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Summary
• VAMDC – connecting diverse databases through a 

common query interface and data exchange standard 

• HITRAN – a database of molecular spectroscopic 
properties implemented as an online service with a 
relational backend 

• ExoMol – methods for the storage and manipulation of 
large data sets 

• QuantemolDB – Data on plasma processes 
implemented as an online service with user interaction 

• Challenges and future directions for atomic and 
molecular databases



VAMDC
• VAMDC = Virtual Atomic and Molecular Data Centre 

• http://vamdc.eu/ 

• EU FP7-funded 5-year project to build a consortium of 
research institutes and lay down a framework of standards 
for the interchange of atomic and molecular (AM) data: 

• VSS2: an SQL-like query language 

• XSAMS: an XML schema for storing and transmitting 
AM data. 

• VAMDC portal: an online resource for simultaneously 
querying multiple databases.

http://vamdc.eu/


VAMDC
VSS2 Query Language

• Based on a subset of SQL (Structured Query 
Language) 

• Used as a parameter to a “GET” query in a 
URL, e.g. 

http://www.example.com/?query=SELECT States WHERE 
StoichiometricFormula=“CO2”

• Defines “keywords” for types of data 
(returnables) and search parameters 
(restrictables)



VAMDC
XSAMS

• An XML-based format: a valid XSAMS document 
must conform to the XSAMS Schema 

• Data from different databases can be compared, 
aggregated, etc. 

• Data provenance: Requires data to have units 
and sources (for citation) 

• Encourages specification of errors and 
uncertainties: data integrity



VAMDC
XSAMS

• Standard overseen by the IAEA (Atomic and 
Molecular Data Division) 

• Verbose (because it’s XML) ... 
• .... but compresses well (typically 40x) 
• “self-describing” 
• “self-validating” (to some extent)



VAMDC
XSAMS

• Example XSAMS snippet: the self-describing XSAMS format 
helps verify quantum number assignments, e.g. 16O17O: 

<hundb:QNs>
   <hundb:ElecStateLabel>X</hundb:ElecStateLabel>
   <hundb:Lambda>0</hundb:Lambda>
   <hundb:S>1.0</hundb:S>
   <hundb:v>0</hundb:v>
   <hundb:J>32.0</hundb:J>
   <hundb:N>32</hundb:N>
   <hundb:F nuclearSpinRef="O2">29.5</hundb:F>
</hundb:QNs>

Validation, e.g. 
v ≥ 0, 
N ≥ Λ, 
|N-S| ≤ J ≤ N+S 
|J-I| ≤ F ≤ J+I       (I = 5/2 for 17O, identified as “O2”)



VAMDC
Other VAMDC standards

• Standards for identifying species - i.e. specific 
isotopes of atoms or ions; specific isotopologues of 
molecules 

• InChI = IUPAC International Chemical Identifier, e.g. 
13C16O2 is: 

InChI=1S/CO2/c2-1-3/i1+1

• The InChIKey is a 27-character hash on the species’ 
InChI identifier: this InChI becomes 

CURLTUGMZLYLDI-OUBTZVSYSA-N

• Allows unambiguous and unique identification of 
species



VAMDC
Other VAMDC standards

• Services exist (within VAMDC and on the wider 
www e.g. ChemSpider, OpenBabel) to translate 
between chemical identifier formats: e.g. for CO2: 
• SMILES: C(=O)=O 
• InChI: InChI=1S/CO2/c2-1-3 
• InChIKey: CURLTUGMZLYLDI-UHFFFAOYSA-N 
• CAS Registry Number: 124-38-9 
• CML 
• …



VAMDC
Data Permanence

• Many databases simply replace old data with 
new 

• Old data is therefore “lost” 
• Can be impossible to reproduce results using 

old data 
• VAMDC standards allow the use of the 

“ValidOn” keyword 
• Old data can be “expired” but not deleted or 

replaced



VAMDC
VAMDC Portal

• The VAMDC portal (portal.vamdc.org/) links 
nodes to allow simultaneous querying of 
databases. 

• A VAMDC database node is an online service 
which: 
• Can understand the VAMDC query language, VSS2 
• Will return data in valid XSAMS format 
• Is listed with the VAMDC registry

http://portal.vamdc.org/


VAMDC
VAMDC Portal

• Some VAMDC database nodes: 
• VALD - a major database of atomic and small-molecule 

spectroscopic line parameters (focus: astronomy and 
astrophysics) 

• HITRAN - the major database of molecular spectroscopic 
line parameters for planetary atmospheres 

• BASECOL - database of atomic and molecular collisional 
cross sections 

• CDMS / JPL - microwave/ FIR line parameters for 
interstellar spectroscopy 

• KIDA - astrochemical kinetic database



VAMDC Portal

VAMDC Portal

makes query      at portal website

User

Databases



VAMDC Portal
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VAMDC Portal
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VAMDC Portal
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VAMDC Portal
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VAMDC Portal

VAMDC Portal
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VAMDC
Guided Queries



VAMDC
Guided Queries



HITRAN
• A database of molecular spectroscopic data for 

atmospheric applications (climate modelling, remote 
sensing, etc.) 

• Initiated by the US Air Force in the 1960s 

• 5,000,000+ lines, 100 MB+ of cross sections 

• Increasingly used for planetary atmospheres 

• Now an provided by a web service, HITRANonline 

• Also acts as a VAMDC node



HITRAN
Evolution: 1960s / 1970s



HITRAN
...
 21 2291.946330 4.940E-29 3.414E-02.06820.086 3595.59060.78-.007000       4 0 0 02       2 1 1 03                    Q 32f     4455501221 1 1 1 4    65.0   65.0
 21 2291.947360 1.660E-28 3.650E+02.06980.093 5204.94610.780.000400       0 4 4 21       0 4 4 11                    R 24f     4455501221 1 1 1 4    51.0   49.0
 21 2291.953028 4.614E-27 2.522E+00.06610.073 3633.90910.760.000000       0 4 4 11       0 4 4 01                    Q 49f     454550 2 2 1 1 1 0*   99.0   99.0
 23 2291.957370 6.450E-27 1.504E+02.08930.123 2501.49690.750.000000       2 0 0 13       2 0 0 03                    R  1e     455550 2 2 1 1 1 0     5.0    3.0
 21 2291.959750 4.980E-28 4.906E-01.06920.091 3634.14400.78-.007000       2 1 1 12       2 1 1 02                    Q 27e     4455501221 1 1 1 4    55.0   55.0
 22 2291.967650 4.920E-28 1.880E+02.06030.060 4140.44010.66-.007100       1 1 1 11       1 1 1 01                    R 73e     4455501221 1 1 1 4   298.0  294.0
 21 2291.974450 3.600E-29 1.790E+02.06660.075 5496.45810.77-.004490       0 7 7 11       0 7 7 01                    R 45e     4455501221 1 1 1 4    93.0   91.0
 21 2291.977720 5.480E-28 8.715E-04.06820.086 2345.92090.78-.007000       3 0 0 01       1 1 1 02                    Q 32f     4455501221 1 1 1 4    65.0   65.0
 21 2291.986760 1.620E-27 1.084E+00.07280.100 3473.12120.74-.007000       2 1 1 12       2 1 1 02                    Q 18f     4455501221 1 1 1 4    37.0   37.0
 27 2291.987280 4.040E-30 1.946E+02.06640.074 3386.79000.77-.004430       0 4 4 11       0 4 4 01                    R 46e     4355501221 1 1 1 4    95.0   93.0
 21 2291.946330 4.940E-29 3.414E-02.06820.086 3595.59060.78-.007000       4 0 0 02       2 1 1 03                    Q 32f     4455501221 1 1 1 4    65.0   65.0
 21 2291.947360 1.660E-28 3.650E+02.06980.093 5204.94610.780.000400       0 4 4 21       0 4 4 11                    R 24f     4455501221 1 1 1 4    51.0   49.0
 21 2291.953028 4.614E-27 2.522E+00.06610.073 3633.90910.760.000000       0 4 4 11       0 4 4 01                    Q 49f     454550 2 2 1 1 1 0*   99.0   99.0
 23 2291.957370 6.450E-27 1.504E+02.08930.123 2501.49690.750.000000       2 0 0 13       2 0 0 03                    R  1e     455550 2 2 1 1 1 0     5.0    3.0
 21 2291.959750 4.980E-28 4.906E-01.06920.091 3634.14400.78-.007000       2 1 1 12       2 1 1 02                    Q 27e     4455501221 1 1 1 4    55.0   55.0
 22 2291.967650 4.920E-28 1.880E+02.06030.060 4140.44010.66-.007100       1 1 1 11       1 1 1 01                    R 73e     4455501221 1 1 1 4   298.0  294.0
 21 2291.946330 4.940E-29 3.414E-02.06820.086 3595.59060.78-.007000       4 0 0 02       2 1 1 03                    Q 32f     4455501221 1 1 1 4    65.0   65.0
 21 2291.947360 1.660E-28 3.650E+02.06980.093 5204.94610.780.000400       0 4 4 21       0 4 4 11                    R 24f     4455501221 1 1 1 4    51.0   49.0
 21 2291.953028 4.614E-27 2.522E+00.06610.073 3633.90910.760.000000       0 4 4 11       0 4 4 01                    Q 49f     454550 2 2 1 1 1 0*   99.0   99.0
 23 2291.957370 6.450E-27 1.504E+02.08930.123 2501.49690.750.000000       2 0 0 13       2 0 0 03                    R  1e     455550 2 2 1 1 1 0     5.0    3.0
 21 2291.959750 4.980E-28 4.906E-01.06920.091 3634.14400.78-.007000       2 1 1 12       2 1 1 02                    Q 27e     4455501221 1 1 1 4    55.0   55.0
 22 2291.967650 4.920E-28 1.880E+02.06030.060 4140.44010.66-.007100       1 1 1 11       1 1 1 01                    R 73e     4455501221 1 1 1 4   298.0  294.0
 21 2291.974450 3.600E-29 1.790E+02.06660.075 5496.45810.77-.004490       0 7 7 11       0 7 7 01                    R 45e     4455501221 1 1 1 4    93.0   91.0
 21 2291.977720 5.480E-28 8.715E-04.06820.086 2345.92090.78-.007000       3 0 0 01       1 1 1 02                    Q 32f     4455501221 1 1 1 4    65.0   65.0
 21 2291.986760 1.620E-27 1.084E+00.07280.100 3473.12120.74-.007000       2 1 1 12       2 1 1 02                    Q 18f     4455501221 1 1 1 4    37.0   37.0
 27 2291.987280 4.040E-30 1.946E+02.06640.074 3386.79000.77-.004430       0 4 4 11       0 4 4 01                    R 46e     4355501221 1 1 1 4    95.0   93.0
 21 2291.974450 3.600E-29 1.790E+02.06660.075 5496.45810.77-.004490       0 7 7 11       0 7 7 01                    R 45e     4455501221 1 1 1 4    93.0   91.0
 21 2291.977720 5.480E-28 8.715E-04.06820.086 2345.92090.78-.007000       3 0 0 01       1 1 1 02                    Q 32f     4455501221 1 1 1 4    65.0   65.0
 21 2291.986760 1.620E-27 1.084E+00.07280.100 3473.12120.74-.007000       2 1 1 12       2 1 1 02                    Q 18f     4455501221 1 1 1 4    37.0   37.0
 27 2291.987280 4.040E-30 1.946E+02.06640.074 3386.79000.77-.004430       0 4 4 11       0 4 4 01                    R 46e     4355501221 1 1 1 4    95.0   93.0
...

Evolution: 2004 – 2015



HITRAN
Evolution: 2015 – Present



HITRAN
• Web browser-based application with a relational 

database backend (MySQL) for searching the HITRAN 
database. 

• www.hitran.org 

• Features: 
• User management (security, accounting, profiles) 
• Per-user, customisable output formats 
• Species metadata (partition sums, masses, …) 
• Interactive charts (for cross sections) 
• Acts as a VAMDC database node

HITRANonline

http://www.hitran.org


ExoMol
• Ab initio calculated molecular line lists for high-temperature 

spectroscopic applications: 
• Flames 
• Cool stars 
• Exoplanet atmospheres 

• ERC-funded, 5-year project at UCL (PI: Jonathan Tennyson) 

• ~50 molecules in all major isotopologues 

• Line positions (cm-1) and Einstein A-coefficients



ExoMol
• Larger molecules have a huge number of transitions 

(e.g. CH4 1010 lines in preliminary form) 
• At elevated temperature opacity due to all transitions 

must be included 
• Too much data for a RDBMS, so: 

• Separate states and transitions into separate files 
• Break large transitions files into spectral regions 
• Provide software tools for conversion to other 

formats (e.g. HITRAN) 
• Provide online services for the calculation of p- and 

T-dependent absorption cross sections



ExoMol
exomol.com

http://exomol.com


ExoMol
exomol.com

• Free-to-use, no sign-up required 
• Search by molecule / isotopologue or 
• Search by data type (species energies, line 

lists, partition functions, cooling functions, 
spectroscopic model, ab initio calculation 
details, pressure-broadening coefficients, 
etc.) 

• Bibliographic database of published journal 
articles relating to small molecules

http://exomol.com


QuantemolDB
• Comprehensive database of data relating to low-

temperature plasmas: 
• Energy-dependent collisional cross sections 
• Arrhenius-like parameters 
• Sticking coefficients for surface processes 
• Surface reaction probabilities 
• … 

• Relational database backend with a user-friendly 
web-based frontend

quantemoldb.com

http://quantemoldb.com


QuantemolDB
• Flexible data model allows for 

• Generic parameter data 
• Generic tabular data 
• Bibliographic references 
• Building “Chemistries” of related reactions / collisions 

• Software libraries provide tools for: 
• Identifying and providing metadata on species and their 

quantum states 
• Manipulating the units of physical quantities



QuantemolDB
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QuantemolDB
• Flexible data model allows for 

• Generic parameter data 
• Generic tabular data 
• Bibliographic references 
• Building “Chemistries” of related reactions / collisions 

• Software libraries provide tools for: 
• Identifying and providing metadata on species and their 

quantum states 
• Manipulating the units of physical quantities



QuantemolDB
• Complex demands for user-management: 

• AAA (Authentication, Authorization, Accounting) 
• Some users can upload data: 

• Such contributions must be validated, logged 
and attributed 

• Incoming data must have the correct format and 
physical units 

• Security concerns 
• Users can evaluate data
• Use of the API (next slide) requires a key (token)



QuantemolDB
• quantemoldb.com exposes an API for the 

automated retrieval of data by software 
applications 

• Data is returned in one of several formats 
specified by a keyword as part of the API request 

• Entire Chemistries can be downloaded ready-
made or constructed by specifying the species 
involved, e.g. 

https://www.quantemoldb.com/reactions/api/?key=XXXX-XXXX-XXXX-
XXXX&qsymbols=AR,AR^,H,AR2^

API

http://quantemoldb.com


Challenges for AM 
databases

• Sustainability is a problem for any non-commercial 
database (= €,$,£,¥,₩) 

• Security concerns and database / server 
maintenance 

• A database cannot be sustainable unless it is easy 
to upload data to it (even if only by its 
administrators or their proxies) 

• The problem of a common query language and 
output format across a wide range of applications 
has still not been solved



Future Directions
• A lightweight, generic relational database model for 

AM data? 
• Software tools for conversion between different data 

formats 
• Data attribution through simple identifiers (DOI or 

similar) 
• Time stamping and versioning 
• Distributed database hosting? 

• Subscription-based? 
• Blockchain technology? (Ethereum?)
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