic Traaaooo Froc-

abUom-Uoe fnroncfc Nickel," J. Pay*. Cbem. Ret Data 17, 
8aj«L4(19»i> 

•C.B. Moon, "Atomic Eaarp Uvda," Vote. I and n, NSRDS-NBS 
35 (1971). (*«•*•* of NBS Ore. 467, orijiaaJly awed ia 1949 aad 
1952.) 
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*J. SMST Md C Ccna, - A B M C Baser Lewa of the bM-PMad 
B w k PnlMaalMnM>;lficia.-J.nM.CaM Irf M i K 
SMit.2(IJ«S>. 

•I. wafer Md C CaSm, CRC B a n t a * a( Ckwiqf a d Fhjatt, 
am Bd. (19N-C7L ap. B-1S7 to B-313 (CRC PNM. toe, Boca 
R—.FL). 

"K. L. KM>. - A B M C E M W L a a a the Near Unmaki: Hjfdr-
f n Msnafc Kqptta." See*. I Md II. HASA Tech*. H c M M d 
K M (1979} 

°R. I . KM>. "AKwic Md loac Spectral Lac* Bdcw 2000 
A M M K H d̂raMB MnMjh Kijutua," J. Pay*. fa*a Raf. 
Dan KSaML 1(1917). 

•R. I- EaOy a d U J. raaMO. "AftMic Md leak E M M Lac* 
Below 2000 AiMortMt—IlfdtMM Mraaal uyptoa/* Naval Res. 
Uh.Bc**. 739* (1973). 

•^KUoaK.-AUmui^Ta^<dAMtafkrmedimatm,-t£<ned 
Boas*. NSBDS-MBS 40 0*72). 

•^E.Moc^-ABUcnvic4clMalipictT*Me,~NBSC^4S8 >U.S. 
GovcxaaaaNat Ott,WiitaU11.DJC(I960). 

"J. Sanr Md C Gooa. J. Pay*. C a m Ret Data «. 317 (1977); 7, 
1191 (1971X9.473 (UW). 

° C C o n * Md J. Saaar. J. Pap. Cam. Ret Dam «, 12S3 (1977); «. I 

awn. 

http://Uh.Bc**
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Chromium 

Ground State: U'2sz2p*3s*3pW4s 7S, 

Ionization Energy: 6.76669 eV = 54575.6 cm ' 

Allowed Transitions 

List of tabulated lanes 

Wavelength (A) No 
—r • 

Wavelength t A) No. Wavelength (A) No. 
i 

i Wavelength (A) 
i 

No 

1999.95 51 2703.48 32 3163.76 92 

i 

! 4065.71 173 
2095.00 7 2716.18 31 3169.58 92 4081.74 68 
2095.40 7 2726.50 15 3237.73 91 ; 4097.69 82 
2095.83 7 273i.90 15 3238.09 91 : 4109.58 69 
2354.30 50 2736.46 15 335197 5 4111.33 82 
2364.73 G 2751.58 30 3379.17 5 4126.51 57 
2365.91 6 2752.85 30 357868 4 4165.52 193 
2366.8! 6 2757.09 30 3593.48 4 4203.59 57 
2375.06 49 2761.74 30 3605.32 4 4204.48 168 
2383 30 49 2764.36 30 3615.65 3 4211.48 90 
2385.72 49 2769.90 30 363528 3 4213.18 115 
2389.21 48 278070 30 3639 80 61 4222.75 104 
2408.fcC 46 287163 29 3730.81 2 4230.49 104 
2408 72 47 2879 27 29 3732.03 2 4232.23 188 
247914 45 2887 00 29 3743.89 6C 4234.52 126 
2492.57 43 2889 22 29 374449 60 4235.99 103 
2495 08 42 2893 25 29 3757.17 60 4237.72 103 
2496.30 43 289417 29 3757.66 60 4238.96 102 
2499 84 43 289676 29 3758.04 60 4242.84 102 
2302 55 44 2899 20 29 3768.24 60 4248.34 102 
250431 43 2905.48 29 3768.73 60 4252.24 102 
2508.11 41 2909 05 29 3804 80 105 4254.33 1 
2508.97 4! 2910.H9 29 3849 54 25 4255.50 89 
251362 41 2911.15 29 3852.22 25 4257.35 102 
2527 11 41 2967 64 28 3883 29 24 426135 81 
2538 95 17 2971.10 28 3885.24 24 4261.63 127 
254470 17 297548 28 3886 80 24 426237 114 
2549.55 40 2980.78 28 3894 04 24 426315 161 
256070 40 2988 64 14 390291 24 4268.79 167 
2571.74 40 299188 28 390317 24 4269 96 114 
2577.66 40 2994 06 14 3908.76 24 4271.07 114 
257914 38 299509 13 3916 25 24 4272.93 81 
2584.67 39 2998.57 28 3919 17 24 427481 1 
2588.19 38 2998.78 14 392103 24 4275.98 155 
2591.84 40 300088 28 3928.65 24 4280 42 lbl 
2603.56 38 300:-. 06 28 394150 24 4280 89 145 
261827 36 301372 27 396369 59 428300 187 
2620.48 34 301520 26 396975 59 428840 124 
2622.87 35 302067 26 397602 59 428973 1 
2625.32 37 302158 26 398124 70 4291.97 145 
2626 60 35 3024 36 27 398390 59 4293 58 81 
2629.82 36 3029 17 27 ! 3991 12 59 4296.11 200 
2669 36 32 i; 303025 26 400144 165 ! 429630 124 
2671.98 32 303135 26 403910 162 4296.63 161 
2673.64 32 ' 3034 19 27 403929 162 4297.06 67 
2678 15 32 j| 303705 26 404225 58 429775 161 
2680.33 32 |i 304084 26 j 404878 162 4298.05 200 
2690.25 32 j) 3053.87 27 i 404978 162 4299.72 81 
2696 53 16 3148.44 92 | 405003 58 ! 430052 145 
2700 59 31 3155.16 92 i 405783 162 | 430119 145 
270199 33 1 3)6062 92 ! 405878 162 I 430278 199 
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List of tabulated lines — Continued 

Wavelength (A) No. Wavelength (A) No. Wavelength (A) : No. Wavelength (A) No. 
, , 1 f* , ij 1 

430547 81 444228 86 
4307.67 198 4443.72 152 
4309.73 186 4459.75 99 
4312.48 125 4460.76 66 
4317.91 186 4462.79 99 
4319.66 81 4464.66 99 
4321.25 74 4465.37 99 
4321.62 125 4467.57 99 
4325.08 88 4475.36 80 
4325.65 124 4477 05 66 
4330.76 113 448027 135 
4332.57 124 4480.36 151 
433725 185 4482.88 135 
433757 23 4490.55 164 
4338*) 136 4491.69 80 
4339.45 23 4491.86 74 
4339.74 23 4492.31 135 
4340.14 67 449528 174 
4341.46 67 4496.85 12 
4343.17 67 4498.73 71 
4344.51 23 43W29 112 
4345.08 136 45J1.79 71 
4346.83 88 4503.04 201 
4347 49 77 4506.84 IK. 
4351.06 23 4510.02 197 
4351.77 23 4511.90 112 
4353.94 136 4514.36 181 
4356.77 101 4515.44 96 
4357.51 136 4524 84 172 
4359.65 23 4526.44 56 
4362.97 73 4527.33 56 
4363.13 87 4527.45 76 
4368.25 101 4529 84 56 
4368.90 136 4530.48 85 
4370.76 166 4530.68 56 
4370.87 160 4530.73 56 
4371.28 23 4530.93 96 
4373.26 23 4531.24 96 
4373.65 192 4535.13 56 
4374.17 88 4535.69 56 
4375.34 87 4535.75 56 
4376.80 192 4539.76 56 
4377.55 74 4540.49 56 
437977 101 4540.72 112 
4381.11 67 4541.06 56 
438286 67 4541.51 111 
4384.97 23 4543.73 85 
4387.38 74 4544 60 56 
439176 23 454523 56 
4393.54 86 4545.95 12 
4397.24 100 ''48 65 180 
4399.82 100 4563.95 172 
4410.31 100 4564.82 123 
4410.97 86 4556.31 144 
4411.11 too 4556.18 123 
4412.25 23 4663.24 159 
4413.00 204 4563.43 72 
4413.86 152 4663.66 122 
4422.70 152 4664.17 203 
4424.10 75 4666.51 22 
4424 29 IOO 4669.63 123 
4428.62 100 4570.99 123 
442993 152 4671.10 98 
443216 71 4671.67 54 
443277 205 4676.11 134 

4578.33 159 
4580.05 12 
4582.40 171 
4583.90 97 
4584.10 122 
458476 97 
4584.94 134 
4585.10 144 
4586.15 122 
4591.41 22 
4592.55 190 
4595.60 179 
460011 55 
4600.75 22 
4601.02 55 
460626 191 
4611.G6 84 
461196 134 
461326 22 
4614.51 158 
4616.12 22 
461727 84 
4619.54 71 
4622.47 150 
4622.76 71 
4625.91 157 
4626.18 22 
4628.48 128 
4633.27 128 
4639.52 128 
4639.70 150 
4641*9 184 
4641.96 157 
4646.15 22 
4646.50 109 
4646.80 128 
4648.12 54 
464823 84 
466129 22 
466216 22 
4654.76 128 
4666.18 109 
465622 202 
466323 128 
4666.90 150 
4666.20 83 
466924 128 
4680.86 120 
468928 128 
469394 83 
4695.14 83 
4697.04 66 
469728 133 
4698.46 128 
469894 110 
4699.69 183 
4700.60 66 
4706.09 120 
4707.73 133 
4708.02 128 
4717.67 120 
4718.43 128 
4722.66 121 
472306 108 
4724.40 108 

4727.13 83 
4729.84 119 
4730.69 108 
473723 108 
4741.09 183 
4743.12 177 
474521 64 
4752.07 178 
4754.73 118 
4715.14 95 
4756.09 106 
475721 177 
475758 149 
47^428 149 
4764.65 94 
476726 149 
4767.86 149 
4770.68 94 
4775.12 148 
4789.32 52 
4792.49 118 
4796.15 176 
4797.68 148 
4801.02 118 
4806.25 64 
4810.7: 107 
4814.25 107 
4816.13 196 
481920 170 
4823.90 195 
482550 107 
4831.63 143 
483625 107 
4838.42 194 
4870.79 106 
4874.65 117 
4880.04 117 
4885.77 53 
4885.97 106 
4887.01 106 
490325 52 
4922.28 106 
493624 116 
4942.49 11 
4944.57 156 
4963.73 116 
495421 116 
4964.92 11 
496620 156 
601321 63 
5032.64 189 
5034.66 189 
5046.04 189 
6061.90 10 
5072.93 10 
6112.60 20 
5123.47 21 
6139.60 142 
6177.42 137 
5192.01 137 
6193.60 141 
6196.46 142 
6200.20 137 
6204.61 9 
5206.02 9 
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Wavtkofth (A) No. j| W**do«th(A> J No. | W««ten«th(A) | No. 
1 f 

W*vel««th (A) | 
I 

No. 

sae.42 9 
!: 1 
!, 5300.74 19 

i ! 
558.60 139 

! 
6630.00 18 

5214.14 131 1 5304.19 
!! 5312J8 

147 5588.05 139 j 6661.10 175 
smsi 62 

1 5304.19 
!! 5312J8 147 5628.64 138 666927 1 175 

5241.47 62 5318.79 147 5642.40 154 ! 6882.40 146 
5243.38 137 5328.36 79 564825 154 ! 6883.05 146 
5247.58 19 :' 5329.17 79 5649.38 154 ' 6925.22 146 
5261.76 153 5329.76 79 5694.72 154 6978.46 146 
5264.16 19 5340.46 147 5702J0 138 6979.81 146 
5265.73 19 5344.77 147 571982 93 6980.91 146 
5272.01 147 5345.77 19 5783.11 129 717056 169 
5287.19 147 5348 JO 19 5783.89 129 7355.93 78 
5293.38 132 5400.58 130 5785.02 129 740022 78 
5296.69 19 5409.78 19 5787 an 129 891624 lb. 
5297 31 79 5442.40 140 5838.68 93 893921 163 
5297.99 79 5548.61 139 5844.60 93 8955.76 163 
5298.29 19 5566.55 139 6330.13 8 • 

For this spectrum, we have utilized seventeen data 
sources, which are all fairly recent experiments. These 
include the absorption measurements of Bieniewski1 and 
Blickwell and co-workers""; anomalous dispersion 
(hook) measurements (plus a few absorption measure
ments) of Huber and Sandeman'; emission experiments 
performed with a shock tube by Wolnik et ol.,*M with a 
hollow cathode by Cocke et al.," and by Tozzi et al.,r 

and with a wall-stabilized arc by Wujec and Weniger"; 
shock tube absorption studies of Huber and Tobey1*; and 
six lifetime determinations'"'19 from which oscillator 
strengths could be directly derived. Another source that 
we used in this compilation is that of Kostyk," who 
derived log ^-values from solar spectra. The measure
ments of Cocke et al. were restricted to "branching ra
tio" determinations, which were then converted to 
transition probabilities by using available beam-foil lifetimes. 

Accurate lifetime measurements are those by Marek,'' 
by Measures and co-workers,*' and by Hannaford and 
Lowe.' who all selectively populated the levels under 

study by means of dye laser excitation and then mea
sured the corresponding radiative lifetimes. Other reli
able lifetimes were measured by Becker et al.,* who 
employed the level-v.-ssing (Hanle) method, and by 
Muek and Ric'iter,' who used the phase-shift technique. 
It is possible to intercompare oscillator strengths derived 
from these lifetime sources for lines of the multiplets 
a S-z "P* and a ~S~y P". This comparison, also in
cluding the absolute scale of Bieniewski, who has per
formed very careful absorption measurements with an 
electric furnace, is presented in Table 1. In convening 
the lifetimes to/-values, we did not include the contribu
tions of non-resonance transitions because of lack of 
data. However, Hutxr and Sandeman estimated that 
these additional decay modes have a practically negligi
ble effect (=: 0.5%) on the lifetimes involved. We con
sider the averaged /-values U,r thes<- two m-jitiplets to be 
accurate to within ten percent, as supported by the ex
cellent mutual agreement among the selected data 
sources. 

TAW t 1 Companion of absorption and lifetime data 

ultiplct AlAl f , 
(Bieniewvki ) (Becker 

tial't 
(Marek and 

Richier'r 
(MarekY 

f . ' 
(Meatum 

Halt 

f. / 
(Kwong and 
Measure*')' 

f..' 
(Hannafnrd 
and l-ovke ')' 

s / r 4254 33 
4274 81 
1289 7J 

0 106 
0 082 
0 05<> 

0111 
0 0*49 
00616 

0111 
00841 
00646 

0 110 0 112 
0 0844 
0 0627 0 063.3 

O H O 

S y r 
(4) 

3578 68 
35<»3 48 
3605 32 

0 3 4 
0 28 
021 

0 355 
0 271 
0 220 

0 402 
0 311 
0 244 

'titled oscillator ttrenglht havr been derived from lifetime measurement* 
"l^veUrowing technique 
Phase shift method 
'later natation technique 
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The most reliable general/-value sources for this spec-
tram are those of Blackwell et a/. 1 1 " and Tozzi et al." 
Blackwefl's group obtained relative oscillator strengths 
by using their well-known absorption technique with an 
electric furnace. Their relative values were placed onto 
an absolute scale either by direct normalisation to accu
rate radiative lifetimes or by comparing their newer 
measurements (at higher excitation potentials) to their 
earlier absolute data, via photoelectric pyrometry. Tozzi 
et al. measured branching ratios in emission, using a hol
low-cathode discharge as a source and a Fourier trans
form spectrometer for the spectral recordings. These 
authors normalized their relative data to lifetimes mea-
jred by Kwiatkowski et al? We estimate that the date 

of Refit. IS, 16, and 17 are generally accurate to within 
ten percent. 

Another source providing accurate date is the work of 
Huber and Sandeman.1 These authors normalized then-
relative date to the lifetimes of Ref. 4. Since these life
times are very close to our adopted absolute scale, we 
have tahnlatrri the date of Ref. 2 without change or 
renormahzation. We have also followed their carefully 
documented error estimates throughout. The date of 
Wohuk et alj* winch are systematically lower than 
those of Huber and Sandeman, have been increased by a 
factor of 1.35 to be consistent with our absolute scale. 
The date of Cocke et al." agree quite well with those of 
Ref. 2 for overlapping lines, so that we have left then-
oscillator strength scale unchanged 

Another compchensive data source that have utilized 
in this compilation is that of Wujec and Weniger. These 
authors employed a wall-stabilized arc to measure the 
oscillator strengths of 275 lines in the wavelength range 
4220-4850 A. They measured the Hne intensities eed-on 
with a photographic detection system. To determine the 
plasma conditions, Wujec and Weniger aed a variety of 
spectroscopic techniques. These techniques revealed 
some significant inconsistencies in the experiment, al
though the /-values for overlapping lines agreed quite 
well with those of an earner NFS compilation (Ref. 14). 
For example, a PLTE analysis and Staik broadening 
study of Ar i lines performed by Wujec and Weniger 
indicated high electron densities, with corresponding 
temperatures of about 11000 K. On the other hand, three 
other methods used by these authors yielded much lower 
temperatures ( = 8000 K) for the same experimental 
runs. These latter methods also produced consistently 
lower temperature detennirations, even for runs per
formed at 50% higher arc currents. Because of these in

consistencies, we have assigned "D" accuracies to the 
date of Ref. 13 and have tabulated them only for un
blended hoes and only if no other date source was avail
able. 

Wujec and Weniger presented two dilfaent sets of 
transition probabilities, corresponding to their different 
plasma analyses. In tins compilation, we have chosen the 
set of date mat was determined by assuming an arc tem
perature derived from the scale of Younger et a/-,1* since 
dm scale is based on reliable oscillator strengths. 

Another reference providing rename /-values is the 
work of Kostyk.1* His oscillator strengths are derived 
from solar date on line depths of Cr I hues, taken from 
the Liege solar atlas." For 45 lines, Kostyk's date over
lapped with date fro-n either BmckweO et a/.'*-1* or Tozzi 
et al" For the 45 lines in common, date for 28 lines 
agreed within 25 percent, and date for 43 hues agreed 
within 30 percent 
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Cr I: Allowed transition* 

No. Multipiet A 

(At 
E, 

tcm i 
E. 

(cm I HO"s I 
5 

•at u.t 
'.oggf Accu- Source 

™ 7 

' I t 

4254 33 

427481 
428973 

2 a "S - z V 
•2> 

3732.03 
3730.81 

3 a S - i "D* 
i3> 

3615 as 
3635.21) 

4 o S - * P" 
14) 

J5899 

3578 SK 
3593 4* 
3605 32 

WIS 7 21 0312 0256 25.2 0.254 B 1.4.5.6.7. 
8.19 

23499 7 9 0315 0110 10.8 - 0 1 1 4 B 1.4.5.6.7 
19 

23386 7 7 03O7 0.0&40 8.27 -0.231 B 1.4.5.7 
23305 7 5 0.316 0.0622 6.15 -0.361 B I.4.5.7.* 

26788 7 7 
26796 7 5 

27650 
27500 

iTUS 

27935 
27820 
27729 

21 

0.0016 3 J l - 4 r 0.029 - 2 o 3 
0.0016 241-4 ) 0.020 - 2 7 8 

5 H - 4 I 
1 5 ( - 4 i 

152 

1.3f-4> 0.011 -3 .05 
3Sf-5> 0.0026 -3 .67 

0881 7 2 9 

148 0366 30.2 
150 0.290 24 0 
162 0 225 18 7 

C-t 
C i 

c-
c-

0.790 B 

17 
17 

1.4.5 

0.409 B 1.4.5 
0.307 B 1.4.5 
0197 B 1.4.5 

3351 97 
3379 17 

29825 
29585 

00012 2 0 i - 4 i 0.015 -2 .86 B 17 
9.91-41 1 3 - 4 ) 00095 - 3 0 7 C + 17 

6 a S x P* 1.165 6 
I U V l l 

i.'iii 0.057 0014 078 100 

2364 73 
236591 
2366 HI 

42275 7 9 1053 0.0057 031 - I 40 C 2 
42254 7 7 0 055 00046 0.25 - 1 4 9 C 2 
42238 7 5 0069 0.0041 022 - l . 5 « C 2 

a S - u f 1095 .1 
IUV 2i 

i77IO 7 21 0 0114 000226 0 109 ISO 

8 a S - z r" 
(6l 

2095 00 
2095 40 
2095 83 

0 47719 7 9 0012 9 * 41 0048 
0 47709 7 7 0011 7 3r 4i 0.095 
0 47697 7 5 0011 5 3 t - 4 l 0026 

216 r* 2 
- 2 29 c 2 
- 2 4 3 c 2 

6330 13 7593 23386 5 7 

9 a S - z r" 5«W* 7593 , » 7 M 5 i 15 
(7) ! ! 

i : ! l ! 
J 520842 : 7593 26788 ' 5 7 

520602 | 7593 ?77»6 5 ! 5 
; ! 520451 7593 26802 5 3 

291 41 Z4f 4) 0.025 

0509 0621 53 2 

0506 
0 514 
05O9 

0288 247 
0209 179 
0124 106 

292 

0492 

0 158 
0.019 

-0 208 

18 

15.17 

15,17 
1517 
15,17 
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CT I: Allowed transition* — Continued 

No- Multiplet X 
(A) : (cm ' 

E. 
(cm 1 

* g> Ak 

(10"» •') 
/U S 

I t t u l 
«Ofrf Accu

racy 
Source 

10. a 'S - z "D* 
(8) 

5051.90 
5072.93 

7593 
7593 

27382 
27300 

5 
5 

5 
3 

5.411 -4) 
0.00159 

2.071-4> 
3.691-4)i 

0.0172 
0.0308 

-2.985 
-2.734 

B 
B 

15 
15 

11. a'S-y'V 
(9) 

4942.49 
496452 ; 

7593 
7593 

27820 
2*729 

5 
5 

7 
5 

0.00198 
0.00161 

0.00102 
5.94*-4) 

0.0827 
0.0486 

-2294 
-£527 

B 
B 

15 
15 

12-
(10) 

iStf.f 7593 | ttcti : 5 ; 15 ; 0.029 0.027 2.0 -0*7 B 15.17 

449685 
4545.95 
4580.05 

7593 
7593 
7593 

29825 
29585 
29421 

5 

: 

7 
5 
3 

0.033 
0.027 
0.024 

0.014 
0.0085 
0.0045 

1.0 
0.64 
0.34 

-1.15 
-1.37 
-1.65 B 

15.17 
15.17 
IV 

13. 
(UT3) 

' 2995.09 7593 40971 5 5 0.43 0.058 2-8 -0.54 ° 2 

14. a ' S - x ' r " 
(u»4> 

t$9S.i 7593 iiooo 5 15 0.41 0.16 8.1 -0.09 D 2.15 

2988.64 
2994.06 
2998.78 

7593 
7593 
7593 

41043 
40983 
40930 

5 
5 
5 

7 
5 
3 

0.52 
025 
0407 

0.098 
0.034 
0.0329 

4.8 
1.7 
1.62 

-0.31 
-0.77 
-0.784 

C 
E 
B 

2 
2 
15 

15. a'S-w'P' 
(u»7) 

S7S0J 7593 utat S IS 0.76 02S6 115 0.10ft C 2 

272650 
2731.90 
2736.46 

7593 
7593 
7593 

44259 
44187 
44126 

5 
5 
5 

7 
5 
3 

0.75 
0.78 
0.75 

0.12 
0.087 
0.060 

53 
3.9 

- 0 2 3 
- 0 2 6 
-0.60 

C 
C 
D 

2 
2 
2 

16. 
(u*8) 

2696 M 7593 44667 5 3 0.12 0.0076 0.34 -1.42 D 2 

17. o ' S - u ' P ' 
(U»9> 

2544.70 
293895 

7693 
7593 

46879 
46968 

5 
5 

7 
5 

0.11 
0.11 

0.014 
0.010 

0.61 
0.44 

-1.14 
-128 

D -
E 

2 
2 

W 
(16) 

663000 8908 23386 9 7 6 « - 6 ) S.H-6) 0.0060 -3.66 D 18 
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O L Allowul tranwtione — Continued 

No Muluplet 
(A) (cm '1 

& * gt A* 
(10*» 'I 

S laggf Accu- Source 
(at. u.) racy 

19. a *D - * T* iU5.i 
(18) 

«0W SS7U 2S 15 0.086 0.022 -0.26 15.17 

5409.78 
5345.77 
5296.69 
5348.30 
5296 29 
526416 
5300.74 
5265.73 
5247.58 

8308 26788 9 1 0.062 0.021 3.4 -0 .72 B 15.17 
8095 26796 7 5 0.049 0.015 1.8 -0 .98 B 15.17 
7927 26802 5 3 0.031 0.0079 0.69 - 1 . 4 0 B 15.17 
8095 26788 7 7 0.017 0.0073 0.90 -1 .29 B 15.17 
7927 26796 5 5 0.033 0.014 1.2 -1 .15 B 15.17 
7811 26802 3 3 0.041 0.017 0.88 -1 .29 B 15.17 
7927 26788 5 7 0.0025 0.0015 0.13 -2 .12 B 15.17 
7811 26796 3 5 0.0085 0.0059 031 -1 .75 B 15.17 
7751 26802 I 3 0.019 0.023 0.40 -1.64 B 15.17 

20. 
119) 

511250 8095 27650 5.7(-5t 2.*-5> 0.0034 -3.70 18 

21. a'D-y P* 
t20> 

512347 8308 27820 9 4 0 ) - 4 i 1.21-41 0.018 -2 .96 D 18 

22. a D - y V iSJJS 
'21 P 

8090 i$SSi 25 15 0.11 0.022 8.2 -0.27 B 15.17 

4646 15 8308 >9825 9 i 0.087 0.022 3.0 -0 .70 B 15.17 
465216 8095 2S.S85 7 5 0.058 0.013 1.4 -1 .03 B 17 
465129 7927 29421 5 3 0.036 0.0070 0.54 -1 .46 B 15.17 
4600.75 8095 29825 7 7 0.025 0.0079 0.84 -1 .26 B 15.17 
461612 7927 29585 5 5 0.041 0.013 0.99 -1 .19 B 15.17 
462618 7811 29421 3 3 0.050 0.016 0.73 -1 .32 B 15.17 
456551 7927 29825 5 7 0.0041 0.0018 0.14 -2 .05 B 15.17 
459141 7811 29585 3 5 0011 00060 027 - 1 7 4 B 15.17 
4613 36 7751 29421 ! 3 0.022 0021 0 3 2 - 1 6 8 B 15.17 

23 a D - z T Ui0.i 
•i2< 

S090 .11070 25 35 0117 00466 167 0.067 C 2.15 

435177 KVtH 31280 9 11 012 0040 5.2 - 0 44 C 2 
1344.51 8095 31106 7 9 0.11 0040 4 0 - 0.55 C 2 
4339 45 7'.(27 30965 5 7 00692 0.0274 195 - 0 864 B -.5 
4337.57 7811 30859 3 5 0.0548 00258 1.10 -1.112 B 15 
4339 74 7751 30787 1 3 0.O44O 0.0372 0532 -1.429 B 15 
43X4 97 8308 31106 9 9 0.027 0.0079 1.0 - 1.15 D 2 
4371.28 8095 30965 7 7 0.041 0012 12 -1 .09 C 2 
435965 7927 30859 5 5 0.054 0.016 11 -1.11 C 2 
435106 7811 30787 3 3 00418 0 0119 0509 - 1 4 4 9 B 15 
441225 8308 30965 9 7 9 . 8 6 - 4 ) 2.2* - 4 ) 00293 - 2 696 B 15 
439176 8095 30859 7 5 000288 5.961 - 41' 00603 -2.380 B 15 
437326 7927 30787 5 3 000524 9 0 2 1 - 4 . 0.0649 2.346 B 15 
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Na Mobipfct X 
(A) (*•-') 

f- U 
(lO*.-') 

U S *««f Aaca-
i " 7 

Suuiot 

24. 
(23) 

JW6L5 MHO yyf55 25 25 0.12 0428 84 -0.16 C - 2 

3919.17 8308 33816 9 9 0.092 0.041 15 -0.72 C 2 
3908.76 8085 33672 7 7 0462 0414 14 - 1 4 0 C - 2 
390241 7327 33542 5 5 0J35 04080 051 -1.40 D 2 
3903.17 7811 33424 3 3 0.018 04041 0.16 -141 D - 2 
394140 8308 33672 9 7 0.028 04051 049 - 1 4 4 C - 2 
3928.65 8096 33642 7 5 0.052 0.0066 0.78 - 1 2 2 C 2 
392143 7927 33424 5 3 0.068 04080 051 - 1 4 9 C 2 
391625 7811 33338 3 1 0.097 04075 029 - 1 4 5 C 2 
388640 8095 33816 7 9 0.022 04065 048 -144 C - 2 
388329 7927 33672 5 7 0.039 0412 0.79 -141 C 2 
3885-24 7811 33542 3 5 0.039 0415 046 - 1 4 6 C - 2 

1 3894.04 7751 33424 1 3 0.039 0426 044 - 1 4 8 C - 2 

25. 
(24) 

| 3849.54 7927 33897 5 3 0.023 04030 0.19 - 1 4 2 E 2 
385222 7811 33763 3 1 0X70 04062 020 -141 E 2 

26. a'D-y'V 
(27) 

302148 8308 41393 9 11 241 0.487 43.6 0.642 B 15 
1 3015.20 7751 40906 1 3 1.63 0.668 6.63 -0.175 B 15 

3037.05 8308 41225 9 9 0.54 0.075 64 -0.17 C 2 
3030.25 8095 41086 7 7 1.1 0.15 10 0.02 C 2 
3020.67 7811 40906 3 3 1.5 021 6.1 -021 D - 2 
3040.84 8095 40971 7 5 0.74 0.073 5.1 -029 D 2 
303145 7927 40906 5 3 0.31 0426 14 -049 E 2 

27. n ' D - i f 
(26) 

3053.87 8308 41043 9 7 0.797 0.0866 744 -0.108 B 15 
3029.17 7927 40930 5 3 038 0.032 1.6 -040 E 2 
3034.19 8095 41043 7 7 0.36 0.048 3.4 -0.47 D 2 
302AM 7927 40983 5 5 1.27 0.174 8.66 -0.061 B 15 
3013.72 7811 40983 3 5 043 0.19 5.6 -025 C 2 

28. a ' D - y ' D ' 
(uv 11) 

3005.06 8308 41575 9 7 0.92 0.097 84 -0.06 C - 2 
3000.88 8095 41409 7 5 1.6 0.15 10 0.02 c- 2 
2996.57 7927 41289 5 3 2.0 0.16 74 -0.10 c 2 
2991.88 7811 41225 3 1 3.0 0.14 4.0 -049 D 2 
2967.64 8096 41782 7 9 049 0.067 4.6 -048 D 2 
2971.10 7927 41576 5 7 0.71 0.13 6.5 -0.18 C 2 
2975.48 7811 41409 3 6 049 0.20 54 -0.23 C 2 
2980.78 7751 41289 1 3 0.510 0.204 2.00 -0.691 B 15 



F - 1 4 

Cr I: Allowed transition* — Continued 

No. Multiple! A 
(A> (cm '1 (cm l> 

A* 
ao*« ') 

S ' log gf Accu- j Source 
(•L u.): racy j 

30. 

32 

a D - x V tSUi 
luv 12) 

288922 
2893 25 
2896.76 
289920 
291115 
291089 
290905 
2905.48 
2871.63 
2879.27 
2887.00 
2894.17 

o D - B f 
luv 15) 

2780.70 
2769.90 
276174 
2764.36 
2757 0* 
2752.85 
2751.58 

a D - i P-
IUV I7i 

2716 1H 
2700 59 

a D - i V 
IUV IHI 

2678.15 
267198 
2669 36 
2703 48 
269(1 25 
2680 33 
267364 

SOfO two 25 | & : 0.93 0.117 ; 273 0.467 C - i 2 

8308 42909 9 9 0.66 ; 0.082 ; 7-« ' - 0 .13 C 2 

8095 i 42648 7 ' 7 0.52 : 0.065 i *•* -0 .34 C 2 
7927 42439 5 5 ; 030 I 0.037 • i* i -0 .73 c- 1 2 
7811 : 42293 3 3 0.15 ! 0.019 \ 0.55 i - 1 . 2 4 D - [ 2 

8308 42648 9 7 0.26 0.025 i 23. -0 .64 D 2 
8095 42439 7 5 0.34 I 0.031 i i I 1-0.66 i D 2 
7927 42293 5 3 0.68 ' 0.051 i 2.5 i - 0 . 5 9 C 1 2 

7811 42218 3 1 1.3 : 0.053 : is i - 0 . 8 0 D i 2 

8095 42909 7 9 0.12 : 0.018 ; i t -0 .89 D - !« 
7927 42648 5 7 0.21 0.036 1.7 -0 .74 ', D 12 
7811 42439 3 5 , 0.27 • 0.055 : 16 ! -0 .78 • D I 2 

7751 42293 1 3 0.33 0.12 : 1-2 ; -0 .91 ; D - 1 2 

8308 44259 9 7 1.4 0.13 11 0.07 C i 2 
H095 44187 7 5 1.1 0.090 5.8 -0 .20 C 2 
7927 44126 5 3 0.68 0047 2.1 -0 .63 D i 2 
H095 44259 7 7 0.37 0.042 2.7 -0 .53 D 2 
7927 44187 5 5 0.68 0078 3 5 -0.41 C 2 
7811 44126 3 3 0.87 0098 27 -0 .53 D > 2 
7927 44259 5 7 0.069 0.011 0.50 -1 .26 D - 2 

H308 
H095 

45113 
45113 

011 00092 074 - 1 0 8 C : 2 
0075 00082 0.51 -1.24 D 2 

7927 45256 5 7 012 0018 079 -1.05 C 2 
7811 45225 3 5 0 12 0022 0.57 -1.19 D - 2 
7751 45202 1 3 0.12 0.039 034 -1.41 E 2 
Km 452H6 9 9 0063 00069 055 -1.21 D 2 
8095 45256 7 7 0 085 0.0092 0 57 - 1.19 D 2 
7927 45225 5 5 0 10 0 011 047 1 27 D 2 
7811 45202 3 3 0 18 0 019 0 51 1 24 E 2 

33 a D - i ' r 

2701 99 K308 45306 0 21 0028 22 060 

34 a D - i *i» 

2620 4* 7927 4«)77 0 19 0 012 0 50 124 

35 a D u 0' 
IUV 21 I 

2622 87 8.308 46422 9 9 0 13 0 013 10 0 92 D i 
2626 60 8.H08 46368 9 i 0 093 0 0075 0 58 1 17 F. 2 

36 J ' D - I ? 

262982 
2618 27 

H095 
7927 

46109 
46109 

0 10 0 0077 0 46 127 F. 2 
0 095 0 0098 0 42 131 F. 2 
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Ore Alhwwl tawaitioni — Cootinmd 

No. htuhipfat k 
( a n 1 ) ( a n 1 ) 

* #» A* 
(ION 1 ) 

U S *ftf Accu
racy 

Source 

37. ati-i't 

262552 8095 46174 7 7 0.091 0.0094 0.57 -1.18 E 2 

38. 

2603.56 
2588.19 
2579.14 

8308 
8095 
7927 

46705 
46721 
46688 

9 
7 
5 

11 
9 
7 

0.062 
0.088 
0.11 

0.0077 
0.011 
0.015 

0.59 
0.68 
0.64 

-1.16 
-1.10 
-1.12 

E 
E 
D -

2 
2 
2 

39. 
(uv23> 

2584.67 8308 46986 9 11 0.061 0.0075 058 -1.17 E 2 

40. 
(u»24) 

2591.84 
2571.74 
2577.66 
2560.70 
2549.55 

8308 
8095 
8095 
7927 
7811 

46879 
46968 
46879 
46968 
47022 

9 
7 
7 
5 
3 

7 
5 
7 
5 
3 

0.65 
0.64 
0.26 
0.43 
0.48 

0.051 
0.045 
0.025 
0.042 
0.047 

3.9 
2.7 
1.5 
1.8 
\2 

- 0 5 4 
- 0 5 0 
-0.75 
-0.68 
- 0 5 5 

C 
E 
D -
D -
D -

2 
2 
2 
2 
2 

41. o*D-o'V 
(uv30) 

2527.11 
2508.11 
250857 
2513.62 

8308 
7927 
7927 
8095 

47866 
47786 
47772 
47866 

9 
5 
5 
7 

9 
5 
3 
9 

0.53 
021 
0.38 
0.11 

0.051 
0.020 
0.021 
0.014 

35 
051 
059 
051 

- 0 5 4 
-1.01 
-0 5 7 
-1.01 

£ 
D -
C -
C 

2 
2 
2 
2 

42. a *D - ( ' t 

2495.08 7811 47878 3 3 0.27 0.025 0.62 -1.12 C 2 

43. a SD - u *r 
<u» 31) 

m
i 8095 

7927 
7811 
7927 iii

i 7 
5 
3 
5 

9 
7 
5 
5 

0.45 
0.56 
0.45 
0.16 

0X164 
0.073 
0.070 
0.015 

3.1 
3.0 
1.7 
0.61 

-042 
-0.44 
-0.68 
-1.13 

C 
C 
C 
E 

2 
2 
2 
2 

44. a *D-(*f 

2502.56 8095 48043 7 9 0.22 0.028 1.5 -0.74 D 2 

45. o*c-ir 
2479.14 7924 48262 5 7 0.098 0.013 0.51 - 1 2 0 O 2 

46 o*D-«*P' 
(uvM) 

240860 8906 49812 9 7 0.67 0.046 3.2 - 0 5 9 D - 2 

47. a * - ( ' t 

2408.72 8096 49608 7 5 0.29 0.018 1.0 -0.90 D - 2 



F-1« 

Crc Alhmadl 

No. Muttipfet X 
(Ai 

B. 
( c a r 1 ) tan'l 

« «• Mi. U S >«c«r Accu
racy 

Soaree 

48. o ^ - x T 
( B T 3 7 > 

238921 7811 49653 3 5 0 2 3 0.033 0.77 -1 .01 D - 2 

49. 
<UT39) 

2383.30 
2385.72 
2375.06 

8308 
8308 
7927 

S02S3 
50211 
50019 

9 
9 
5 

11 
9 
3 

0.41 
0.17 
0.17 

ill 3.0 
1.0 
0.33 

-0 .42 
-0 .89 
-1 .37 

D -
D -
E 

2 
2 
2 

50. a ' D - i i l T 
(uv40) 

2354 JO 8095 50558 1 9 0.081 0.0086 0.47 - 1 2 2 D - 2 

51. o ' D - r V 
(UT48) 

! i 

52. aHi-y'T 
(31) 

1999.95 8308 58293 1 9 1 9 1.4 ; 0.082 4.9 ' -0 .13 ! D -

53. a HJ - i V 
(301 

54. a H - z W 
I32I 

4789.32 
4903.25 

488577 

20520 
20517 

20521 

41393 13 ; 11 
40906 5 3 

40983 7 5 

0.114 0.0331 6.79 ', -0.366 B ! 16 
0.074 O.O16 1.3 - 1 1 0 D lOn 

0.0492 0.0126 1.42 -1.055 B 16 

55. a « - 1 V 

4571.67 
464*12 

20520 
20517 

42387 13 
42026 5 

15 
7 

u.036 
0.018 

0013 
0.0082 

2.5 
0.62 

077 
-139 

D 
D 

13 
13 

56 

460102 20524 42252 11 13 0.C15 0.0056 0.94 - 1 21 D 13 
460011 20520 42252 13 13 0016 00051 1.0 - 11* D IN 

a C - * C 
(33i 

i5j.tr mn U5T.1 45 45 0.205 0.0633 42 5 0454 B 16.17 

4526 44 2DZ2I) 42606 13 13 0 175 0 053* 10 4 - 0.156 B 17 
453073 20524 425*9 11 II 0.15H 004*6 7.9* 0272 B 17 
4535.69 20524 42565 9 9 0.149 0.0460 6 1* 0,3*3 B 17 
454049 20521 42539 7 7 0 150 00465 4*7 - 0 4*7 B 16.17 
454460 20517 42515 5 5 0 169 00523 3.91 0iH2 B 17 
4529 *4 20.120 425X9 13 11 0 011 0 003O 0 5* 141 C t 17 
453575 20524 42565 11 9 0.025 00063 10 1 16 C» 17 
4541 06 20524 42539 9 7 0 034 OOOKI 11 1 14 B 16,17 
4545 :<3 20521 42515 7 5 0034 0 0075 0 79 12* B 17 
4527 33 20524 42606 II 13 0021 0.0077 13 107 B 17 
45.10 6* 20524 425K9 9 11 0036 0014 1* 0.91 B 17 
4535.13 20521 42565 7 •» 0 0 3 * 0 015 1 « 0 9* B 16.17 
4539 76 20517 42539 5 7 0032 0 014 10 1 15 B 16.17 

http://i5j.tr


F-17 

ftt AllmradtraBatiaaa — Continoad 

No. Huttiplet X 
(A) 

* 
(en- 1) 

* 
tear') 

* * A* 
ao*.') 

U 
s 1 •*«f | 

1 
Aoca-
™ 7 

Some* 

57. a'G-y'G' 
(35) 

4126.51 
420&59 

20520 
20617 

44746 
44300 

13 
5 

13 
5 

0.0671 
0.057 

0X171 
0X15 

3X3 
1.0 

-0X62 
-1.12 

B 
D 

16 
10* 

58. o»c-*»r 
(36) 

404255 
4060.03 

20624 
20517 

45256 
45202 

9 
5 

7 
3 

0X088 
0.012 

0X017 
0X017 

050 
0.12 

- 1 5 2 
-2X6 

D 
D 

18 
18 

59. aKi-yft' 
(38) 

3963.69 
3969.75 
396350 
3991.12 
3976.02 

20520 
20524 
20621 
20617 
20520 

45741 
45707 
45615 
45566 
45663 

13 
11 
7 
5 

13 

15 
13 
9 
7 

11 

1.3 
15 
1.05 
1.07 
0.0023 

056 
0.35 
052 
0567 
4.61-4) 

61 
50 
29 
23.5 
0.078 

0.67 
0.58 
055 
0552 

- 2 5 2 

D -
D -
C -
B 
D 

2 
2 
11 
16 
11 

60. a "G - 1 •G* 
(43) 

3743.89 
3757.66 
376854 
3758.04 
3768.73 
3744.49 
3757.17 

20620 
20621 
20517 
20624 
20521 
20624 
20517 

47222 
47126 
47047 
47126 
47047 
47222 
47126 

13 
7 
6 
9 
7 

11 
5 

13 
7 
5 
7 
5 

13 
7 

0.761 
0.413 
0.510 
0.116 
0.119 
0.0601 
0.0616 

m
m

 

25.6 
7.58 
6.74 
2.14 
1.57 
1.69 
1.13 

0518 
-0513 
-0565 
-0.763 
-0597 
-0564 
-1X40 

B 
B 
B 
B 
B 
B 
B 

16 
16 
16 
16 
16 
16 
16 

61. a'G-uT 
(47) 

3630.80 20620 47986 18 11 1.8 050 47 050 D 12 

62 
(59) 

6241.47 
528857 

21867 
21848 

40)30 
•0830 

3 
6 

3 
3 

0.0067 
0X401 

0X028 
0X0991 

0.14 
0556 

-2X8 
-1506 

D 
B 

18 
16 

63. a'V-j'V 
(60) 

601341 21841 41782 7 9 0.086 0X17 2.0 -0.92 D 10* 

64. 
(61) 

i 474631 
480655 

21841 
21848 

42909 
42648 

7 
5 

9 
7 

0.020 
0.0066 

0X087 
0.0027 

0.96 
0.21 

-1.22 
-157 

D 
D -

10* 
13 

66 a *P - / *8* 
(62) i 

1 
1 

i 
I 4697.04 

470060 
21841 

J 21867 
i 

43126 
43125 

7 

3 
6 
6 

0.063 
0.0336 

1 

0.012 
0.0186 

1.2 
0.860 

- 1 0 6 
i - 1 266 

D 
B 

l 

18 
16 

i 



F - 1 8 

O l: Allowed transitioas — Continued 

No Multiplet 
<A> 

E. 
(cm 'i tcm ! i 

* g> A*. U S taggf 
1KL U-> 

Accu- ; Source 
x»cy 

66 a P - ir P" 
163' 

446076 
4477 05 

21848 
21857 

44259 
« 1 8 7 

0.015 0.0065 0.48 -1 .49 D ' 18 
0.013 O.C065 0.29 - 1 7 1 D ; 18 

67 a P - t V 
<64l 

4341.46 
438286 
4340.14 
438111 
4297.06 
4343.17 

21848 
21857 
2I84I 
21848 
21848 
21857 

44875 
44667 
44875 
44667 
45113 
44875 

5 0.0064 00018 0.13 - 2 0 4 E : 13 
3 0.030 00086 0.37 -1 .59 D - i 13 
5 012 0.024 2 4 -0 .77 D ! 13 
3 0.10 0.018 1.3 , -1 .05 D ! lOn 
7 0.048 0.019 1.3 i - 1 .03 D I l 3 

5 0.036 0.017 0.73 i -1 .29 D ! 13 

68. a P - a D -

<66> 

69 a P - < V 

408174 21857 46350 0.012 0.0050 0.20 D I 18 

41095* 2184* 46174 5 0.031 0.011 0.74 -1 .26 : D 18 

70 a P - u V 
i67l 

398124 21H57 4696H 011 0.045 1.8 -0.87 D lOn 

71 a'V-y'V 
mil 

4619.54 
450179 
462276 
449873 
4432 16 

24093 
23512 
24093 
23512 
23163 

457M 5 5 0 16 0051 3 9 - 0 59 D 13 
45719 3 3 0 10 0.030 14 - 1 0 4 D 13 
45719 5 3 Oi l 0021 16 -0 .98 D 18 
J.1734 3 5 0079 0040 1.M 0 92 D 18 
45719 I 3 0 1* 0 16 2 3 -0 .80 D 1H 

72 aP- yT 

73 a'?-t't 

4563 43 24093 46000 0 0055 00024 OIM 192 D 1.1 

436297 23163 46077 1 0 032 0 027 0 39 156 D- 13 

74 a P - w VT 
l)C|l 

4491 H6 
43K7 3M 
4377.5.1 
4321 21 

24093 
23512 
23512 
23163 

463.10 .1 5 0034 0 010 076 - 1 2 9 D 18 
46298 3 3 0 054 0016 0 6 * - 1 3 3 D 13 
4635A 3 5 0033 0016 0 6 9 1 32 D IN 
4629H 1 3 0034 0029 041 154 D ; i-i 

7.1 a 'P - ( 'f 

76 a'P-ft 

4424 10 23512 46109 3 0 057 0 02* 1 2 108 13 

4.127 4.1 24093 46174 0 062 0 027 20 087 D 13 



F-19 

Cr t Allowed tr»nwtion» — Continmd 

No. Multipict X 
(A) (cm -•) (cm"') 

« «» A* 
ao,«-') 

U S 
tat a.) 

**tf Accu
racy 

Soune 

77. a'P-i'ST 

4347.49 24093 47088 5 3 0.019 04032 043 -1.79 D - 13 

78. x'P'-e'S 
OS) 

740022 
73S643 

23)86 
23305 

36896 
wane 

7 
5 

7 
7 

0.135 
0.0914 

0.111 
0.104 

184 
124 

-0.111 
-0485 

B 
B 

16 
16 

79. x^r-tH 
(94) 

532846 
529747 
5329.17 
529759 
5329.76 

23499 
2)386 
2M99 
23)86 
23499 

42261 
42256 
42258 
42256 
42256 

9 
7 
9 
7 
9 

11 
9 
9 
7 
7 

042 
0488 
0425 
040 
04648 

042 
•410 
•4969 
•.12 
04178 

61 
254 
15.1 
15 
241 

046 
0.167 

-0464 
- 0 4 6 
-0.796 

D 
B 
B 
D 
B 

9* 
16 
16 
18 
16 

80. 
(95) 

449149 
447546 

23396 
23)06 

45643 
45643 

7 
5 

7 
7 

0444 
0430 

0413 
0413 

1.4 
043 

143 
- 1 4 0 

D 
D 

18 
18 

81. x'r-rxt 
(96) 

426145 
427243 
42M48 
4299.72 
4306.47 
431946 

23499 
23H6 
23199 
23)86 
23)06 
23)06 

46969 
46783 
46783 
46637 
46625 
46449 

9 
7 
9 
7 
6 
6 

11 
9 
9 
7 
5 
3 

0466 
0447 
0425 
•461 
0476 
0.18 

0422 
0417 
•4070 
•417 
•421 
•430 

2 4 
14 
•49 
1.7 
14 
2.1 

-•.» 
- 0 4 4 
- 1 4 0 
- 0 4 3 
- 0 4 8 
- 0 4 2 

D 
D 
D 
D 
D 
D 

IS 
IS 
18 
IS 
16M 
ION 

82. 
(97) 

4097.69 
411141 

23)06 
2)386 

47702 
47702 

5 
7 

7 
7 

•468 
• 12 

•419 
•461 

14 
24 

- 1 4 3 
-047 

0 
0 

18 
IS 

88. 
(Ml 

4727.13 

•66640 
4096.14 

24290 
24466 
28M4 
24066 

46846) 
46364 

46349 

IS 
11 
9 

11 

14 
11 
9 

14 

•461 
•464 
44S6 
•416 

•417 
0011 
•412 
04090 

84 
14 
14 
14 

-046 
-041 
- • 4 8 
- l . U 

D 
D 
D 
D 

16* 
IS 
13 
IS 

84. • •H-y*H* Hi 24066 
24200 
23034 

46707 
46707 
46616 

11 
13 
9 

14 
IS 
9 

S.U-4) 
•4016 
04930 

141-4) 
4.4(-4> 
64(-4> 

•462 
0407 
•487 

-247 
-220 
-244 

D -
D -
D -

11 
11 
11 

86. • • H - y T * 
(100) 

4643.73 
4630.48 

24066 

am 
46064 11 

9 
9 
7 

0410 
0.0067 

0.0026 
04016 

042 
042 

-146 
-144 

D -
D -

IS 
IS 



F - 2 0 

Cr c Allowed transitions — Continued 

No. ; Maltiplet 
<A» (cm ') (an '» 

* ft A* 
(10* » '» 

f* S 
'«t- U.I 

**gf Accu
racy 

Source 

86. « 1 H - i u i r 
(102) 

444258 24200 46705 13 11 0.019 0.0048 0 9 0 - 1 5 1 D 13 
441097 24066 . 46721 11 9 0.023 0.0055 088 -132 D 13 
4393.54 23934 46688 9 7 0.007 0.002 02 - 1 . 8 E 13 

87. 
U03> 

437534 24056 46905 11 9 0.072 0.017 2.7 -0 .73 D 10B 

4363.13 23934 46847 9 7 , 0.16 0.036 4.6 - 0 . 5 0 D 13 

88. o'H-y'G' 
1104) 

4374.17 24200 47055 13 II 0.103 0.0250 : 4.68 -0.488 C - 11 
4346.83 24056 47055 11 9 0.090 0.021 3.3 -0 .64 D 18 
432506 23934 47048 9 7 0.14 0.031 3.9 - 0 5 6 D 13 

89. a 'H - * T 
1105) 

90. a H - i H' 
1106i 

4255.50 

4211.48 

24200 

24056 

47693 13 15 

47794 11 II 

0.061 

0.0071 

0.019 3.5 

0.0019 1/.29 

-0.60 

-168 

13 

18 

91 a 'H - i-
'1141 

•H' 

323809 24056 54930 11 11 0 2 0 0.032 3.7 -0.46 D 12 
3237 73 23931 54811 9 9 1 3 0.20 19 0 2 5 D 12 

92 a ' H - x 
•115i 

•r 

3163 76 24200 55799 13 15 0.60 0.10 14 0.13 B 17 
3155 16 24056 55741 11 13 0.57 0 1 0 11 004 B 17 
314* 44 23934 55686 9 11 0.56 0 10 9.5 -0 .04 B 17 
3169 58 24200 55741 13 13 :o22 00033 0.45 -1 .37 E 17 
316062 24056 55586 11 11 0027 00041 046 - 1 3 5 D - 17 

93 b D-y 
'119i 

D-

5844 60 24304 41409 7 5 0.0068 0.0025 033 - 1 7 6 D 18 
5719 K2 24304 41782 7 9 0.00496 000313 0412 -1.660 B 16 
5X38 68 24287 41409 3 5 00065 00055 0.3Z -1.78 D 18 

94 * D -t 
'124' 

r 

4764 65 24304 45286 7 9 0OO73 00032 0 3C - 1 6 5 D 13 
477068 24300 45256 5 7 00O9H 0 0047 037 163 D IX 

I 
I 



F-11 

N » „L_ T 

X 
(A) (or 1) 

I 
S i 
km') 

« 4b U s 
tat«J 

Mar 
i « T " — 

95. • « D - ( f 

475644 24282 45396 9 11 9J9W 92969 •26 -1.45 D 13 

96. • • D - v i r 

451544 
453928 
458124 

24282 
24394 
24387 

46422 9 
7 
S 

9 
T 
S 

0222 

9210 

92967 

•2951 

•29 
6X21 
•23 

- 1 2 2 
- 1 2 6 
- 1 2 1 

D 
D -
D -

11 
13 
11 

97. • •D-Cf 

4584.76 
45BSJ9 

24394 
24399 

46199 
46199 

7 
5 

5 
5 

92975 
•216 

92917 
92959 

•48 
•28 

- 1 2 3 
- 1 2 9 

D -
D -

13 
13 

98. * « D - ( f 

4571.10 24394 46174 7 7 02695 •2910 021 - 1 2 8 D - 13 

19. 6«D-»«F-
027) 

4459.75 
446627 
4462.79 
446727 

24304 
24300 
24277 
24300 
24287 

46721 

46678 
46677 
46678 

7 
5 
1 
5 
3 

9 
7 
3 
S 
3 

9284 
0259 
0256 
0237 
0249 iii

ii
 

32 
12 
0.74 
•21 
•26 

- 0 2 6 
- 0 2 1 
- 1 2 0 
- 1 2 6 
- 1 2 6 

D 
D 
D 
D 
D 

13 
18 
13 
18 
13 

100. b'D-uV 
(129) 

44II.1I 
439C82 
4428*2 
441031 
£07.24 

24282 
24304 
24300 
24304 
24300 
24287 

46979 
V W D 
47022 
46879 
44968 
47022 

9 
7 
5 
7 
5 
3 

7 
5 
3 
7 
5 
3 

021 
0.13 
0298 
0.066 
0267 
0.10 

0248 
0227 
0217 
0.016 
0220 
0229 

62 
22 
12 
1.7 
1.4 
12 

-0 2 7 
-0.72 
-107 
-0.15 
-121 
-1.0b 

D 
D 
D 
0 
D 
0 

IS 
13 
10* 
13 
13 
10K 

101. b*D-xHy 
(130) 

4366.77 
436826 
4379.77 

24282 
24304 
24300 

47229 
47190 
47126 

9 
7 
6 

11 
9 
7 

0222 
0.021 
0.019 

0.0077 
02077 
02076 

029 
0.78 
026 

-1.16 
-127 
-1.42 

D 
D 
D 

13 
18 
13 

102. 
(131) 

4238.96 
426224 
424824 
426726 
424224 

24282 
24304 
24282 
24304 
24304 

47866 
47814 
47814 
47786 
47<H« 

9 
7 
9 
7 
7 

9 
7 
7 
5 
9 iii

ii
 %m 

2.5 
1.4 
0.74 
ft.56 
0.61 

-0.74 
-1.01 
-1.28 
-1.40 
-1.36 

D 
D 
D 
D 
D 

10* 
13 
13 
18 
13 

103. 6 U - ( - t 

4236.99 
4237.72 

24277 
24287 

47878 
47878 

1 
3 3 

0.066 
0.040 

0.058 
0.011 

0.74 
045 

-1.27 
-1.49 

D 
D 

13 
i* 

http://44II.1I


F-22 

Crr Allowd trainrtiow — Continued 

No. Multiple! 
lA> 

E 
ion '•} 

R , ' '' ' *• f* 
m i . ) 

k « < f 
• 

Aeca- Sourer 

104- 6 D - m T-
(1321 

4222.75 
4230.49 

24300 
24287 

479"5 5 
47918 3 

7 
5 

0.056 
0.051 

0.021 
0023 

1-5 
0.95 

-0 .98 
-1 .16 

D 
D 

18 
13 

105. 6 1 > - « i r 
iI39l .. 

380480 24282 50558 015 17 0.13 D : An 

106. o V - r l T 
• 143) 

' i 

492248 25039 45349 11 13 0.40 0.17 30 021 D i 9« 
4887.01 24898 45354 9 11 032 0.14 20 0.10 D 1 9« 
4870.79 24834 45359 7 9 035 0.16 18 O.0S D ; 9« 
4885.97 24898 45359 9 9 0.0244 000874 1.27 - 1 104 B i 16 

107. a My H-
'1441 

4836 85 25039 45707 11 13 00160 0.00665 1.16 -1.136 B 16 
481425 24898 45663 9 11 00161 00068 0.98 -1.211 C - 11 
481071 24KM 45615 1 9 0016 00071 0.79 -1.30 D II 
4825 SO 24898 45615 9 9 0.0036 00013 0 1 8 -1 .95 D - 11 

108 aM-yT 
'14.',. 

475609 25039 46058 11 9 0.40 on 19 0 0 9 D 18 
4737.33 24898 46000 9 7 0.338 0OKH5 12.4 - 0 0 9 9 B 16 
473069 24834 45966 7 5 0383 0091H 10.0 - 0 1 9 2 B 16 
4724 40 24898 46058 9 9 00614 00205 2.88 -0.733 B 16 
472306 24834 46000 7 7 0093 0031 3 4 -0.66 D lOn 

109 a « - ir 0-
' I47i 

4656 18 24898 46368 9 7 0.0327 000826 1 14 - I 129 B 16 
4646 VI 24834 46350 7 :> 0058 0 013 14 103 D 13 

110 a V, -i 'f 

469891 24834 46109 7 0022 00052 0 56 144 D 13 

111 aM-iM' 
U49i 

4541 51 24834 46K4' i * i 0038 0012 12 108 D 13 

112 a fJ - y f } ' 
U50i 

4540 72 25039 47055 II II 0314 P 0970 15 9 0 028 B 16 
451 1 MO 2489H ,7055 9 !» 0 165 OiiMM 6 74 0 343 B 16 
4500 29 248.14 47048 7 7 0 21 0064 6 6 0 35 D 13 

u» a <; u r 
4330 76 24*34 47!»|8 7 0014 0 0O28 0 28 171 D 13 



F-23 

j 
Mukipfct 

1 
(A) (cm ') 

«. *• 4>. 
(MS- 1 ) 

U S 
(at. a.) 

faccf Acce- Sonet 

i 
114. | 

(154) 
I 

i 
1 

f 

425:47 

426247 

• 

25099 
24898 
24834 

48445 
48310 
48288 

11 
9 
7 

13 
11 
9 

•463 
0.482 
0.624 

o.r,7 
04)11 
•4644 

2.6 
1.4 
• 4 3 

-t .73 
- 1 4 2 
- 1 4 3 

D 
D 
D 

10« 
13 
13 

115. 
I 
1 

m'G-x'Cr 
(156) 

1 

1 
1 

4213.18 24834 48S42 7 9 •479 •427 2.6 -0.72 D 10a 
1 

116.! 
<1C8> 

; 495181 
499644 
4953.73 

25177 
25106 
25177 

45359 
45359 

9 
7 
9 

11 
9 
9 

9.12 
0.14 
0.4085 

0.066 
•466 
0.0031 

8 2 
7.5 
9.46 

-04ft 
-044 
- 1 4 5 

D 
D 
D 

10a 
:-* 
18 

117. • f-yV 
(167) 

4880.04 
4874.65 

25177 
25106 

45663 
45S15 

9 
7 

11 
9 

00081 
04069 

0.0035 
04032 

Oil 
046 

- 1 4 0 
-1.66 

D 
D 

18 
11 

118. af-yf 
(168) 

4754.73 
4801.02 
4792.49 

24941 
25177 
25106 

45966 

45966 

5 
9 
7 

5 
7 
5 

0.026 
0.306 
0.26 

0.0088 
04)622 
0.064 

049 
11.7 
7.1 

- 1 4 6 
-0.131 
- 0 4 5 

D 
B 
D 

13 
16 
10a 

119. af-i-t 

472984 24941 46077 5 3 0.!7 0X95 2.7 -0.76 D 10a 

120 • T - i r V 
(170) 

4717 f.T 
4706.09 
4680 J « 

25177 
25106 
24941 

4636B 
46350 
46298 

9 
7 
5 

7 
5 
3 

0.0077 
0.035 
0.16 

0X020 
0.0084 
0431 

028 
041 
2.4 

-1.76 
- 1 4 3 
-041 

D -
D 
D 

13 
18 
18 

121. c"P - ( 't 

47224J& 24941 46109 5 5 0.0069 04i023 018 -1.94 D - 13 

122. 
(172) 

. 
4584.10 
4686.15 
4663.66 ill

 

46906 
46847 

9 
7 
5 

11 
9 
7 iii

 0.0081 
0.011 
0010 

1.1 
1.2 
0.76 

-1.14 
- i .12 
- 1 4 0 

D 
D 
D 

13 
13 
13 

123 

466442 
4669.6? 
46661ft 
4670.99 

26106 
26177 
26106 

| 26177 
i 

47066 
47066 
47048 
47048 

7 
9 
7 
9 

9 
9 
7 
7 

0.020 
0.082 
0.077 
0.0043 

0.0080 
0.026 
0.024 
0.0CI0 

044 
3.6 
2.6 
0.14 

-1.26 
-0.64 
-0.78 
-2.03 

D 
D 
D 
E 

18 
IS 
18 
13 



F - 2 4 

No. X R 

O t AMowui W i t i n i n — Coatinutd 

£» f. f* A*. 
tern l» (W« ') 

It*. • • - * » • 

4325.65 : 2510* 
429(30 24941 
4288.40 24941 

US. 
(177» 

4321.62 25177 
4312.48 25106 

126. a T - x V 
(178) 

127. • • F - T 

4234.52 

4261.63 

25177 

25177 

48252 9 7 0 021 
48218 ! 7 5 : 0.028 
48210 5 3 0032 
48252 5 7 0.028 

48310 

48786 

48636 

11 
9 

» 11 

0.017 
0017 

0'J22 

0.064 

0004C C.59 
0.0056 0J6 
0.0053 . 0.38 
0.011 0.76 

0.0058 
0.0061 

0.74 
0.61 

0.0072 0.91 

-1.38 D 13 
141 D 13 

-1.58 D - 13 
-127 D ' 1 3 

-128 i D ! 13 
-1J7 ; D ! 13 

0.014 1.7 

-1.19 

-051 

13 

13 

128. z-r-fo 
<186» 

4718.43 25771 46959 13 11 034 0.095 19 0.09 D 18 
4708.02 25549 46783 11 9 0.431 0.M7 20.0 0.110 B 16 
4698.46 25360 46637 9 7 022 0.057 7.9 - 0 2 9 D 13 
4689.38 25206 46525 7 5 023 0.054 5.8 -0.42 D 10n 
4669.34 25549 46959 11 11 0.0908 0.0297 5.02 -0.486 B 16 
•66333 25011 46449 3 3 0.20 0.065 3.0 -0.71 D 13 
4628.48 25360 46959 9 11 0.012 0.0045 0.62 - 1.39 D 18 
463327 25206 46783 7 9 0.020 0.0082 0.88 -124 D 18 
463952 25089 46637 5 7 0.095 0.043 3.3 -0.67 D lOn 
4646.80 25011 46525 3 5 0.078 0.042 1.9 -0.90 D 13 
4654.76 24971 46449 1 3 0.091 0.089 1.4 -1.05 D 13 

129 i P- - r 
<I88i 

D 

."trr.97 26796 44069 5 7 0.235 0.165 15.7 -0083 B 16 
5785.02 26788 44069 7 7 0.119 0.0596 7.94 -0.380 B 16 
5783.89 26796 44081 5 5 0.202 0101 9.65 -0.295 B 16 
578311 26802 44089 3 3 0.21 Oil 60 -050 D 18 

130 b'P-y 
'191> 

'P* 

5400 58 27223 45734 5 5 016 0068 6.0 - 0 47 0 lOn 

131 fc'P-uD* 
'I93i 

52UI4 27176 46350 3 5 0089 0061 3 1 0 74 D 18 

132 k ' P - i ? 

5293 38 27223 46109 0021 000H7 0 76 136 D 18 



F-26 

Cr t All—wl tranHtM— — Continued 

Na MuhiptK 

———-__—____ 
(A) (era ') 

) 
ft i 

(cm ') : 
* A 

(1C*» ') 
/- 1 

i 
S 

(•Lm.) 
k c * Ac—-

racy 
Son -at 

133. O V - x l * 
(195) 

\ 

1 

| 

______ 

4707.73 
4697.38 

27223 
27176 

1 
48459 i 
48459 1 

5 
3 

5 
5 

0.031 
0.031 

0310 
0317 

030 
9.79 

-1.29 
- 1 3 9 

D 
D 

IS 
u 

134. fc"P-xl* 
(196) 

4575.11 
461136 
458434 

27176 
27163 
27223 

49028 
48840 
49928 

3 
1 
5 

5 
3 
5 

0368 
0080 
0309 

0396 
0377 
0312 

13 
\2 
038 

- 0 3 7 
-1.12 
- I 3 J . 

D 
D 
D 

18 
IS 
IS 

135. 
(197) 

449231 
448488 
4480.27 

27223 
27176 
2716S 

49477 
45477 
49477 

5 
3 
1 

3 
3 
3 

0.447 
030 
0.10 

03811 
0.090 
0380 

630 
43 
13 

-0392 
- 0 5 7 
- 1 3 4 

B 
D 
D 

16 
10* 
IS 

136. O V - n - I T 
(198) 

4345.08 
4357.51 
435334 
436830 

27223 
27176 
27163 
27223 
27223 

50264 
50184 
50106 
50184 
50106 

5 
3 
1 
5 
5 

7 
5 
3 
5 
3 

0370 
0398 
0368 
0.13 
0368 

0328 
0346 
0366 
0387 
0310 

23 
20 
033 
27 
0.72 

- 0 3 6 
- 0 3 6 
- 1 2 4 
-6.78 
- 1 3 0 

D 
D 
D 
D 
D 

u 
18 
W 
18 
18 

137. xTr-TD 
(201) 

524338 
5177.42 
5192-01 
6200.20 

27382 
27650 
27382 
27300 

46449 

46887 
46626 

S 
9 
5 
3 

3 
11 
7 
5 

0*19 
0361 
0.14 
0.11 

03642 
0380 
0381 
0373 

438 
43 
63 
3.7 

-0367 
- 0 3 7 
- 0 3 9 
- 0 3 6 

B 
D 
D 
D 

16 
10m 
10K 
18 

138. av-xir 
(208) 

' 5702J0 
562844 

27817 
27507 

45349 
45359 

11 
7 

13 
9 

03840 
03896 

03196 
00241 

4.34 
81.1 

-0367 
-0.772 

B 
B 

16 
16 

139. O X J - y W 

668836 

5548.61 
568160 lif

i 45707 
45663 
45616 
45615 

11 
9 
7 
9 

18 
11 
9 
9 

03011 
0.0016 
03019 
03019 

6.M-4. 
8.6(-4> 
03011 
8.9T-4) 

0.12 
?'4 
0.I4 
0.15 

-2.17 
-2.12 
- 2 1 0 
- 2 1 0 

B 
D 
D -
B 

11 
11 
11 
11 

140. 
(2041 

6442.40 27507 46(66 7 5 0.039 0.012 1.6 -1.06 D 18 

Ml. 6"C-*«()• 
(206) 

[ 

5193.60 27507 44847 7 7 ! 0.P67 0027 32 -072 D lOn 



F - 2 t 

€ r r Altared transitions — Continued 

No. Mutual* ; X E £ . * ft <*» f- S h*«T Accu Source 
tA>C- •iin ' ' .cm ' iMTn-_v _ U . H 

- • • ' 

racy 

142. 
12-yr'i ; ; - : 

" ' - - " • - f • 

'-5496.45 27817 .47055 U II"v .-.^12-V G S i - - • ; » . i - 0 . 2 7 D 11 
_ «I3Si60 27597 47048 : 7 • , ' - ' ' ' * .B- ' <0Sfr . 5 . 9 -o.« D 16* 

143. 
• _ 

•*£• a 27597 4S288 -!» I- -*.*!*_ ZSyVUbt- ±-*» -1.42 13 

144. t C - i T , 
C >212> 

145. 

45»f'l0 27817 49621 . 1 / ' -"»'-•' -rl»«3£v. :T ^*3S5 "' -4 4 J-l.03 D ,18 
455531 27704 ^ " 496^/"<?- ' 7/'- 0#J9• <-.^JfcWF:-': 955 - l « D .18 

4301.19 27817- "--$100 II C V . » . ~ V ' * » . 
O-052 2TNK S*>6* 9 , 7•'>- d,J3 
4291.97 27597 -jrtkJO 7"'!- 'V-r 0 3 * ; 
4280.89 27597 ^ 8 6 0 "' ' ' * ? * $ & 

"»*JJ • 9.2 -0.19 D • 13 
M i l 5» -0.43 D ! 13 
*<£? 4.7 -0.48 D ! 13 
ft»52 : 0.51 -1.44 D : 13 

i is v r - * TD 

6978.46 
6979.81 
6925.22 
6882.40 
6980.91 
6883.05 

27KJS ^261 
2T9S3-, ' - <£y* ' 
278SO ; '_, 4235*. . 
27729 v ''4*25$--! 
27935 ^ ,^22S6- ; 

27729 L » « . 

9 " 
-7 ' 

0.173 
0059 
0.093 
»tJ9 
•̂'.OIS 

" 0 178 

TS.154 ^ 
.> 0 « T 

«>*43 
MWhU 

: <I.W«D 

Hi 
N.4.9 
11 
9.55 
1.7 
8.61 

0.142 
-0.41 
-033 
-0J75 
-1.12 
-0.420 

B 
D 
D 
B 
D 
B 

16 
18 

i 18 
| 16 
i »* 
I IS 

117 yV-fD 
i225> 

148 aV-wXi' 
(2»0i 

c23!> 

5272.6! 
•i-nn 19 
5*4 19 
5.11288 
53^79 
5344 77 
534046 

477512 
4797 68 

27«» 
27729 
27935 
27820 
2772S 
27820 
27729 

3S*U*?. 

4t?*£l. 
46*37 ': . 

4j,i37 '; 
46525 v 

4<449 v 

495::; 7 9 
49520 5 . 7 

0.101" 
0.042 
0J535 
t*0926 
0C967 
0041 
0145 

0.029 
0013 

00541 
00248 
0.0226 
0.0392 
0.0410 
0012 
0.0372 

6.57 
2.16 
3.55 
480 
159 
15 
3.27 

0013 I 1.4 
00063 j 0.50 

-0.422 
-0.907 
-0.692 
-0.562 
-0.688 
-1.06 
-0.731 

-1.05 
- 1 5 0 

B 
B 
B 
B 
B 
D 
B 

16 
16 
16 
16 
16 
18 
16 

18 
13 

4*0428 
4767 8* 
4*»W •* 
tie. a 

BHMl : 49621 
2M»2 49650 
88AC '• 49650 
28N82 49653 

9 
7 : 

7 : 
5 i 

017 
0 12 
0.051 
0056 

0075 j 82 
0059 46 
0017 i 19 
0019 1.5 

-0.28 
-0&3 
-0.92 

102 

D 
0 
D 
D 

18 
18 
13 
13 



F-27 

Crc Alkmcd tnantiom - Caatmmi 

No. , Mahipiet X 
(A) (a» '( Urn ') 

T 

* 
• • • • 

* A*. 
U0*» ') 

u S 
(•La.) 

ioBtf Aocn- Soviet 

i 

150.: a'D-mlT 
(233) 

4622.47 
4CS540 
409.70 

29837 
28*79 
28*37 

50105 
59184 

7 
3 
7 

7 
3 
5 

0.41 
•JO 
0.077 

0.13 
0.098 
0.018 

14 
15 
14 

-044 
-053 
-041 

D 
D 
D 

18 
IS 
13 

151. « U - » T * 

448046 2H37 50959 7 7 0J85 0411 1.1 -1.13 D IS 

152. 
4234) 

441346 
4443.72 
4422.70 
442943 

28*37 
28579 
28*82 
28579 

51287 
51177 
51287 
51247 

7 
8 
5 
3 

5 
1 
5 
3 

0.27 
0.45 
027 
924 

0467 
0444 
0479 
0471 

5J 
14 
54 
8.1 

-0.40 
-048 
-040 
-047 

D 
D 
D 
D 

18 
IS 
IS 
IS 

153. 
(237) 

5251.7C 29825 48825 7 9 0.13 0469 8.4 -0J2 D 10K 

154. 
am 

5694.72 
5642.49 
564948 

sues 
S U N 
30M5 

48M2 

48659 

9 
9 
7 
6 

7 
9 
7 
5 

0.14 
0.034 
0461 
0.042 

0464 
041C 
0484 
0480 

94 
2.7 
82 
14 

-041 
-048 
-0.77 
-149 

D 
D 
D 
D 

18 
18 
18 
18 

155. 
am 

427648 81280 54M9 11 11 022 0469 94 -0.18 D 13 

156 
am 

494447 
496640 

31028 
31049 

51247 
5U77 

r 
3 

3 
1 

0.13 
040 

0429 
0487 

24 
14 

-044 
-046 

D 
D 

18 
18 

157. t l - y f 
(244) 

4*2541 
4*414* 

81049 
31065 

52*81 
62592 

13 
11 

13 
11 

0.12 
0.090 

0488 
0419 

74 
84 

-041 
-947 

D 
D 

18 
18 

158. «n-«o* 
4*1441 31055 62720 11 9 0467 0.016 24 -0.79 D IS 

159 « 1 - * *H' 
<24C> 

467843 
46*324 

81049 
81055 

62885 
52983 

IS 
11 

11 
9 

0.040 
0.10 

0411 
0488 

2.1 
44 

-048 
-044 

D 
D 

IS 
18 



F - 2 0 

Crc Allowed! 

NOL Mnhjpfet j 

( _ 
iA> 1 

r 

£ 
ta» '> j 

i 
(OB '> 1 

f 
1 

\ 
1 

1 1 * • l > 

| ! 
S i 1 -H 

! 1 

><««/ ACCII- SuufCt 

i6o.: • i - t r t r 

161. i l - i V 

437047 

«47> 

us. «n-x*r 
! (251) 

163., « * - » « -

164. u T - f ' I T 
(2671 

891624 
893921 
8955.76 

4490.55 

165. a *F - c « • 
12681 

4001.44 

166. • 'I - * K' 4370.76 

167. o ' I - ' ' i» 

168. a'l-u 'H* 
(272i 

169 6 'F - v XT 

170 b'F - i *}' 

171 6 'F - , 'H* 

4268.79 

4204 48 

7170 56 

481930 

31055 53926 11 9 0.050 : 0.012 i 14 i -0*9 ; D 

31393 
31355 
31352 

31378 

42606 11 : 13 
42539 5 7 
42515 3 5 

0.0025 ! 0.0035 i 1.1 
94(-4» ! 0.0017 ' 024 
0.0020 ; 0.0040 : 045 

53641 9 7 0.39 0.092 12 

-1.41 ! D 
-208 i D 
-1.92 i D 

-0.08 

31378 56362 9 II 0.68 

32097 54970 13 15 0.025 

13 

4263.15 > 31048 ; 54498 15 17 0.64 020 ; « 0.47 D 13 
4280.42 ! 31049 ; 54405 13 15 0.47 0.15 ;» 029 D 10« 
429775 3I0S5 ! 54317 " 13 0.49 0.16 |2S 025 D 10a 
4296,63 | 

1 
31049 ! 54317 »3 13 0.028 0.0077 ! 1-4 

i 

J 
-1.00 D 13 

4039.10 : 3104* ' 55799 15 15 0.67 0.16 

! 
33 049 B 17 

4048.78 ; 31049 55741 W 13 044 0.16 J27 041 B 17 
4058.78 : 31055 55686 " H 0.67 0.17 124 026 B 17 
405743 ; 31049 : 56686 13 11 0.0072 0.0015 1 026 -I.7I D 11 
403929 : 31049 ! 55799 13 15 0460 0417 1 24 - 0 4 6 D 17 
4049.78 31055 ' 55741 11 13 0.056 0416 1 2.4 -0.75 D 17 

f " 
i 17 
! 17 

13 

' ! : ! 
0.20 24 0 26 D lOn 

0.0083 ! 1.5 : -0.97 D 13 

32097 555i7 13 13 0.17 0.046 8.5 i -0.22 D 13 

32097 55875 13 II 041 0.070 13 | -0.O4 D I 18 

33113 47055 9 11 0.0025 0.0024 0.50 -167 E 11 

33061 53805 7 7 013 0,045 50 0.50 D 13 

45H2.40 33113 ..4930 9 II 0.032 0012 1.7 -0*6 D 13 



F - J 9 

Ctt ABomdl 

NOL 

" " • " (A) 
* 

•cm') ( O B 1 ) 
* A 

no»« •> 
U S 

U t « J 
kuf Aeca- S o u n 

m. bV-cY 
(275) 

452*84 
456398 

33113 55207 
5499S 

9 
5 

9 
5 

0.11 
0.12 

0034 
0.037 

4£ 
28 

-0.52 
-•-73 

D 
D 

13 
13 

171 bf-fcr 
ant 

4066.71 33113 57702 9 11 035 0.11 13 -0u02 D 18 

174. bf-mf 
am 

449628 3S113 •ji^Ffl 9 7 020 0047 &3 - 0 2 7 D 13 

175. zlr-fv 
OK) 

6661.10 
tean 

SW'C 
31b • 

48825 
48(62 

9 
7 

9 
7 

on 
©069 

0072 
0039 

14 
60 

-0.19 
- 0 5 6 

D 
D 

18 
18 

vre. 
an) 

4796.15 3381C 546(0 9 11 0.13 04166 7.8 -041 D 13 

177. 
(290) 

4757 J l 
4743.12 

34190 
33897 

55205 
54975 

5 
3 

7 
5 

0.12 
0080 

0.067 
0045 21 

- 0 5 6 
-0.87 

D 
D 

13 
13 

178. b'1 - »K' 

4752.07 33763 54800 13 13 0.62 021 43 0.44 O 13 

179. b'l-Ct 4505.60 33763 55617 13 IS 0.47 0.15 30 029 D 10* 

180. b 'I - x 1* 

4548.(5 33763 55741 13 13 0.028 0.0086 1.7 -0.96 E 17 

181. 6 ' 1 - C f 

45I4J6 33763 56908 13 13 0.11 0.034 6.5 - 0 2 6 D 13 

182. 6 'I - y 'H' 4606.84 33763 66046 13 11 0.27 0.069 13 -0.06 
-

D 10* 

183.' e'D-v'T I I 

468969 
4741.09 

33936 
33907 

184. c'O-uT 

185 t *D - i 't 

4641.49 33936 

56207 ' 7 9 
54993 3 5 

i t 

56474 1 h 

013 
0.22 

0.066 I 6.0 -0.41 D 13 
0.12 : 5.8 -0.43 ! D I 13 

00088 094 -121 D 13 

433725 33936 56986 5 7 020 0.079 56 040 D 13 



F - 3 0 

O l: Allowed transition* — Continued 

N o Muhiptct * £ £ . g. K> At. f* 
IA> leas i icm l ilO"» '•» 

S tofgf Accn- \ S o o n * 
(at. n-» racy • 

186 cD-uT 

4317.91 
4309.73 

33935 57088 7 5 Oil 0.022 22 -0.81 D 13 
33936 57133 5 3 0.17 0.028 2.0 - 0 8 5 D i 13 

187. c T> - i 't 

4283.00 33935 57276 7 0.088 0.024 : 14 -0.77 D 13 

188. c B - l B " 
•294) 

189. i f l - i T 

190. bti-tW 
•303i 

191 bW->'t 

4232.23 33936 57557 5 7 0.17 0064 ! 45 -0.50 D 13 

5032.54 X5834 55799 13 15 0020 00088 ; 19 , - 094 E 17 
5034.65 35884 55741 II 13 0.017 0.0076 1.4 -1.08 E I" 
5045.04 35871 55686 9 It 0.018 0.0084 13 -1.12 D 11 

4592.55 35934 £7702 13 II 0.13 0035 68 -0.34 D : 13 

460636 358M 575K7 II 9 0 12 0.031 5.2 -0.46 D 13 

192 6 'H - f 'H' 
<304> 

4376X0 
4373 65 

193 b H - ir V 
i3or» 

35934 5K775 13 13 032 0092 17 0.08 D 13 
3SK7I 5872* 9 9 028 0080 10 -0.14 D 13 

194 d F - > -r 

195 d f -' '* 

416552 35MH4 59HH4 II 13 0 75 0 23 35 040 D 10* 

483*42 36559 57221 5 :. Oil 0039 31 -071 D 13 

4MZI30 36552 57276 7 012 0042 47 0 53 D 13 

196 d'f>-t 

197 d V -ff 

198 fXix V 

199 rX, i -f 

4X16 13 3657H 57115 9 9 0 |H 0061 8 7 -026 D 18 

451002 36559 5K725 5 3 0 0041 75i 4i 0056 243 F. 13 

4307 67 37234 60441 II 13 0082 0027 42 -053 D 13 

43027H 37234 60468 II II 025 0069 II 0 12 D i 13 



F - 3 1 

Crt AUovcdtrmaBtioaa —Contmoed 

No. Moltinlet X 
(A) (car 1 ) 

* f . -4» U S 
(at. a.) 

•*ef Aecn- SlPUtt 

290. c'C-o'Gr 

4298.95 
429S.1I 

37244 
372S4 tsu 9 

11 
9 
9 

0J6 
9.089 

0.972 
0.020 

9.2 
3.1 

-0.19 
- 9 4 5 

D 
D 

13 
13 

291. e'S-x'S-
<310» 

459394 378B3 coou 5 3 0.983 0.015 1.1 -1.12 D 13 

202. • • H - l f 

4S5&82 38538 C9*K 11 11 0.11 OJK CO -0.41 D 13 

293. • •H-x«r 45*4.17 38538 C944I a 13 Oi l 0.19 31 0.32 D 18 

291 mfl-tt 

4413*9 38538 C1192 u 13 0.097 0J33 5J - 0 4 3 D 13 

206. r'W-e'H 

4432.77 42397 C4949 15 15 0.49 0.14 32 0J4 D 13 

•The w a h f in paieatha— fallowing the tahnlata< eah» iajdieataa the panel of tea by which thi» vahnt haa to he mmmjoaai. 
T h i Tina ihajtiialiiw % tin li i l l in i|imtinn ~m nnT fin iilnl lij tiaja-anilfnittn in t*"f r-fj I m l rniirititinn IT ft i j i 1Tiim 
Bet Data 14. SBBBL 2 <I9£5», m we have meeormmff oanttad it from thai wark. 

Cri 
V boelectrowic Sequence 
Ground State: U t2>>*3f ,V*M"S I / > 

fonizafiou Energy: I6.4SSS eV = 132966 cm "' 
Allowed Tramitiom 

La* oftabahned beet 

Wavelength lA> No. Wavelength (A) No. Wavelength «A> No. Wavelength (A) No. 

296357 3 2897.09 6 3136.(8 5 4848J4 16 
2(68.59 * 2867.66 1 4064.10 8 4856.18 16 
26*602 4 2870.43 6 4087 JO 8 4876.41 16 
2MB.71 4 2873.81 6 411354 7 4884.56 16 
287IJ0 4 2878.46 I 4639J1 19 6097Jl 10 
2872J3 3 2880.86 6 465601 21 6237 J t 20 
2740.09 2 289863 18 466846 21 6246.76 9 
2744.97 12 2921.81 18 4666.77 19 6249.43 9 
2787.61 12 2930.83 11 4687 JO 27 6279J8 20 
2B22J8 14 2936.12 11 4688.22 21 6306J6 10 
2836.63 1 296334 11 4689J9 21 6908.46 20 
2840.01 14 2846.0a 17 4692,07 21 6310.73 20 
2843.24 I 2971.90 19 4616.(4 21 6313.(1 20 
2849 J3 1 2979.73 13 46I8J2 21 6846.12 10 
2861J6 14 298632 13 4634.10 21 6369 J6 16 
286677 ( 2989.18 13 4697.(1 26 (420.91 9 
2867.40 6 3118.64 5 4716.12 26 6602.07 22 
28*0.92 1 3130.36 6 4812.34 16 6608.63 22 
2892.67 I 3122.69 23 4824.12 16 6063.48 24 
29*672 1 

i_ . ,. 
3128.69 6 4836.22 16 (129.28 24 
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For this spectrum, we have chosen the experiments 
by Musielok and V/ujec' and by Wujec and Weniger.-' 
who measured relative oscillator strengths in emission 
with similar wall-stabilized arc sources. To obtain an ab
solute scale, Musielok and Wujec normalized their data 
to beam-foil lifetimes measured by Engman etalS Wnjec 
and Wenjger, in turn, normalized their data directly to 
the/-value of the 4242.36 A hoe tabulated in Ref. 1. In 
both experiments, a photographic detection system was 
employed, and a low-current carbon arc served as the 
absolute radiation standard. 

Another data source which we utilized in this compi
lation is the wort f Kostyk and Orlova.* These authors 
derived loggf-values from solar spectra by using equiva
lent widths taken from the Liege solar atlas.* In the case 
of Fe i, Kostyk and co-workers* used a similar approach 
in deriving /-values, which are of approximately SO per
cent accuracy. We fed that the data of Ref. 4 tabulated 
here are of similar accuracy. 

For the evaluation of these data sources, we found 
very few cases of overlap, so that no significant direct 
comparisons were possible. Refs. I and 2 overlap only 
for the 4242.36 A line, where the log gf-value of Ref. 2 
was made to agree with that of Ref. 1. Thus, to obtain 
some indication of systematic errors or scatter for these 
data sources, we compared the experimental data to the 
comprehensive semiempirical calculations of Kurucz 
and Peyiremann.' We had found earlier that for many 
neutral and singly-ionized members of the iron-group el
ements,* the /-values of Ref. S compare reasonably well 
with more reliable data sources. While these calculated 
data show considerable scatter in comparison to experi
ment, the /-values of Ref. S appear to be generally de
void of gross systematic errors in the absolute scale. If 
the weaker lines and the intercombination lines are ex
cluded, the majority of the data of Ref. 5 is generally 
accurate within a factor of two. 

By comparing various experimental data to the calcu
lations of Kurucz and Peytremann for Cr II, we found 
indications of systematic deviations and/or errors in ab
solute scale in the experimental results. For example, the 
data of Ref. 1 exhibit a pronounced wavelength depen
dence. The authors indeed suggest that there may be 
problems with their standard source in certain spectral 
regions. The /-values of Ref. 2 show a similar (though 
not as pronounced) dependence—the log gAvalucs of 
near uv lines are loo strong. On the basis of these com

parisons, we have limited the tabulation of data from 
Ref. 1 to lines having wavelengths shorter than 3150 A 
and upper energy levels less than 67000cm -'. 

Wujec and Weniger normalized their data to the 
4242.36 A line of Ref. 1, wtncn appears to be an inappro
priate choice, since this wavelength falls in the region 
strongly affected by calibration problems with the car
bon arc, due to molecular-band emission. Additional er
rors in the work of Wujec and Weniger may have 
occurred because of inconsistencies in the temperature 
measurement (discussed by us in the Cr l introduction). 
On the basis of a comparison with Ref. S, we have 
shifted all log gf-values of Ref. 2 downward by 0.84 dex 
and have omitted all lines having wavelengths less than 
4500 A. 

A comparison of Refs. 4 and 5 reveals considerable 
scatter, as well as a shift in scale — the log gf-varoes of 
Kostyk and Orlova are, on the average, about 50 percent 
higher than those of Kurucz and Peytremann. This com
parison, however, deals only with the weak lines (log gf 
< -1.00), where the data of Ref. 5 are known to be less 
accurate. Therefore, we have tabulated the data of 
Kostyk and Orlova without renormalization. 

Another reference which we originally considered for 
this spectrum is the paper by Goly and Weniger.7 These 
authors measured/-values for over one hundred lines in 
the 2413 - 2718 A region by using a wall-stabilized arc. 
Our graphical comparisons indicate that these data ex
hibit pronounced scatter, as well as a substantial devia
tion in absolute scale. Therefore, they have not been 
included in this compilation. 

RcfrrwtcM 
'I Mmdok and T Wsjec. Anion. Asirophyi. Soppl Ser J*. 119 (1479) 
-T. Wojec and S Weniger. J. Qnam. Spcctroac. Radial. Transfer 25. 

167(1911) 
'B Engman. A Caupp. L 1. Cuius, and I. Mammon. Phyv Scr 12, 

220(1975). 
*R I Kouyk and T. V Orlova. Astromctr.ya AMofa. 4*. "> (I'M]) 
"R L Kurucz and E. Peytremann. Smitruoman Atirophyucal OtMer-

vaiory Special Repon 3o2 ( W J ) 
"V M Younger. J R Fuhr. G A Manin. and W 1. Wiew. J Phyv 

Chcm Ref Data 7. 493 (1978) 
A Goly and S Wemger. J Qoanl Specirmc Radial Tranter 24. 335 (19*0) 

'L Delbouille. I.. Neven. and C Roland. "Photometric Alia* of ihc 
Solar Spectrum from 3000 to '.0.000 A," (Irmitut d'Attrophytique 
de rt'nivemte de Liege. Obtervatotre Royal de Belgique. 197)) 

T. A Gurtovenko and R I Koatyk, Auron AMrophyi., Suppl. Ser 
47. 195(19112) 



F-39 

O n : AUoorad 

No. Maltiplet X 
(A) (em-1) fcm-*> 

* *» A* 
aO'tr') 

U S 
(•LoJ 

•xcf Acco-
w«ar 

Souvct 

1. 

283543 12497 47752 10 12 to 029 27 0.46 c 3 
284324 12804 47465 8 10 9.64 0JS7 74 - 0 J 1 D 1 
284943 12148 47228 6 8 092 0.15 8.4 - 0 4 5 D 1 
286042 11962 46996 2 4 0J69 0J7 82 -0.47 D 1 
286247 12904 47228 8 8 0.63 0077 54 - 0 2 1 D I 
2066.72 12033 46906 4 4 12 046 64 - 0 2 3 D 1 
286746 11962 46824 2 2 1.1 6.14 24 - 0 4 7 D 1 
2878.45 12497 47228 10 8 9474 0J974 0.70 -L13 D - 1 

2. 

2740.09 12148 48692 6 8 0.11 0417 049 - 1 4 0 D - 1 

8. « * D - * , P ' 
<u»7) 

267243 12904 49706 8 6 0.56 0444 8.1 -0.45 D 1 
266157 12033 49706 4 6 045 0456 14 - 0 4 5 D 1 

4. 
<mr8) 

267140 12148 49566 6 4 1.0 0471 84 - 0 4 7 D 1 
2668.71 1208* 49499 4 2 1.4 0475 24 - 0 4 2 D 1 
2666412 12148 49646 6 8 0.59 0484 44 - 0 4 0 D 1 
265849 11962 49666 2 4 0.58 0.12 22 - 0 4 1 D 1 

S. • • D - » T 
(5) 

812046 19691 6IC70 4 6 1.6 049 18 0.12 D 1 
811844 19628 61694 2 4 1.7 040 10 - 0 4 0 D 1 
1116.68 19796 51670 6 6 0.64 0494 54 - 0 2 6 D 1 
8128.69 19691 61684 4 4 041 0.12 44 - 0 4 2 D 1 

6. 
(or 11) 

287048 19798 64626 6 6 14 0.16 9.1 - 0 4 2 D 1 
286749 19691 54500 4 *. 1.1 0.14 5.1 -0 2 7 D 1 
289946 19796 54500 6 4 0.79 0466 8.7 -0*1 D 1 
287341 19691 64418 4 2 088 0464 2.1 -0.66 D 1 
286740 19798 51785 6 8 028 0446 2.6 - 0 4 6 D 1 
2866.77 19681 5(626 4 6 048 0479 3.0 - 0 4 0 D 1 

7. 
(18) 

411824 26047 49706 6 6 0.0012 8<K-4r 0.025 -2.74 D 4 

8. 
(19) 

406410 25047 49852 6 6 0.00)7 441-4) 0.084 - 2 5 9 D 4 
4067.60 26086 49498 2 2 0.0012 3.01-4) 

1 
0.0081 -3.22 D 4 
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Cr IT Allowed tr»n«ition» — Continued 

No. Muluptet X £, C g. *» A t f* S | l°Uf 
1 

Accu- ! Source 
•At (cm ') (an 't <10-i '» («t_iui racy 

9. bV-zf 
i23> 

3420.91 30308 48750 4 2 0.0050 00011 0.78 ; -2 .36 D 4 
3249.43 30308 49706 4 6 9.7C-4I [ 6.01-4) o.o4i ; - 2 6 2 D 4 
5246.76 29952 49006 2 4 00021 ; 0.0018 0.061 ; - 2 4 5 D 4 

10. 
(241 

1 

509733 29932 49565 2 4 0.0015 : 0.0011 0.038 i -2 .64 D 4 
3305.86 20855 49352 6 6 0.0033 0.0014 0.15 ! -2 .08 D 4 
5346.12 30865 49565 6 4 ; 0.0013 3.7<-4> 0.039 j -2 .65 » 4 

11. fP-ytT 
• 

2C?").12 30865 64924 6 8 1.8 0.31 18 0.2? D I 
i*»J.83 29952 64062 2 4 1.1 0.28 5.5 -0 .25 D 1 
2953.34 29952 63802 2 2 1.8 024 4.6 - 0 3 3 D 1 

12. b'P-y V 
luv 5Rl 

•r:^6i 30865 66727 6 6 1.5 0.17 9.6 0.02 D 1 
2744 97 30308 66727 4 6 0.85 0 14 5.2 -0 .24 D 1 

13 a'H-z 'H* 
luv WOi 

297190 30392 64031 14 U 2 0 0.26 36 0.57 D 1 
297973 30299 63849 12 12 1.8 0.24 28 0.46 D 1 
29*5.32 30219 63707 10 10 2.2 0.29 29 0.47 D 1 
298918 30157 63601 8 8 2.2 0.29 23 0.37 D 1 

14 a'H-z V 
luv H2l 

2822.38 30392 65H13 14 16 2 3 0.31 41 064 C 3 
284001 30219 65420 10 12 2 7 0.39 37 0.59 D 1 
285135 30157 65218 H 10 2.2 0 34 25 043 D I 

15 « ' P - i *D* 
<29i 

536936 31219 49838 10 10 ! s.a-4» I * -41 0.024 -2.86 D 1 4 

16 a'Y-iY 

4824 12 31219 51943 10 10 0.017 0.0060 0.96 j -1 .22 D 
1 
1 2» 

4848 24 31169 51789 8 8 : 0.026 ' 0.0091 1.2 t -1.14 i D 1 « 
4876 41 31169 51670 8 6 0.016 0.0043 0.56 i -1 .46 D i 4 
4884 58 31118 51584 6 4 1 0.0058 0.0014 013 1 - 2 0 8 D : 4 
481234 31169 :<1943 8 10 ! 00046 00020 0.25 I -1.80 D ! 4 
4836 22 31118 .'.1789 6 8 ! 0.0020 ' 9 * 4) 0090 ! -2.25 D 2/1 
4856.18 : 31083 51670 4 « j 00026 i 00014 0088 ! -2.26 D \ * 
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No. 
• " * " (A) 

E, 
tea') 

ft *» A*. 
a r t - 1 ) 

U S 
m-mJ 

beef Accu
racy 

SMUCB 

17. af-yV 
far 24) 

288648 21218 C4824 10 8 054 0457 u - 0 2 4 D 1 

18. mV-tV 
tar 85) 

2BS8J2 
282121 

SIZ19 
moo 

C5170 10 
8 

12 
10 

12 
0J0 

0.18 
0.14 

17 
11 

0L2C 
OJO 

D 
D 

1 
1 

18. 
am 

452021 
4S46.77 s 54588 

« 
C 

C 
4 

0401C 
04062 

4J(-4) 
04013 

0444 
0.12 

- 2 5 2 
-2.11 

D 
D 

2M 
2* 

20. 
(41) 

521745 
521221 

S U M S 

5210.71 

I28G4 
S2B66 
22864 
22827 

51542 
51C70 
51788 
51870 
51870 

!0 
C 

10 
8 
4 

ie 
• 
8 
0 
c 

0.017 
04888 
04024 
0J051 
ooon iif

ii 12 
020 
0.14 
027 
0402 

-1J4 
-146 
-2.10 
-121 
-228 

D 
D 
D 
D 
D 

4 
4 
4 
4 
4 

21 b'F-*V 

455826 
458822 
481822 
4684.10 
4666*1 
450247 
461624 

22854 
12827 

22845 
22887 
22855 

22846 

54785 

545(0 
64418 
64785 

64680 

10 
8 
« 
4 
8 
C 
4 
4 

8 
8 
4 
2 
8 
6 
4 
6 

0468 
0.12 
0461 
0J80 
0417 
0462 
0440 
0J012 

m
iinl 

24 
82 
12 
0J8 
048 
041 
0.78 
0482 

-0J8 
-028 
- U l 
-124 
-128 
-122 
-120 
-2J6 

D 
D 
D 
D 
D 
D 
D 
D 

2* 
4 
2 * 
2* 
4 
4 
4 
2a 

22. »<o-»«r 
(SO) 

666828 
22518 
22521 

51780 
61070 

10 
8 

8 
6 

04028 
04028 

04010 
0.71-4) 

0.10 
0.14 

-120 
-2.11 

D 
D 

4 
4 

22. 
(M) 

t\zu» 22524 86710 12 12 044 0484 74 -0.11 D 1 

24. 
(UK) 

tmn 
28270 
28215 

64786 8 
• 

8 
8 

04010 
04011 

84(-4) 
6.M-4) 

0.14 
0478 

-110 
-244 

D 
D 

4 
4 

a. c«D-»r 

4715.12 4(870 68(72 4 2 04078 0.4012 0470 -221 D 2» 
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Cric ABovadl 

No. 

1-

Mahapkt X 
tA> 

E. 
te»-'» 

i • 

* ; A f c f* i * ; 

! t a L a j : 
H '• 

! 1 
locaf Aecu- Source 

! ~ y ! 

2fc c D - j f 

4697.61 45731 67012 • 6 6 0.0066 0.0022 0.20 -1.88 I D 2n 

27. « - ! ? • 

4587 JO 52321 74114 10 8 0.0089 0.0022 034 -1.65 D 2* 

The lumber in fbUowinf the tabulated «ahje indicate* the power of ten by which this *alne ha* to be nmitiplnd. 

Cr» 
Forbidden Transitions 

For this spectrum, we selected the work of 
Nussbaumer and Swings,1 who calculated numerous Ml 
and E2 transition probabilities. They derived their radial 
wavefnoctioDS by using a central potential which was 
adjusted to give the optimum fit to observed energy lev
els. Their calculation included spin-orbit interaction but 
neglected the effects of configuration interaction. Be
cause of the strong likelihood of configuration interac
tion, we have tabulated only the E2 transitions of the 
a *S - «*D multiple!. These lines have been observed in 
stellar spectra. 

Another data source for lines in the a *S -a *D multi-
pJet is that of Garstang.2 His calculated >4-values are ap
proximately IS percent lest than those of Nussbaumer 
and Swings, because different radial wavefunctions were 
used. The data tabulated here an estimated to be accu
rate to within a factor of two. 

H Nadmnwr tad I. P. Swag* Astropbys. J- KO, SW (1970). 
JR. H. Gaming. J. Rev Nat Bur. Stand.. Sect A Cf. 61 (1964). 

Cr D. Forbidden IranaitioiM 

No Mmtiptet A E. E. * t> Typeof Ak S 
T 

l Accu Source 
'At icm 'l lem 'I transition l » '» (at. u.) racy 

I. a *S - a *D 
<IF> 

[800011 0 12496 6 IC E2 0.10 20 : E 
[8125.3] 0 12304 6 8 E2 0.094 16 E 
(8229.7) 0 12148 6 « E2 0.088 12 E 
(8308.5) 0 12033 6 4 E2 0.084 7.9 E 
[8357.6] 0 11962 6 2 ; E2 0.082 4.0 E 
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Crnr 

Sc 

l s ^ y i s y i s f ' T v , 

Energy: M.ICeVsniSODcar 1 

UMOTI 

w l i m b ~ 1 « " ^ ^ Na. W i . i i . t f X A ) m. Wi ii «tt<A) Na. 

ian.7 , I t 52942 « 7297* 17 
M M 7 a o j 1< 59282 a 7339.5 2 
lami 7 aa»9 M 58714 a 73902 t 
18911 7 29882 H S U M n 7419* 19 
ustc 7 2S9L5 6 5427.5 a 1 75182 19 
ittr.7 7 3878.7 u •SUA 15 1 70M.T 19 
I92L9 7 3078.1 IS 86482 15 18142 9 
2S67J ' • M9ZLC 18 99924 15 1C180 9 
25St\S I * SOMA 18 0734* 8 10626 11 
250J M 31329 at •7475 8 ion 11 
26718 19 48174 s 6896* 8 17649 : i 
25854 19 4841.9 5 69152 8 18887 8 
2S9U 10 48919 S 7923.1 2 18684 8 
2S24J 13 48972 s 7061.5 2 18889 8 
28382 u 4971.5 s 70862 8 2(127 8 
289M 13 51252 12 71102 2 81537 14 
jam 51422 4 7171* 2 82513 14 
2912J 5177* 12 7184.1 2 88456 14 
2929.4 • 52062 4 71892 17 258889 1 
29492 !U92 12 7196.7 17 813489 1 
2957A 52722 12 7282* 2 

For that spectrum, we have COOKS the work of Patter-
Back,1 who calculated Ml and E2 transition probabilities 
within the 3o" configuration by using the central-field 
approxBuatmn without consideration of configuration 
interaction. However, the 3o" configuration » weU-aepa-
rated from the nest configuration—3d*4t. For electric 
quadrupole transitions, we modified the data of Ref. 1 by 
applying correction factors suggested by Garstang.' 
These factors were introduced because of the availability 
of better wuvefimctioas. In the case of Fe vi, which is 
iaoelectrouic to Cr rv, we compared the 4-valves of 
Ref. 1 to those of Nussbaamer and Storey,' who could 

theoretical i 

50 

utilize, in their much later work. 

Reft. 1 and 3 is surprisingly 
percent—even for the E2 transitions (after 
Garstang't correction). Weak lines are subject to 
uncertainties, so we have omitted hues having A -values 
less than 0.001 s ' . 

•$. 
TtH. 
I t 

AMropfcyt. 3.92. (2* (l*40> 
J. Res. NM. Bar. Send., Ua. A 40, 41 (W*4). 
aad P. J. Stony. Anna. Amivykft. KV 17 (l<7t> 

http://Wi.ii.tfXA
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Cr n- ForMden u«ut>Uui» 

No. Tn 
Array 1A1 

, , ( 

A± S j A e n - ! S o m e 
(• ') , I M . i l i racy 

I. 3BT-M' T - T 

UF) 

<2F« 

• F - - T 
<3F» 

[256900] 
(313400) 

17390*1 
(T339.5) 
[7232.61 
[7184.1] 
FI71.61 
[71105) 
[7023.1] 
[7051.5] 

[691Si| 
[6896.01 
[7086.21 
(6734.01 
(6747.5) 

[5294 31 
[52063) 
[5142.8] 

556.4 
237.4 

9453 
556.4 
237.4' 
556.4 
237.4 

0.0 
237.4^ 

0.0 

9*5.5 
556.4 
9453 
556.4 
237.4 

556.4 
237.4 

0 0 

9455 8 : 10 
556 4 6 8 

14472 10 6 
14178 ; 8 ; 4 i 
14060 6 2 
14472 8 6 
14178 6 4 
14060 4 2 ! 
14472 6 6 : 
14178 4 4 ' 

15402 
15054 
15054 
15402 
15054 

10 10 
8 8 
10 
8 
6 

19439 8 
19439 6 
19439 4 

H I 
Ml 

E2 
E2 
E2 
E2 
E2 
E2 
E2 
E2 

MI 
Ml 
Ml 
Ml 
Ml 

E2 
Ml 
Ml 

00017 j 11 
0.0014 ! 13 

0035 
0.026 
0.022 
0.013 
0.020 

0.0073 

? * 
L* 
0.52 
0.89 
0J0 
0.76 
0.20 
0.30 

i I 
0.093 ! 0.011 ! E 
0.035 | 0.0034 ! E 
0.0023 ! 2 . 4 c - 4 * E 
0.036 ; 0.0041 i E 
0.032 i 0.0029 | E 

I 

0.00U ; o.oi i ; E 
0.055 : 0.0012 i E 
0.034 • 631 -41 E 

•F - -IK 
<4F» 

!>-
\ U 

i l a 
| In 
I l 

i a 
IK 
U 

• p . if 

'Dl 

[4971.5) 
(4897 3 | 
148939) 
(4H41.0) 
[4837 6) 

[2991.51 

129403) 
(295701 
[29129) 
12929.4) 
(28929) 

[19219) 
| I90 i6 | 
[191)7 71 

[I890II 
[18961) 
[1*0*1 7] 

[IH87 6| 

556.4 
2374 
237.4 

0 0 
0 0 

9 ( 5 5 

5564 
5564 
237.4 
2374 

0 0 

9455 
556 4 
556 4 

2374 
2374 

no 
00 

20666 
20651 
20666 
20651 
20666 

34364 

34557 
34364 
34557 
34364 
34557 

52976 
53144 
52976 

53144 
52976 
53)44 

62976 

8 6 
6 4 
6 6 
4 4 
4 6 

10 
10 
8 
8 
6 
6 
4 
4 

10 
8 
8 
8 
6 

« , 
4 
4 
4 

Ml 
Ml 
MI 
Ml 
Ml 

Ml 
E2 
Ml 
Ml 
Ml 
MI 
Ml 
E2 

E2 
E2 
Ml 
E2 
Ml 
Ml 
Ml 
E2 
Ml 

0.16 00044 E i 
0 13 0.0023 E I 
0.020 s.a-4> E i 
0071 0.0012 E I 
0.0073 18.-41 E i 

0.034 2 7i - 41 D i 
0.0011 0.0013 E In 
00060 3 * 51 D 1 
0.0034 261-5) D I 
0.0046 2.51-5) D 1 
0.013 9.71-5) D I 
0.031 1.71-4) D 1 
0.0011 8.01-4) E In 

0.017 00016 E In 
0.0039 2»-4> E In 
0043 6ft - 5) E 1 
0.0011 9.91 - 5) E In 
0048 4 81-5) E 1 
00046 7.01-61 E 1 
0025 25) - 5) E 1 
00013 73) 5) E In 
00016 24) 6) r. 1 

http://IM.il
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O u r 

No. 
Array 

Mohivlct. k. 
CA> 

#\ * I ** i i*?*** A_ 
• » • • > 

S 
™T 

«p-1» 

10.! 

•P-IK; 

«P-T>1 

u. 

12. 

« - * H 

I J - V 

(20127] 
(18999] 
1W3071 
(18584) 

(16142) 
(16180) 

(259*3) | 
[2565.6] 

i 
(2585.1) j 

(2576.6) i 

(2557.8) i 

(2568.81 I 

[16891] 
(16625) 
(17649) 

(5219.31 
(52723) 

(5125.9) 

[5177.0) 

13 

14. 

15. j 

'G-TM 

•P-TKi 

f - f 

1815371 ; 
(88456) ! 
(83513) i 

(6698 4) 
(6648.81 
(66130) 

14472 
14178 
M 

19439 
19439 
19521 
19439 

14472 
14472 

14472 
14178 

14472 
14178 

14060 

14060 

15402 
15054 
15402 

15402 
15402 

15054 

15054 

26651 

52976 
53144 

53144 
52976 

£1144 

52976 

34557 
34364 

34557 

34364 

(2660.61 ! 15402 
(2624.6) ! 15054 
(2636.2) | 15054 

19439 
19621 
19439 

19439 
19521 
19439 

206*6 
20*51 
20651 

34364 
34667 
34667 

4 ! 4 ! 
ij *', 
2! 4 I 

' 6 ! 
: s! 
'. ! 
I ! 
! 
' 6 
i 4 i 4 
• 6 
I 4 
; 4 
' 2 

2 
! 2 

6 : 
4 I 

I 

21321 : 10 12 
21067 8 10 
21067 10 10 

10 
10 
10 
8 * 
8 
8 

6 : 
8! 
8 : 
6 : 
6 • 8 i 
8 ' 

52976 10 6 
53144 8 4 
52976 8 1 6 

Ml 
M. 
m 
M-

Ml 
Ml 

Ml 
MI 
E2 
Ml 
Ml 
E2 
Ml 
E2 
E2 

Ml 
Ml 
Ml 

E2 
Ml 
E2 
Ml 
E2 
MI 
E2 

E2 
E2 
E2 

Ml 
Ml 
Ml 

E2 
E2 
E2 

0.6077 
M18 

0.23 
0.089 
• •24 
04B 
• Ml 
0.026 
0.023 
0.0092 
0.0024 

0.0012 
0.019 
0.088 
0.022 
0.098 
0.041 
0.0085 

• • 2 0 '• 0J24 
•.•28 j • •28 
• • 6 2 • MO* 
• •13 ' M12 

•6072 
M i l 

9JMt-4» 
2J2I-4I 
MOK 
5JSI-5* 
1.6- 4) 
M i l 
5.7)-5» 
0.0024 
96l-4» 

! 
0.016 | 0.034 
0.016 0.027 
0.030 | 9.061 

0.017 
8.»-*» 
1.7 
6.6V-4> 
12 
0.0017 
0.15 

tU 3.9 E 
94 2.8 B 
0.71 0.32 E 

0.0062 0.75 E 
0.0041 042 E 
0011 0.92 E 

0.016 1.0 E 
0.0096 0.44 E 
0.0040 0.18 E 
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Ciiv: PatWdtBl i — C« 

Array .A, * 
•i t 

** 'P-TO 

n.; * ! « - ¥ 

18. la-in 

19-

21. 

T I T 

• H - * l 

•F - 'Dl 

f29K2? ! 19521 j 5297S 2 « | E2 

tamsi : 19439 i 52976 i * cS MI 
. ! * * I 4 6 ! E2 

{2*73.31 ; 19S21 ! 53144 ! 2 E2 
129SUJ > 19439 j 53144 

! 4 •1 E2 

[7297JJ ; aoscs ! SSS4 

! 

i s 8 ! Ml 
• .# > • ! S 8 B2 

fn»2] : 20651 | 34557 ! « S i Ml 
* "i * i • I * si E2 

(71JS.7J 206C6 • 34557 ' S S i MI 
; « Si 

i 
J 

E2 

(309*0] 

! 

29656 ! 52978 

i 

Is • 

S ' E2 
I307S.TI 20651 , 53144 * « E2 
43078.1) 29666 53144 : 6 4 i MI 

* * " s 4 : E2 
[3092.(1 20651 5297S 4 C ' Ml 

'-
4 s E2 

17SS4.71 21321 343S4 12 8 E2 
[7410.91 2I0S7 34557 10 S E2 
)75ia2i 21067 34364 10 8 E2 

OS 
0.040 
0.79 
12 
13 

0J01S 
«Jt27 
0J010 
0.023 

[3133 C] 210CT 52976 10 i 

0.0965 

0.69 
0.0060 
0.14 
0.29 
0.063 
I.I 

0.44 E 
2.41-4> B 
0.66 E 
*SS E 
1J» E 

I.7»-4l! E 
2.7 ; E 
asi-oi E 
I.S J E 
ia-4>i E 
0.45 E 

0.039 : 4.9 
0.046 3.7 
0.0012 i 0.14 

E2 0.040 0.043 

la 
I 
la 
U 
la 

I 
la 
1 
la 
I 
la 

0.70 | E U 
04039 l E J la 
6I(-4»; D | 1 
0.19 i E la 
4.1l-4)j D ' 1 
1.1 ! E la 

E la 
E la 
E la 

la 

[5323.51 34364 58144 g 4 E2 0.075 0.76 E la 
[587I.4J 3*Mt 5J976 8 6 Ml 0.057 O.0U2O E I 

* * ' 8 6 E2 0.40 6.4 E la 
[5378.6) 34557 53144 6 4 MI 0.060 0.0014 E 1 

* ' " 6 4 E2 0.40 4.3 E In 
[5427.5] 34557 52976 6 6 Ml 0.10 0.0036 E I 

6 6 E2 0.069 1.2 E la 

T h e number in perenthteea following the tabulated value indicate* the power of ten by which this value has to be multiplied. 
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Crv 
Ca) 

Ground State: ls 22r 1V*Js IV*M * *Ft 

> Energy: « M « e V = SOBOOcnr 

AHowcdTi 

W i n l i i t l C A ) No. W...I..«IKAJ NOL W w l i f t h (A) N* W s . « l H « t H A ) Not 

434466 2 456.743 7 112745 16 1667*4 19 
435.141 t 457438 7 1134.77 16 161143 19 
435416 2 457494 7 166546 14 162261 
436451 2 464415 8 1481.65 11 163849 

oun 2 499411 6 1482.76 11 163949 
m.42» I 40434 3 148447 11 1644J5 
437455 1 469A3 6 1489.71 11 165249 
441456 5 470.567 6 1697 47 11 165544 
445.751 « 110349 15 1519JOS IS 1837.44 12 
45CL272 7 116625 15 1579.79 10 
456457 7 1121 47 16 1591.72 10 
456437 7 1126.09 16 1609.19 10 

For this spectium, Kernel and Peytremann' have cal-
cnlated oscillator strengtht for over one hundred tiansi-
tioos using a scaled Thomas-Fenni-Dirac approach with 
limited configuration interaction. Of these lines, we have 
chosen only the stronger lines, \x~, with log*/ > - 1.S, 
and have omitted all mtqeombination (spin-forbidden) 
lines. An additional criterion for selecting the data was 
that all lines had to be experimentally observed, Ie., they 
appear in the line list of Ekberg.1 

We estimate that for the stronger lines of dm rela
tively simple spectrum, Kurucz and Peytremana's data 

should be fairly reliable. There is indirect support for 
this estimate from the good consistency between simi
larly calrnlatetl vahies and lifetime measurements for the 
isoefectronic ion Ti m. 

R. L. 8>ncz Md E. PcytmwM* 
vatory Spccal Report 362 (1*75). 

'1.0. Ekbcra. Pby*. Set. 7,59 097}). 

AtffUfHtyMCW OwwCT-

Cr v. AUowad tnuwitiont 

No. Traantioa 
—, 1 

: Mnhipht 
... _, 

E. ft * * A„ y- S kC«/ Acw- Souve* 
Array ! (A) (cm -') (cm') iW*') (at.u.1 racy 

1. 3d*-1d4p 

1 
I 
! T - V 
1 ! 437.420 508.2 229121 7 7 14 0.039 0.40 - 0 4 6 D i 

j 437456 0.0 228489 5 5 13 0.038 0.27 -0.72 D i 

2. 1 f . y 

i 434406 J 141.7 231393 9 9 15 0.042 054 -0.42 D i 
1 436.143 508.2 230316 7 7 29 0.0082 0.082 -1.24 D i 
i 436.636 0.0 229552 » 5 24 0.0080 0.067 -1.40 D i 
; 436.361 1141.7 230316 9 7 24 0.063 0.69 - 0 4 2 D i 
i 
i 

436.601 508.2 229562 7 5 21 0.043 0.43 -0.62 D i 

3. | 'D-'rr 469.634 13188 226120 5 5 23 0.076 0.59 -0.42 D i 
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Crv. ADOIPBII 

NDL TntmHiou 
Array 

X E* g g. At. 
•cm 'I ; (16*« '( 

l * « f j 
tUCf 

4. D - ' r 445.751 13188 
5. 'D-'P- 441.056 . 13188 ; 
S.. V-TT 

: 469311 : 16*41 • 
469393 ' 15677 I 
479.567 j 15492 i 

7. f - f \ i5*.>5 ! ISISS I 
I \ 

457.028 | 16041 ; 
456743 j 15677 ! 

' 457.504 j 16041 | 
456.637 i 15677 | 
45(272 ! 15677 j 
456.357 ' 15492 • 

8. ' G - ' P 464.015 | 22019 j 

9. 3dU-3d4p D - T T , 

163840 : 168090 ' 
1639.40 167491 
1644.05 167176 
165564 ; 168090 
1652.60 I6749I 

10. •D- V 

12; 

1497.97 
1489.71 
I481.6G 
1484.67 
148276 

D - D * | 1837 44 

'D - T 1519.03 13. 

14.1 'D-'r j 1466.86 

15 3dip-3d4d V-'G 
i 

' ! 110825 
1 1103.39 

16. V-V 

1127.63 
1121.07 
1134.77 
1126.09 

237530 5; 7 ! 13 

239918 : 5 3 ! 23 

229121 3 3 
49 
4 3 

WTSO: 

234846 5 | 5l 
234618 3 ; »| 
234618 5 ; 3 
234669 3 ! 1 
234846 3 ! * 
234618 I , 3 

237530 t 9 j 
i I 
| | 

229121 | 7 ; 
228489 i 5; 
228002 j 3 
228489 ! 7; 
228002 ! 5 

91 33 

27 
9.1 

12 
33 
6.7 
9 J 

63 
49 
5.0 
1.6 
2.5 

71 

168090 
167491 
167176 
167491 
167176 

234846 
234618 ! 
234669 i 
234846 : 
234618 3i 3 

171698 I 226120 5 5 

I7'698 

171698 

229121 
228489 

231393 
230316 
231393 
230316 

2375*9 1 5 1 7 

239918 

319517 
319119 

320074 
319517 
319517 
319119 

7 9 
5 7 

9 II 
7 9 
9 9 
7 7 

7.5 
6.6 

10 
£2 
3.5 

43 

9.5 

I I 

12 
2.4 

35 
21 
2.0 
61 

0.0078 

0.040 

0.10 

0483 
0.028 
0.023 
0.035 
0J3S 
0.089 

0390 

I 037 
! 020 

020 
0.048 
0.062 

1622.61 167491 229121 i 
j 

5 7i 
i 

0.74 i 0.041 
! 

1579.70 168090 . 231393 ! 7! 9J 8.6 j 0.41 
1591.72 167491 230316 ! 5: 7i 1% 0.39 
1603.19 167176 229552 > 3 ! *| 7.0 0.45 
1607.04 168090 230316 > 1 7, 0.83 1 0.032 
161133 167491 229552 5 5 0.23 ! 0008! 

0.18 
0.13 
0.11 
0.073 
0.12 

0.22 

0.46 

021 

0.29 
0.062 

0.80 
0.51 
0.038 
0.12 

0.057 

0.29 

0.018 | 0.14 
0.027 j 0.13 
0.049 > 0376 

t 

1.4 

0.63 
0.13 
0.18 
9.16 
016 
0.13 

12 

10 
5 3 
32 
13 
1.7 
1.1 

6.2 
3.2 
1.7 
13 
1.7 

6.6 

II 
! 
I 5.1 

7.4 
1.1 

27 
13 
1.3 
30 

-1.41 

-0.70 

- I J M 
-1J» 
-131 

-0.03 

! - 0 3 8 
-IJ97 

! - 0 J 3 
! -0J98 
j - 0 3 8 
i -IJ95 

039 

038 
-0.01 
- 0 3 2 
-0.47 
-0J51 
- 0 3 9 

15 046 
10 039 
7.1 0.13 
13 - 0 3 5 
034 -135 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
O 
D 

I 
0.10 ! D 

-0.18 
-0.47 
-0.44 
-0.46 

0.04 

036 

0.02 

031 
-0.51 

0.86 
056 

-0.47 
-0.09 
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Crv 
I OroMMCB I I 

Lit of 

w ^ t a f t k c A ) No. w « N k « k ( A ) N * w . , i , . , n (A) N*. WavefaagtfcM) N*. 

592.42 1* 642.44 IS 929.52 24 61994 3 
584-15 12 64557 13 M S 19 7589* 2 
59642 12 6 0 4 8 U 19652 5 1 7884.4 2 
59442 11 60.49 13 2633.7 8 tm* * 
596.73 11 B U I 15 29185 I t 1132* 7 
59745 11 6574B 15 2MT.7 M 35M1 S 
598J7 U 657J9 15 45Mi2 40172 C 
59846 11 t a n 15 46*74 157SM 1 
59849 H est*? 15 47984 19C1W I 
S9949 11 CA28 15 6 3 2 3 274399 9 
4J9U4 u I 66146 15 an* 541099 9 
63947 14 6SB.I9 U 6436* 
699.18 K ; ctut 17 64534 
(MM 

" 
687.42 17 65994 

For tbB ion, we selected the work of Warier sad Waraer and Kirfcpatrick's 4-vataes by 
mikpauklc,' wfao wed a saatjlc-configaration approxi- energy-level data initfd of theorctkaOy 
ancioa aad mh'alnfil radial integrals with staled 
Tbonas-Fenni wawranctioiii, We have tahalaird MI Aafarvnc* 
aad E2 transition probabilities for 23 fanes within the 30° 
(groand) configuration aad E2data for 30 noes ia the 
3rf:-W4* transition amy. For loag-wavcingu fines ••. van»a>ilt.c.Ki(ftpMhdk.Mi».NM.R. 
within the 3d' *F«nd 3a" *P terms, we have recalculated (wsn 

Crv: 

; obeerved 

Aoroa-Soc. H4.W7 

' Trawitiofi MulUpWt X e. & * *» Tntrf A» 8 
! 

Acca- S m 
Array (A> (an 'I (an ') U " * " (• ') (•La.) racy 

I. 

• 

3d'-3d' T - T 

1 

[1578001 5W.2 II4I.7 * 9 Ml 94051 6.7 C la 
[19(700) 0.0 508* 5 7 Ml 04037 74 C la 

z 
(IP) 

(82994) 1141.7 13188 9 5 E2 2M-*f 9449 E 
17884.4] SOB* 13198 7 5 MI 0.10 94991 E 

* * • 7 5 ES 8*1-5) 94974 E 
(759941 0 4 13198 5 5 Ml 0467 94946 E 

* * * 5 5 B 5.7(-5) 94942 E 

3 
(2PI 

(•709.9) 1141.7 10041 9 5 B 0431 14 E 
(•600 J) 5082 15477 7 3 B 0431 949 E 
K463.2) 0 4 15492 5 1 B 0461 944 E 
I6434.2] 508.2 1*041 7 t MI 04994 l.7(-4) E 

V * » 7 i B 0410 043 E 
(6377.2) 0.0 16*77 6 3 Ml 1.01-4) zm-tt E 

* m * 5 3 B 0419 944 E 
(•2323) 0.0 10041 5 5 Ml ».7(-4) 3.91-5) E 

« # 5 » B 04019 0449 E 
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O r 

K*. 
Anajr (A) ?m* 

to -»» 
s 

(MLaJ «•*» 

«-! 

10. 

n. 

12. 

13. 

U 

! * - « ' 

3tT-3dU 

* - * 

• D - T 

(4(475) 
f«021 

[MS62| 

P594U 
(4*172) 

' D - ' G ( (11320) 

<4F> 

'p-'s 
(5F> 

f - D 

V - ' D 

'D-*D 

[2017] 

{274M0) 
; (541000) 

(2847.7) 
[281851 

[(01.14)' 
[599.991 i 
JSW99) 

[598.17)1 
(SM.73) 
(597.05) i 
[594.921: 

(58(22) 
(58415) 
(582.42) 

[645JS7J j 
((48.08) 1 
((49.40) i 

U4I.7 

5882 
08 

mas 
13188 

U18B 

U188 

wen 
15492 

1(841 j 
I5C77 I 

1141.7 
5082 

1141.7 
5082 

0.0 
5082 

0.0 
00 

1141.7 
5082 

0.0 

13188 
13188 
13188 

22*19 
22919 

5114C 

1(841 
15(77 

22919 

51148 

1CM1 
15877 

5II4C 
51148 

1(7491 ! 
1(8090 

171CM 
171(88 
171(98 

1(7491 ; 9 
1C7I7C 1 7 
1(8090 ! 9 
1(7491 | 7 
1(717( i 5 

! 7 
5 
5 

1(8090 [ S 
187491 , 5 
1(7176 i 5 

D - D l [63087) 13188 I (71(98 i 5 

5 1 
3 ! 
7 
« l 

?! 
5 ! 
7 ' 

111 
E2 
Ml 
E2 

E2 

MI 
Ml 

E2 

Ml 
MI 

E2 
Ml 

E2 
E2 
E2 
EZ 
E2 
E2 

E2 
E2 
E2 

E2 
B2 
E2 

£2 

OtfTZ 
421-5) 
0J*I7 
8Jl_-5» 

(LM-4> 

92 

S2»-4> 
127C-4) 

021 
1.1 

J2700 

; 124+4) 
1(500 

[2900 
3800 

j 270 

1( 
88 
II 

| 77 
| 200 
i (1 
i 

(800 

5.74-4) 
tJOK 
924-4) 

424-4) 

0.19 
•J88 

•SI 

0.74 

24 
224 

• J O 
9.H-4) 

0.(3 
0.(0 
32 
15 
12 
0*1 
0.98 
0.084 

04083 
0.018 
04022 

0.088 
0.088 
0.013 

20 
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Crr. 

No, 
A m y 

~m 
tA) 

* «b i * » « r A* 5 
tat. a ) •acy 

B — 

15L f->D x 

fMMBJ 
{668U97] 

15*77 
1549Z 
ICM1 
MOT 
MM1 
MOT 
UMI 

ICB8M 
wrai 

1874*1 
167491 
1C71W 
isms 

S 
1 
5 
S 
S 
S 
5 

7 
S 
7 
S 
5 
S 
S 

B 
B 
B 
B 
B 
B 
B s

lii
ili

 

8ud 
8bM 
LZ 
9J1 
9L87 
MB 
8J8 

B 
E 
B 
E 
B 
B 
B 

1 
I 
1 
1 
1 
I 
I 

I t * - « 

{M244 
f M M I 
(C69481 

ICM1 
15877 
I549Z 

17108 
m t M 
I71888 

5 
S 
1 

5 
6 
5 

B 

B 

889 
4-9 

19 

M l 
9J9U 

B 
E 
E 

1 
1 
1 

IT. •c-n» 

I6BU2J 
(684*6) 

22*19 
22*19 

187*91 
16889* 

9 
9 

5 
7 

B 
B 

89 
12 

8U841 
7 * - 4 > 

E 
B 

1 
I 

18. •0-«D f66M8) 22*19 171698 9 S B 9889 U E 1 

It. * - » D 

fB6*\KJ SIMS 187491 1 5 B 14 9J884 E 1 

29. •8-"D [829.6ZJ SIM* 171898 1 5 B 989 9.44 E 1 

TWi roTte.br > lob* 

Crvi 

Groond State: 1**2* V 3 * t y * W 1>VJ 

lomzatioD Energy: 90.6356 eV « 731020 cm ' 

Allowed Tmwition 

WavoWngthlA) No. j Wavotongth iA> 
» 

r 

1 No. |! Wowtmgth (A) J No. 
i i 

r • •• 

Wawrlongfh (A) No. j Wavotongth iA> 
» J ! 

!| 202.442 | 5 
II 202.739 l 5 
!| 226241 1 3 

227.202 3 
' 227.689 ' 3 

264.078 ! 2 
264.732 2 

181.687 
181.930 
182.886 
168.088 
168.366 
169.435 
172.204 

8 
8 

j 172.487 
172.841 
201.007 

j 201.224 
201.388 
201 60S 

' 202.067 

6 
J ! 
!| 202.442 | 5 
II 202.739 l 5 
!| 226241 1 3 

227.202 3 
' 227.689 ' 3 

264.078 ! 2 
264.732 2 

III
! 2 

I 
1 
1 

http://roTte.br
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For this spectrum, we have chosen the data of 
Tiwary," who calculated absolute multiplet oscillator 
strengths for the 3p*3d-3p,3d: and 3p*M-3p'3rf4s arrays 
by using configuration mteractioo wavefimctions. For 
die 3p*U-3p,3dAs array. LS-coaphng tine strengths 
generally agree quite well with die intermediate coo-
phng calculations of Cowan.1 For die few cases whe.£ 
die agreement is not good (worse dtan ±SOZX we have 
owiilied die hnes from das coBipilafarai. Widun dns tran
sition array, we have normalized Cowan's line strengdis 
to die maJttplet strengdis of Ref. 1 

For hnes wnhm die 3p*3J-3p'ldz transition array, we 
have obtained line strengdis from Tiwary's niultiplu 
strengdis by applying L5-co«pling rales. We estimate 
these data to be accurate within fifty percent for 
stronger hues. 

•S. N. T m r y . Cheat. Pays. Lett. 93, 47 (19C2). 
: & N. Trwary. Astrophys. J .2(9.103 (l»3>. 
I t . D. Coma. Attrophys. J. KT. 377 (W67). 

C r v t 

: i 
No. Transition ; Mnhinlet 

Array 
x ! 

l A > j 
i 

* , ! 

(cat ') •1 
! 

A 
do* . '} 

f* S 
lar.aJ 

kg*? Acca-
racjr 

4 W 

1.; 3n*3rf- : tt-f \ 

1 
i 
i 

i7§M \ 
i 
i 

i 
Sfi ! 

j 

JStSii 

1 

! 
10; 14 

| 
5.1 0.010 0.092 -1.00 D - I 

' ! 
: ; ) 

279.154 | 
280.143 ; 
280.879 ; 

940 j 
• i 

940 j 

359165 
356962 
356962 

4 i 

'1 
8 
6 
6 

5.7 
0.40 

0.0096 
0.010 
4.7«-4r 

0453 
0J037 
0.0026 

-1.24 
-1.40 
- 1 5 6 

D -
0 -
E 

A T 

b 
b 

2. 3p*3d- *D - T i tttSi ! m' mm 10 14 27 0.041 036 -0.39 D - I 

, 
269.776 
264078 • 
264.732 j 

940 
0 

940 : 

371618 
378677 
378677 

6 
4 
6 

8 
6 
6 

27 
26 

1.8 

Hi 

021 
0.14 
0.010 

-0.63 
-0.79 
-1.94 

0 -
D -
E 

b 
b 
b 

3. 30*30*- 'D- 'F ' ; ttf.S7 su; WW 10 14 710 0.77 5.7 0.89 D - I 

i 

226241 
227 202 
227.689 ; 

940 : 
0 

940 ! 

442945 
440135 
440135 

6: 
4 
6; 

8 
6 
6 

720 
660 
46 

0.74 
0.77 
0.036 

33 
2J3 
0.16 

0.65 
0.49 

-0.67 

D -
D -
E 

b 
b 
b 

4. T3-TT-
i 

t0U7 i 5 « k*7US 10 10 2600 1.6 11 1.20 D - * 
201.606 
201.007 
201388 
201.224 

940 
0 

940 
0 

496958 
497495 
497495 
496958 

6; 
4 
6 
A 

6 
4 
4 
6 

2600 
2500 
270 
180 

16 
1.5 
0.11 
0.17 

6.2 
4.0 
0.44 
0.44 

0.97 
0.78 

-0.18 
-0.18 

D -
0 -

l 
*• 

b 
b 
b 
b 

5. %»"3rf- -D-'P- Ml SI Sfi twss 10 6 1200 0.44 29 0.64 D - 1 

202,442 
202739 
202057 

940 ! 
0 
0 

49491! 
493247 
494911 

6 
4 
4 

4 
2 
4 

1000 
1200 
120 

043 
0.36 
0.071 

1.7 
0.97 
0.19 

0.41 
616 

-0.54 

D -
D -
E 

b 
b 

6 3̂ "3of- T ) - P - mst su S799S7 10 6 120 0.032 0.18 -049 D 2 

1724*7 
I72.H4I 
172204 

940 
0 
0 

5H0S97 
578566 
5H0697 

6 
4 
4 

4 
2 
4 

no 
120 
Ifi 

0032 
0026 
00071 

on 
0.060 
0016 

071 
-09K 
- 1.55 

D 
D 
E 

3n 
3a 
3n 
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Crvt 

No. 
Array 

Multipfat 
(A) (cm •> tern1) 

£ U 
(10*« '» 

r* S 
(at. a.) 

taf«f Accn- Source 

7. Zp*3d- *D-r UtM 5W itxrsi 10 14 180 0.11 0.61 0.0* D 2 

16S.4SS 

161355 

940 
0 

940 

591137 
59*926 
59*926 

6 
4 
6 

8 
6 
6 

160 
200 
11 

0093 
0.13 
0.0945 

0.31 
028 
0415 

-026 
-0J0 
-147 

D 
D 
E 

3B 
3* 
3K 

8. 3p*U- *D-1T ltt.73 5« ana 10 10 190 0J73 0.39 -0.14 D 2 

161.687 
161.687 
161.930 

940 
0 

940 HI
 

6 
4 
6 

6 
4 
4 

170 
140 
30 

0.966 
0466 
0.0078 

Oil 
0.12 
0425 

-0.40 
-045 
- U S 

D 
D 
E 

3a 
3a 
3a 

9. *o-*r ia.$t *« S15SSS 10 14 79 0444 0.24 - 0 J 6 D 2 

162*5 940 61(079 6 8 83 0.044 0.14 -048 D 3a 

> the power of ten by which that value hat to be anltipliad. 

CTVN 

Ar Isoelectronic Sequence 

Ground State: l* 22f>*3i I3/»"S 0 

Ionization Energy: 160.18 eV --- 12919(0 cm ' 

Allowed Tranaitionf 

Line strengths for the ty-lp'id resonance transition* 
of this argon-like ion were interpolated from the super-
posnion-of-configurations (SOQ calculations of Weiss,' 
which are expected to be fairly accurate. 

Oscillator strengths for transitions of the 3/>*-3/>'4» ar
ray were interpolated from the Dirac-Hartree-Foclt data 
of Lin ti al.,1 who included correlation only in the lower 
state. Their results for lines of the Ip'-lp'Ad array in 
nearby Ar-like species have not been interpolated to 
provide /-values for Cr VII, Mice cancellation effect* at 

or near V vi—one of the ions treated—introduce consid
erable uncertainty into the results at the low-Z end of the 
Ar seqvence. 

'A. W. Wcae, private comrnurttcalion 
>D L Lin, W. Fielder. Jr.. and L. Armttrong, Jr., Phyt. Rev. A I*. 

SW0977). 
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Or vie ADomdl 

!*.. 
Array 

Moltiplct X 
(A) (cm •) (CB- 1 ) 

« «• A*. 
U 0 , « , > 

u S 
K t i J 

***f Accu
racy 

Source 

1. V-Vu • s - v 

259.181 ° 385828 1 3 0.93 0.0028 0.0024 - 2 5 5 E inttrp. 

2. • s - v 202J98 0 493035 1 3 1670 3.0t> 206 0.489 C inttrp. 

3. 
3j»m** 

"s-«V/ir 

1 
i 148.714 0 672428 1 3 130 0.13 0.064 - 0 * 9 D inttrp. 

4.1 V -
j %»vpr,j4t 

•S-C/t'/jT 

j 146.497 o 682610 1 3 sao 029 0.14 -0.54 D inftrp. 

Crvm 

O Isoelectronic Sequence 

Ground State: 1J 2 2I 2 2^'3* J 3/»' lY\n 

!-,nzation Energy: 184.7 eV = 1490000 cm 

Allowed Transitions 

Line strengths for transitions of the arrays h23p*-
3s3p* and 3p*-ip*3d are the resulu of the mulficonfigu-
ration Dirac-Fock (MCDF) calculations of Huang et al.* 
These relativistic calculations include a perturbative 
treatment of the Breit interaction and the Lamb shift. 
Configuration mixing was limited to some configurations 
within the n = 3 complex. Those configurations which 
were assumed to lie far above 3/>1 or 3/?'34 in energy 
were excluded, as were all configurations outside the 
complex. 

According to the semi-empirical HX (Hartree-Fock 
with statistical allowance for exchange) calculations of 
Bromage et al.1 tot Fe x, some levels of the 3p'3d con
figuration are strongly mixed in the LS basis, and in a 
few cases the LS designations given in Ref. 2 differed 
from those of Huang et al. The level designations used in 
this compilation are in accord with the theoretical results 
of Refs. I and 2 for Fe x. Percentage compositions pub
lished by Bromage' for the levels of the ip'id configura
tion in V VII and Ni xn indicate that the designations for 



F-«© 

the itoa ioa are appropriate fbr die nrighhncing ions of amount than K«al in onfer to fit their calculated caergy 
die chlorine lsotlccUunic stquewcr Ttanaitioas iavolv- leveb fbr I^xio UK eqMimea^ data. This co»M be aa 
iag highly Based levels have bee« excluded, as have die indication flat neglecting to take 
very weak treasons. t in mto account n a larger scale yields 

Thecalcabted wavelengthsof Huang « a/, differ ap- rots in die energy levelsaad/or/-values, 
predably from die observed ones fband m die Mteratnie. 
Thns die available experimentally determined wave-
IfHglhs were nsed in —*r*̂ C die conversion from 
strengths to/- and .4-vanes. (Odienrae, die calculated 
wavelengths of Huang et el. were nsed, bat they provide 
only a rough idea of die spectral-fane positions.) Bro-

: et al. indicate tint it was necessary to scale down 
b y . 

'K.-W. I l n l , Y.-K. b , K.T.Oa«,ad J. P. Dachas. At. Dm 
Nad. Data TABS M, 3S3 (19(3). 

<G. E. BRMCC K. D. Coma, >d B. C Fawcctt. Phy*. Scr. Ml 177 
0*77* 

\i. E. BreaMCC Anna. AMropbyv Sappl Ser. 41, 7» (I***. 

NOL 
Array 

Mnhiprrt 
(A) (em-1) 

• 

a* 
(em"') 

« 
1 

At. 
<10,«-') 

f* S 
(at.ii.) 

karaf Accu
racy 

SOUICat 

1. 3»«V-3.%>« »p»-»S VMS St$7 242065 6 2 40.3 0.0353 0292 -0.67 C - l 

413.112 
430.713 

0 
9892 

242065 
242065 

4 
2 

2 
2 

273 
12 

0.0357 
0.035 

0.194 
0.098 

- 0 2 5 
-1.16 

C -
C -

2. 3ps-3p'CPB<i ^ • - • F 

| 
1265] 
[271] 

4 
2 

6 
4 

0.083 
0.11 

u i - 4 r 
2.4J-4) 

4.61-4) 
42(-4) 

- 3 2 8 
- 3 2 3 

E 
E 

3. «p*-«P 

1265] 
(259J 
(2«T) 
[261] 

2 
4 
2 
4 

4 
4 
2 
2 

0.25 
027 
027 
0.85 

521-4) 
2.7C-4) 
2 * - 4 ) 
4.4(-4) 

9.K-4) 
921-4) 
5.01-4) 
0.0015 

- 2 2 8 
- 2 2 6 
- 3 2 5 
-2.76 

E 
E 
E 
E 

4.1 V - » D m» SS97 wm 6 10 1500 1.6 6.5 028 C -

205.01 
205.65 
201.54 

0 
9892 

0 

487780 
496180 
496180 

4 
2 
4 

6 
4 
4 

1520 
1440 

68 

1.44 
123 
0.041 

328 
2.48 
0.11 

0.76 
0.56 

-0.78 

C 
C 
D 

'5. 3p'-3p1'D«rf 1 r v - J F 

[223] 4 6 0.56 62<-4) 0.0021 - 2 2 6 E 

6. V - * tis.u U$7 461530 6 2 1310 0211 124 0.271 C -

216.67 
22141 

0 
9892 

461530 
461530 

4 
2 

2 
2 

950 
368 

023 
0.270 

0.95 
0294 

0.12 
-0.2C7 

C -

c-
7. Zp'-WBttd T ' - ' D til 6 10 25 0.0030 0.018 -1.74 E 

(216) 
[222] 
[217] 

4 
2 
4 

6 
4 
4 

027 
6.1 
0.59 

3.91-4) 
0.0075 
4.21-4) 

0.0011 
0.011 
0,0012 

-221 
- 1 2 2 
-2.77 

E 
E 
E 

Tha numbar in paranthaaM following ttw Ubulatad value indicataa tha powar of tan by which this valua has to b» multipliad 

http://at.ii
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CTVM 

Forbidden Transitions 

Line strengths for tbe magnetic dipoie and electric 
quadrupole contributions to the transition between tbe 
two levels of the 3pf configuration are the results of the 
muhiconfigurauon Dirac-Fock (MCDF) calculations of 
Huang « al.' These rdatrvistic calculations included a 
pertnrbative treatment of the Breh interaction and tbe 
Lamb shift. Allowance for mixing among odd-parity 
configurations was limited to the set Ss23p\ 3*3jp'3rf. 
V M ! , and 3s:3p'3rf2. The strength of tbe electric 

quadrupole transition asdefined in Ref-1 was multiplied 
by tbe factor VJ which is needed to bring dm value into 
conformance with the definition of qnadrupole strengths 
used in die NBS tables. 

'K.-N. Huag. Y.-K. Kan. K. T. Cbtag, aid i P. D o d w . At Dim 
Nod. DH> Tabks M. 355 (I9M). 

Cr 

No. Transition Muhipiet 
Array 

3p-V -V--V 

X 
•A) 

£. 
ion <) 

. -r 1 

Icm '» ' ^T Type of 
transition : (at. u.i 

Accu
racy 

Source 

f10110) 0 9892 4 
4 

i 

t ! 
2 

MI 
E2 

17.4 
0.0028 

1.33 
i 035 
I 

B 
D -

i 
i 
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Cra 

Grand State: ls*2s*2p*3s 23»* * , 

Eacrgy: 2 0 * J e V = 16W000cm ' 

Allowed Tn 

Qacflhtor «treagth»for»firy UimirioMof the«rrmy» 
3**3j*-3* V >ad 3^»4-3^,3rf were Jrtrrpobted froaa die 

; of Brocage'for Vvniaaddioae of Mara 1 aad ^ | 
: «f o/.J for Few. The tern dnigartinat aaed "c.E. 

here arc m accord widi die remits of Refs.1 Bad 3. (H77)L 

, MOB. Hot. R. 
. I D C b m 

S^pLScr.41.79(IMO). 
Sac 170.431 (NTS). 

Md B. C Fsmcn. Kys. Scr. tt. i n 

C r i 

Na 
Amp 

Makipict X 
(A) 

& 
(em') <oa ') 

« ** f* S 
(•La.) 

h f a f Acca-
racjr " — 

1. Vlp'-Ulp* *->r 

41&2S0 0 moot 6 5 14 0407 045 -0.78 E mUrp. 

Z • D - V stun MSM 0K6C1 S S 57 0401 041 -047 D intup. 

1 tp'-tpWru *-*• 

220.02 0 464500 5 
S 

5 
1 

•20 047 
040 

24 04> 
-048 

E 
E 

inmrp. 
imtup. 

4. •D-'ir 216.17 90284 40H10 6 5 1100 0.76 2.7 047 D mkrp. 

5. • D - ' f 209.44 30284 607740 6 7 1400 14 44 041 D intup. 

e. sp'-VWiw • P - V 

6 6 0421 -048 D tittup. 

7. •«-'«• 216*4 IIBB6 6S1M0 1 8 MOO 34 14 041 D >"*> 



F - « l 

Crn 

IflrililldcM II 

I C J . Not •_ Ajtroa. Soc 2*2. Ml 

O c t Fa 

No. 1 . , . .^ ; , , . jltakMet x & E. «- A Tmof 4 k S Accu S a a r . 
Array i (A) tear1) torn1) " ••"*"'• •r'J <at-uj racy 

1. %»'-*• 

I 
! 

J nznoj 0 7818 5 3 Ml 105 2.44 C+ I 
j • • m 

5 3 E2 5.4(-4f 0JS D - I 
israo] 7818 9648 3 J MI 0570 159 C+ 1 

' H047OJ 0 9548 5 I E2 0.0021 0.16 D - 1 

2. •P-'D 

[3301.11 0 30284 5 5 Ml 30 050 D - I 
- • m 

5 5 E2 0.053 0.OS2 E 1 
[4449.9] 7818 30284 3 5 MI 42 04169 E 1 

I » * . % 5 E2 0.0018 0.0093 E 1 
; [4821.21 9548 30284 1 5 E2 6.K-41 0X1047 E I 

3. ' 'P-'S 

[I495UJ 0 66855 5 1 E2 0.88 00039 E 1 
(1693.9) 7818 66855 a 1 

MI 330 0.059 E 1 

4. 'D-'S [2733.6] 30284 66855 i 1 E2 6.4 0.58 o - j , 
The number in parentheaH following the tabulated value indicate* the power of tea by which thai value hae to be multiplied. 
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Crx 

PI 

Gnmad State: U 2 2» 1 V3* 2 3» , < Si a 

i Energy: 244.4 eV = 1971000 cm-' 

Allowed Ti 

Lax of 

Wa»deaetk(A) No. Wavdeagdi (A) N a W*vdtaglb(A) N& WawhaafKA) N a 

209.79 * 22L63 11 24140 7 399.707 2 
214.72 S 226.71 11 233 10 41M5S 1 
217.71 12 231.21 14 254 416690 1 
216J3 12 232.96 14 2S6 427.551 1 
223J6 S 24X20 13 286 4434*2 3 
224.74 S 244.10 13 267 4475Z9 3 
224U4 5 244.13 7 39447 449.4S 3 
22742 11 244.19 13 393.994 
227JO I I 246.97 7 396.130 

Line strength* for Uaimiiuus of the arrays 3i 23p'-
3 » V and 3p'-3p23d are the remhs of the muhiconfigii-
rabon Dirac-Fock (MCDF) calculations of Huang.1 

These relativistic calcolations included a pertnrbative 
treatment of the Breit interaction and the Lamb shift. 
Allowance for confignration mizing was limited to con
figurations within the a = 3 complex having no more 
than two electrons in the 3d subshdl. 

Huang published neither an energy-level diagram nor 
percentage compositions for levels of the 3*23p\ is3p4, 
and 3*J3/>23rf configunuions in Cr x. We have used the 
percentages given by Bromage et al.2 for Fe xu, and by 
Bromage1 for V ix and Ni xrv, as a guide to naming the 
levels; their values resulted from Hartree-Fock calcula
tions with relativistic effectt and statistical allowance for 
exchange (HXR), and incorporated correlation effects 

due to a few configurations within the * = 
Whenever a term nVsjgnation of a level in Fexn, as 
given in Ref. 1, is different from that indicated m Rcf. 2, 
all transitions involving die corresponding level in Crx 
are omitted from tins compilation. 

Transitions involving levels which are indicated to be 
of low purity m IS coupling are omitted here. Lines 
which are characterized by very small/-values are as
signed lower accuracy ratings; the weakest lines have 
been excluded. 

'K.-N. Hon* AL DM* Nod Data TaMct 191 313 (1944). 
"G. E. BruMBC R. D. Con*, aad B. C. Fawcctt. Mom. Not. 

AMTOO. Soc. IS). 19 (1971). 
*G. E. Brcmafe, Anna. Atuophyi.. SoppL Scr. 41. 79 (I960). 

Cr X: Allowed tramttiona 

1 
No. J TranaitioD Multipiat X C E, ft »> A„ f* S h « « / Accu Sourot 

I Array (A) (cm '» (cm ') (10* a ') (at.u.1 racy 

! 

l.j 3#V-3*?P' «s--«p wi» 0 tsuts 4 12 12 0.097 0.54 -0.41 D 1 

1 427.551 0 233890 4 6 12 0.048 0.27 -0.72 D 1 
416.690 0 239987 4 4 13 0.033 0.18 -0.88 D 1 

i 411.655 0 242922 4 2 13 0.017 0.090 -1.18 D 1 

2,1 
i 

TT- 'D w.n S8S07 l$0218 10 10 23 0.056 0,72 -0.26 E 1 

JS8.150 39444 290606 6 6 21 0.051 0.40 -0.52 D 1 
l 395.984 37102 289637 4 4 24 0.058 030 -0.64 D I 
1 399.707 39444 289637 6 * 0.71 0.0011 0.0090 -2.16 E 1 

[394.471 37102 290606 4 « 0.34 0.0012 00062 -2.32 * 1 
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O x : 

N» 
Ktrwj 

B» * fr; ar» 'i ! ! * i 
t taLaJI 

k C t f 
«"T 

T - - "D i e * / * -

447.S29 
443JR 

amis s w ; 
avsi 
cnsr 

4. v - v r o w •y-'D 
[2S4I 
[2*1 

• 4 ! 

! 2 ; 

! * . 

14 

4.1 
2.4 
• •» 

I.I 
1.1 

• S - - T StSJt 

224 74 

TT-*D 

V - V 

4424I* 
44490 ' 
44*71* 

4 12 75* 

1287] 
[2861 

6 
4 ; 
21 

73* 
7W 

1.7 

(248.40) 39444 442010 S 6 5.7 
(244.131 37102 446710 4 2 3.4 
(246.97) 37102 442010 4 6 1.6 

8. -TT-T 

21672 39444 500H60 6 8 900 

». V - - V D C M •S---T) 

0. JT-'G 

(209791 0 476670 4 6 1.1 

I2S3J 6 8 10 

1 V --T> ttxio .iwo; « ? * 7 J » 10 10 530 

22*71 39444 47*670 6 6 450 
227 42 37102 476*20 4 4 520 

1228 63) 39 U4 476820 6 4 Ml 
(227.501 37102 476670 4 6 18 

12 

13 

14 

a y - v 

v - T> uJit 

\ 0*17 ! 0.15 

. 0.019 i 0.11 
j M M < «L*U 

l-4fj &*-•• 

- • » i D-

-1.13 ] D 
-1.55 ! D 
-3.4* ' E 

i 

' ».W15 ! ••061 
1 • M i l ! 

1.7 5.1 

i*84 i £5 
! *57 I 1.7 
:«L2» 1 (US 

-£21 
-2*7 

| M 4 

i " » 
< 9M 

! 0.0010 - 0.0059 
o w n ••040 

-220 
-2i7 

urns i?g7J0 6 10 0081 039 031 

•r -v 

E 
E 

E 
E 

11 
i l 

: i 
; i 

0.W53 0.026 -1.50 E I 
00015 0.0049 -221 E I 
00022 0.0071 -2.06 E I 

0.84 3.6 0.70 E 1 

0.0011 00030 - £ 3 6 E I 

00013 00066 -£10 E I 

041 31 062 D I 

035 1.6 0.33 D 1 
046 1.2 020 D I 
0.042 0.19 -060 D 1 
0.021 0064 -107 D I 

(218X11 39444 496420 6 ' 4 10 00049 0021 - 1 5 4 E 1 
(21771] 37102 496420 4 4 7 4 0.0052 0015 - 1 6 8 E 1 

(244 191 67157 476670 4 6 58 0078 0 25 0 51 D 1 
(242 20) 63935 476820 2 4 50 0088 014 - 0 7 6 D 1 
(244 10) 67157 476820 4 4 10 931-41 00030 - 2 4 3 E 1 

23296 67157 496420 4 4 440 036 1 1 0 16 E 1 
23121 63935 496420 2 4 120 0 2 0 0 3 0 0 4 0 E 1 

The number in parenlheaat following the tabulated value indicate* Ihc power of tan by which thia value ha> to be multiplied 
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Crx 

ForbiddeaTi 

« =3 
3d sabshelL Streaajlhs of electric 
as defiaed ia Ref.l were 
which it aeeded to 
with the ifcXaaliua of oaadrapoaf streagtht ased ia the 
NBS tables. We have eadaded lioai that coaapaaooa the 
electric qaadrapolr coatrftjikwi to the *Sy»-'Fy» aad 

rice If K; *>vx~*i/2 
snail aad that sabject to 

Dinc-Fock Data for these 
ictativatic cal- aad Zeippea2 with the scaled 

ofthcBreit with attowaace far conelaboo 
good agrccaacat wall the rente of Ref. I. 

das ralr alalioai treated relativistic effects by 
two ekctroas ia the Bteit-PaaM couccliuas as a perfihatioa to 11 

tivntic 
by the bctor VJ 

strengths are very 

byl 
"I 
ia very 

t - N . H H | , At DM> Had. OMB Tablet 30. 313 <nS4> 
'C HcMtota art C i. Zcippea. Moa. Not BL AUroa. Snc. US. 127 

(W82X 

No. Trmation Makipfe X • E. & « U Type of 4 b 5 Accu Samoa 
Array iA> tern') tan »> *—*— »-*> (aLaJ racy 

I. V-V' «s--Tr 

[2S34.ij 0 38444 4 6 Ml OJO 04011 E I 
* • 4 6 E2 0.0*0 0.015 E 1 

(2694.5) 0 37102 4 4 Ml 11 0.033 D I 

' * * 4 4 E2 0.020 04066 E 1 

2. «s--»p-

1489.04 0 67157 4 4 Ml 120 0059 D I 
156410 0 83835 4 2 Ml 60 0.017 D I 

3. Tr-v 
(42690J 37102 38444 4 6 Ml 0.127 220 C+ 1 

m * * * 6 E2 l A - 7 r 0.082 E 1 

4. T r - ' P ' 

{4082.0] 30444 63835 6 2 E2 025 0.34 D - 1 
(X07.4) 3m m 67157 6 4 Ml 27 0.18 C 1 

m • » 6 4 E2 0.76 1.1 D - 1 
(3725.7] 37102 63836 4 2 Ml 26 0.10 C I 

' * ' 4 2 E2 0.56 0.47 D - I 
(33213) 37102 67157 4 4 Ml 62 0.34 C 1 

m * * 4 4 E2 0J6 0.36 D - 1 

S. •p. ip. 

(310301 63036 67167 2 4 MI 0273 121 C+ 1 
0 •> 2 4 E2 6.K-7) 0.036 E I 

Tha numbar in parainhaaw followinf tho tabulated valua indieatea tha powar of tan by which thia aalua haa to bo mukipUod. 
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Crn 

Cm—d Stale: I*z2r12»*3BJ3#1 *P, 

> Energy: 2TOSeV = 2184000cat1 

Wii i i i i r tnA) Ha. w. „,inA) NQL W,i.l .^tti(A) Not WmkagthlA) N«L 

I9B 9 2SA28 II 98UM2 2 491.154 1 
» * » 8 27J 5 IT4J2T 2 433 ffi 1 
22*45 12 299 19 J75J5 2 434J9 I 
m 6 359.29 2 412*29 I 48*27 S 
a&s 7 SC&M5 2 422J83 I 496 4 
240.76 U X&491 2 422282 I 

strengths tor traaaiiioas of the arrays 3sz3f'-
3 * y and 3pI-3p3dan the remits of the mnnironngBra-
tioa Dirac-Fock (MCDF) calculations of Hnang.1 These 
rebbvisnc calculation* mcmoed a perfrbative treat
ment of the Brat interaction and the Lamb shift. Al
lowance for configuration mixing included all 
confignnttiom within the a =3 complex. 

Hnang published neither an energy-level diagram nor 
percentage compositions for levels of the 3s*3p*. 3*3p\ 
and 3*23p3d configurations in Cr w. We have used the 
percentages given by Bromage et at.1 fat Fe xm, and by 
Bromage1 for V x and Nixv, as a guide to naming the 
levels; their values resulted from Hartree-Fock calcula
tions with rdativistic effects and statistical allowance for 
exchange (HXR), and incorporated correlation effects 
due to a partial set of configurations within the n =3 

complex Whenever die term designation of a level in 
Fe xm, as given in Ref. 1. is different from that indicated 
m Ref-2, aD tiansitions involving the corresponding 
level in Cr xi are omitted from this compilation. 

Tiansitions involving levels which are indicated to be 
of low parity in LS coupling are omitted here. Lines 
which are characterized by very small /-values are as
signed lower accuracy ratings; the weakest lines have 
been excluded. 

X-N . Haw*. At. D M * Nad D M laMa32. 303 (I9SJ). 
Hi. E Bro—ar. It D. Cemtm. ami B. C Fawcen, Mm Not. 

Axron. Soc. 1 R 1 9 imt). 
"O. E. Pm—ai, Astro*. Aanaph>>.. SappL Scr. 41, 79 (1910). 

Cr XI: AUowad tnmit iom 

No. Transition 
i T 

Muhipict * \ B. B, t.\ *• A» i * 5 \ottf 
r- — | 
Accu-I Soora 

Array (A) ' (cm '» ' (cm ') 
1 

(10* » '» 
i 

(M.U.) r»cy i 

I. 3«V-3*V "P-TT 

i 

not U3U7 

1 
i 
! 

• i 15 10 

| 
1 
J0 048 0.60 -0.37 

! 

D - i l 

431.154 11981 i 243917 5; 7 9.8 0038 0.27 -0.72 D 1 
422.083 1 5639 242459 * l 5 10 0.046 0.19 - 0 8 6 D j | 
412.629 0 242348 1! 3 8,1 0.063 0086 -1.20 D 11 

[433JWJ 11981 ! 2424S9 5 . 5 0.74 i 0.0O2I 0.015 -1.98 D - 1 
422.282 ! 5639 ; 242348 3 a 3.0 0.0O78 0.033 -1.62 D - 1 

(434.09) ! I1981 \ 242348 5: 3 0.083 l . * -4r 
t 

OOO'.O -3.16 E 1 

2. •P-f S70.M SSOl ' nuts 9 9 28 i 0.058 0.64 -0.28 D 1 

374.927 11981 278700 5 5 23 10.049 0.30 , -0.61 D I 
366.491 5639 ! 278397 3 3 12 0.024 0.087 -1.14 D I 

(375.35) 11981 '. 278397 5 3 8.0 ' 0.010 0.063 -1.29 0 I 
366.942 j 5U9 27HM2 » 1 30 I 0.020 0.073 1.22 C - 1 
366085 5539 '• 278700 3 5 4 1 | 0.014 0.050 1.38 D 1 

[359.201 0 278397 1 3 9.5 i 0.055 0065 1.26 D 1 

file:///ottf


p-«? 

No. 
Amp - * * (A) 

* 
ka-1 

A * * 
or.- 1) 

u S 
tatwj 

hg«f A c » 
— 

3. •D-ir 

[<8U7J M M 243BT7 5 7 •LSI •M IS •412 - « * B i 

4. V-T 

m 1 3 M M MOM •JOT - M B B i 

S. * *MH. * - • * • 

(TO) 5 7 LS MBZB 04881 -14B B i 

C. • • - •p-

caq 3 1 4M «UI U S - M B D i 

7. T - i r 

28848 11981 4S86SB s 7 » M « 4-6 M l D i 

& • p - v 

(21441) inn 478580 8 7 14 0413 •MB - U t B i 

t. • p - v 

[MB] 1 S 24 04651 1 M B - M B B i 

10. «o-«r 

1299] 5 8 1.8 M M M l * -1JB B i 

11. «D-«Dr 

[250481 M M 436669 S 7 N M B M M -1.18 E i 

12. «D_«r 22146 K M 178810 5 7 •» 046 2L4I M l C i 

IS. • S - V 24B.7« I S 488 14 M » •.IB r i 

Iht —mbu i» yirinlhmi hBorof th» tobwlotod »ito» mficfj thw pout of tow by which Urio Totao h i to ht —wi»liii. 

Crxi 

Forbiddea TrMHOont 

Wawjlifth (A) No Wa«whwgib(A) No Wowjlongth (A) No. Ww«wMgtb(A> No. 

819.18 11 1800 8 27994 8 18620 I 
820 10 1600 3 28074 8 18080 1 
710 2630 4 2874.1 8 •8720 7 
740 2740.1 8 288*4 8 •8870 7 
MO 2788.8 8 81784 2 901000 7 

1400 27734 8 30964 2 
1440 2781.7 8 8M44 1 



F - S S 

dipole aad electric 
of the 

Liae strcagths for 
kioas are the i 

Dnc-Fbcfc (MCDF) calcalatiuas, of Haaag-' 
These rdatpnstic calcalatioas sachaled a puiaibati*t 

of the Breit iateractioa aad the Laaab shift 
t for coaEgaratioa iateractioa eacoaipassed aD 

aiithia the a =3 i nwajih i Haaag calcu
lated IBK streagtlis for rxaasirioas walaa tlie ̂ : coafiga-
raboa, as well as for ti •aMtJoar betweea pairs of 
odd-parity levels whose lower level isoac of the foar 
lowest-tyiag odd-parity levels ia the a = 3 comptfi 
Traawtioas iavorviag odd-parity levels which are aadi-
cated by Ihnaaay <r «/-' (for Fe xm) or Broatage' (for 
V x aad Ni xv) to be of low parity ia LS coapbat; b 

Fe-groap iptcst* are osaitted here* as ate has 
streagths are very sasaJL Streagths of electric 
pole tiimitkaw as reported ia Ref. I were i 
the factor ;/> which is aeeded to briag these' 
coafonnaace with the defuatioa of qaadrapofc streagths 
used ia the NBS tables. 

'K -N Ha .At D K . N K I D«aTri4e»32.W)(l«t»Mdanvat 

•G E Ian—gi. It D. Cowaa. aad a. C Fswcca, Moa. Not It 
Astro* Soc. H3. I* (1*71) 

G E. Broaacc. Aarom. Asnopkr*-. SoppL Sex.«. 7»(l««0>. 

Crxr 

No, 
Array 

K- S* TypeaT 
to '» .a.) i »•** 1 

I. V'-*' T - T 

"P-'D 

(I5529J 

(18950) 
(8344-3) 

39969 

(317821 

3. V - "S 

(15901 
(144A| 

4. D - S (2630) 

5. 3*3a'-3s3>' 5 - - V 

(»«00) 
(15001 

5539 

0 

I1MI 

5539 

II98I 3 
3 

5539 I 
II98I I 

3094 

5 - - T 

V - V 

iwo) 
l»*») 

(68S70| 

IWIOOOI 
, («3720| 

242450 

242348 
242348 

S I 

243917 S | 7 ! 

242459 3 5 
243917 3 7 

Ml 
E2 
MI 
E2 

Ml 
E2 
Ml 
E2 

EZ 
Ml 

EZ 

E2 
MI 
E2 

Ml 
Ml 

Ml 
E2 
Ml 
E2 

3.45 ; £39 
1.01-4r ! 0.27 
298 I 195 
99911 ' 0.13 

i 
i 
i 
i c+ 

D-

26 0.31 
0927 9.981 

18 i 0.11 
0912 1 0912 

15 
370 

69 

C+ I I 

09092 
0.041 

0.52 

025 0.0056 E 
75 0.0047 E 
016 0-0037 E 

K> 0.037 E 
» 0912 E 

0.054 452 C -
7J»-»> 0.046 E 
3.21-5) 44 E 
251-9) 0011 E 



F - » » 

Crn: 

I**. • m T l l hhttiolK k * & * * i » * a f At. 5 ACM- W 
Array (A) (OB «) (CM-1 " • • • * • • • to •» 4at-mJ taey 

8. V - T 

pnsu) nam 238297 7 3 B 1.4 15) D- 1 
(28073) 24MS9 27SJ9S2 S 1 B 15 ISC D- 1 
P8T4.1} 2o»n zmw 7 5 M l a 9.14 B I 

* • * 7 S B i..- •J9 D- 1 
jnn.7] M W zmsr 5 3 B t s 9JS3 B 1 
(2799.2] M M XISMS S 1 M I 42 M M B 1 
preg^) 2424S9 D I M 5 5 M I 25 9J9S B 1 

* • • 5 5 B LS •49 D - I 
(277*2) 242348 zuun S S Ml «2 9JM E 1 

* * S S B LB 9uC7 D- I 
praojj M M 228799 2 5 M I 7J MOB B 1 

* • 2 5 B MS •LIS D - 1 

91 StV-aVVStf V - T 

tnt] 5 9 B 15 9JSS3 B I 
P49J 2 7 B 24 •J928 B 1 
p i t i 7 9 M l 540 •JC4 B 1 

Mi ir->r 
[5»1 S 1 B 2S8 • M R E 1 

11.! 1 
i r - v 

1 
1 i 

1519,13) 243911 IMOOO 7 7 Ml 41 9J015 B 1 

Thai r of ton by winch thai i thaatob* 

Cm 
Al bodectronc: 
Ground State: Ix'bVaf'VFTa 
Ionization Energy: 292.0 eV » 2404000 

Allowed Trwitiom 

UMOT 

Wo^otengili (A) No. Wavatengtb (A) No. W—loiajih (A) No. Wawlamth (A) No. 

1M 29 247 19,29 299 28 MS 15 
:M 22 24C 25 272 22 MO 14.14 
29> 21 2(0 29 274 29 3IIJ5 
214 10 251 35 275 • 818.92 
217 20 m» 17 272 4.28 320.20 
212 99 292 19 290 IS 224 14 
221 21 222.11 17 222 IS m 4,14 
222 24 254 2M4J5 2M 24 325.13 
239 22 2H » 294 28 327 14 
244 19 2M 19.27 294.77 2 380 
244.70 17 25* 27 100.32 3 Ml 
244 20 244 n 205J1 8 M1.N 



• * - •© 

Later 

Wrwhfth(Aj ! NOL Wa«lm«*<A> NOL WWaattblA) No. Warder jth (A) No. 

« ! 8 401 7 4IO01 1 449 11 
33296 1 5 402 12 412.40 1 458 U 
» I 4 1 4 8 S 7 413 9 •SI 11 
344 ! 13 405 7 417 12 599 10 
MS 1 13 1 *•* 7 419 12 
393.00 j 1 | 410 0 44S 11 

Line streagdts for Uanwtinm of the arrays is23p-
3 r V . 3*V 2-3p 5. 3rIM-3f3^3a'. 3*23#-3s23a\ and 
ak lp ' - l t^M are the tesrits of the mahiLuufigiiiatioa 
Dirac Fock (MCDF) ralcabmom of Haaag.' These rda-
uvisuc calcabDOBS nadnded a pertarbasrve treatment of 
the Brett interaction. Allowance for configuration n«x-
JngnrindedaDcon^nfaiiun»witlH^thea=3con»ple«-

Haang pnbfahed neither am energy-level diagram nor 
percentage ujaipositioin for levek of the 3 r > . 3s3p\ 
3t1U3p\md3t3p3dccm^itmiommCtxn.Mfcbxn 
nsed the percentages given by Fawcett* as a gaide to 
naaaag the levels; tbe tatter's vahns retailed from 
Hartree-Fock calculations with reboivistic effects and 
statistical allowance for eichangf (HXR), aad incorpo
rated correlation effects due to all configurations within 
tbe w =3 complex. 

(involving levels which are indicated to be 
of low parity n LS coapang are omitted here. Lines 
which are characterized by very small /-valaes are as
signed lower accuracy ratings; the weakest bnes have 
been eidaded A few wavelengths rtiaipatwl by Hoaag 
differ significantly from those which resnJted from die 
fitting and scaling procedaie applied by Fawcett1; 1 
for which tbe wavelengths are m> 
have been OBBtte.'i 

'K.-N. Hoaag. A t D M * Nod. Data Tables 34. I (HOS) aad private 

»B. C Fawcea, A t D M * Nod. Data Tablet26. 557 (l«U). 

Crxn: Allowed I 

No. Tninairion 
| Array 

' Mnhipict X 
(A) tan'1) 

a* M. *» A* 
00* o-'> 

U S 
(at. a.) 

«**Y Accu
racy 

S ~ ~ 

j 
i 

1. U*3p-3*3p* 
i 

W.U $000 tUOOO 6 10 16 0.064 Ojl - 0 4 2 E 1 

i ! 41091 
293.00 
412.46 

12000 
0 

12000 

256360 
254450 
2S4450 

4 
2 
4 

6 
4 
4 

15 
17 
0.94 

0.066 
0.077 
0.0024 

0.30 
0.20 
0.013 

-0.66 
-0.81 
- 1 0 2 

D 
D 
E 

2.; T ' - ' S St7.lt 9000 313660 6 2 130 0.068 0.44 -0.30 D 

i %\%Xl 
12000 

0 
313660 
313660 

4 
2 

2 
2 

21 
110 

0.017 
0.17 

0.075 
0.36 

-1.16 
-0.46 

D 
D 

*i J >P--»p mto 9000 SfTltO 6 6 330 0.4S 2.7 0M D 

1 30581 
(300.32] 

294.77 

12000 
0 

12000 
0 

339250 
332980 
332980 
3302SO 

4 
2 
4 
2 

4 
2 
2 
4 

276 
140 
160 
60 

0.387 
0.19 
0.12 
0.157 

1.56 
038 
0.48 
0.304 

0.190 
-0M 
-0M 
-0M 

C -
D 
D 
C -

4J 3t3p'-3p' ! • p - v 

! 
1 

1 [338] 
(3251 

6 
2 

4 
4 

1.6 
0.86 

0.0018 
O.0018 

04)12 
0.0038 

-1.97 
-2.45 

E 
E 

s 1 v-v nrn 12 4 290 0.15 %.o 0.27 D 

332.00 
325.13 
320.20 

6 
4 
2 

4 
4 
4 

140 
99 
62 

0.1S 
0.16 
0.16 

1.0 
0.67 
034 

-0.04 
-0.20 
-0.49 

D 
D 
D 

http://St7.lt


F-«1 

No. 
Array 

Mnltipttf 
(A) 

« A it* 
no**-1) 

h S *** Acca- S — 

6. f-V 

12781 
(275) 

4 
2 

4 
4 

1 2 
OJT 

616926 
•J022 

0.0096 
0J040 

- U S 
- 2 J 5 

B 
E 

1 
1 

7. H>-Hr 40( 10 10 28 •JUNO 0J2 - 0 0 6 E 1 

[40S) 
[405) 
[407) 
[401] 

6 
4 
6 
4 

c 
4 
4 
6 

28 
21 

&S 
25 

6*64 
•JS1 
M i l 
•J689 

051 
027 
0J88 
0l047 

-0.42 
- 0 1 9 
- 1 0 8 
- 1 4 5 

B 
E 
B 
B 

1 
1 
1 
1 

& Ht-T JW 10 C 100 040 10 •JO D 1 

(SSI) 
[332] 
080] 

6 
4 
4 

4 
2 
4 

85 
110 
11 

0J87 
0.018 

661 
0J8 
6877 

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

D 
D 
D 

1 
1 
1 

9. >s-i»- 47J 2 6 12 0.089 924 -0.75 B 1 

[410] 
[413] 

2 
2 

4 
2 

16 
10 

0J81 
Ojoon 

022 
0.021 

-0.79 
- 1 2 1 

D 
E 

1 
1 

10. * - « • 

[5»] 4 4 0.31 0.0016 0.013 -2.18 E 1 

11. tf.tp. 4 * 6 6 26 ©4»i 0.73 - 0 2 1 E 1 

11
11

 

4 
2 
4 
2 

4 
2 
2 
4 

22 
27 
&5 
023 fil
l 042 

024 
04163 
02041 

- 0 5 6 
-0.79 
- 1 2 8 
- 2 5 6 

D 
D 
D 
E 

1 
1 
1 
1 

12. 
UtpCVUd 

*D-*r i « 10 14 17 0.061 022 - 0 2 1 E I 

[402) 
[4171 
[4») 

6 
4 
6 

8 
6 
6 

19 
14 
24 

0.60 
0.063 
O.O063 

048 
029 
04152 

- 0 4 4 
-0.68 
- 1 4 2 

E 
E 
E 

1 
1 
1 

13. »D-»p-

[346) 
[344] 

6 
4 

4 
4 

2.1 
£6 

0.0025 
0.0046 

04)17 
0.021 

- 1 4 0 
-1.73 

E 
E 

1 
1 

14. " D - T ne i 
i 
j 

10 14 230 0.50 54 0.70 E I 

[327] 
[324] 
[326] 

i 
1 

« 
4 
6 

8 
6 
6 

220 
220 

9.8 

048 
0.52 
0.016 

3.1 
22 
0.10 

046 
0.31 

-1.03 

E 
E 
E 

1 
1 
1 

15 • D - i r 

[309] 
[308] 

6 
4 

6 
6 

160 
5.0 

0.23 
0.011 

1,1 
0.043 

0.14 
-127 

E 
E 

1 
1 

16. 'D- 'P ' 

[309] 4 2 270 0.19 0.79 -0.11 D 1 



F - « 2 

O u t Allowed transition* — Continued 

Na Tranritian 
Amy 

i 

• 

Multiple* 1 
* ! 

•A) : 
i 

(cm ') Ian 'l 
*• 

i 

A. 
( I d ') 

h S 
lti.a.1 

iofgf Accu
racy 

Source 

17. V-3rf T- -T> 

1 

249.25 \ 9000 409210 10 350 0.55 2.7 0.52 D I 

I 
251.52 | 
244.70 

[252.111 i 

12000 
0 

12000 

409580 
408660 
408660 

4 ! 
2 ! 

i 

6 
4 
4 

340 
300 
66 

0.48 
0.55 
0.063 

1.6 
OSS 
021 

029 
0.04 

-0.60 

D 
D 
D 

1 
1 
1 

18. 3»3j*-
3«3^T>-|M 

*p-v j 
! 

{282] 
12801 | 

6 
*\ 

8 
6 

12 
0.72 

0.0020 
0.0013 

0.011 
0.0047 

-1.93 
- 2 2 9 

E 
E 

1 
1 

19. «p-«p- i j 
[256| 
[244] ; 
[247] ! 
[2521 | 

6; 
2! 

6 
2 
2 
6 

S4 
12 

240 
200 

0.034 
0.011 
0.11 
0.28 

0.17 
0.017 
0.36 
OM 

-0.70 
-1.67 
- 0 2 5 

0.05 

0 
D 
D 
D 

1 
1 
1 
1 

20. •p.«ir 
1 

; 
[250] 
[246] 
[250] 
[2471 

: ; 
2 

8 
6 
6 
2 

350 
110 
220 
330 

0.437 
0.15 
0.20 
0.30 

2.16 
0.48 
1.0 
0.49 

0.419 
- 0 2 3 

0.08 
- 0 2 2 

C -
D 
D 
D 

1 
1 
1 
1 

21 •P-T* 
• 

12211 6 8 1.9 0.0019 0.0082 -1.95 E 1 

22. •P-T* 

23. 

24. 

2fi 

27. 

2* 

1198) 

-•D-'P* 

(294) 

T>-'D* 

[2861 

'D - V « / 

[248] 
[2S41 
|255| 

•D - V 

1222! 

'S - 'V 2i* 

[259| 
|25fi| 

V -'V 275 

1.6 

4.9 

i 0.0018 ! 0.0024 

I 0.0064 ; 0.037 
I 

-2.43 

-1.42 

6 8 15 0.0025 0.014 ; -1.83 E : i 

10 14 140 0.18 1.5 0.26 E | 1 

6 8 140 0.17 | 0.84 i 0.01 E , « 
4 6 120 0.17 : 0.57 1 -0.17 E |1 
6 6 IH 0.017 C.086 -0.99 E ! 1 

4 2 044 16) 4r 4 * - 41 -3.18 E 

2 A m 0 82 14 022 D 

2 4 .120 065 11 Oil D 
2 2 150 0 55 025 0 53 D 

150 0 17 093 0.01 

(27H| 
'26»! 
[274| 
I273| 

4 4 97 O i l 041 035 D 1 
2 2 210 0 23 0 40 0.35 D 1 
4 2 42 0 024 00X6 102 D ! 1 
2 4 7 7 0 017 0031 1 46 D I 



F - « 3 

No. TnamHea 
Amgr 

Moltipfct X 
(A) (OB ') 

A* *. #» A* 
(10*»-') 

U S 
Ot-u.) 

l««f Acco- Sonne 

29. 3>3p*-
S.SpCP'Bd 

• P - f 

[1*1 c 8 14 04012 04048 -2.13 E i 

SO. • D - V 117 10 14 250 0L25 14 0.40 E i III 6 
4 
6 

8 
6 
6 

240 
240 

14 

023 
025 
0J10 

1.0 
0.72 
0443 

0.14 
041 

- 1 2 2 

E 
E 
E 

i 
i 
i 

31. 'D-'P' 

P»J 4 2 1.7 54C-4) OJ015 - 2 4 6 E i 

32. « - 1 " 

[239] 2 2 ICO 0.13 021 -0.57 D i 

33. * - * • 
[265) 4 6 1.3 0.0020 0:0070 - M 0 E i 

34. • P - V 

{254] 4 6 sat 0.75 25 0.48 E i 

35. «P-»P-

[2S11 
[2*1 

2 
4 

2 
2 

70 
75 

0.067 
6.0362 

0.11 
0.121 

- 0 4 8 
- 0 4 4 

D 
C -

i 
i 

The number in pwtntht— following the tthulttelt mine indicates the pawn of ttn by which tK» yt\at h— to be multiplied, 

Crm 

Forbidden Transitions 

Line strengths for magnetic dipole and electric 
quadrupole transitions within the Jr'jjp 'P* and isJp1 *P 
terms are the results of the miihiconfigurstion Dirac-
Fock (MCDF) calculations of Huang.' These relativistic 
calculations included a perturbative treatment of the 
Breh interaction and the Lamb shift. Allowance for con
figuration mixing included all configurations within the 
n «*3 complex. Strengths of electric quadmpole transi

tions as reported in Ref. 1 were multiplied by the factor 
7> which is needed to bring these values into confor
mance with the definition of quadrupole strengths used 
in the NBS tables. 

'K.-N. Hums, Al. D M Nucl. DM* TiMct U. I (l«M). 
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"H TVaontion Makipltt k. fi. & * 
^ 

Type of A* 5 
1 T 

Accu- Source 
Amy \ki Urn-') tea. ') tna-Oni to1) (•*.«-> 

i. 3p-3p • P ' - T ' i 
(83S1J 0 12000 2 4 i l l 15.5 1.33 l 

C | 1 
" " * 2 4 E2 0.0025 0.24 

2. 3s3fr-3c3p* T - T 

1156001 * C Ml AM 358 c 
4 6 E2 i.u-*r 0.36 D -

[21100J 2 4 Ml 2J8 3J1 C 
2 4 E2 3.01-6) 0.030 E 

i _ 

I896S] 2 6 E2 0.0013 0£7 D -

Itae iii psrcntlMMa M — B V T^*^ till iifs*ml valoe the puwu often by which tim value h— to be multiplied. 

CTXM 

Mg boefectronic Sequence 

Ground State: U 2 2 I > * 3 J : 'S, 

Ionization Energy: 354.8 eV = 2862000 cm ' 

Allowed Transitions 

Lot of tabulated baa 

Wavelength i A) No. Wavelength <A> No. :; Wavelength (A) 
1 

No. Wavelength (A) 
i 1 

No. 

4959 14 276.4 18 I ; 
!• 362.6 

4 II 449.76 
57 01 13 277 22 : 363.96 3 451.7 

224 21 279.32 16 !: 367.9 9 461.60 
228 20 286 24 368.06 3 46.(2 
259.68 15 298 IS 369.13 9 465.1 
261.91 15 32829 2 371 8 482.2 1 
262.33 15 342.69 3 374 12 560.11 5 
267.73 15 345 23 i 375.1 4 638 10 
268.4 15 351.14 3 377.60 6 
268.9 15 353.81 3 385 11 ' 
270 17 356.12 3 437.05 7 

Oscillator strengths for the three transitions 3r 'Sn -
hnp 'P; (n - 3-5; are the results of the relativistic ran* 

dom phase approximation (RRPA) calculations of 
Shorer et al.,' who allowed for correlation within the 
context of a frozen core. Oscillator strmgth dau of 
Fawcett,*' quoted for most transitions of the arrays hip-
3p!. 3*3rf-3/>W, Jsip-isid, and ip'-ipid. were derived 
by mean* of Hartree-Fock calculations which included 
relativistic effect* and statistical allowance for exchange 
(HXR); he incorporated correlation effects due to all 
configurations in the n - 3 complex. Froese Fischer and 
Godefroid' determined/-values for singlet-singlet tran
sitions within the complex by applying a nonrelativistic 

multiconfiguration Hartree-Fock (MCHF) technique 
with large-scale allowance for configuration interaction; 
their resluts are quoted for two transitions of the ipid-
id1 array for which we estimate the contribution of sin
glet-triplet mixing to the /-value to be insignificant. 
A -values for the three intercombination lines tabulated 
here were calculated by Kastner and Bhatia* using a 
scaled Thomas-Fermi approach that allowed for correla
tion due to all configurations in the n = 3 complex. 

Transitions involving levels which are indicated in 
Ref. 2 to be of low purity in LS coupling are omitted 
here. Lines which are characterized by very small/-val
ues are assigned lower accuracy ratings. 
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* C Fawcen, At. Data Nad. Data Trias M. SI* <W8J>-
^C- I Y O U L fiacker sad ML GodtfnMd, Mad. aaanaa. MeOKjdi 382* 

T. Stent. C D . l i . a d W . I L Joaaaoa. Pays. Rev. A M. IW» 307(19(1). 
(19T7X *S. a b n a aad A. K. Baaea. I. Opt. Soc A a . 40. 1391 (1919). 

Na. 
Ana* 

A 
(A) & A* 

a«*a-') 
s 

<at«J 
" • A T * 

3t*-3*S> 

kV-V 

•S-'P* 

4822 

35*21 
3S6J2 

3tU-3p3d 

T - ' D 

>p*-'S 

«D-*P* 

sacs 
35144 

IW5.1) 

5C0.11 

377.60 

U7J 

437.06 
449.76 
461*) 
[451-71 
(463.2) 
[465.1) 

>D_»p-
I 
| (3711 

T ) - V 

9.13 
; 
1 

(367.9] 

10. ! > D - V 1*38) 

11. I 'D-'P* (385) 

12. 'D-'P* (374) 

13. 3«'-3«4? •8 - 'P* 67.01 

14. 3f»-3»5p : 'S - 'P- 49.59 

0 

suite 

tv 
267400 
2MM9 
207400 

216600 
207400 

304610 

304610 

suseo 

500100 

588600 
590100 
589200 
590100 

590100 
589200 

207400 

304610 

483150 
483150 

483150 

USIOO 

818800 
811500 
805100 
811500 
805100 
805100 

861000 
861000 

0 | 1492000 
i 

0 ! 2017000 

5 

5 
i 

5j 3 

1 I 3 
i 

1 i 3 

0.18 

186 

150 

108 
40 
61 

150 
84 
56 

13 
• 4 

13 

150 

464 
35 
28 
62 
6.8 
0.13 

87 

64 
13 

5.9 

150 

100 

1670 

990 

08019 

•262 

0L28 

0.19 
0*77 
•274 
8J0 
0.10 
• 8 1 

0.027 
•221 

0.10 

0.11 

0.18 

0.171 
0.15 
0.15 
0.021 
0.022 
2*-*r 02031 

O.06O 

0.13 
0.038 

0.036 

048 

0.13 

•275 

23 

1.1 
0X27 
•45 
•26 
•24 
•26 

•.17 
OJ075 

0.56 

041 

1 9 

1.72 
I.I 
0.68 
022 
0.17 

022 

1.1 
023 

028 

3.0 

0.80 

-2.71 

- 0 M 5 

02* 

-0J02 

-02Z 
- 8 5 1 

- 0 2 6 

- 1 2 0 

- 0 2 2 

- 0 4 8 

042 
0.078 

-0.12 
- 0 2 5 
- 0 2 8 
- 0 8 6 
-2JB 

-0.74 

-0.04 
-0.72 

-0.74 

028 

-0.19 

0238 ! 0.075 ! -0.471 C 

0.109 0.0178 i -0.96 ! C 

http://CD.li.adW.IL
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Crxm- Allowed transitions — Continued 

No. 
Array 

Multiplet 
<A> 

E. 
<cm i (cm 'i 

A-
iIO"« •) 

S lore/" Accu- Source 
(at- U-i racy 

15. 3,3p-3»3d "P" - "D Sti.O iliian 5SS500 9 13 197 0345 0.492 C 

16 

17. 

18. 

3p--3p3rf 

267.73 216600 390100 3 7 190 0286 126 0.155 C 2 
261.91 207400 389200 3 5 130 026 0.67 -0.11 C 2 
239.68 203400 388300 I 3 120 035 0.30 -0.46 C 2 

[268.41 216600 389200 5 5 48 0.052 023 -0.59 C 2 
262.33 207400 388300 3 3 84 0.087 ! 023 -0.58 C 2 
[268.91 216600 588300 5 3 52 00034 0.015 -1-77 D 2 

r - D 27932 304610 662620 3 5 330 0«9 13 0.32 D 2 

• P - T - ; 

v-*ir 

[2701 

[276.41 

19. •D-'V [298] 

20. 'D-'V [2281 

21. -D-'P" [224] 

22. s - p - [2771 

23. 3p3d-3d: • r - ' c [345] 

24. 'P*-'S [286] 

3 1 170 .0.063 ! 0.17 . -0.72 

; : : ! ! i 
861000 5 7 220 i 025 16 024 

5 5 i» 'on ! o« I -om 
: i \ I 

5 7 180 1020 ! 0.75 j 0.00 

5 3 29 

1 3 210 ; 0.73 

7 9; 174 

3 1 460 .0.188 ! 0.53 i -0249 

! 0.0013 ! 0.0048 ' -2.19 
I 

0.67 | -0.14 

0299 i 3.17 I 0.446 

2 

I 2 

i 

I * 
i I 2 

2 

:3 

The number in parentheses followinc the tabulated value indicates the power of ten by which this value baa to be multiplied. 
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Crnv 

Na botkcuonk.', 

Ground State: L»22*>*3* ^ 

Ionization Energy: 3S4.171eV = 3098520 < 

Wawikastfa (A) N<L Wavdantk .A) No. WmkaftbtAl No. Wawbaglfc (A> No. 

K « t 6 
-' ' " 

54.164 i* IOCS 48 2175 51 
3853S 5 60.699 21 1*7.7 47 2174 62 
S9.79S 17 60.756 a 1075 47 2215 43 
40516 W 1 60.761 21 1605 37 2215 a 40.018 17 j 63524 2 119.4 37 2225 43 
40.7K 4 63539 2 1115 53 2215 79 
40500 4 63535 20 1175 36 2234 79 
41.556 IS 64505 29 1185 36 2385 6* 
41.788 15 64545 29 1255 46 2395 6* 
41.796 15 68594 9 1255 46 2415 74 
41207 14 69513 9 133.1 45 241.7 74 
42.453 14 69547 9 1335 45 2865 56 
44.597 13 79.126 32 1335 45 2875 56 
44569 13 84431 41 1365 52 289.735 7 
44573 13 85.012 41 1485 29 2975 61 
45535 12 85.020 41 149.1 29 300.1 61 
46.125 12 86.060 19 1564 58 300571 7 
46.417 26 86.169 19 157.1 35 3005 61 
46453 26 86.185 19 1584 35 301514 7 
46.468 3 86511 31 1655 65 3465 68 
46.527 3 93.006 39 165.7 65 346.5 68 
48500 25 93432 39 18752 44 3465 68 
4853b 25 93467 39 1875 44 3635 60 
483*0 25 95.997 49 18750 44 S87.1 60 
48.991 24 96.061 49 1885 71 38951 I 
49.032 24 96530 38 188.1 71 4005 73 
50521 11 96524 38 189.1 34 4005 73 
51.172 11 99.443 54 1905 !.7 4005 73 
51.180 II 99.453 54 191.0 34 41159 1 
52421 23 99.473 54 1925 75 413.7 67 
52563 23 10058 18 200.1 63 4145 67 
52367 23 101.05 18 201.0 63 415.6 67 
53642 22 101.42 18 2015 63 7895 33 
53.674 22 102.7 30 216.1 62 81*5 33 
53.691 22 I02J 30 2175 61 823.7 S3 
53.760 10 1044 48 217.1 61 

Strength* of the linet of tbe ls-3p and 3p-3d transi-
tiom were taken from Edlen's interpolation formulae.' 
These were owed on the results of Weiss' Hartrce-Fock 
calculation*.* in which ratios of rdstivistic Dirac to non-
relativistic line strengths in hydrogenk ions were ap
plied M scaling factor* to the nonrelativistic 
Hartree-Foek line strengths in the corresponding sodi-
umlike species. Oscillator strength* for the 4p-4d transi
tion* were derived by Oruzdev and Shentyuk' using the 
reistivistic variant of their effective orbital quantum 
number method, which utilizes a Coulomb potential m 
conjunction with a semiemphical orbital quantum i 

bcr which is determined from experimental energy lev
els. Strengths of the hues of the 3i-4p transition were 
interpolated from the results of the rehtrvistic single-
configuration Hartree-Fock calculations of Kim and 
DesclMU4 for V XIII and Fe xvi. 

Muhiplet/-values calculated by Biemont' using a fully 
variational Hartree-Fock approach are quoted for nu
merous transitions nl-n'V (3<*<3; 4<*'<oV /, 
l'—i,p,dj). Data for additional transitions (namely, 
those for which n > 5, where a is the principal quantum 
number of the lower state) can be found in Ref. S. 
Whenever wavelengths of individual hnes within a i 
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tiplet either were available directly or coald be deter- Transboas with saaall /-vahaes were generally as-
I from the energy levels, da? aialttpkt streagth was signed tower accatacy ratings, 

moag the tines according to LS-coapoag 
rates, eacept in casts where the wavelengths of all the O a l w a n w 
lines in the maloplet are identical The strength of the 
3p *P" - 4» *S multipart was not distributed between the >n_ Edk*. Pfcyi. Scr tt. s*s <i*?»> 
two tines in die nahjplet, however, since the rdatrvistic ; A. W. WOK. J Qaaat Specnuc. lUd>L Traofcr n.4ti <i97n 
single-coBfigiiration Hartree-Fbch calculations of Kim *-F G*"**«»d A. I Sfccrayat. Opt. Spectrac 0,SS*> 4*. 353 
aad Cheng* "wftrwy that in the corresponding n«»itinM <m*V 

. . . «• .«__- i ^ . . . *Y .-K. K M aad J.-P. Dockan. Argoaar N a n r i Laboratory Report 
iron die ratio of die two hne strengths de- ANL-T*-** Part HI«T«* 

: from die value that •vcakt be obtained t tikmnm. ASOOL Aflropfcyv. SappL Set. n . a s <r«m 
in the case of pure £ 5 coapbag. *Y.-K. Kim aad K.-T. Chca*. 1 Opt Soc. Am.«B. 83* «W7t>. 

Cru\~ AUowdl 

No. 
Array (At 

ft 
I c m ' l * *• tHr"t : i 

5 avay Accv- Souicc 
<a*-u-> racy 

3.-%. ^ - V SH.H SSlMt 2! 6 i 603 • 429 1.12 -0.067 B 

389.81 0 256540 ! 2 | 4 64.1 0292 0.750 -0233 B I 
411J9 0 242720 2i 

j 
2 . 53.7 ' 0.137 0271 -0363 B I 

2. 3>-4p « - •P- ( U K 0 IS774I0 2; 6 1090 0.197 00823 -0.404 C+ ixmp 

63224 0 1579180 2 4 1070 0.129 04637, -0389 C+ ; ••*•>» 
63539 0 1573860 2; 2 1130 0.0684 0.0286 -0264 c+ mterp 

3. 3,-Sp «• =P- **-W 0 ilSIIOO 2 6 660 0.064 0.020 - 0 2 9 c 5 

46.468 0 2152000 2 4 660 0.042 0013 • -1.07 c U 
46327 0 2149900 2 2 670 0.022 0.0067! - 1 2 6 c It 

4. 3«-6p "S - I " *ft7M 0 US J TOO 2 ! 6 390 0.0292 0.0078; -1234 c 5 

40.782 0 2452100 2: 4 390 0.019 0.0052 . -I.4I c It 
40800 0 2451000 2 2 390 0.0097 00026 -1.71 D It 

5. 3»-7p * TT 38.036 0 2629100 2; 6 247 0.0161 000403 -1.492 C 5 

6. 3t-%p « • V 36.466 0 2742300 2: 6 167 0.0100 0.0024ft! -1.70 C 5 

7. 3p-3d V - T ) m.77 tSlfSO SS8SS0 6 10 146 0221 1.88 ! 0284 B 1 

300271 256540 588570 4 6 141 0286 1.13 OOSfe B 1 
289735 242720 587860 2J 4 131 0229 0.627 -0 .182 B 1 
301814 2S6540 587860 4 | 4 23.0 0.0315 0.125 -0 .900 B 1 

8. 3p-4» P- - S ll.SU tSltM 1478500 • 6 2 2000 0.066 0.11 - 0 . 4 0 C 5 

9. 3p-4d V -T> $too» MHO 
i 

1701000 6 10 2340 0278 0279 0222 C 5 

69213 256540 ' 1701300 4* 6 2110 0249 0.227 -0.002 c U 
68394 242720 1700600 2; 4 I960 0.279 0.126 -0253 c It 
69.247 256540 ; 1700600 4 

1 
4 380 0.027 0.025 -0.96 D It 

10. 3p-5» V * siots JSltJO 2102800 « 2 880 0.0129 0.0138 -1.111 C 5 

54.164 256640 2102800 4 2 590 0.013 0.0092 -1.29 C It 
53760 242720 2102800 2 2 300 00130 0.00460 -1.59 C It 

1. 3p-.W V T) it 0U tittSO iiiotoo 6 10 1400 0.0*1 0092 -026 C 5 

51.172 256640 2210700 4 ' 6 1400 0.082 0.056 0.49 C It 
50821 242720 2210400 2 4 1200 0.093 0031 - 0 7 3 C It 

[51 180) 256540 2210400 4 4 230 00091 00061 1 44 D It 

http://ll.SU
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Crnr. 

N* 
A m y (A) »•) « *> 5 

tocaj 
- I * / 

11 

IS. 

144 

15. 

IS. 

ir 

IS-: 

19. 

«*-*» 

lp-1d 

21 

22. 

V-w 

M - 4 , 

W-4/ 

3rf-5p 

3rf-V 

3<f-«> 

4SJ25 

«p--«D 

« P - - « 

« r - * 

' P ' - ' D 

«D- , P' 

• D - T 

• D - V 

'D-'T 

' D V 

«*.*» 

44*97 
E44JI3) 

4XI7I 

42.45S 
H**07] 

41.71S 

4LT88 
41.556 

M1-798J 

A S H 

40.018 
39.796 
[49*16] 

/W.if j 
i 

IOIJOS ! 
101.42 ! 

[100.88] 

W./iS : 

86.169 ; 
86.080 

[86.185] 

H-Olt 

64.00S 
(64.045) 
[63.9251 

tow 
60756 
(0.609 
[60.761) 

it.tU 

(53.691) 
[53.674] 
(53.642) 

2S/J99 

2SM90 StfSMS 

tsttm 

sum 

mm 

24272) 

589810 
587860 
587860 

tmm 

2T55S00 
2755500 

UTH19 

1579189 
1573810 
1579180 

# M » /KM00 

589570 ^ 
587860 
589S70 

1750100 
1749900 
1749900 

C 4 
«l 2 
4 ! 4 

10 14 

6 8 
4 6 

41* 

SM 
160 

149 

4S8 
98 

SSI 

ssssso tin too 
589570 
587860 
5B7t!60 

2152000 
2149900 
2152000 

5900 
5300 

6: 6 390 

10 6 i 190 

6 4 ' 170 
4 2 190 
4 4 19 

iMJUO tttiSOO 10 14 i 2200 

589570 
587860 
589570 

2235500 
2235400 
2235400 

6 8 2190 
4 6 2060 
6 6 150 

SS88S0 US1700 ! 10 6 96 

S89S70 
587860 
587860 

2452100 
2451000 
2452100 

6 4 85 
4 2 98 
4 4 95 

0*045 

suom 
0*677 

0*015 

•*sre 

8*124 

0J015 

0*144 

0U8IS 
0J9145 

0*914 

0*446 

0*45 
0*372 
0*075 
0*2 

0*8 
0*8 
0.043 

0*915 
7JMf | 

0*198 

0*115 
0*964 
0*91* 

0*114 

7*1-4) 

£149 

0*89 
0*697 

2* 

1 * 
1 * 
0.074 

0*070 | 0*15 

0.0071 ! 
0.0059 I 
0.0012 

00090 
0.0060 
0.0010 

i 
I 

0.170 I 0*40 

-LSZ 

-L7B 
- 2 * 9 

-LOTS 
-L7T 

-LSI 

-1*7 

-1*78 
- U S 
- 2 * 2 

- 2 * 5 

-LOO 

- U S 
-1.54 
- £ 2 4 

-9*51 

-0 * 7 
- 0 * 3 
-I.S8 

9*6 

0.72 
•X 

- 0 * 8 

-1.15 

-1*7 
- 1 *2 
-2 *2 

D 
D 
E 

0230 I C 

0.162 
0.170 
0.0081 

0.194 
0136 
0*097 

-0.013 
-0.167 
-1*1 

0.0025 i 0.0044 -1.60 

0.0025 
0.0021 
4.K-4) 

0.0026 
0.0015 
2.9l-4> 

-1*3 
-207 
-2.78 

C 
c 
D 

D 
D 
E 

U 

It 
U 
U 

b 
U 
U 



1 
1 

1 
1 
1 

1 
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f 
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1900 
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018 
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(11*4) 

n»-4i 

isms* 
15T3S9* 
isms* 

3SS 4 
2 
4 

C 
4 
4 

28* 
23* 
45 

*J*K 

04**3 

• i l l 

0LO12 

-048 
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Crxrv 

Forbidden Transitions 

The electric qoadrupole g/-value for the ~a-3d multi-
plet in this wdhjmKke ion was reported by Godefroid et 
alj h was calculated earner by Biemont and Godefroid2 

using a fully variational Hartree-Fock approach. T h » / -
value was converted to a mnhiplet strength, which was 
then distributed between the two lines of the muhiplet 
according to LS-coupling rules. 

For resonance transitions to J •» I levels of the 2/>'3i 
and tyid configurations, we quote A -values which 
were calculated by Vainsbtein and Safronova' using a 
charge-cxpamion perturbation theory approach with al
lowance for mixing of the V 5 3*. WM, and 2i2p*3p 
configurations. Their resultt for the 2p*-2p*3d transitions 
in the isoeiectroiuc ions Kt ix and Fe XVH are in rather 
good agreement with those of Shorer,2 who used the 
relativistic random phase approximation (RRPA) with 
allowance for mixing between configurations of type 
J>'« and 2pfnd, as well as correlation effects due to 
configurations having a vacancy in the U or It subshell. 

Rcforuncns 

'M. Godefroid. C E. Matnaaina. P. O Zcucrberg, aad L JoefaxM. 
Pays. Scr. 32. 125 (HS5X 

"E. Biraow aid M. Godefroid. Pays. Scr. IS. 323 (MTt). 

But the dau of Ref. 1 for the two Ip'-tyl* transitions 
are approximately a factor of two smaller than those of 
Shorer for the abovementioned neon-like species, so we 
have increased the transition probabilities of Ref. I for 
these two lines by a factor of two. 

A -values quoted here for a number of transitions in
volving an electron jump of the type 2t-2p. 3»-3>, or 
30-30* were taken from the work of Pokleba and 
Safronova,' who used wsvefunctions calculated by a 
charge-expansion perturbation theory approach with al
lowance for mixing of configurations in which a single Is 
or lp electron is excited to an n - 3 orbital but with no 

Cr xiv: Forbidden traaaitiona 

No, Transition 
Array 

• Muhiplet' 
<A) ! 

t 
(an '> (an ') 

* *• Type of 
trMWtMB 

A* 5 
IK.I.I 

Accu
s e * 

Source 

1. 3t-3d 

i | 
i i 

i * - * I 
: i 

i ! 

1 ! 

116962] ; 
[170.11] ! 

i 

589570 
587860 

2 
2 

6 
4 

l 

E2 
E2 S*+5> 

0.277 
0.185 

C 
C 

1A 
1 * 

"The number in parentheses following the tabulated value the power of ten by which thai value ha* to be multiplied. 

Crxv 
Ne Isoelectronic Sequence 

Ground State-. U22s22p"So 

Ionization Energy: 1010.6 eV = 81 $1000 cm ' 

Allowed Transitions 

L M of tabalaMd bees 

Wavelength (A) No. Wavelength <A> No. 
| 

Wavelength (A) No. Wavelength (A) No. 

i T 
18.497 9 102 3 293 13 327 14 
18.782 8 102.18 I 304 13 406.127 11 
19.015 7 108 3 309 13 417 16 
20*63 6 105 4 321.262 15 469 10 
21.153 5 111.27 2 324 17 703 12 
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^cffltljgMra*in,>* in which an election 4 
die * =4 sbdL In cases where better wavekngdi data 
v»ere available, diese transition probabilities were first 
converted to line <rengtht, which were data rccon-
vtrted to / - and /4-values by using die more accurate 
wavelengths. Transitions involving levels of das "ifi^p 
and 2p*id configurations which are indicated by 
Fawcett* (in Ti xn) or by Jnpen and Litzen' (in Ti xn or 
Fe xvn) to be of low to moderate parity in LS conphng 
are excluded here, as are very weak hnes. The pane in of 
levels widen die lslp*Sd configuration in die iaodec-
tronic ions Fe xvn and Ni xrx resulting from die scaled 
Thomas-Fermi calculations of Loulergue aad Nms-
banmer* widi extensive allowance for correlation is en
tirely different from that determined by Van 

Safronova. whose energy levels were 
Pokleba and Safironova in danr 
crJations. We have dms excluded 
levels from our 

apparently used by 
probability cal-

oat of these 

1_ A. V M H c k ar iU-L Safroaova.: 
. M22 (Ed. V. B. Bdyaaa. Akad. Naak SSSft. Ot Ob. ft. 

lack. Sov. SatkHraa . ttacow. 1977). 
»P. Saner, Pays. Rav. A JB. 442 (1979). 
'A. K. Pbkkaa aad U. L Safroaova. Frcpriat No. II. Akad. Naak 

SSSK. Ot Ob. ft. Aatraa, h a . Sptkuuak. (Maaoow. HOI). 
v . C. nnacatt, private coavBaaacaaaav w gaoled ai E. 1 labnt. Z. 

Phys. A 319.23 ("•«)-
^Japea aad U.Utaoi Mm. Scr. 30.112(1914). 
•U. Loafcrgae aad R Naaafaaaaacr. Aama. Attrophys. 45, US (I97S> 

Crxv. Alkmadt 

Ho. 
Array 

Mtthiph* 
(A) 

B. 
tern') 

4 . 
tea.') 

* «* At. 
ao**-') 

f* 5 
tat-aj 

* * « / Accs- SOmVBat 

1. 
2s2j><3> 

C/fc'/jT"* 

102.18 4713200 5691900 5 3 700 0466 0.11 -0.49 D 8 

2. WlpVPtrfb-
2t2p*3, 

WV-'S 

11127 4793200 5691900 3 3 170 0431 0434 - 1 4 3 D 8 

3. 2fV%>-
2$2p*3p 

's-'r 

[102] 
[103] 

3 
3 

3 
I 

160 
380 

0425 
0420 

0425 
0.020 

-1.13 
- 1 2 2 

E 
D 

8 
3 

4. n>->r 
1105] 7 6 510 0463 0.15 - 0 4 6 D 3 

5. V- • 8 - ( V / . r 

21.153 0 4727500 1 3 5600 0.11 04078 - 0 4 5 C - 1* 

6. ' 8 - ( W 

20483 0 4793200 1 3 6000 0.12 04081 - 0 4 3 C - 1* 

7. ty-ty'ru •s-«p-

10415 0 5259000 1 8 630 0410 Uk-W - 1 4 9 E 1 

8. "3-«rr 

18.782 0 5324200 1 8 241+4) 044 ojoa, - 0 4 6 D 1 

9. W-'P* 18407 0 6406300 1 8 143H-6) 249 0.152 0497 C - 1 

10. C/fc'/iT - "8 

vm 6 8 26 0449 048 -041 D 8 
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Orw. Alkmwdt 

No-j Transition 
! Array 

r 
| Muhiplet 

(A> 
ft 

<em'> (on ') 
* * A* 

( 1 0 , » I ) 
f* S 

(at-u.) 
*lgf 

• i 

Accu
racy 

Sonne 

i 
11.1 

I 
! ( V t

I / 1 r - , D 

~l 

I 405.127 4713200 4960000 5 7 44 0.15 1.0 -0.13 D 3 

12.' 2pTO*0s-
; V 3 P 

|( , / 2 .VJ-- , S 
j 

i 

f 
| F03J 1 3 0.19 0.0042 0.0098 - 2 J 7 E 3 

i •S- 'P- i » 3 9 56 022 0.66 -0.17 E 3 

i 

i 
i 

, [293] 
[»4] 
[309] 

3 
3 
3 

5 
3 
1 

42 
67 
79 

0.090 
0.093 
0X88 

026 
028 
0.12 

-0.57 
-0.56 
- 0 5 5 

E 
D 
D 

3 
3 
3 

! 
14.1 

i 

I ' D - * " 
t 

i i pz-n 7 5 35 0.0040 0.030 - 1 5 5 E 3 

15 
i 

Im-tr 
1 
I | 3Zl2Bi 4960000 5271390 7 9 81 0.16 12 0.05 D 3 

16. •p-'p-

': [417] 1 3 1.7 0.013 0.018 -1.88 D - 3 

n. >P-D-

[324] 1 3 39 0.18 020 -0.73 D • 
*n»e number in parentheses following the tabulated value indicate* the power of ten by which thia value hat to be multiplied. 

Crxv 
Forbidden Transitions 

The A -value for the single transition tabulated here is rtof*r*nc« 
the result of the Hartree-Fock-Relativiatic (HFR) calcu
lations of Cowan.1 The wavelength is the result of these 
same calculations and may be somewhat uncertain, as 
the energy of the / = 0 level has not been determined .„. D cowan. Lot Alamo. Scientific Laboratory informs) Report 
experimentally. LA-6679-HS (Jan. \<rm 

Crxv: Forbidden transitions 

No. ; Tranaition Multiplat 
Array I E, T E, 

| (A) (em 'l | (cm ') 

f 'I \- i' 
gt | Type of 

I tranaition 

T~f -

At. j S 
(s ') I fat. u.) 

Accu- Source 
racy 

1 tpVTvilk- UV,//,)'-('/,,'/jH 

[1710) Ml 15200 0.96 D+ I 
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Crxw 

Cioaad Staler Wix^'Vin 

i Eaergy. 1097 eV = ttSOOOOcar' 

Allowed Tn 

of dse 
of the Dirsc-Fbck 

by very i far 

riltantionofClM^etafJwhicaasdodcdapettBrbs- The ratio of y<-vanes far the two i 
tive treatneat of me Brest nteractioa awl the Lanb o f d s s & V ^ level as giveaia Ret 1 • • < 
dm. good sgreeaseat with the icnk of Stranoa cr «/.» 

For Macs of the arrays ?#5-3»*3» aad 3»5-?»*3a\ we derived fron i 
qaote ne/-vanes csscanted by Fswcett1 swag Cowaa's 
Hartree-fvcfc t̂csstiviatK (HFR.) nethod aad ncorpo-

; of eaergy paraaseters oa dK baas of a 
> lit to observed cacnjsss. Fswcett*s< 

both odd- aJ"c^M«rity stoles. 1 T . O a t Y J L f c M * i . p . D ( r t « , t t f t . i f c d l 
traasnoas nvorvng levels WMCH are mneafed by *CR«wea.Atl^wNwiDniT«»taii.4»5(i»t«)L 

Fswcett to be of k>w to aioderate parity n l ^ ensuing >B. C Sttstw. H. w. Moos, S. s«»iw. U. Frlsai. J. F. Stdy. 
are exdaded fton das •rtA.LMMia.rhp.ltcv. AM.2334(itt5)i 

C U v t AOowadl 

No. 
Array 

llulliphl k 
(A) 

B. 
tern"1) (em-*) 

. * it* 
(I0 ,s-») 

u S 
(•to.) 

h*«f Aecs-
racjr 

OOUfOat 

I. 2a*2p*-2i3p* >P-->S JOMS SStSi 931910 6 2 1060 0.0625 0.135 -0.426 C+ l 

106.82 
I1&33 

0 
70892 

937910 
937910 

4 
2 

2 
2 

758 
295 

0.0646 
0.0689 

0.0907 
0.0447 

-0.588 
-0529 

C+ 
c+ 

l 
i 

2. 2p'.2j>VPB« ^ • - • P 

1 19.807 0 5048700 4 6 43C 0.0038 9 * - 4 r - 1 4 2 E 2 

3. *P>.»P 

| 
19.714 
19.442 

70892 
0 

5143500 
5143500 

2 
4 

2 
2 

l.M+4) 
9900 

0.064 
0.028 

0.0083 
0.0072 

-0JB 
- 0 J 5 

O 
D 

2 
2 

4.| Jp'-tpVDttt •P' - 'D 

! 19.256 
19.511 

0 
70892 

5193600 
5196200 

4 
2 

6 
4 

7700 
8800 

0.064 
0.10 

0.016 
0.013 

-0.59 
-0.70 

D 
D 

2 
2 

5 2p'-2pVSlS( »P*- J8 i$.m Utii 5323600 6 2 9200 0.016 0.0061 -1.01 E 2 

| 
18.775 
19.038 

0 
70892 

5323600 
5323600 

4 
2 

2 
2 

2600 
6400 

0.0068 
0.036 

0.0017 
0.0044 

-1.57 
-1.15 

E 
D 

2 
2 

(. V-^^'DHo* 'P ' - 'S J7.H0 Uttl 5734600 6 2 1.21+5) 0.19 0066 0.06 O 2 

1 
17438 

fl7.6S6] 
0 

70892 
6734600 
5734600 

4 
2 

2 
2 

l.U+6) 
2.01 + 4) 

0.24 
0.094 

0.055 
0.011 

-0.02 
-0.73 

D 
D 

2 
2 
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O r e Allowedl 

No. 
Array 

Muitiplet! 
ton ') ( an ' l 

•V *» A*. 
(10* • '» 

s ! 
(»L a.) i 

**tf Aocv- Source 
racy! 

7.! 

8. 

*p--»p 

^ - " D 

[I7J72J ! 
17.587 i 

17.514 , 
[ I 7 » l i 

9. 2»s-2p«t'S»M ? - D I / 7 . / « 

17.073 i 
17.242 ! 

[17.034] 

5756300! 4 | 
5756300 [ 2 

4! 
4 I 

70892 
0 

2*0 / 

0 
70892 

0 

5780600 
5780800 

5857200 
5870700 
5870700 

2 ! 4 
4 4 

I 
6 10 

l « + 5 » 
2.01+4) 

l.l(+5> 
£5(+4> 

4.«+4> 

1.2<-r4> 
8.M+4) 

M0 

0.62 
0.19 

0J7 
0.11 

0.30 

0.077 
0.77 
0.0043 

0.14 
0.022 

0.11 
0.025 

0.10 

0.017 
0.087 
9.6«-4) 

0.39 
-0.42 

059 
- 0 J 6 

0.25 

-051 
0.19 

-1.76 

Tbe 
; ! i i l _ ! I I 1 1 I 

pareatheaea fallowing the tahnlatfri value indjcatea the power of ten by which thai value baa to be multiplied 

Crxvi 

Forbidden Transitions 

Line strengths for the magnetic dipote and electric value into confonnance with the definition of quadra-
quadrupole contributions to the transition between the 
two levels of the 2pf configuration are the results of the 
Dirac-Fock calculations of Cheng « a/.' These rclativis-
tic calculations included a perturbative treatment of the 
Breit interaction and the Lamb shift. The strength of the 
electric quadrupole transition as defined in Ref. I was 
multiplied by the factor Vi which is needed to bring this 

pole strengths used in tbe NBS tables. 

'K T. Cheng. Y -K Kim. and J. P. DOCUIII. Ai. DM, Noel Dita 
Tabica 24.111 (1979) 

No Tranaition Multiplet 
Array 

1. 2p'-2p' V -f 

X 
<A> 

141060 

Cr xvi: Forbidden tranutkmi 

"' * r~ r-~ r—j--
« *. ', tt-\ * . Type of 

(cm ') (cm ') | • tranaitkm 
• - - r- -+--• -r-

A* S Accu'! Source 
(• ') jfat. u.) ! racy 

-f "f-

70892 4 2 Ml 6390 133 B 1 
' 4 2 E2 0.45 ! 0.0030 i D 1 

. i I * . * A . 1 
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Crxva 

O Iaodectroak! 

Growl State: U ,2r>*»?i 

Energy: 1185 eV = 95«B0Ocm-1 

Allowed Tn 

LatoTi 

w^io^cA) Mo. W » o a M B ( A ) No. UtocfatfkfA) No. Wa*daMh(A) No. 

Mil l 29 I6J0 n isost 12 101.91 4 
1«L27 27 I6JI 25 11.12 IS 11633 1 
1131 11 16.97 IS.I9 i u » I I I I7J0 6 
16.32 24 17.19 20 11226 I I U0J4 1 
I6J7 n 17.59 M 11336 HM3 122.91 1 
I t 44 2127 17.77 14 ISJS9 17 I2SJ0O 1 
I6J9 23 I7J7 14 1132 9 125J5 1 
I M 3 21 I7J92 12 11531 10 129.71 • 
16,64 30 17.90 14 1S.73 9 132.76 1 
I6JS 30 17.957 t l • M 7 2 Z 147.40 3 
1666 32 I7.96S 16 944* 2 I6L0S 5 
I6.6S 26 1101 IS 94.69 2 
I6.7S 21 I3JB0 I I •7JO 7 

The tabulated oscillator strengths for transitions of the 
arrays ls^lp'-TsTp* and IsTfi'-lp* are the results of the 
muhiconfigiirauon Dirac-Fock (MCDF) calculations of 
f i i f g et al.' These rdativistic rah'tflsffftftf iarturtffl a 
pertuibative treatment of the Breit interactioa and the 
Lamb shift. Allowance for configuration mixing was 
limited to the n =2 complex. The results should be quite 
accurate, except in the case of weak lines. (The 
2i*2p* 'Dj _ 2* V I PT tramition has been omitted from 
this tabulation, because its/-value as reported in Ref. I is 
extremely small, and thus very uncertain.) 

Transition probabilities for lines of the 2s1p*-2i1f' 
array were calculated by Froese Fischer and Saba' using 
the muMconfiguration Hartree-Fock (MCHF) method 
with Breh-Pauli corrections. Their basis set included 
many configurations outside the a «2 complex, but rekv 
ttvisbc effects were not treated to the same degree as m 
Ref. I. Line strengths derived from these two sources 
are in reasonably good agreement, particularly for the 
stronger transitions, 

.4-values for lines of the 2p* *P - 2f'(*S*)3f *$' muhi-
plet are taken from the scaled Tbomas-Fermi approach 

of Kastner et al ? with configuration interaction andrebv-
tivisac effects. For all other fanes of the 2̂ *-2p*3» array, 
and for lines of the lf*-lp*yi array, we quote the /-val
ues calculated by Fawcett4 using Cowan's Hartree-Fock-
Rchtrvisttc (HFR) method and incorporating scaling of 
energy parameten on the basis of n least-squares fit to 
observed energies. Fawcett's calculations included fairly 
extensive allowance for configuration mixing in both 
odd- and even-parity states. The weakest lines were not 
reported, and thus are not tabulated here- Transitions 
involving levels which are indicated by Fawcett to be of 
low to moderate purity m LS coupling in ndgbboing 
oxygenase ions are excluded from tins compilation. 

'K. T. Cbng, Y.-K. Km. mi 3. f. Dadaw. At- D M Nod. D M 
TaMaJS, III (1979). 

•C FIDSM Factor MO H. P. Sate, J. Pkyi. B 17.943(1914). 
f. O. b w r , A. K, mmm. ma L. Cotea, Pan. fcr. IS, 259 (1977). 
*•. C P M C M , Al. D M Nod. DM T a t a J4,215 (I9M). 
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Ctxnt 

No. 
Amor ] 

\ 
" • (A> ( O B 1 ) 

g. » A* 
or.- 1) 

U s he of Sonne 

L »»V-2«V * - * • itJLM ttffO MOTTO 9 9 450 0.10 038 -0.03 C 1 

i 
1 
1 

t 

U U 1 
12SJS 
1165J 
120,84 
132.76 
125.09 

0 

0 

5*150 

813600 
858150 
858150 
8879B0 
813010 
858150 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
S 
3 

310 
109 
244 
499 
93 

140 

OOT4 
0J257 
00298 
0J864 
00409 
O09S 

0.15 
•0318 
0.057 
OJ0434 
0.064 
0*40 

-0.43 
-1.113 
-0.83 
- O X 
-051 
-\at 

C 
C 
C 
C 
C 
C 

1 
1 
I 
I 
1 
1 

* f.f 

. 

(895721 
94J» 
94.49 

0 

58150 

1110(20 
1110420 
1116420 

5 
3 
1 

3 
3 
3 

85 
4 £ 
9 5 

0J061 
4\5t-4r 
00038 

0.0090 
«U<-4> 
0.0012 

- 1 5 2 
-2.71 
-2.42 

E 
E 
E 

1 
» 
I 

3. 'D-f 

147.40 13SIC0 813600 5 5 14 0.0047 0.011 - 1 4 3 E I 

4- •D-'P" 10151 135109 I1I6420 5 3 1320 0.123 0406 -0211 C 1 

4P. • S - T " 

[16&«] 263180 8S81SO 1 3 5.6 04064 0.003S -2.19 E 1 

6. •S-'P* 11750 263180 II16420 1 3 96 0.059 0.023 - 1 2 3 C 1 

7. 2t2pi-2p* ' P ' - ' S 

9720 858150 1886950 i 3 1 59 0.0028 0.0027 - 2 4 6 E » 
8. 'P ' - 'S 129.78 1116420 1886950 | 3 1 1400 0.118 0.151 -0.451 C 1 

9. V-2p"l*S*<3» • p - * | 
1 

i 

[1852J 
{18.73] 

1 
! 5 
i 3 
| 

: 
160 
12 

8.2 -4) 
l.K-41 

25l-4> 
15c-5i 

- 2 5 9 
- 3 5 0 

E 
E '5 

10. tp'-wsroi ' P - * tuu UitO 5453800 ' 9 3 2.7(+4> 0.046 0.025 -0.38 C - 4 

18.336 
18.531 
18.531 

0 
60380 
58150 

5453800 5 
5453800 3 
5453800 I 

3 
3 
3 

I.7<+4> 
5800 
3200 

0062 
0.030 
0.050 

0.016 
0.0055 
0.0031 

-0.59 
-1.05 
-1.30 

C -
c-
c-

4 
4 
4 

11. 2p,-2p'i*D-a* ' P I T 

Um
 0 

60380 
58150 

0 
60380 

5568900 5 
5549400 ; 3 
5647000 I 
5549400 5 
5647000 3 

7 
5 
3 
5 
3 

7800 
2000 
1700 
6400 
7000 H

il
l 

iii
ii -058 

-1.29 
-1.59 
- 0 81 
-0.98 

c 
0 
D 
D 
D 

4 
4 
4 
4 
4 

12 v-xr 

(17.8921 
[I8.0SS! 

0 
60380 

5689000 
5589000 

5 
3 

5 
5 

960 
1700 

00046 
0014 

0.0014 
0.0025 

-1.64 
1.38 

E 
E 

4 
4 

13 'D - 'D* IK 336 135160 5689000 16f+4> 0081 0024 0.39 
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G m n e ADomtdi 
1 

No. 
Amqr 

Mdtirfet 
(A> km-') fc»-'l 

* «• 
O0»« •) 

u s 
tat-aj 

h « * Acc»- S M C I 

14. V - 2 j W B » * - • ? • 

[17-59] 
(17J01 
(17.77J 
(17.87) 

5 
3 
3 
1 

5 
1 
5 
3 

1300 
7500 

00060 
OiOU 
O035 
0071 

0001? 
0 0 0 a 
0J061 
04042 

- 1 4 2 
-1.44 
- 0 4 8 

D -
C 
D 
D 

4 
4 
4 
4 

15. ! «D- ,P* 
1 
I 
i 

(1891] 
(18.121 

5 
5 

5 
3 £ o j e i 

00086 
00062 
0O02C 

-OJ8 
- 1 4 7 

B 
B 

4 
4 

15. •D-'P" 17468 135160 S7012M S 3 8600 0025 00074 -0X90 D 4 

17. •S- 'P- 18489 263180 57O120B 1 3 9200 0.14 00085 -OJ6 D 4 

18. V - 2 / V S - J W "p-*ir 

(1647) 5 5 1100 04045 00013 - 1 4 4 B 4 

19. >* -2 /V5*)U • P - V 

(1640) 
(1647J 
(1647] 
(1640] 

S 
1 
3 
5 

7 
3 
3 
3 

44+49 
24K+4) 
l.Sf+4) 

1800 

026 
0441 
0066 
0J04C 

0072 
00191 
0011 
OOOU 

0.11 
- • 4 6 7 
-0.70 
- 1 4 4 

D 
C -
C -
D 

4 
4 
4 
4 

20. j 'D-IT 

i 
1 

(17.19] 5 7 680 04042 00012 - 1 4 8 E 4 

21. V - V f V B r f ! "P-T-

i 
i 

(16.78) | 
(1642) J 

3 
5 

5 
6 

3000 
5600 

0J025 
0023 

00041 
OOOO 

-l.lt 
- 0 4 4 

E 
E 

4 
4 

22. 
i 1 : 
i (16.44] ! ! 

; ) 
5 7 | 141+5) 0.74 0.20 0.57 D 4 

23. i p . i p . | i 
i 

1 , 
! ! 

: 
i 
1 

[1«.»1 3 1 5.7(+4) 0.078 0O13 - 0 4 3 D 4 

24 ; V - r ; | 
[16.32] j 5 7 34+4) 0.18 0.048 -0.06 E 4 

25 | ' D - l r 
1 

1 
(1641) 5 7 2000 0.012 0O033 -1.22 E 4 

26 1 'D-'r (16.68] 6 7 «4<+4) 040 Oil 040 0 4 

27 V-VKTrarf T - T 

I ri«n 
(1644] 

5 
3 

7 
5 

MOO 
5000 

0.030 
0.039 

0.0080 
0.0063 

- 0 4 2 
-0.93 

E 
E 

4 
4 

2B.| • p . ' p - I 
1 
1 (1647) ! 

1 3 1 9.71+41 lo.ia 0.021 -0.41 D 4 

http://-l.lt
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Crxvv: Allowed! 

No, Tn 
Amy .A. lea l i 

& g, g. A * 
(cm '» <!•*• 'I 

S • lag tf~ Acta-j 
WL«-I ' ' racy ' 

•P-'P* 

" D - T 

[ K i l l 

[16.64] 
(16,65) 

31. 'D- 'p- [I6J1J 

32. 'S- 'P- (16661 

; 0.015 

5 7 j 5800 j 0 030 
5 SI 1.H+4I 0.046 

5 ; 3 ; 
i I 

I . l i 
i 

00 ; 0.023 

Lft+U J23 

i 

0402* : - u s : E 

•4082 • -0.CS ; E 
0.913 ' -t)» ; E 

i 

•9062 ! -93* 
I 

0.13 ' 0.36 

D 

D 

I k e the (Iw-poweraf tea bywtikb UumtnebM tobe 

Crxva 
Forbidden Transitions 

Line strengths tabulated for magmtir dipok and elec
tric qaadmpole transitions within the 1p* configuration 
are the results of the miihiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et al.' These rdativistic 
calculations included a pcrturbative treatment of the 
Brett interaction and the Lamb shift Allowance for con
figuration mixing was limited to the n = 2 complex. 
Strengths of electric quadrnpole transitions as defined in 
Ref. I were multiplied by the factor 2 / i which is needed 
to bring these values into conformance with the defini
tion of quadrupole strengths used in the NBS tables. 

Transition probabilities for these same lines were cal
culated by Froese Fischer and Saha1 using the multicon-
figuration Hartree-Fock (MCHF) method with 
Breh-Pauu corrections. Their basis included many con
figurations outside then = 2 complex, but relativist*: ef
fects were not treated to the same degree as in Ref. I. 

Line strengths derived from these data are in quite good 
agreement with the data of Cheng et al. For this ion of 
the oxygen isodectronk sequence, correlation effects 
doe to mining with m^'nmwnt outside the complex 
were found by Froese Fischer and Saha to be rather 
small, as shown by a comparison of the results of then-
calculations emptoymg an extensive basis to those 
derived by the same technique but limited to configura
tions within the a = 2 complex. 

The weakest lines are excluded from tins compilation, 
as their transition probabilities are considered to be very 
uncertain. 

K T Cbcag. Y -K Kim. aad I P Deackw. Al D M * Nad Dau 
Tabic* M. I l l (1*79) 

«C. Frooc FachcT and H P Saha. Pby» Rev. A 29. Jl*» ( I9U) 

Cr XVII Forbidden tranetUone 

No 
Array 

I 2,'-V 

Mutopk* 

* P - T 

• p - ' D 

- 
( 

£. 
(cm 'l ; 

£. 
lem ') 

f• i t. \ Tyveat 
traneHion 

r~ — --- —" 

(a ') 

4590 
0.13 
019 

r -
5 

lata.) 
Accu
racy 

i — ' 
Source 

1 

16563 

[1720! | 

T 

0 i 
0 i 

60380 , 

5*150 

i 

5 
5 

5 ! 
j 

3 
3 
1 

Ml 
E2 
E2 

r~ — --- —" 

(a ') 

4590 
0.13 
019 

2SZ 
0.0029 
00017 

E 
E 

1 
I 
I 

i 
740.75 | 

1340.7 

0 

60390 
i 

135160 , 

13M60 j 
i 

si 
5 ! 
.1 

5 
5 
5 

Ml 
E2 
Ml 

6600 
2.3 

400 

0 50 
0.0015 
OIK 

D 
E 
D 

1 
I 
I 
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C r i w F« 

N*j 
Array • ! 

(A) ta1) 
* » iyp.rf 

to '» 
5 Acea- S — 

i 1 
! * - , s ! 

1 ] 49X8 etna 263189 3 I MI ta+4r 029 D I 

4. 1 -D-* 1 
1 

[781.13] 135109 20ia* 5 1 EZ 28 M M E I 

the power of tea hjr atadi tail haatabe 

Crxvw 
N 
Gnmad State b J 2r I > , 4 S^ I 

i Energy: 1299 eV = IMOOOOt 

Wawlnajth <A) No WanckoftbtA) Nat WanliagthO) *•* WmliaetlKA) No. 

» A 4 108J7 2 129.53 6 15740 1C 
92J08 13 11041 12 13348 IS 1C4J9 5 
93J6 13 win 14 13*52 1 M9JI 
94.16 3 11399 12 I39J7 1 175J0 16 
96.77 8 11921 12 144)42 16 184J7 
97 JM 13 119.62 11 14353 19 19151 
99J83 1» 12ZS6 14 147.79 16 19748 

10132 8 I23J7 14 149JO 1 22240 
104*8 8 12SJ8 11 14954 19 248.10 
106J2 12 125J1 « 1S1J0 10 
106J4 7 128.10 6 155.4* 1C 

The tabulated escalator strength* for transitions of the 
itrrays Islp'-TsTp* and 2i2p'-2p' are the results of the 
oiuhiconfigBration Dirac-Fock (MCDF) calculations of 
Cheng et «/.' These rdativistic calculations included a 
perturbative treatment of the Breh interaction and the 
Lamb shift. The result* should be quite accurate, except 

in the case of weak lines. (A few very weak hnes have 
been omitted from tins I 

'K. T. Chea*. Y.-K. Kaa, 
Taaaa 36. 111(1979). 

aad J. P. Dcadaax. AL Dam Nad. D M 

Crxvat Alkiaad 

No. 
Array 

Multipart 
(A) 

e, 
(CM ') (cm') 

« ft 
(We"') 

/« 5 
(at a.) 

kajfT Aeeo-
racy " " 

1. 2i1j'-2i2e' tr-f 144.0) 0 «MU0 4 12 140 0.18 0.24 -OJO C 1 ill 0 
0 
0 ill 4 

4 
4 

• 
4 
2 

120 
149 
I M 

0.069 
04M37 
0402 

0.12 
0.000 
04417 

-OJi 
-0.70 
-1.002 

C 
C 
C 

1 
1 
1 
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t**J 
Array (A) 

s •<*«/!' 

1 j -

SJ 

10. 

11 

12, 

i V - » D 

«S"-S 

• S - . i p 

I68JT 

94.16 

90.63 

V-f 

nr-'o 

ir-'S 

nr-f 

*p--«p 

f-'S 

f.tp 

125.38 
119.62 

119.21 
105*2 
110.41 
113.99 

I [ W i l l 
! IMM1I 

128.16 
125*1 

[129.53] 

10634 

10US 

10436 
95.77 

10232 

[248.10] 
J222.00) 
[197.48] 

'P ' - 'D M7.J7 

; 14934 
143.53 

(151.90) 

• : 

I: 
150800 

126040 

HOMO 

150800 
126040 
126040 

264490 
264490 
226100 

I 

264490 
226100 
264490 

264490 
226100 

264490 
226100 
264490 
226100 

1163370 

667569 
714990 

667569 

931420 

I 

1062060 { 

//JS4M1 

1103370 ! 
U70210 ! 
1103370 ' 

667560 ! 
714950 J 
732490 i 

SSlttO ft7$70 ! 6 

931420 
922800 
922800 

iSISfO 1062060 

1062060 
1062060 

tflttO ; UtSSSO i 6 

IIC3370 
1170210 
I170210 
1103370 

62 

92 

4! 
2 
4! 

24 

1.4 
0.42 
13 
24 

340 
£3 

340 

840 

870 
308 
154 

023 
1.1 
1.0 

10 i 46 

53 
28.5 
6.1 

350 

S3 
320 

6 360 

89 
49 

790 
70 

•3011 

6.U-W 

•3M6 

7*-4> 

-236 

- 2 3 1 > E 

- 1 3 2 E 

331-4) 
131-4) 
231-4) 

63031 
431-4) 
531-4) 

•368 
•381 
431-4) 

0329 

0378 

0396 
03212 

j 03242 

-232 

i 

! 
E ' 

-3.14 E 
-238 B ' 
-2.10 B 

-039 C 
- • » C 
-£53 E 

• 13 
•3013 

0.041 | - 034 ; E 

026 -0.11 j C 

020 -024 I C 
0.0267 -1.072 I C 
03326 -1.014 j C 

321-4) 
8.41-41 
531-4) 

0.025 
i 

| 0.0270 
I 0.0176 
I 0.0021 
I 
0.026 

0.0063 
0.068 

0.071 

I 03010 - 2 3 9 , E 
0.0025 j -2.47 i E 
7.71-4>i -2.93 i E 

0.074 -032 

0.063 -0.97 | C 
0.0166 -1.453 C 
0.0042 : -2.08 D 

0.064 i -030 C - 1 

0.010 -1.60 
0.064 -037 

D 
C 

0.16 -037 

0.0190 ; 0.0298 - I 119 ; C 
00083 j 0.0058 : - 1.78 , D 
0.072 | 0.10 I -0.14 C 
0.0274 | 0.0206 ' - 1.261 C 
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N* 
Anay 

m m m * ft 
feat') 

* «* At. 
o r a l 

U s 
faLaJ 

awaf 
•a«y 

— 

11 2.V-V •p-«r 

9«JS 

paj t t ) 

CCT54* 
714*5» 
7224M 

ronw 
17281W 
18U4N 
nxma 

C 
4 
2 
2 

4 
4 
2 
4 

n 
TJ 
S-5 
15 

tans 
M M * 
TJ>-4) 
7JI-4) 

• M M 
M N S 
4J(-4) 
4JK-4) 

-2J6 
-2L4* 
-ZJ5 
- 2 * 4 

B 
B 
B 
B 

1 
1 
1 
1 

14 m-'r llf.t7 ttrtn I7SMM N C «•» • J O «L2S -«L2« C 1 

nun 
1122T 
1225S 

mm 1IJ8JM 
ISU4M 
I7387W 

C 
4 
4 

4 
2 
4 

4Z4 
124 

• M M 
• L I S 

« J M 5 2 

- • 4 1 
- « L T I 
- • J 6 

c 
c 
c 

1 
1 
1 

15. ; «-•!»• 1US4 lMZMi /nan* 2 S 5C • M l •L84TC -tvs* c- 1 

14119 
(uuq 

14C2M* 
i«am 

lTJBWt 
UU4M 

2 
2 

4 
Z 

72 
8.7 1 M B 

•uMSt 
M » 

-urn 
- 2 J 4 

c 
D 

1 
1 

ICH i »_»• Mstn utsts» /www C S IfT •LUS MIS - • J t M C 1 

j 
! ! 
! 

157jn 
155,46 

IMMZ) 
(I75JBJ 

man* 
i i m n 
H7KZM 

I7W7M 
1B114M 
18U4M 
imam 

4 
2 
4 
2 

4 
Z 
2 
4 

282 
284 

as 

•.US 

•.in 

M I M 

•LZU 
• L I M 
(L0» 

- • J T T 
-«u8f 
- 4 V » 
- 1 X 2 1 

C 
C 
C 
C 

1 
1 
1 
1 
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Forbidden Transitions 

Line strengths tabulated for magnetic dipoie and elec
tric quadropole transitions within the 2/>' configuration 
are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et al.' These rdativistic 
calculations included a perturbative treatment of the 
Brert interaction and the Lamb shift. Allowance for con
figuration mixing was limited to the « = 2 complex. 
Strengths of electric quadrupole transition* as defined in 
Ref. I were multiplied by die factor V> which is needed 
to bring these values into conformance with the defini
tion of quadrupole strengths used in the NBS tables. The 
weakest lines are excluded from this compilation, as their 
strengths are considered to be very uncertain. 

A -values for the Ml and E2 components of the single 
transition within the 2/>' configuration were obtained by 
applying Z-expansion formulas published by Oboladze 
and Safronova.' Their values for the magnetic dipoie 

contribution to this line are in very good agreement with 
the results of the scaled Thomas-Fermi calculations of 
Bhatia et al) and Bhatia4 for nitrogenlike Ti and Mn, 
respectively. It is not clear whether Oboladze and 
Safronova incorporated configuration interaction into 
their calculations. Thus the/*-value for the E2 contribu
tion should be considered rather uncertain. 

'K T Cheng. V.-K. Kim. and J P. Doclau. At DMa Nucl. DM* 
TIMCBM. 111(1979) 

'N S ObobxUc md U I Srfroaova, Opt SpccuoK (USSR) ««. 449 
(I9S0) 

'A K Bhana. V Fddmm. wd O A Dmchefc. J Appl Phy» it, 1464 
(I9S0) 

'A K BhMw. i Apfri Phyi « • » (1912) 
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Oxvnt F« 

No-
Anay <A> 

f . j Type of A*. 
<a '» iaL«_l racy 

V-* 1 •S--TT 

«"-»• 

ir-v 

v-'r 

cn.i 
79SJ 

378.0 
442.1 

• i 
• ! 4 i 

I ! 

I 

4 
4 

4099 | I26949 154M9 4 « 
1 • 4 C 

I 
[1328J | , -—. 224100 i 2 
(879.581! 1SO809 2C4499 6 « 

" i • • S 4 
(999.491 ; 124040 22S109 4 2 

- ! • " 4 2 
722.1 ' 124040 264499 4 4 

V-5> ; 

f - f 

f - f 

4 4 
i i 
j 5 

t I 

226100 244490 : 2 

(1337) 1738700 j 1813480 4 2 . 
" ; 4 > 2 j 

Ml 
Ml 

Ml 
Ml 

Ml 
E2 

E2 
MI 
E2 
Ml 
E2 
MI 
E2 

MI 

MI 
E2 

CIO0 

i * + 4 r 
lJl+4> 

127 
4J<-4> 

• A 
» 
63 

• J O 
0.45 

0.13 

I D-

! D 
D-

UK 
0J019 

OJ0S1 
0.52 
0J079 
•3& 

l.tr+4t I 9.87 
3.0 0JN4 

C+ 
E 

1.00 i C 

i7600 l 0.53 
13 
Q.OVZJ E 

Tha manber in pawnlhiai following the tabulated walaa indicate! the powtr of tea by which thai «aln« tow to be nwhipliad 

Crxix 
C bodcctronic Sequence 
Ground State. UJ2* V ' P 0 

Ionization Energy: !396eV = 11260000cm ' 

Allowed Tranwiiotu 

U M of tabulated h*c» 

waavlangth (A) No 

1473 30 
1480 29 
14.81 | 30 
14.84 29 
90.102 16 
96.62 16 
96.88 ] 6 

100.(9 | 21 
104.18 4 

"X" 

-f 
•vrWnftl i(A) No 

4 

10770 5 
10933 18 
109.64 4 
110 37 11 
111.18 18 
111.88 5 
113.97 4 
118.31 17 
118.67 17 

T ~" ". ~r '"" 
;! Wavalanflb <A) ; No 

118 83 
120.86 
12593 
126.24 
12630 
126.33 
12795 
128 43 
12863 

17 
23 
3 

20 
15 
10 
20 
17 
17 

Wavaf*nclh(A> | No 

t 12900 
',30.99 
132.11 
133.99 
134.89 
137.89 
138.16 
138.46 
14051 

I 9 
17 
3 
3 
3 

19 
19 
3 
3 
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Later 

w, . i . . ^ <A) Na. w«.iiii^Hi (A) Ka. w...i.„rt(Ai Ha. * W « « t h ( A > No. 

14*92 19 I6L29 > 186J7 24 2X.I1 26 
MSJ5T a I6U4 2S 199.16 T 26X55 12 
148.64 z 164J9 8 291J2 27 27*21 2S 
15U2 M 145.46 2 261JT U 280J7 1 
15*42 19 U9.4* 2 288J4 3 MM 1 
154JZ 19 169.73 2 294JB 7 
1CM1 2 179.W 22 206J8 7 
M M * 2 i iur 22 2I1J* 24 

T L a • Ml I • I n « n ! M i t n f ie I a a l tmm> - - . - - m-.» 
IDC vflVDMHCO O B M U H S O T S U C M D B B IOV W « H H D 0 H B O I H C 

arrays 2 i > 2 - 2 » > ' aad 2» V " V are the rente of the 
Dmc-Fock (MCDF) cakalatioas of 

« «/.' These rdatii 
pertarbatrve i m m u c of the BreM 

shift. ABowaace for 
I to the « = 2 coaapies. The resells sboald be qaite 

accante, except is the case of weak Macs. (A few very 
«aua*MaV lsaaw*fe haMM* IWJWMBI tftaaVatJ^fJMl flntaaWJ ttsaat ffaalwatsMtw^B \ 

Traaritinai pnAafcgtk* for haes of the 2 r V - 2 f 2 / ' 
array were calcalated by Froese Fischer aad Saha* asiag 
the BMritfcoafigaratioa Hartree-Fock (MCHF) avthod 
with Brejt-Paah correctioQS. Then* basis iadaded assay 
coofigaratioas oatskte the n = 2 romphm, bat relativist*; 
effects were not treated to the ssaae degree as ia Kef. I. 

tftragths derived fron these two soarces are ia 
particalarly for the strooger 

Data for a few baes of the 2p2-2p3d array 
polatcd froat the HX (Hartrce-Fbcfc with 
towaace for exchange) /-vanes of 
Fswcett' for the awelectroasc ions Caxv and Fexxx 

•K. T. Cheat. Y-K- Km. mi i. P. Dcadan. At D M * Nad. D M * 
TaMr* at. I l l ( l « m 

"C Fraoe tmsar mi H. F. Saha. Phyi. Scr. 32, 181 (IW5). 
%.E.ftroaa^ aad B.CFaw«a.Moa-r4oLlLAftroa-Soc. 176,403 

0*77* 

CrlDt AMowari 

No. 
Array 

A 
(A) fear') 

A* 
U(^ ,•- ,) 

5 
(at. a.) 

mjgf 
ncy 

Suuiia 

2M*2p'-itip1 T - * 

«p-«rr 

»p.»»-

«p.«8-

[310.54J 
[280 J7] 

lttOt 

166.46 
160 JO 
148.64 
16073 
160.01 

(160.40) 

ItSSS 

138.46 
133 Of 
140.51 
134 JO 
132.11 
126.98 

1UM 

113.97 
100.64 
104.18 

82420 
47770 

$1710 

93430 
two 

0 
82420 
47770 
82420 
$1710 

82420 
47770 
82420 
4T770 
47770 

0 

$1710 

two 
47770 

0 

tram 
686610 
67J50O 
672750 
671590 
6727S0 
672750 

7tHtO 

794120 
794120 
789100 

794120 

0.17 
015 

72 

59 
83 
90 
0.096 

11 
0.26 

190 

171 
121 
36 

198 
7.1 

404 

660 
246 
90 

25t-4r 
2 * -4> 

0.0473 

0.0339 
0.063 
0.089 
4.U-6) 
0.0041 
6.7<-5> 

0.062 

0.0491 
0.0226 
0.0063 
0.0180 
0.0031 
0.1 

0.066 

0.064 
0.0444 
0.0488 

0.0013 
8.01-4) 

0.227 

0.092 
0.084 
0044 
l.K-4) 
0.0066 
1.91-4) 

0.210 

0.112 
0.0430 
0.016 
0.0240 
0.0040 
0.0120 

0.18 

0.12 
0.0481 
0.0160 

- 2 J 0 
-3.06 

-0J71 

-0.77 
-OJO 
-1.06 
- 3 J 9 
-1.91 
-3.47 

-0J27 

-0.61 
-1.011 
-1J0 
-1.288 
-2.08 
-144 

-0J1 

-0.40 
-0J8 
-1J69 

E 
E 

C -

C 
c 
c 
K 
D 
E 

C -

C 

c 
D 
C 
D 
C 
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O u t 

H * 
A m y 

X 
(A) tern-') 

A* 
(10 ,«') 

5 
(aLa.) 

kClT 
««T 

9. 

10. 

"-I 
I 

12. 

I 

U. 
i 

15.) 

16 

17. 

18. 

2,2p>-2,' 

»D-Ur 

«D-1»-

'v-'sr 
'D- 'D-

'D-'P* 

•s-Tr 

111.88 
[197.70] 

9SL88 

[199.16] 
[205.38] 
(204*1 

[1«1«] 
[164.09] 

[129.00] 

126.33 

110.37 

I 
{ [267.56] 

•s-*p- j 
\ [201.97] 

•S-'S" i [151.32J 

"S-'P- ! 126.30 

=S-->p 

'D--T> 

V - ' D 

95.62 
[90.102] 

124.97 

130.99 
118.67 
118.31 
128.43 
118.83 
128.63 

111.18 
[109.33] 

47770 

47770 

184690 
184690 
184090 

184690 
184690 

184690 

184690 

184690 

298990 

298990 

298990 

404440 

678920 I 

686810 i 
671590 ! 
672750 
671590 
672750 
672750 

686810 
671590 

976270 
976ZI0 

1090760 

686810 
671590 
672750 

794120 

976270 

1090760 

672750 

794120 

1090760 

53 
2.4 

6L2 
033 
12 

\S 
28 

0.73 

435 

600 

037 

1.1 

4.2 

156 

1450200 1 5 5 7.2 
1514290 j 5 3 1.8 

1479090 15 9 

U50200 ! 
1514290 ! 
1517960 
1450200 
1514290 I 

400 

7 | 5 290 
5 3 i 210 
3 I ; 329 
5 5; 119 
3: 3 135 

1450200 3 5! 23 

1586250 J 7 
1586250 ; 5 

0.010 
7.11-41 

0.018 
7.6f - 4 ) 

0.0049 0.0046 

0X1052 
2.M-4) 
4 J 6 ( - 4 ) 

7-*-4> 
6.7<-4> 

l.M-4) 

0.104 

0.066 

0.0012 

0.0020 

0.0043 

0.112 

9.91-4) 

j l A - 4 ) 

10.057 

0.053 
0.0266 
0.0230 
0.0295 
0.0286 
0.0097 

0.017 
7.M-4) 
0.0016 

0X1020 
0.0018 

23(-4) 

0.216 

0.12 

0.0011 

-1J0 
-2.67 

-IM 

-1.59 
-298 
-2J64 

-2.42 
-2.47 

-ZX 

0584 

- 0 4 8 

- 2 5 2 

0.0013 - 2 7 0 

0.0021 -2 3 7 

0.0466 -0.95 

0.0016 -2.31 E 
1.9i-4)| -3.19 j E 

0.35 

0.16 
0.052 
0.0269 
0.062 
0.0336 
0.012 

37 
5.5 

j 0.0049 ! 0.013 
> 9.81 - 4) I 0.0018 

-0.07 

-0.43 
-0A» 
-1.16! 
-0.83 
-1.067 
-1.54 

146 
2.31 

C 
C 
C 
C 
C 
D 

, 1 
1 

! 1 
i 1 

I 
1 
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No. 
Amjr 

m*» 
(A) 

B. 
Jem') ft-1) 

<• 

1 

A* 
oo ,•- ,) 

u 5 
(•t-aj 

l"t*f 
tmj 

8 " ~ 

19. • p - - * 

15492 
140.92 
138.15 
152.42 
137.89 

lllii 

1450290 
1514290 
1517960 
1450200 
1514290 

5 
5 
3 
3 
1 

5 
3 
1 
5 
3 

3&3 
138 
175 
32.7 
41.6 iii

ii
 

0J0324 
0*67 
0*228 
0J0286 
0J0162 

-1.197 
- 0 * 1 
-1*00 
-1.244 
-1449 

C 
C 

C 
C 

1 
1 
1 
1 
1 

20. »P"- lD 

1ZI35 
[126*4] 

804690 
794120 

1586250 5 
3 

5 
5 

10 
7.0 

OJ0025 
0.9928 

OJOOSS 
0-0035 

- 1 * 0 
- 2 * 8 

B 
E 

1 
1 

a. • p * - * 

[100.69] 794120 1787280 3 1 26 0.0013 0.0013 - 2 4 1 B 1 

22. «•-* I91S9 959860 1419090 3 9 85 044 0*7 - 0 * 7 C 1 

[20194] 
180.37 
179.18 

959860 
958860 
969860 

1450200 
1514290 
1517960 

3 
3 
3 

5 
3 
1 

63 
110 
145 

0.066 
0.054 
0.0232 

013 
0096 
0*411 

-0.71 
-0.79 
-1.167 

C 
c 
c 

1 
I 
1 

23. 'S'-'S [120*6] 959860 1787280 3 I 45 O.00S3 0*039 - 2 * 0 E 1 

21 •rr-» 

[211.00] 
[185.87] 

976270 
976270 

1450200 
1514290 

5 
5 

5 
3 

6.3 
1.4 

0.0042 
4.8-4) 

0*15 
0*014 

-1.68 
- 2 * 5 

E 
E 

1 
1 

25. •ir-'D 163.94 976270 1586250 5 5 310 0.125 0.337 -0.204 C 1 

26. »p-.»P 

[278.21] 
[236.11] 

1090760 
1090760 

1450200 
1514290 

3 
3 

5 
3 

0.88 
4.7 

0.0017 
0.0039 

0*047 
0*091 

-Z2> 
- 1 * 3 

E 
E 

1 
1 

27 •p-."D 201.82 1090760 1586250 3 5 41.6 0.0423 0.084 - 0 * 0 C 1 

28. 'P--'S 143.57 1090760 1787280 3 1 720 0.074 0.10 -0.65 C 1 

29. 2p'-2f2d «p->rr 

[14.84] 
[U-80] 

5 
1 

7 
3 

1*1+5) 
1*1+5) 

0.61 
1.3 

0.15 
0.063 

0.48 
0.11 

E 
D 

iiutrp. 
imterp. 

30 T-'p-

[14.73] 
[14*1] 

3 
5 

3 
3 

7.K+4) 
3.4+4) 

0.23 
0.068 

0.083 
0.017 

-0.16 
-0.47 

E 
E 

imtrf. 
butrp. 

T h t number in poronthom following th* fhwhrtod valuo indicntof tho power of ton bjr which thit value h«» to b* multipliod. 
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Crxw 

Forbidden Transitions 

Line strengths tabulated for magnrtir dipole and elec
tric qnadrupole transitions within the Ip1 configuration 
are the results of the muhiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et at.1 These rdativistjc 
calculations included a perturbative treatment of the 
Breit interaction and the Lamb shift Allowance for con
figuration mixing was limited to the n = 2 complex. 
Strengths i. electric quadnipole transitions as defined in 
Ref. 1 were multiplied by the factor Vi which is needed 
to bring these values into conformance with the defini
tion of quadrupole strengths use*1 in the MBS tables. The 
weakest lines are excluded from das compilation, as their 
strengths are considered to be very uncertain. 

Transition probabilities for these same lines were cal
culated by Froese Fischer and Sana* using the multicon-
figuration Hartree-Fock (MCHF) method with 
Breit-Pauli corrections. Their basis included many con-
figural&ms outside the n —1 complex, but rdativistic ef
fects were not treated to the same degree as in Ref. 1. 
Line strengths derived from these data are in good 
agreement with the data of Cheng et al. 

•K. T. Cheat. Y.-K. Kim. and J. P. Dacha*. At. Data Nad. Data 
Table* 24.111(1979) 

"C Frooe Packer aad H. P. Sain. Pay*. Scr. 12. Ill (IMS). 

Cr ax: Forbidden tianahioM 

No. : Transition Muhiplet A 
A m y (A) 

Source 

1. 2p'-2p* T - T » 

T»-'D 

<p - 'S 

D - S 

2885.4 

2090.9 
[1213] 

47770 ; 

0 
0 

82420 

47770 
82420 

3 i 
3 : 
1 ! 

I 

5 
5 : 
3 
5 

MI 
E2 
Ml 
E2 

' 469 
0.0035 

; 1810 
0.18 

2.09 
0.0021 

1 1*4 
' 0.0014 

E 
C+ 
E 

1 
» 
1 
1 

979.0 

731.1 

82420 

47770 • 

184690 

184690 

5 
5 
3 

5 
5 
5 

Ml 
E2 
Ml 

5700 
0.90 

'5700 
i 

1.0 
0.0024 

i 0.41 

c 
: E 

D 
I 
1 

3984 47770 298990 3 1 Ml 6.*+4r 0.15 D I 

[374 891 184690 298990 5 1 E2 13 0.0041 * • 
The number in parentheae* following the tabulated value indicate* the power of ten by which thia value has to be multiplied. 
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Crxx 
B Isoefcxlionk:! 

Ground State: U*2s*2p 2PL2 

i Energy: 1496eV = 12070000cm"' 

Allowed 

UMOT 

Wa*dcncth(A) No, W«T>kacth(A) No. W»..lrinrti«A) No. W—«litth(A) No. 

14.13 14 128.42 16443 8 21699 
14.26 14 12956 1C7J7 8 2S&57 11 
97.494 6 13X31 169J7 8 271.72 11 
97.729 6 1SSJB 171.42 8 28199 

101.63 6 13&26 17542 2 2874B 
116.06 3 149.75 17921 2 96&20 
11929 5 14&99 180JB 12 416J4 10 
12129 S 156.00 19282 12 

The tabulated oscillator strengths for transitions of the 
arrays tflp-Tslp1 and 2s2p'-2f>' are the results of the 
mtihkxnfiguretioD Dirsc-Fock (MCDF) rslcnhrtiom of 
Cheng er a/.1 These rebtivistic calculations included a 
pertorbative treatment of the Breh interaction and the 
Lamb shift The results should be quite accurate, except 
in the case of weak lines. (A few very weak lines have 
been omitted from this tabulation.) 

According to several sources (see, e.g., introduction to 
Fe xxnX the two levels 2t2p2 *Pt/J and *S„j "cross" at 
about V xix or Cr xx. Transitions to these feveb in 
Cr xx have been omitted from this compilation, since the 
precise location of the level crossing, and thus the cor-
rect designations of the levels, are uncertain. 

The Hartree-Fock results of Shamey1 for the hveJec-
tronic ions Ar xrv and Fe xxn. winch allowed for lim
ited configuration interaction, were interpolated to 
provide/-values for the 2p-is, 2p-3d, and 2p-4d transi
tions. 

•%.. T. Ches«, Y.-K. Him. md I 
TabtnK III (1979). 

'L. } . Sh«wy. J. Opt. Sac A*. 41.942 (1971). 

P. Dachas, AL. Dots Nad. D m 

Crxx.- AUowid transition 

No. Transition 
Amy 

Multiptet X 
(A> 

E. 
(cm ') (cm ') 

I. #» A„ 
( 1 0 V ) 

f* S 
M.H) 

•of*/ Accu
racy 

SutlTDt 

1. 2j*2p-2f2p* *r-v 
1287.63) 
[281.99] 
(348.20J 

83080 
0 

430700 
364620 
364420 

4 
2 
4 

6 
2 
2 

0.38 
042 
Oil 

6.1(-4r 
6.01-4) 
I.K-4) 

041023 
9JI-4) 
6 * - 4 ) 

-2411 
-34)0 
- 3 J 6 

E 
E 
E 

l 
i 
i 

2. •P'-'D m.u iSSSO 41070 6 10 63 04)46 0.16 -0.67 D i 

HI
 now 

0 
83090 

661090 
641030 
641030 

4 
2 
4 

6 
4 
4 

68 
84 

1.1 

0.0368 
OMl 
6.4<-4) 

0.086 
04*3 
041018 

-0.83 
-0.91 
-24TI 

C 
C 
E 

i 
i 
i 

3. •p-n* 
12842 
HIM 

ttOnlO 
0 

161700 
161700 

4 
2 

4 
4 

SM 
67 

0.093 
0.0230 

0.16 
04)176 

- 0 4 3 C 
C 

l 
i 
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C r n t Alkwadl 

Not 
Array (A> (cm ') ( l C s 1 ) 

5 
(•La.) 

*€lf Aoco-1 Somw 

2t2j»*-2j>' « P - S - J Z*Xff 

! 148JS 
i 140.75 
i 13322 

•P-«D" I 

j 12229 
! [1193] 

•P-f 

i [97.729] 
i P7.494] 

i 
i 

i [21639] 

*D-1T I 10.7J 

! 16737 
! 169.87 
: 173.42 

164.63 
*D-f lSUt 

13131 
13526 
12926 

HHStO 

391410 
3S4620 

391410 

391410 

641030 | 
i 

! UtSTO 

653090 i 
| 641030 J 

653090 | 
641030 i 

1101890 

1101890 
1101890 
1101890 

1248440 
1229720 j 

I 
i 

1414650 ; 6 
1414650 j 4 
1380320! 2 

1248440 6 
1229720 I 4 
1229720 | 6 
1248440 ! 4 

389 
4 ! 175 
4 135 
4 83 

1101890 4 4 
! i 

IUOKO 10 10 

9.8 
9.8 

1.1 
2.0 
1-5 

0.42 

126 

112 
71 
404 
24.1 

SW70 J HOKIO 10 6; 195 

65309C 1414650 ' 6 j 4 ! 127 
641030 ' 1380320 4 | 2 , 241 
641030 1414650 4 ! 4 42.7 

0. 

0.0388 
0.0400 
0.0445 

0.0022 
0.0021 

l.K-4) 
2 * - 4 ) 
2.K-4) 

3.0f-4> 

0.054 

0.0474 
0.0306 
0.0121 
0.0147 

I 

0227 -0.318 

0.114 I -0.63 
0.074 I -0.80 
0.0392 i -1.051 

i I 

0.0053 
0.0033 

22I-4J 
16f-4> 
lJ(-4» 

8A-4) 

0298 

0.157 
0.068 
0.0414 
0.0319 

0.0307 0.134 

-1.88 
-2.08 

-3.18 
- 2 3 5 
- 1 3 8 

-252 

-0270 

[0.0219 
i 0.0331 
i 0.0107 

0.057 | 
J 0.059 | 
> 0.0182 i 

-0.56 i C 
-051 I C 
-1.139 J C 
-1231 I C 

-Oi l 

-0.88 I C 
-028 I C 
-1269 ! C 

: l 
i l 
i l 

j 1 
• 1 

; l 

10. 

u. 

12. 

13 

14. 

n>->s-

v-ir 

v-v 

2p-3» V - « 

2p-U V - T) 

[416.34) 

[258.57] 
271.72 

180.85 
192.82 

[14.261 
[14.13] 

861700 

861700 
861700 

861700 
861700 

i I ! 
i ! 

1101890 4 4 0.19 
i ! 

: I I 
i | ; 

1248440 | 4 I 6 j 29.8 
1229720 4 1 4 . 0.54 

1414650 ! 
1380320 

4 4 
4 2 

4 2 
2 2 

4 6 
2 4 
4 4 

160 
23 

5.01-41 , 0.0027 

0.0448 
6.01-4) 

10.077 
10.0065 

0.019 
0.020 

1.31 + 5) 058 
1K + 5I 0.65 

0.064 

0.153 
0.0021 

0.18 
0.017 

-2.70 

-0.75 
-2.62 

- O i l 

C 
E 

C 
D 

112 [ E 
140 E 

0.11 
0.060 

027 
Oil 

-0.59 

! inttrp. 
' inlerp. 

D j inttrp. 
D | inUrp. 
D inlerp. 
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Crn: 

N*. 
Army 

_ * 
(A) fc»'> 

« « A* f* S ««*f 
racy 

S — 

15. * - * T - - * 

4 
2 
4 

C 
4 
4 

0J1 
t.12 
•412 

- * * 
- M Z 
-LS2 

D 
B 
D 

« * T -

I W i ifaOoaiactk* i ttat paanr «f •*> by which« • tot* 

Cm 

Forbidden Tiausiuons 

Tbe line strengths infuriated for the tingle magnetic 
dipole and single electric quadmpole transition within 
tbe 2s*2p groond state configuration are the results of the 
muhkonfiguration Dirac-Fock (MCDF) calculations of 
Cheng a a/.1 These refativistic calculations include a 
perturbative treatment of the Breh interaction and tbe 
Lamb shift Allowance for configuration mixing is lim
ited to tbe n =2 complex. The strength of tbe electric 
quadrupole transition as defined in Ref. 1 was multiplied 
by tbe factor Vi in order to bring this value into confor
mance with the definition of the quadrupole strength 
used in the NBS tables. 

Transition probabilities for the same lines were calcu
lated by Froese Fischer and Sana1 using the multiconfig-

uration Hartrce-Fodt (MCHF) method wcth Brea-Pauh' 
corrections. Their orbital basis includes many configura
tions outside the n = 2 complex, but relatrvisac effects 
were not treated to the same degree as in Ref. 1. The line 
strengths for both die Ml and E2 transitions, derived 
from these dam by interpolation between appropriately 
spaced ions of tbe 3 sequence, are in very good agree
ment with tbe data of Cheng a al.' 

'K- T. Chen* Y.-K. Kim. aad J. P. Doclwu. '.. Data Nod. D M * 
Tablet M. 111(1979). 

*C Frooc Facber aad H P. Saha. Pay*. Rev. A » . 3169 (19*3) 

Cr XX: Forbidden tranaitiona 

No. ! Transition Multipiel X 
Array (A» 

. 1 — j — T ~ — - — - — i — i r 
«. « . ! t.'> g>\ Tjrpeof i A„ j S 

(cm '> (cm '» i | : tranajtion ! (a ') (at. u) 

I. 2p-2p f -V 

12059 

T 

82926 2 4 
' 2 4 

T~ 

Ml M 1 0 j 133 B j 1 
E2 0 336 : 0.00204 iC I 1 

Accu- Source 
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Crxn 
D C bOCSBCtjTOtMC SCQUCBCC 

G r a n d State: k'2r' 'S, 

loanzabon Energy: 1634eV = 13110000enr* 

Allowed 

Lot oft 

Wavdtagth (A> No. ;' Wa*cka«tb.lA> \ 
r 1 

No. i Wawdt>«tfc(A> 
j 

No. WnvJeaglh (A) No. 

1227 U ii 1X60 i 1229 
i 
( 1X99 28 140.72 

OS! U !! 1365 24 14.00 » 149JO 
12.98 10.11 !i 13.66 29 1444 1925 15442 
13.01 10 1X67 24 | 14.12 30 16523 
13.82 10 1: 13.68 a | 14.17 1921 168.62 
13.08 9 13.75 29 I 1420 31 170.16 
13.12 8 1X76 27 1423 21 175.45 
13.13 10 1X78 27 i 1424 35 18148 
1322 16 1344 272324 | 1425 21 19028 
1324 15 1X87 27 i 1422 21 19741 
'344 14 13.91 27 ! 1425 21 25924 
13.49 24 1392 28 1428 22 i 293.11 
1353 24 1393 26 1429 21 j 357.12 5 
13 55 24 13.94 27 14.58 20 i 40920 5 
13.59 13 13.95 32 l 14.81 23 | 50529 5 

Oscillator strengths for transitions of the arrays 2s'-
ls2p and 2s2p-2p' are taken from the multiconfiguration 
Dirac-Fock (MCDF) calculations of Cheng et al' These 
relativistic calculations include the configuration inter
action most relevant for the states of these configura
tions, as well as a perturbative treatment of the Breit 
interaction and the Lamb shift. The results should be 
quite accurate, except for the weakest mtercombination 
lines. (The 'P? - '&> transition of the 2s2p-2p2 array has 
been omitted here, since the /-value is considerably 
smaller than those of the other lines of this array.) 

A number of sources of reliable data, from other rela
tivistic calculations, are available for the Is -2p transi
tions. However, with the exception of some of the 
weaker lines, they all agree well with the results of 
Cheng et al.' The latter v e quoted exclusively here since 
they provide data from a single set of comprehensive 
calculations, all done at a uniform and reasonably accu
rate level of approximation, for the valence shell lt-lp 
transitions for a<l ions of the isoelectronic sequence. 

The /-values for the 2j'-2s2p, 2s2p-2pip, It 2p-It Is. 
Ip'-lpls, 2t2p-2tid, and 2p'-2pid arrays of transitions 
are taken from the work of Fawcett,' who used Cowan's 
version of the relanvistk Hartree-Fock method with in
termediate coupling and configuration interaction. This 
work provides a comprehensive set of data fr; ire entire 

isoelectronic sequence, calculated at a uniform level of 
approximation. Some of these transitions, for some ionr 
of this sequence, have also been calculated by Bhatia et 
al.1 using the program SUPERSTRUCTURE, which in
cludes configuration interaction and intermediate cou
pling. Where they overlap, these two sets of calculations 
agree to within the uncertainties assigned here. Transi
tions involving the / = I levels of 2p3p *S and 'P have 
been omitted because of erratic behavior of the/-values 
along the sequence. 

Oscillator strengths for the transition array Is'-lsAp 
have been interpolated from the relativistic random 
phase approximation (RRPA) calculations along the 
isoelectronic sequence by Lin and Johnson.* 

A few multiplet /-values for transitions involving the 
outer electron alone. It is-2s 3p m<i lsip-ltid, have 
been interpolated along the isoelectronic sequence and 
assigned a low accuracy. 

K T Chen*. Y -K Km. and I P Doclaus. At D M * Nucl D M * 
Table* 24. 111(1979) 

'B C Fawcen. Al D M * Noel D m Tablet JO. I (l9Uy. J). 479(1915) 
'A K Bhaua. V Feldnun. and 1 F Sarfy. Ai D*u Noel Data Table* 

Sf.44«(l9M) 
'C D Lin and W K Johnaon. Phy* Rev A I I . 10*6 (1977) 
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O D E ABumJ 

Na[ TIMMJI.UII 
A m ? 

M»lli|il«l k 
(A) ( O B - 1 ) 

«• *» 4 * 

or.-') 
A. S 

tat-«J 
*>€* Asca- • _ 

i. 2,*-2»2j •s-v 
1293.11] 0 341170 1 3 O S 0J010 94)-4T - 3 4 0 D 1 

1 "S-'P- (14940) 0 667110 I 3 1(2 0.1(4 04049 -0.785 B 1 

3. *»-V *r-*p IS1JO mm stsm 9 9 117 04676 04(9 -0.286 B 1 

mm
 

4OSO70 
341170 
405070 
341170 
341170 
318(80 

947130 
911130 
911130 
864780 
947130 
91II30 

5 
3 
5 
3 
3 
1 

5 
3 
3 
I 
5 
3 

73.7 
312 
40.1 

1(9 
428 
524 

04176 
04158 
04141 
04199 
•4091 
04670 

0.114 
04274 
04459 
04875 
04474 
04872 

-0.726 
-1424 
-1152 
-1*24 
-1459 
-1.174 

B 
B 
B 
B 
B 
B 

1 
1 
1 
1 
1 
I 

4. *r-<D 

(154.CZ) 
(140.72) 

405070 
341170 

1061810 
1(61810 

S 
3 

5 
5 

28* 
14 

•4101 
04012 

0.0857 
04017 

-1*97 
- 2 4 4 

C 
O 

1 
1 

5. 1 'P--«P 
1 
i 1 
l 
| 

(357.12) 
(409J0) 
(50549) 

661110 
667110 
6(7110 

947130 
911130 
864780 

3 
3 
3 

5 
3 
1 

21 
0.040 
0.19 

040(6 
141-4) 
2 « - 4 ) 

0423 
441-4) 
04012 

-1.70 
-ust 
-3.14 

D 
E 
E 

1 
I 
1 

6.! I 'K-'D [258.94] (67110 1061810 3 5 365 04616 0.158 -0.733 B 1 

7.; ; , P * - I S [170.16] 667110 1254790 3 1 271 0.0392 04659 -0430 B 1 

8. 2t'-2«3p j •S-'P* 

. i [13.12] 0 7(20000 1 3 3.7(^-4) 029 0413 -054 C - 2 

9.; 'S-'P* [13.08] 0 [7(48000] 1 3 5*<+4> 0.40 0417 -0.40 C - 2 

10 2§2p-2p3p \ V-'D 
i i 
; 

| 

[13.02] 
(13.02) 
[1298) 
(13.13) 
[13.01) 

406070 
341170 
318080 
405070 
341170 

8087000 
(8023000) 
[802S000] 
(8023000) 
(8025000) 

5 
3 
1 
5 
3 

7 
5 
3 
5 
3 

3.91+4) 
3*+4) 
l.K+4) 

1900 
l.*+4) 

0.14 
016 
0482 
04060 
0.047 

§!§!§ 

-0.15 
- 0 4 2 
- 1 4 9 
-1.(0 
- 0 4 5 

c-
c-
D 
D 
D 

2 
2 
2 
2 
2 

Il.j j *P--*P 
1 
i 

i 

j 

(1298) 
[1297] 

406070 
341170 
341110 

8109000 
(8049000) 
8109000 

5 
3 
3 

5 
1 
5 

3*+4) 
4*+4) 

2700 

0498 
0440 
0011 

0421 
0.0061 
0.0014 

-041 
- 0 4 2 
-1.48 

C -
D 
D 

2 
2 
2 

12 • P - . i p [13.(0] ((7110 8022000 3 3 l.*+4) 0443 04068 -049 D i 

13. ' ^ - • D 

(13.69) 6(7110 [8025000] 3 3 1.2T+4) 0.033 04044 -1.00 D 2 

14. 'r-f 

(13.44) 
[13.44] 

((7110 
6(7110 

8109000 
[810MOO] 

3 
3 

6 
3 

l.a-t-4) 
2*+4) 

0.0ft 
0.067 

0.0070 
04089 

-040 
-0.70 

D 
C -

2 
2 

http://154.CZ
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Cri 

K*. 
Array 

i 
(A) 

* 
o»-'> tea') 

ft «. A t 
< I 6 J . , > 

1 

S 
( •La . ) 

«*«f ACOr Soviet 

15. 

1 
i 

[ 1 U 4 ] 667110 [8161000) 3 5 5 A + 4 ) *n M M - 0 . 1 6 C - 2 

16. i > p - " S [112U 667110 [82310Q0J 3 I 4.6)+4) 0.040 0*962 -•sz D 2 

17. 2s*-2«4> 

| 1 3 0.020 - 1 . 7 0 D or lop. 

18. • • S - V 1 3 0.16 - 0 . 8 0 D •atop . 

19. 2t2*-2>3s I >p--»S UU SUM 74C3000 9 3 2*1+4) d.026 0.011 - 0 . 6 3 D 2 

[14.17] 
[ 1 4 * 1 
[ M J » ] 

409070 
341170 
318080 

7463000 
74OM0 

5 
3 
I 

3 
3 
3 

1.41+4) 
9100 
3200 

0426 
0JZ7 
0028 

0JS061 
0.0037 
0.0013 

- 0 . 8 8 
-1J0) 
- 1 J 6 

D 
D 
D 

2 
2 
2 

» . i •P'-'S (1C58) 
: 

667110 P5M009J 3 1 9400 0.010 0.0014 - 1 . 5 2 
D 

2 

21. V-2p3s 1 •P-'P- HJ7 USStO (7JtO0O0) 9 9 1 A + 4 ) 0.054 0.023 - O J l i » 
1 

' 2 

[1415] 
, [14.32] 
1 [14-391 
; [14-35] 

[14.17] 
[14.23] lii

iii [7966000) 
[7894600J 
(7894000) 
[7881000] 
[7966000] 
[7894000] 

5 
3 
5 

1 3 

I 

5 
3 
3 
1 
5 
3 

1 A + 4 ) [0.038 
3600 ! 0.011 
8100 0.015 

1.7(+4> [0.017 
6000 j 0.030 
6100 0.055 

iiiiii 

- 0 . 7 2 
-1 .48 
- 1 . 1 2 
-1 .29 
-1 .05 
- 1 . 2 5 

! D 
i » 
i D 
i D 

2 
: 2 

2 
2 
2 

22. ^ D - ' P " [14.38] 1051810 [8008000) 5 
! 

3 1.51+ 4) .0.028 0.0066 -0 .85 ! ° ^2 

23 ' S - ' P - (14-81] 1254790 [8008000] I 3 5800 0.057 0.0028 -1 .24 D 2 

24. 2i2/>-2»3rf >p-->D 13.60 S74100 [772MW1 9 151 I.6I + 5I 0.72 0.29 0.81 C - 2 

lll
ill 7733000 

7721000 
[7730000] 
7721000 

[7730000] 
[77300001 

5 
3 
1 
5 
3 
5 

7 1.51 + 51 0.60 
5 1.21+ 5l 0.55 
3 9.01 + 4) 0.74 

: 5 39- + 4I 0.11 
3 6.6< + 4l 0.18 
3 4300 0.0072 

0.13 
0.074 
0.033 
0.025 
0.024 
00016 

0.48 
0.22 

-0 .13 
- 0 5 6 
- 0 5 7 
-1.44 

C -
C -
C -
C -
C -
C -

2 
: 2 

2 
2 
2 
2 

25 V - D [14.04] 667110 [7792000] 3 5 12)+5) 0.61 0.085 0.26 C - 2 

26 2p--2oM ' P - V 

27. 

28 

ip.'rr 

'P - D' 

[1393] 947130 [81240001 5 7 4.21+41 0.17 0.039 -0.07 C - 2 

13.il 9H9S0 8163000 9 15 I.5f+5> 0 71 029 0.80 c- 2 

[13.78] 447130 8204000 5 7 1.7(*5) 068 0 15 0.53 c- 2 
[13.87! 911130 8121000 3 5 8 .V + 41 04O7 0.056 0.087 c 2 
[1376] 864780 8134000 1 3 l.51( + 5i 1.29 0058 0.111 c- 2 
[13 94] 947130 812IOO0 5 5 1 I I * 4 I 0.032 00073 - 0 80 D 2 
[13*4] 911130 8134000 3 3 3.5( + 4t 0.10 0014 -0.52 C - p 
[13.91] 947130 8134000 5 3 1000 00018 4.K-4) 2.05 D 2 

[13 99] 947130 [8093000] 5 5 8200 0024 0.0055 - 0 92 C 2 
[13 92) 911130 [H093000] 3 5 8.5f . 4l 041 O.OSfi 0.09 D 2 

http://13.il
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Or l 

NO. 
A m ; - * * • (A) to."') 

« 
r — ' 

A* A- 5 
latrnj 

hfoT Aen- 8 — 

29. •P-«P- U.71 jg&ot [e*9N0w] 9 9 U K + 8 0225 0032 0X4CC C - 2 

Sl
l^

I-
S 9CT1SI 

911130 
94T1S0 
911130 
911130 
804780 

8219000 
8219000 

(8231000] 
8219000 
8219100 

5 
3 
5 
S 
3 
1 

5 
S 
3 

J 
3 

9.5J+4) 
8K+4) 
4A+4) 
L * + S 
1JI+4) 

010 

0270 
023 
ojno 
0.11 
OJ67 
0J0S1 

0.0*1 
OJOM 
0O17 
MIS 
00077 
2J(-4) 

- 4 U C 
- 0 . 4 2 
-0X48 
- 0 . 7 7 
-229 

C -
C -
C -
C -
D 
D 

2 
2 
2 
2 
2 
2 

SO. •D-'r 

[14.121 1051810 (81320001 5 5 7400 0.022 0J051 -OJK 0 2 

SI. "D-TT [1420] 1051810 (8099800) 5 5 LH+4) 0JG0 0X012 -OJ0 C - 2 

St •D- 'P ' 

[1335J 1051810 8219800 5 5 SA+4) 0.11 0J25 -0X2C C - 2 

a ' D - ' P [1JJM] 1061810 8275000 5 3 8700 0.016 OJOOM -1.12 O 2 

34. ' D - ' P [1JJM] 1051810 8275000 5 7 25St+5> 1*4 • 2 3 7 0.72 C - 2 

35. =S-'P [14.24] 1254790 8275000 1 3 14K+5) 129 0.080 0.111 C - 2 

36.1 2*3>-2>3p ! •S- 'P' 3 9 0.13 -041 D interp. 

37.! j « - P" 1 3 0.0G6 -125 E vtttrp. 

38.; 2«3p-2.3rf ! V - T> 9 15 0.029 -0.58 E imttrp. 

39.1 j 'P*- 'D 
i i . . 

: 
i. 

3 5 1.052 i -0J91 E uKtrp. 

T h e number in parentheses following the tabulated eiaoe indictee the power of ten by which thie value has to be multiplied. 

Crxxi 

Forbidden Transitions 

Transition probabilities for magnetic dipole and elec
tric quadrupole transitions within the Tslp and 2p} con
figurations were calculated by Fddman et al.x using 
scaled Tbomas-Fermi wavefunctiono with allowance for 
configuration interaction and reiativistic effects. We 
modified their transition probability data by the applica
tion <Aexperimental wavelengths, \*., we first converted 
their <4-values into line strength data utilizing their theo
retical transition energies and then reconverted the line 
utrengtho into A -values with wavelengths derived from 
experimental data. This approach should normally yield 
transition probabilities that are more accurate than those 
based on theoretically determined wavelengths. 

The one E2 transition listed, which is relatively strong 
compared to other E2 transitions, has been taken from 
the multiconfiguration reiativistic Hartree-Fock calcula
tions of Anderson and Anderson,' and has been included 
to indicate the small magnitude of the E2 line strengths. 

'U. Ffkfanea. O. A. Doechek. Oi -Ch Cheat, • » • A. K. Metis, I. 
Apel. Phyt SI, 190(1900). 

'E. K. Andcnoa aad E M Aadermi, Opt. Spsctroac (USSR) U, 471 
amy 
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CrxxN 

Li bodectronic Sequence 

Ionization Energy: 1721.4 eV = 13882000 cm ' 

Allowed Tramitiom 

Waralanftii (A> No Wwalaafth (A> No. Wavataafth (A) No. Wawtenfth (A) No. 

2.190 S 8.04 17 9.493 8 368 18 
2.191 2 8.07 10 9.909 14 37.6 22 
2.199 1 8.10 17 9.966 14 37.7 22 
2.198 4 8.80 18 12.623 7 38.0 22 
2.199 1*4 8.37 16 12684 7 222.98 6 
2.202 3 8.62 9 13.149 13 27974 « 
2.201 4 8.78 16 13.292 13 
7.82 11 886 lb 13.308 13 



F - t « 

ofVahv 

for the 
t to doaHv eiciied m = 2 states are takes Croat 

the muhkunfiguinlion Dwc-Fbck (MCDF) 
of Hats sad Grant.' Their resato are in good 
with the Z-capanaa 

I Safroaova.1 who i 
tatthefevdofthePaaMi 

Oacflbtor strengths for Maes of the principal (2t-2») 
resonance avxhiplet are the rente of the MCDF calcala-
tions of Cheng a a/^* which include a pertarbalivc treat-
neat of the Brek interactioa and the Lamb shift. The 
main of the MCDF calcahrioas of Anaatioag et a/.* 
were interpolated to provide/-values for tl>e?^-3o'traa-

addi-

The/-vstae for the 3aMf transition' 
stady of systeasntic trends along ism hi In am i 
by Sssilh aad Wane.' The tabahtfcd data for i 
tioaal tramitioaji were taken from the theoretical i 
sis of Maria aad Wiese* which was baaed oa a 
generalized stady of systtsaanc treads for several spec
tral series of the hnsnm isoelectronic aeqaeace. 

lUsateoftlierelativnteHaitiee-Fbckcakaalatioasof 
Kias and Deadaux' for several ions of the Li sequence 
were incorporated into die data of Ref. 6 for the 2s-3p 
transitions For all other transitions for which the results 
of Ref. 6 are quoted here, no relativist*, calculations 
were available. However, the rdativistic calculations of 
Younger and Weiss* for the hydrogen isoelectronic se
quence provide a means of assessing the magnitude of 
rdativistic corrections since die Li sequence is very sim
ilar in structure to the H sequence For those transitions 
for which rebttivistic effects were estimated to be signifi
cant (specifically, whenever the ratio of the weighted 
rdativistic bydrogenic /-values %f* of any two lines 
within a multiplet was found to deviate from the corre
sponding LS-coopling unestrength ratio by more than 
5% for the appropriate value of the nuclear charge Z\ 
the /-values were excluded from the compilation. A 
more detailed discussion of this comparison is given in 
Ref. 6. 

did not satisfy thecrise-
above, wehaveaever-

/-vahje obtained by Oneflo' 
oa a variational cal-

forl 

Ahkoagb the 2n-3s i 
rioa described ia tikt i 

tfedthei 
[aZ-expi 

for O V I That i 
teractioa. The 
for Fexxrv and Nixxvi are in very good 

i derived from the results of catenas-
lathratfic effects.1*-11 We thus fek 

thatnreresatoofRef.9sbo«Ubesufficieatlyi 
fin m laaiua hi ifni i ranialnTion 

Traamtioa probability data are svaanMefori 
transitions iavotving doabty excited states win the spec
tator ekctroa ounpyiag dse «=3 shefl, or higher." 
These have not been tabalatrri. however, since they be-
loag to, or are very dose to belonging to, I 

i of the I 

'J. H m a a d L P. Gnat. Mba. Not R. A n n Soc M l . 549 ( h i * } 
•L. A. Vaaahaaa aal U. L Sdraaova, A t D M Nad. D m T * k » 2s, 

*K- T. Chan, Y.-Jt Km. mt I. P. D a c a n . A t D m Nad. D m 
Tabk*24, I I I (1979). 

•L. Aimooa> Jr„ W. R. Fielder, aad D. L. Law Phy*. Rev. A M, 
1114(1976). 

I I . W. Sam* and W. I_ W i n ; Anraokys. 1. SapaL Ser. 2*. No. 19*. 
10} (1971). 

«G. A. Mania a d W . L . Wiac. I Paw- C h a t Ref. D m 9. 537 

'Y.-K. K m a d J. P. Docam. Pays. Rev. Leo. 3a, 139 (1976) aad 
pfTVMC CtMMMnTMCaTfKNI 

•S. M. YoaafcranJ A. W. Worn. I . Ret Nat Bar. Sami, Sect A 7». 
•29(1973). 

1 . $. Oadto, Fay*. Rev. A 11,74) (1975). 
" M . A. Hayes, Moa. Not R. Anna. Soc MS, 55P (1979). 
"B. C Fewcett, A. Ridgdey. mi T. P. Hajhc*. Moa. Not R. AMroa. 

Soc MB, MS (1979). 
"L. A. Viwiairai mi U, I. Safroaova, A t D m Nad. DmTaWg 9. 
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Crura 

Forbidden Transitions 

The single magnrfir dipole transition within the ls*2p 
coaCgaiatioa has the bae strength of 1.33 ia the absence 
of relativistic effects ia the wavefimctMns.' It is esti-
asated that these effects arc aegngiblCr unrc conmreben-
awe relatrvistic calculations by Cheng et at.1 for the 

i in the U 2 2 » > configuration of the 
show that such relativistic corrections 

are BtgKgiilr oatil much more highly charged ions. 
The listed transition probability data are also expected 

to be quite accurate since the energy levels are derived 
from experimental data. 

An electric quadrupcJe transition at the same wave
length is 

lated by Bhatia' for tins transition in the 
XXIII. (He obtains a ratio of about 10"'for the 
to Ml line strengths). 

of Mn 
ratio of Et 

to be of negligible strength, as calcu- 'A. K.I 

•W. L. Wior. M W. SMk. ami B. U. Mma, -/ 
Probabflioer, Vol. a. NSKDS-NBS 22. VS. Gove 

* . T. Cheat, Y.-K. Km. mi J. P. Dadau. At 
TibhsM. Ill (1979). 

Tn 
Priu. Office. 

Nad. Data 

1(19(6). 

Crxxic Forbidden tranaitiona 

No.! Tranaition 
i Amy 

Multiplet X 
IA) 

£. I £. j f. j C • T y p e * 
(an ') • (an 'i i transition 

4*. j 5 
(* '» Hatn.) 

1f-2p V-V 

[1098.9] : 357470 448470 2 4 Ml 6760 

Accu
racy 

1.33 

Sonne 

inurp. 
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CrxxM 

He Iwelci limiic Sequence 

Ground State: Is1 % 

[Energy: 74*1.8eV = 60344000cm-' 

W . v d - r K A ) No. Wwrtng l fc ( A ) No. W « « t a « * ( A ) No. W u r t r ^ i h (A) No. 

1.7239 17 2.107 3.7.10 94513 31 35.722 43 
1.7231 16 2.109 7 94126 32 74434 59 
1.7632 19 2.113 9 11452 21 74471 96 
1.7640 14 2.119 5 12493 22 76447 » 
1.1557 13 1129 6 12471 27 77426 99 
14971 « 2.1111 2 12412 71 225J 19 
2X199 I I 2.1923 1 23493 41 326.3 I I 
2.101 44 7.M33 29 23420 42 44X9 I I 
2.102 3 u»n 26 23.979 41 4674 20 
2.103 7 una 35 24.265 49 47IJO I I 
2.104 7 12126 36 34.193 39 
2.109 7 14497 23 34409 40 
X106 3 94)127 24 35.296 44 

Oscillator strengths for transitions of the ls2-ls2p ar
ray are taken from the results of Drake,' who incorpo
rated accurate nonrdativistic matrix elements and Dirac 
hydrogenic matrix elements into a Z-expansion tech
nique in order to provide /-values which would accu
rately reflect correlation effects for low-Z ions and 
rdativistic effects for high-Z ions of the helium isodec-
tronic sequence. The /-values for the Is 1 'S - \snp *P* 
(n =3-5) transitions were interpolated from results of the 
relativistic random phase approximation (RRPA) calcu
lations of Johnson and Lin.' Data for other s-p and p-s 
transitions were interpolated from the RRPA results of 
Lin tl al.,' with the exception of the l$-lp transitions, 
where we tabulate the actual published RRPA A -values 
of these same anthers.* 

The charge expansion results of Laughlm' are given 
for variousf -d and d-p transitions, as well as transitions 
between *>d and 4/levels. For those mutoplett involving 
no change m principal quantum number (3p-3d, 4p-4d, 
4rf-4/) the/-values should be considered rather uncer
tain, since they are sensitive to energy differences. Oscil
lator strengths for the lp-id transitions, and for 
Wip *V - Wid *D, were interpolated from the varia
tional calculations of Weiss.* Both of these calculations 
indicate that, unlike the triplets, the ad 'D energy levels 
(*i -3,4) lie below the v 'P* levels, and the 4 / ' P lies 
below the 4d 'D. 

Brown and Cortex' have provided/-values for numer
ous d-ftteAf-d transitions for the isoelectronic sequence 

by fitting Z-expansion formulas to the results of varia
tional calculations for the low-Z ions. Their results for 
transitions between the lower-tying D and F* terms are 
tabulated here. 

Transition probabilities for the stronger transitions in
volving the doubly excited n =2 states are taken from 
the comprehensive, charge expansion perturbation the
ory calculations of Vainsbtein and Safronova.* Numer
ous data are also available for transitions involving 
doubly excited states where the spectator electron has 
principal quantum number n «3.* However, these data 
are not tabulated here since most of the transitions are 
very close to belonging to the unresolved satellites of the 
H-like ions, if they do not in fact do so. 

'O W. F. Drat* Pbyi. Rev. A M. 1317 (1979). 
»W. R. MMNM Md C. D. Lai. Phy». Rev A U. 565 (1976). 
"C. D. LM, W. R. Mam, «d A. Dajamo, Auropfcrt. J. 217,1011 (1977). 
*C D La. W R. Mmmm. mi A DUj—o, ffcy* Rtv. A ttvIM (1977). 
*C. J. Uashha. J. thy*. B 6, 1942 (1971). 
•A. W. WON. 1. ROT. Nat Bar. tmd.. fact. A 71,163 (I' '7). 
'R. T. Brows sad >-L M. Carta. Aitrophyi I.176,267 (1972). 
•L, A. Vmmtm mi V. I. Mmovs, Ai Dm Nad. D M TibtaM, •9(1971). 
X. A. VaMMtM and U. I. tafraw>va, A«. DMI Nad. DeuTsMs**, 
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24. •s-'r [9XM27] (43619000] [36714400] 1 3 2X(+4) ao*9 0X1026 -1X» c+ iMttrp. 

23. U2*-l«5p •s-v 

[7.9233] [453(9100] [3(010100] 3 3 I X + 4 ) 0XH2 9 ^ - 4 ) -1X4 c+ mitrp. 

26. •s-'r [1.0619] [43619000]! [3*023100] « 3 I X + 4 ) 0X07 9 J ( - 4 ) - 1X3 c+ inttrp. 

27. l*2p-l*3c • T - * 
1 
i | 

U2J71] [43614900] | (3376*300) 3 3 6200 0.014 O00I7 -1 .3* tr inUrp. 

2*. •r-'s [I2.5I2J [43S32900]| [S3S23000] 3 1 l * + 4 ) 04)15 0.0019 -1.33 en inttrp. 

29. l«2p-l(3</ •r-'D i 9 15 0.69 0.79 ch- iiUerp. 

30. •r-'D i 3 i 0.70 0.32 c+ inUrp. 

31. Hlp-UU 'r-'s 1 
1 

[9XHI3] 
I 

[43614900] [36663000] 3 » 2300 0.0031 2 .K-4) -2XO D inttrp. 

32. •r-'s [9.2126) (4)R*M0nj [366(7600] 3 1 7300 0.0031 2.K-4) -2X13 c inttrp. 

33. l§2p-U4d •r-'D 9 1) 0.12 003 c i 

34. >r-'D 3 5 0.12 - 0 4 4 c i 

IS. Ulp-UU •r-'s 

i 
(1.0762) [43614900] [57997000] 

1 
3 1300 0.0013 10J-4) -2.41 D inttrp. 
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3*. 'r-'s 

• 

(L2I26) (45*32900)j (5W0930O) 3 1 jm 00013 I K - 4 ) -2.41 C mttrp. 

37. Uit-Ulp •s-'r t 

i 
I 
I i 

3 3 aou -XX, E mttrp. 

3*. • S - ' r 1 3 0057 -1 .2* D mttrp. 

39. b 3 f - b 4 / •s-*- i 

i 
. 

(34.193) (53764300]) [S66MH0J 3 
1 

317100 
i 

0.136 O0459 - 0 3 * 9 C mmrp. 

<a •s-'r [34.6WI (53*25000) (S67I4400) 1 3 17500 0.405 O046I -OJ93 C mttrp 

41. l*3s-bS* •s-v ! 

(23.5531 (53764300) 15*010100) 3 3 j 4200 003S 000*1 - 0 9 * c mttrp. 

42 's-'r (23S20] (53*25000) (50023100) 1 3 4010 0.104 000*16 -0.9*3 c+ mltrp. 

43. Ulp-UJJ y - * D 9 15 0OI2 -0.97 D mttrp. 

44. U y - U 4 s • P ' - ' S 

- (35.256) (53*266001 (56663000) 3 3 1100 O033 OOII - IJOO C - murp. 

45. •r-'s (35.722) (53*t*200) (566S7600) 3 1 5300 0.034 O0I2 - 0 9 9 c mttrp. 

46. Uif-U4d " F - - - D 9 » 060 0.73 c 5 

47. •r-'D 3 5 0.62 027 c 5 

41 ujp-uu • r -s 
(23.979) (53*26600) (57997000) 3 3 I9C 00077 0.0011 - 1 4 4 D murp. 

49. •r-'s (24.265] (53SH20D) (5*009300) 3 1 2*00 0.0077 0.0011 - 1 4 4 c murp. 

SO. Uid-Uif 'D-'r 5 3 0.0022 -1.96 F 5 

51. UU-U*f ' D - > T 15 9 0.012 -0.74 C 5 

52. •D-'r 5 3 0.011 -1.26 C 5 

53. \l*t-\i*p •s-'r 
3 3 0.025 -1.12 E murp. 

54. •s-'r 1 3 0.0*0 - M O K • murp. 

55. U4t-Ufp •s-«r 
(74234) (S6663O0O) (5*010100) 3 } 1130 0.151 0111 - 0 344 C murp. 

56. •s-'r (74.171) ($66*7*00] (5*023100) 1 ) 1100 0.45 O i l -0.35 D murp. 

57. U'r-uv •r-'D 9 15 0.021 -072 D 5 

51. it*f-Uii • r - f 
(76.447) (566M900) (57997000) 3 ) 630 0.055 0.042 -0.7* D murp. 
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No. 
A m y ~ ~ 

X 
<A> fcnrl 

c «» A* /* 5 •°Slf Accu
racy 

Scarce 

S9. • r - * [77.226] [S6714400] (saoonoo] 3 1 i m OJOSS ao»2 -an C •uap. 

<a U W - b V «D-'r S OHOM - 1 . 7 7 E 

41. IxW- lsV •D-I=- IS 21 U < - 4 ) - u t E 

62. I s W - k V • D - ' F - IS 21 OJ? 1.13 B 

•3. • D - ' F * s at* ats B 

64. UV-L>4rf " F - . - D 7 4 - * - 4 ) - 2 . S 0 E 

«. b4/-lsSa* ' R - ' D 21 IS OJOOK -CTJ C 

46- • F ' - ' D 7 aoon - I J I C 

67. U5s-U5f • S - ' F -

3 O03I -u» E MfcVip. 

M. •s-'r 1 a IO -1.00 E m&jp. 

The foOowBMj the i the power of Ms by whicb •**•. vatae IM* » be 
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Forbidden Transitions 
The results of muhi-configaration Dirac-Fock calcula-

tions by Hate and Grant1 have been selected for this tab
ulation. Their work includes both a very detailed 
consideration of configuration interaction—with config-
uratiooal wavefunction sets containing as many as 51 in
teracting states—as well as a fully rdativistic treatment 
based on the Dirac Hanultonian. Their calculated wave
lengths are in very close agreement with experiment, 
and the agreement between an experimentally deter
mined lifetime' for the 2p 'PJ state and the theoretical 

result is excellent, the difference being only 5%. A com
prehensive comparison table containing all experimental 
data on these He-sequence transitions is given in the in
troduction to the forbidden lines of Ti xxi. 

'I. Hau aid I. P. Gnat. MOB. Not. R. Ami. Soc. 211,54* (I9S4). 
'H. D. DOIHMMW. R. Mam, aad E. ffcae, Z. Pfcyt. A **». 101 (IM2). 

No. 
Amy 

M-M. X 
(A) 

B, 
item') 

e, 
(em') 

f. * Type of 
imwiCMM 

A„ 5 
(at. •> 

/Vfffu-
racy 

Soarc* 

1. 1. >-U2f ' • - f [2.20J4J 0 [45JSJJ00] 1 1 M l • J7<+Ty I I H - 4 ) B 1 

2. l/'-l#2» 'S-'r 

(2. ISM] 0 (4S«*I)70) 1 5 M2 J4S(+4) 0.1)1 • 1 

The iwabir is parraiawii faBowwn da) utilaiid vatua Mflcwai dw power of aw by watch Urn valae • » to be wMpHiil. 
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H Itot lw lunar Sequence 

Ground State: lr I S L , 

buaatioa Energy: 7*9487eV = 63675900 cat-' 

Allowed Transitions 

Electric dipole transition probability data fix das 
hydrogen-hie ion can be obtained direcdy. m a aoa rria-
tivisUc approianitaw, from das data for neutral hydro
gen.' The osdDaior strength is independent of Z along 
the entire isocta ironic sequence and is datrefbrc idcati-
cal to tbe valae for die bydrogo atom. Line strengths 
scale as Z1 and transition ptobabflilic* scale as Z*. Le., 

Sz — Z~ SH , Ag = Z*Am-
For higher nuclear < hargri in dns sequence, rchMrvnt-

tic corrections will cause diese valnes to deviate increas
ingly from die non-relativistic ones. The first effect of 
relativity will be to aher die transition energies, or wave
lengths, from die ncm-relanvistic, even diongh die bae 
strength itself is soil weQ approximated by the noo-rela-
tivistic value- In das case, experimental energies should 
be nsed in die standard conversion formulas, given in die 
general introduction to dus volume, to calculate die 
most accurate values of/and A. It should be noted that 
die relativistic removal of die /-degeneracy introduces 
dipole transitions which do not occur in die non-rda-
tivistic theory. e.g., 2»,„ - 2pM. 

For very high Z, it is necessary to use die four-com
ponent Dime spnaors rather dam two-component 
Schroedmger functions in thtoniial rak uUliuas, and 
dns mtroduccs rdativBtic corrections to die fine 
strengths thfmwlvcs. Several recent systematic Undies 
of dK problem" indicate that these corrections are not 
large for stages of jonr/ation in die range 20-30. Cocrec-
tions for Z = 30 are asnaDy no larger d m 5-10* and 
generally substantially less dutn 5%. If an accuracy 
greater dam dns is frowned, die reader is referred to 
these papeis" for a more detailed error analysis. 

•W. I_ Wior, M W. SaMfc. aad B. M. Ghana, Aioabc Trauma 
IVobMaaut* - Hydrofea taroas* Neon (A Critical Data Oanpib-
OaiX. VoL I, 157 pp.. Nat Staad. Rcf. DM* Ser, Nat Bar. Suad. 
(US.\ 4 (May 1966). 

'S. M. Yoaagtraad A. W. Went, J. RM.NM.BW. Sua*. Sect. A~7». 
62»(I97J). 

"S. J. ROK. Ra&eribrd AppkMa Laboratory Report RL-S7-1I4 
(Dcccawer I9S2). 

http://Rm.Nm.Bw

