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A B S T R A C T 

We present the EXOPHOTO data base www.e xomol.com/e xophoto, an e xtension of the ExoMol data base, specifically developed 

to address the growing need for high-accuracy, temperature-dependent photodissociation cross-section data towards short-UV 

wavelengths. EXOPHOTO combines theoretical models from three major computational data bases ( EXOMOL , UGAMOP and 

PHOMOL ) and experimental data sets from two experimental groups, providing extensive wavelength and temperature coverage. 
EXOPHOTO currently includes photodissociation data for 20 molecules: AlH , HCl , HF , MgH , OH , NaO , MgO , O 2 , AlCl , AlF , 
CS , HeH 

+ , CO , CO 2 , H 2 O , SO 2 , C 2 H 2 , C 2 H 4 , H 2 CO , and NH 3 , derived from theoretical models and supported by experimental 
data from 5 data bases. 

EXOPHOTO also includes detailed data on branching ratios and quantum yields for selected data sets. The data structure of 
EXOPHOTO follows the EXOMOL framework, with a consistent naming convention and hierarchical JSON-based organization. 
Photodissociation cross sections are stored in a set of .photo files which provide data as a function of wavelength with one 
file for each target molecule temperature. Future developments aim to include more photodissociation cross section data and to 

provide data for molecules in non-local thermodynamic equilibrium (non-LTE). These will expand the utility of EXOPHOTO for 
advanced astrophysical, planetary modeling and industrial applications. 
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 I N T RO D U C T I O N  

hotodissociation is the process in which chemical bonds are broken 
ue to the absorption of one or more photons. This is a very important
rocess in astronomy because the chemistry of upper planetary 
tmospheres, as in case of the Earth’s atmosphere, and the inter- 
teller medium is heavily reliant on photodissociation. Molecular 
emperature can have a significant impact on the photodissociation 
ate since rising temperatures increase the number of vibrationally 
xcited states populated and therefore decrease the photodissociation 
hreshold (Stibbe & Tennyson 1998 ). As a result, the photodisso-
iation rates in exoplanets orbiting close to cooler stars can rise
apidly at molecular temperatures beyond 1000 K, but the details 
f this behaviour depends strongly on the radiation fields (Schinke 
993 ; Pezzella et al. 2022 ). An important aspect in the evolution of
he atmospheres of exoplanets is photon-initiated chemistry. In this 
henomenon, the composition and dynamics of the atmosphere for 
lanets orbiting stars in ultraviolet (UV) rich environments caused 
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y high-energy photons are dominated by photodissociation (Venot 
t al. 2016 ; Badhan et al. 2019 ; Fleury et al. 2019 ; Lewis et al. 2020 ).

In recent years, photodissociation data bases have become a critical 
esource for exploring molecular interactions under UV radiation, 
ith applications spanning planetary atmospheres to interstellar 

nvironments. The Leiden data base (Heays et al. 2017 ; Hrodmarsson 
 Van Dishoeck 2023 ), established in the 1980s, has served as
 cornerstone for astrochemical modelling, particularly for studies 
nvolving interstellar media (ISM) and photon-dominated regions 
PDRs). This data base compiles the essential molecular data required 
o calculate photodestruction rates in various astrophysical contexts. 
t is constructed based on laboratory and theoretical data sets, 
nsuring the inclusion of species with verified cross-section data. 
urrently, it features cross-sections for 116 atoms and molecules 
o v ering photoabsorption, photonionization and, for molecules, 
hotodissociation, with no temperature dependence indicated and 
 tacit assumptions that the molecules are cold. 

The MPI-Mainz UV/VIS Spectral Atlas (Keller-Rudek et al. 
013 ), initially developed in the early 1980s and made available
nline in 2003, provides one of the most e xtensiv e data sets for atmo-
pheric research, co v ering nearly a century of mainly experimental
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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tudies. With data for approximately 900 species, it includes UV and
isible absorption cross-sections and quantum yields, totaling o v er
500 cross-section files. While it offers e xtensiv e UV and visible
bsorption cross-sections, the data provided is largely recorded at
oom temperature. These resources are vital for understanding kinetic
nd photochemical processes in atmospheric chemistry. Building
pon this, the VAMDC (Virtual Atomic and Molecular Data Centre)
Dubernet et al. 2016 ; Albert et al. 2020 ), integrates the MPI-MAINZ

ata base within its unified e-science framework, enabling seamless
ccess to photodissociation data from multiple sources through a
ingle interface. 

The UGAMOP data base (University of Georgia Molecular
pacity Project) (UGA 2014 ) was designed to address astrophysical
eeds for accurate line and continuum opacity data. It features cal-
ulated temperature-dependent photodissociation cross-sections for
our molecules: CS (Pattillo et al. 2018 ), H 2 (Gay et al. 2012 ),
eH 

+ (Miyake et al. 2011 ), and MgH (Weck et al. 2003c , a , b ).
he photodissociation cross-sections for CS, H 2 , HeH 

+ , and MgH,
ll assume local thermodyamic equilibrium (LTE), while for H 2 

on-LTE is also allowed but not all photodissociaiton pathways are
onsidered. These data sets are particularly significant for modelling
xtrasolar giant planets (EGPs) and cool stellar atmospheres. 

In 2014, PHIDRATES (PhotoIonization and Dissociation Rates for
tmospheric and Terrestrial Environments) (Huebner & Mukherjee
015 ) was introduced, providing detailed photoionization and pho-
odissociation rates. This data base supports studies involving solar
nd blackbody radiation fields and is particularly useful for comet
odelling, planetary atmospheres, and heliospheric dynamics. Rate

oefficients for ionization and dissociation have been determined for
ore than 140 atoms, molecules, and ions within radiation fields

enerated by both the quiet and active Sun at a heliocentric distance
f 1 AU, as well as from black bodies characterized by selected
emperatures spanning from 1000 K to 10 6 K, without considering
ny radiation dilution due to the distance from these sources or the
ependence on the temperature of molecular species. 
The MOL-D data base (Vuj ̌ci ̌c et al. 2015 ), hosted by the Belgrade

stronomical Observatory since 2015, focuses on temperature-
ndependent photodissociation cross-sections for ro-vibrational
tates of molecular ions, including He + 

2 , H 

+ 

2 , and LiH 

+ . As part of the
erbian Virtual Observatory (SERVO) and VAMDC , this data base
ffers cross-section data and rate coefficients for specific collisional
rocesses, accessible via a user-friendly web interface. 
Since 2017, the Metal Oxides Photolysis data base (Valiev et al.

017 ), has provided quantum chemistry-based photolysis cross-
ections for molecules like LiO, NaO, and MgO focusing on high-
emperature environments, although the cross-sections provided are
ot actually temperature-dependent. These data sets are crucial
or studying planetary exospheres, as photolysis of metal oxides
ontributes to the release of metal atoms, impacting observations of
xospheric dynamics. 

Recently, a photodissociation cross-section project called PHO-
OL has been initiated by a research team at the School of

nergy and Power Engineering, Shandong University in China which
as computed temperature-dependent cross-sections for a range of
strophysically important diatomic molecules, including, AlCl (Qin
t al. 2021a ), AlF (Qin et al. 2022a ), AlH (Qin et al. 2021b ), HCl
Qin et al. 2022b ), HF (Qin, Bai, & Liu 2022b ), MgO (Bai et al.
021 ), NaO (Bai et al. 2023 ), and O 2 (Qin et al. 2023 ). These
hotodissociation cross-sections are considered further below. 
Together, these data bases and data sets form a network of

esources, enabling simulations of molecular behaviour in diverse
ASTI 4, 1–22 (2025) 

c  
adiation environments and advancing our understanding of astro-
hysical, atmospheric, and industrial photochemistry. 
The EXOMOL project was originally established to provide ex-

ensive, temperature-dependent spectroscopic data sets involving
ound-bound transitions (Tennyson & Yurchenko 2012 ). Ho we ver,
odellers also need information on dissociative processes as this

ften drives chemistry. 
To address this issue, the EXOMOL project is undertaking a

ignificant expansion of its data base ( www.exomol.com ) to consider
rocesses at ultraviolet wavelengths including continuum absorp-
ion (Yurchenko et al. 2024 ), pre-dissociation (Mitev et al. 2024 ;
urchenko et al. 2024 ; Mitev et al. 2025a ) and photodissociation

Pezzella et al. 2021 , 2022 , 2024 ). At present, the EXOMOL data
ase is largely a molecular line lists data base that can be used
o simulate photo-absorption and radiative transfer in astrophysical
nvironments such as exoplanets, brown dwarfs, cold stars, and
unspots and characterize their spectral properties. Extensive line
ists are the basis of the data base (Tennyson et al. 2024 ); they are
hen complemented with state lifetimes, dipoles, Land ́e g-factors,
ooling functions, temperature-dependent cross-sections, opacity
unctions, specific heats etc. Due to their completeness as a function
f frequency and their coverage of molecular species, and, most
ritically, temperature, EXOMOL data are widely used by astronomers
tudying exoplanet and other objects. 

The EXOPHOTO data base extends the EXOMOL data base by pro-
iding photodissociation cross-section data extracted from EXOMOL

nd other data bases. Specifically, EXOPHOTO draws its photodisso-
iation cross-sections and branching ratios directly from the primary
ata-producing the EXOMOL project, the PHOMOL Team, and the
GAMOP data base with experimental data from Danish Technical
niversity (DTU, published here for the first time) and the EXACT

EXoplanetary Atmospheric Chemistry at High Temperature) data
ase (Venot O. et al. 2024 ). 
EXOPHOTO aims to compile temperature-dependent photodisso-

iation cross-section data for molecules rele v ant to astrophysics,
lling gaps identified in the literature, particularly with regards

o temperature-dependence. By providing a unified format for
hotodissociation cross-section data, this initiative simplifies the
rocess for scientists to reliably compute photodissociation rates and
odel photon-rich environments, such as the top of exoplanetary

tmospheres. 

 DATA  BA SE  C OV E R AG E  

he goal of the EXOMOL project is to include all of the spectroscopic
haracteristics of molecules that are thought to be significant in hot
strophysical environments. To a certain degree, the required temper-
ture and frequency range completeness depend on what is needed
or astronomical and other research such as combustion studies. 

Table 1 list molecules for which the EXOPHOTO data base currently
rovides data taken from calculations or measurements, respectively.
hese data sets are either already freely available in the literature or
ave been provided directly to us for inclusion in the EXOPHOTO

ata base. The calculated data summarized in Table 1 have been
btained by the EXOMOL , UGAMOP and PHOMOL groups. The
xperimental data given in Table 1 have been taken from the
ork of Venot et al. ( 2018 ), Fleury et al. ( 2025 ), see the EXACT
ata base (Venot O. et al. 2024 ), and studies performed at the
anish Technical University (DTU) by Fateev and co-w ork ers.
ote that these experiments actually measure UV photoabsorption

ross-sections rather than explicit photodissociation cross-sections;

http://www.vamdc-project.vamdc.eu/
https://sites.physast.uga.edu/ugamop/
https://phidrates.space.swri.edu/
http://servo.aob.rs/mold/
file:www.exomol.com
https://www.anr-exact.cnrs.fr/
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Table 1. Summary of calculated and experimental photodissociation cross-section data in the EXOPHOTO data base 

Data type ID Molecule Isotopologue Data set N files 

Temperature 
Range (K) 

Wavelength 
Range (nm) 

Pressure 
Range (bar) Reference 

Calculated 1 AlH 

1 H 

27 Al PhoMol 209 100–10 450 50–1000.1 0 Qin, Bai, & Liu ( 2021b ) 
2 HCl 1 H 

35 Cl PTY 34 0.01–10 000 100–400 0 Pezzella, Yurchenko, & 

Tennyson ( 2022 ) 
3 PhoMol 34 0.01–10 000 50–500 0 Qin, Bai, & Liu ( 2022b ) 
4 HCl 1 H 

37 Cl PTY 34 0.01–10 000 100–400 0 Pezzella, Yurchenko, & 

Tennyson ( 2022 ) 
5 2 H 

35 Cl PTY 34 0.01–10 000 100–400 0 Pezzella, Yurchenko, & 

Tennyson ( 2022 ) 
6 2 H 

37 Cl PTY 34 0.01–10 000 100–400 0 Pezzella, Yurchenko, & 

Tennyson ( 2022 ) 
7 HF 1 H 

19 F PTY 34 0.01–10 000 90–400.1 0 Pezzella, Yurchenko, & 

Tennyson ( 2022 ) 
8 PhoMol 34 0.01–10 000 50-500 0 Qin, Bai, & Liu ( 2022b ) 
9 2 H 

19 F PTY 34 0.01–10 000 90-400.1 0 Pezzella, Yurchenko, & 

Tennyson ( 2022 ) 
10 MgH 

24 Mg 1 H UGAMOP 10 1000–10 000 170-454 0 Weck, Stancil, & Kirby 
( 2003c ), Weck et al. ( 2003a ), 
Weck et al. ( 2003b ) 

11 OH 

16 O 

1 H MYTHOS 80 0.01–7900 82.8–2000 0 Mitev et al. ( 2025b ) 
12 NaO 

23 Na 16 O PhoMol 34 0.01–10 000 50–500 0 Bai et al. ( 2023 ) 
13 MgO 

24 Mg 16 O PhoMol 35 0.01–10 000 50–1000.1 0 Bai et al. ( 2021 ) 
14 O 2 

16 O 

16 O PhoMol 101 0–10 000 50–500 0 Qin et al. ( 2023 ) 
15 AlCl 27 Al 35 Cl PhoMol 201 0.01–10 000 50–499 0 Qin, Bai, & Liu ( 2021a ) 
16 AlF 27 Al 19 F PhoMol 201 0.01–10000 50–1000.1 0 Qin, Bai, & Liu ( 2022a ) 
17 CS 12 C 

32 S UGAMOP 10 1000–10 000 50–5000 0 Pattillo et al. ( 2018 ) 
18 HeH 

+ 1 H 

4 He UGAMOP 9 500–12 000 10–112.7 0 Miyake, Gay, & Stancil ( 2011 ) 
Experimental 19 CO – DTU 2 305–1630 117.04–228.8 1–1.0658 –

20 CO 2 – DTU 5 305–1630 108.79–323.79 1–1.0647 –
21 CO 2 – EXACT 9 150–800 114–230 1 Venot et al. ( 2018 ) 
22 H 2 O – DTU 5 423.15–1773.15 108.81–236.81 1 –
23 SO 2 – DTU 1 423.15 110.35–230.36 1 –
24 C 2 H 2 – photo-FPBV 6 296–773 116–228 1 Fleury et al. ( 2025 ) 
25 C 2 H 4 – DTU 1 562.15 113.29–201.25 1 –
26 H 2 CO – DTU 4 303.15–573.15 110–230.014 1 –
27 NH 3 – DTU 2 289–295.55 113.28–201.25 1 –
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ere, as has been done elsewhere, see Venot et al. ( 2018 ) for
xample, we equate these absorption cross-sections directly with 
hotodissociation which yields an upper limit and may lead to a 
light o v erestimation of the true photodissociation cross-section. 
ote that while calculated cross-sections are all for a single, specified 

sotopologue, the experimental data are for isotopologue mixtures in 
errestrial natural abundance. 

The EXOMOL project has developed a specific methodology based 
n time-independent quantum mechanical calculations using stan- 
ard bound-state nuclear motion codes to derive photodissociation 
ross-sections (Pezzella, Yurchenko, & Tennyson 2021 ; Pezzella 
t al. 2024 ). This methodology involves solving the Schr ̈odinger 
quation to determine molecular energy levels, generating potential 
nergy curves (PECs), and identifying transitions involving unbound 
tates (Mitev et al. 2025a ). For diatomic molecules, the variational 
uclear-motion program DUO (Yurchenko et al. 2016 ) has thus 
een employed, while post-processing techniques involves Gaussian 
moothing (Pezzella, Yurchenko, & Tennyson 2021 ; Pezzella et al. 
024 ; Uhlikova et al. 2025 ). We note that PHOMOL and UGAMOP
se more standard methods which explicitly treat the full set of
ontinuum states; ho we ver, thus far PHOMOL has not considered 
hotodissociation resulting from pre-dissociation, which can be sig- 
ificant in the important long wavelength (near threshold) region for 
ome molecules. These methodological differences should be kept 
n mind when comparing the EXOMOL and PHOMOL calculations 
resented below. For the experimentally obtained photodissociation 
ata, the data sets contains some ne gativ e values, which likely arise
rom experimental noise or baseline errors. Ho we ver, the number of
e gativ e values is o v erall small and removing them would have the
ffect of artificially raising the baseline. 

.1 Diatomics 

.1.1 AlCl (PhoMol) (Qin, Bai, & Liu 2021a ) 

hotodissociation cross-sections for the single isotopologue 27 Al 35 Cl 
ere computed with PHOMOL o v er a wav elength range of 50–499 nm

nd for temperatures from 0.01 K to 10 000 K; example results at
wo temperatures are shown in Fig. 1 . The required potential energy
urves and transition dipole moments for the ground X 

1 � 

+ state and
ix excited singlet states were obtained via HF + CASSCF/aug-cc- 
V6Z followed by icMRCI + Q/aug-cc-pV6Z. State-resolved cross- 
ections from all 38 958 rovibrational levels were then determined by
umerically solving the radial Schr ̈odinger equation across photon 
avelengths from 50 nm to the dissociation threshold. 

.1.2 AlF (PhoMol) (Qin, Bai, & Liu 2022a ) 

or aluminum monofluoride ( 27 Al 19 F), photodissociation cross- 
ections were computed by the PHOMOL project o v er the wavelength
ange 50.0–1000.1 nm for temperatures from 0.01 K to 10 000 K;
xample results at two temperatures appear in Fig. 2 . Potential energy
urves and transition dipole moments for the ground X 

1 � 

+ state and
ev en e xcited singlet states were calculated via icMRCI + Q with
he aug-cc-pCV5Z-DK basis set. State-resolved cross-sections from 

6 349 rovibrational levels of the X 

1 � 

+ state were then obtained by
RASTI 4, 1–22 (2025) 
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R

Figure 1. AlCl from PHOMOL spectrum o v erview (Qin, Bai, & Liu 2021a ). 

Figure 2. AlF spectrum o v erview from PHOMOL (Qin, Bai, & Liu 2022a ). 
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umerically solving the continuum wavefunctions. These data have
een applied to carbon-star envelope models, where AlF abundance
s go v erned by photodissociation. 

.1.3 AlH (PhoMol) (Qin, Bai, & Liu 2021b ) 

he aluminum hydride ( 27 Al 1 H) molecule’s photodissociation cross-
ections were calculated by PHOMOL , see Fig. 3 . Wavelengths
ange from 50 to 1000.1 nm, and calculations were performed
or temperatures from 100 K to 10 450 K. We note these cross-
ections neglect the effects of pre-dissociation which studies have
hown to be important for AlH (Pavlenko et al. 2022 ; Yurchenko
t al. 2024 ) and their inclusion is likely to significantly increase the
hotodissociation cross-section at long wavelengths. 
ASTI 4, 1–22 (2025) 
.1.4 CO (DTU) (Fateev et al., private communication) 

hotodissociation cross-sections for carbon monoxide (CO) were
ecorded in the far-UV region at the Danish Technical University
DTU) by Fateev and co-w ork ers. The data span a wavelength range
rom 117.04 to 228.8 nm and are provided for two temperatures,
630 K and 305 K, for pressures of 1 to 1.0658 bar, see Fig. 4 . 

.1.5 CS (UGAMOP) (Pattillo et al. 2018 ) 

hotodissociation cross-sections of carbon monosulfide ( 12 C 

32 S)
ere calculated using quantum-mechanical techniques by UG-
MOP , see Fig. 5 . Transitions were modelled from the X 

1 � 

+ 

lectronic ground state to six low-lying excited states ( A 

1 � , A 

′ 1 � 

+ ,

art/rzaf020_f1.eps
art/rzaf020_f2.eps
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Figure 3. AlH spectrum o v erview (Qin, Bai, & Liu 2021b ). 

Figure 4. CO spectrum o v erview (F ateev et al., private communication). 
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1 � , 3 1 � , B 

1 � 

+ , and 4 1 � ). Cross-sections co v er a wav elength
ange of 50 to 5000 nm and were e v aluated for temperatures between
000 K and 10 000 K. These results provide essential insights
or astrophysical applications, including dense interstellar clouds, 
lanetary nebulae, and photodissociation regions. 

.1.6 HCl and HF (ExoMol and PhoMol) (Pezzella, Yurchenko, & 

ennyson 2022 ; Qin, Bai, & Liu 2022b ) 

he EXOMOL project computed photodissociation cross-sections for 
Cl and HF using high-accuracy potential energy curves (PECs) and 
ipole moment curves (DMCs) from advanced quantum mechanical 
ethods. Calculations employed the Duo variational nuclear motion 

rogram (Yurchenko et al. 2016 ) to solve the Schr ̈odinger equa-
ion for both bound and unbound states. The Gaussian-smoothed 
ross-sections were validated against available experimental data. 
hese results can be used to model UV-driven processes in diverse
strophysical and planetary environments, particularly in hot and 
V-rich regions. 
For HCl, the EXOMOL photodissociation data base (PTY) provides 

ross-sections for four isotopologues: 1 H 

35 Cl, 1 H 

37 Cl, 2 H 

35 Cl, and
 H 

37 Cl. These cross-sections span a wavelength range of 100 to
00 nm and are e v aluated across 34 temperatures, ranging from
.01 K to 10 000 K. The temperature values correspond to excitation
onditions of the gas, assuming local thermal equilibrium (LTE) and 
he Boltzmann distribution for the population of energy states. The 
otal cross-sections were obtained by summing contributions from 

ll final electronic states. 
PHOMOL also includes cross-sections for 1 H 

35 Cl, calculated o v er
he wavelength and temperature ranges 50 to 500 nm and 0.01 K
o 10 000 K. Temperature-dependent cross-sections are e v aluated 
cross 34 temperatures. 
RASTI 4, 1–22 (2025) 

art/rzaf020_f3.eps
art/rzaf020_f4.eps
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Figure 5. CS spectrum o v erview (P attillo et al. 2018 ). 
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Similarly, HF photodissociation cross-sections in the EXOMOL

TY data base were computed using the same methodology. The
ata base provides data for two isotopologues: 1 H 

19 F and 2 H 

19 F.
hese calculations account for transitions involving both bound and
nbound states, with cross-sections co v ering a wav elength range of
0 to 400.1 nm and e v aluated o v er the same temperature grid (0.01 K
o 10 000 K). 

PHOMOL also includes 1 H 

19 F data, with the 90–400.1 nm wave-
ength and 0.01–10 000 K temperature ranges as PTY. The data
ase includes seven electronic transitions with state-resolved cross
ections derived from all rovibrational levels of the X 

1 � 

+ state. 
The EXOMOL and PHOMOL results for the two species are in very

ood agreement, see Figs 6 and 7 . All the HCl isotopologue spectrum
 v erviews from EXOMOL are shown in Fig. 8 . A spectrum o v erview
or 1 H 

19 F and 2 H 

19 F isotopologues from ExoMol is shown in Fig. 9 .
Both data bases provide critical cross-section data for studying

hotodissociation processes in interstellar and planetary environ-
ents. We therefore recommend the EXOMOL data sets as these

rovide cross-sections for all the stable isotopologues but note that
hose interested in short wavelengths it will need to use the PHOMOL

esults. 

.1.7 HeH 

+ (UGAMOP) (Miyak e , Gay, & Stancil 2011 ) 

ccurate photodissociation cross-sections for the helium hydride ion
 

4 He 1 H 

+ ) were calculated by UGAMOP . The calculations co v ered
ll vibrational levels ( v ′′ = 0 to 11). They are illustrated in Fig. 10 . 

.1.8 MgH (UGAMOP) (Weck, Stancil, & Kirby 2003c ; Weck et al. 
003a , b ) 

hotodissociation cross-sections for 24 Mg 1 H were calculated by
GAMOP using high-accuracy PECs and DMCs derived from a

ombination of ab initio and experimental methods. The cross-
ections primarily focus on the B 

′ 2 � 

+ ← X 

2 � 

+ and A 

2 � ← X 

2 � 

+ 

lectronic transitions, co v ering ro vibrational lev els of the ground
tate. Cross-sections span the wavelength range from 170 to 454 nm
nd are provided for temperatures between 1 000 K and 10 000 K.
GAMOP cross-sections of MgH for T = 300 and 2000 K are

llustrated in Fig. 11 . 
ASTI 4, 1–22 (2025) 
.1.9 MgO (PhoMol) (Bai et al. 2021 ) 

agnesium oxide ( 24 Mg 16 O) photodissociation cross-sections were
omputed as part of the PHOMOL project for transitions from the
 

1 � 

+ state. Bai et al. ( 2021 ) note that the photodissociation cross-
ections from the a 3 � state are questionable due to an incorrect
reatment of its partition function; these cross-sections are there-
ore omitted here. The wavelength range covers 50–500 nm, and
ross-sections were e v aluated for temperatures between 0.01 K and
0 000 K; example results at two temperatures are shown in Fig. 12 .
s with other PHOMOL data sets, this study considers only direct

ontinuum dissociation and does not include any pre-dissociation
ontributions, which may be significant for MgO. These results
re important for modelling magnesium chemistry in planetary
xospheres and the envelopes of evolved stars. 

.1.10 NaO (PhoMol) (Bai et al. 2023 ) 

hotodissociation cross-sections of sodium oxide ( 23 Na 16 O) were
omputed as part of the PHOMOL project for transitions from the
 

2 � 

+ and A 

2 � 

+ states o v er the wav elength range 50–500 nm and
emperatures 0.01–10 000 K; example results at two temperatures are
hown in Fig. 13 . PECs and DMCs for the se ven lo west electronic
tates were obtained via CASSCF followed by valence icMRCI + Q
ith the aug-cc-pCV6Z basis set. State-resolved cross-sections were

hen derived by numerically solving the nuclear Schr ̈odinger equa-
ion across all bound rovibrational le vels. Ho we ver, as with other
HOMOL data sets, only direct continuum dissociation is treated and
re-dissociation contributions are omitted. These data are essential
or modelling sodium photochemistry in planetary exospheres and
ool stellar atmospheres. 

.1.11 OH (ExoMol) (Mitev et al. 2025b ) 

he photodissociation cross-sections for the hydroxyl radical (OH)
omputed by EXOMOL adopted the main features of the spectroscopic
odel used to compute the MYTHOS line list (Mitev et al. 2025a );

his model was calculated using high-accuracy multi-reference
onfiguration interaction (MRCI) PECs and couplings, adjusted to
vailable experimental data (Bowesman et al. 2022 ) where available,
nd transition DMCs. The model incorporated key electronic states,

art/rzaf020_f5.eps
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Figure 6. 1 H 

35 Cl spectrum o v erview for EXOMOL and PHOMOL (Pezzella, Yurchenko, & Tennyson 2022 ; Qin, Bai, & Liu 2022b ). 

Figure 7. 1 H 

19 F spectrum o v erview for EXOMOL and PHOMOL (Pezzella, Yurchenko, & Tennyson 2022 ; Qin, Bai, & Liu 2022b ). 
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ncluding X 

2 � , A 

2 � 

+ , and repulsive states such as 1 2 � 

−, 1 4 � 

−,
nd 1 4 � for 16 O 

1 H; cross-sections were computed o v er a wavelength
ange from 82.8 to 2000 nm and e v aluated for 81 temperatures
anging from 0 K to 8000 K. Gaussian smoothing was applied to
nsure continuous profiles, and the results were tested against cross- 
ections in the Leiden data base. The OH cross-sections are illustrated 
n Fig. 14 . These cross-sections provide essential data for studying 
V-driven processes in atmospheric and astrophysical environments. 
We are working on extensions to the EXOPHOTO data base to 

llow for the inclusion the photodissociation cross-sections needed 
or studies of non-local thermodynamic equilibrium environments, 
hich are important for OH. At present these data are available up
equest to the corresponding author. 
.1.12 O 2 (PhoMol) (Qin et al. 2023 ) 

he photodissociation cross-sections for dioxygen ( 16 O 2 ) were 
omputed as part of the PHOMOL project for photon wave- 
engths from 50 Å to the rele v ant dissociation thresholds (ap-
roximately 50–500 nm) and for gas temperatures 0–10 000 K; 
xample results at two temperatures are shown in Fig. 15 . PECs
nd DMCs for the four key photodissociation channels (X 

3 � 

−
g 

 B 

3 � 

−
u , X 

3 � 

−
g → E 

3 � 

−
u , a 

1 � g → 

1 � u , b 1 � 

+ 

g → 1 1 � u ) were ob-
ained at the icMRCI + Q/aug-cc-pwCV5Z-DK level, and state- 
esolved cross-sections were derived by numerically solving the 
uclear Schr ̈odinger equation followed by Boltzmann averaging over 
RASTI 4, 1–22 (2025) 
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Figure 8. HCl spectrum o v erview for EXOMOL (Pezzella, Yurchenko, & Tennyson 2022 ). 

Figure 9. HF spectrum o v erview from EXOMOL (Pezzella, Yurchenko, & Tennyson 2022 ). 
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Figure 10. HeH 

+ spectrum o v erview (Miyake, Gay, & Stancil 2011 ). 

Figure 11. MgH spectrum o v erview (Weck, Stancil, & Kirby 2003c ; Weck et al. 2003a , b ). 
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.2 Triatomics 

.2.1 CO 2 (DTU and EXACT) (Venot et al. 2018 ; Fateev et al., 
rivate communication) 

he EXOPHOTO data base provides two comprehensive data sets 
ffering temperature- and pressure-dependent absorption properties 
or CO 2 . 

Photodissociation cross-sections for carbon dioxide (CO 2 ) mea- 
ured by DTU and EXACT data bases, see Fig. 16 . Data from DTU
pan a wavelength range of 108.79–323.79 nm with a resolution 
f 0.01 nm, co v ering a temperature range from 305 K to 1630 K
or pressures of 1 to 1.0647 bar. The measurements include cross-
ections at 305 K for wavelengths between 119.367 and 189.947 nm, 
t 550 K for wavelengths from 120.950 to 213.870 nm at 1.0647 bar,
nd at 1630 K for wavelengths extending from 122.420 nm up to

79.612 nm. 

u

The EXACT data base also provides complementary data for a 
avelength range of 114–230 nm with a resolution of 0.03 nm,

o v ering temperatures from 150 K to 800 K under the pressure of 1
ar. 

.2.2 H 2 O (DTU)(Fateev et al., private communication) 

hotodissociation cross-sections for water (H 2 O) were experimen- 
ally measured by DTU in the far-UV range. The cross-sections span

ultiple wavelength ranges and resolutions, depending on the tem- 
erature. For temperatures of 423.15 K and 573.15 K, the wavelength 
ange is 110–230 nm, with a resolution of 0.015 nm. At higher
emperatures of 1630 K and 1773.15 K, the wavelength ranges extend
o 108–237 and 182–231 nm, with a finer resolution of 0.010 nm
nder pressure of 1 bar, see Fig. 17 . 
RASTI 4, 1–22 (2025) 
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Figure 12. MgO photodissociation cross-sections (Bai et al. 2021 ). 

Figure 13. NaO spectrum o v erview (Bai et al. 2023 ). 
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Water is a key molecule in many exoplanetary atmospheres and use
f these cross-sections has already shown important effects in models
f potentially habitable exoplanets (Ranjan et al. 2020 ; Broussard
t al. 2024 ). 

.3 Larger molecules 

.3.1 C 2 H 2 (EXACT) (Fleury et al. 2025 ) 

hotodissociation cross-sections for acetylene (C 2 H 2 ) were exper-
mentally measured by Fleury and co-w ork ers. The data span a
avelength range from 116 to 228 nm, with a resolution of 0.02 nm.
ross-sections were provided for temperatures ranging from 296

o 773 K under a pressure of 1 bar, see Fig. 18 . These cross-
ections have been used to investigate their impact on exoplanet
tmospheres (Fleury et al. 2025 ). 
ASTI 4, 1–22 (2025) 
.3.2 H 2 CO (DTU) (Fateev et al., private communication) 

hotodissociation cross-sections for formaldehyde (H 2 CO) were
xperimentally measured by DTU in the far-UV range. The data
pan a wavelength range from 110 to 230 nm with a resolution of
.015 nm. Cross-sections were provided for multiple temperatures,
03.15 K, 353.15 K, 423.15 K, and 573.15 K under pressure of 1 bar.
hey are illustrated in Fig. 19 . 

.3.3 NH 3 (DTU)(Fateev et al., private communication) 

hotodissociation cross-sections for ammonia (NH 3 ) were measured
xperimentally by DTU in the far-UV range. The cross-sections span
 wavelength range from 113 to 202 nm, with a resolution of
.015 nm. Data were provided for two temperatures, 289 K and
95.55 K under pressure of 1 bar, see Fig. 20 . 
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Figure 14. OH spectrum o v ervie w (Mite v et al. 2025b ). 

Figure 15. O 2 spectrum o v erview (Qin et al. 2023 ). 
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Additional NH 3 cross-sections up to 573 K will be published soon
Fleury et al., in preparation) and will be available via the EXACT
ata base. 

.3.4 C 2 H 4 (DTU)(Fateev et al., private communication) 

hotodissociation cross-sections for ethylene (C 2 H 4 ) were exper- 
mentally measured by DTU in the far-UV range. The data span a
avelength range from 113 to 201 nm, with a resolution of 0.065 nm.

ross-sections were provided for a single temperature of 562.15 K 

nder pressure of 1 bar, see Fig. 21 . 

 DATA  BA SE  STRUCTURE  

ccess to the data base is implemented using the Django web 
rame work (Holov aty and Willison 2008 ), which is written in the
ython programming language. The data structure of EXOPHOTO is 
n extension of the original EXOMOL data structure as anticipated 
y Tennyson et al. ( 2023 ). This structure is designed to give
 full description of the meta-data for each file and in such a
anner that it can be routinely used for both downloading and

pdating data employing an API (application program interface), 
ee Tennyson et al. ( 2024 ). Table 2 provides a specification summary
f photodissociation data base. The file types constituting the data 
ase are described in detail below. 

.1 File naming convention 

he file naming convention in the EXOPHOTO data base ensures 
nique, descriptive, and machine-readable file names for each molec- 
lar isotopologue. 
Files with the extensions .json and .model include only 

he ‘common part’, which consists of the isotopologue’s Iso-slug 
RASTI 4, 1–22 (2025) 
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Figure 16. CO 2 spectrum o v erview from DTU and EXACT (Venot et al. 2018 ) (Fateev et al., private communication). 

Figure 17. H 2 O spectrum o v erview (F ateev et al., private communication). 
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Figure 18. C 2 H 2 from EXACT spectrum o v erview (Fleury et al. 2025 ). 

Figure 19. H 2 CO spectrum o v erview (F ateev et al., private communication). 
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ollowed by the data set identifier ( DATA SET NAME ). The Iso-
lug is a plain ASCII-text, XML-safe identifier unique to each 
sotopologue. For instance, the isotopologue 1 H 

35 Cl is represented 
y the Iso-slug 1H-35Cl . Following the Iso-slug is the data base
esource identifier, indicated by the ‘ FILE EXTENSIONS ’ column 
n Table 2 . This identifier reflects specific data sets associated 
ith the isotopologue. For example, there are two independent 
hotodissociation cross-section sets available for 1 H 

35 Cl which are 
istinguished by the identifiers PTY and PhoMol . Thus, file names 
or different types of data associated with each isotopologue follow 

he general pattern: < iso slug > < data set name > , such
s 1H-35Cl PTY . The data set identifiers currently in use within
xoPHOTO include: PTY and MYTHOS for data from ExoMol , 
hoMol , UGAMOP , DTU , and EXACT . 
For photodissociation cross-section files with the extension.photo, 

dditional information is appended to the common part to indicate 
pecific details of the data set. The.photo file names contain 
 wavelength range (nm), representing the full co v erage of
he photodissociation process, followed by the temperature in 
elvin (K), pressure in bar, and the binning interval (nm), 

or which the cross-sections have been computed, after the 
ommon part. The naming structure for these files is as follows:
 iso slug > < data set name > [MINwavelength]- 
MAXwavelength] [Temperature] [Pressure] 
Delta wavelength].photo . 
F or e xample, a file representing cross-section data for 1 H 

35 Cl at
 temperature of 100 K, pressure of 0 bar, with a wavelength range
rom 100 to 400 nm and a grid of 0.1 nm, would be named 1H-
5Cl PTY 100.0-400.0 0100 0 0.1.photo . We note 

hat so far none of the calculated cross-sections make any al-
owance for pressure effects and therefore provide the photodis- 
ociation cross-sections at zero pressure; it is not expected that 
he photodissociation cross-sections will show significant pressure 
RASTI 4, 1–22 (2025) 
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Figure 20. NH 3 spectrum o v erview (F ateev et al., private communication). 

Figure 21. C 2 H 4 spectrum o v erview (F ateev et al., private communication). 

Table 2. Specification of the EXOPHOTO data base file types. There is a single master file describing the recommended data for N mol 

molecules which comprise N iso per molecule. 

File extension N files File Type Contents 

.all 1 Master Single file defining contents of the EXOPHOTO data base 

.pdef.json N tot Definition Defines contents of other files for each isotopologue 

.model N iso Model Model specification for each isotopologue 

.photo a Photodissociation cross-sections Photodissociation temperature-dependent cross 
sections (wavelength, nm) in.photo format for each 
isotopologue 

N mol : number of molecules in the data base 
N tot : total number of.json files, summed across all molecules 
N iso : number of isotopologues considered for each molecule 
There are N tot sets of.json files, one for each isotopologue 
a: number of temp-dependent isotopologues files summed o v er N tot 

D
ow

nloaded from
 https://academ

ic.oup.com
/rasti/article/doi/10.1093/rasti/rzaf020/8154506 by Eastm

an D
ental Institute user on 16 February 2026
ASTI 4, 1–22 (2025) 

art/rzaf020_f20.eps
art/rzaf020_f21.eps


The EXOPHOTO data base 15 

Table 3. A general two-column structure of the .photo file. 

Field Fortran format C Format Description 

Wavelength ( λ) F12.6 %12.6f Wavelength, in nm 

Total ( σ ) ES14.8 %14.8e Total cross section, in cm 

2 per molecule 

Table 4. Example of a multicolumn structure of the .photo file in EXOPHOTO for CS, containing total as well as 
partial cross-sections for individual final electronic states of the system. 

Field Fortran format C Format Description 

Wavelength ( λ) F12.6 %12.6f Wavelength, in nm 

Total ( σ ) ES14.8 %14.8e Total cross section, in cm 

2 per molecule 
2 1 � ES14.8 %14.8e Cross section for the 2 1 � state, in cm 

2 per molecule 
A 

′ 1 � 

+ ES14.8 %14.8e Cross section for the A 

′ 1 � 

+ state, in cm 

2 per molecule
3 1 � ES14.8 %14.8e Cross section for the 3 1 � state, in cm 

2 per molecule 
B 

′ 1 � 

+ ES14.8 %14.8e Cross section for the B 

′ 1 � 

+ state, in cm 

2 per molecule 
4 1 � ES14.8 %14.8e Cross section for the 4 1 � state, in cm 

2 per molecule 
A 

1 � ES14.8 %14.8e Cross section for the A 

1 � state, in cm 

2 per molecule 
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.2 Photodissociation cross-section file 

hotodissociation cross-sections are stored in EXOPHOTO files with 
he extension .photo . The primary columns include the wave- 
ength (column 1, λ, in nm) and the total photodissociation cross-
ection (column 2, σ , in cm 

2 per molecule). Additional columns, 
f applicable, provide partial cross-sections for individual final 
lectronic states of the system (e.g. 2 1 � , A 

′ 1 � 

+ ). The fields are
eparated by a single space and the partial cross-sections sum to give
he total cross-section. 

The photodissociaition cross-sections provided by EXOPHOTO are 
emperature- and in some cases, pressure-dependent. Each .photo 
le provides data for a single combination of temperature and pres-
ure. The corresponding temperatures and pressures are indicated 
n the file header, which specifies the temperature (in K) and the
ressure (in bar) under which the cross-sections were determined. 
The Fortran format for the complete .photo file is defined 

s (F12.6, 1x, ES14.8) , where each cross-section field is 
eparated by a single space. This file structure allows for represen- 
ation of wavelength-dependent photodissociation data for various 
sotopologues, with all other information encoded in the file names 
nd the directory structure. 

.2.1 Two-column data set 

or most molecules, only two columns are pro vided: wav elength and
otal cross-section, see Table 3 . 

.2.2 Multiple column data set 

o we ver, as noted above, for certain molecules such as CS and MgH,
he cross-section data are further divided by outgoing channels, extra 
olumns are provided corresponding to different dissociating final 
tates. F or e xample, the .photo file format of CS molecule is
hown in Table 4 . These channels are specified in the .pdef.json
efinition file of the rele v ant isopotopologue. 

.3 The definition file 

he core information about each isotopologue is contained within 
ts JSON definition file. JSON (JavaScript Object Notation) is 
 lightweight, human-readable data-interchange format commonly 
sed for organizing and transmitting structured data (Pezoa et al. 
016 ). 
In this case, the .pdef.json definition file adheres 

o the EXOPHOTO format < iso slug > < data 
et name > .pdef.json . This file specifies the data available

rom EXOPHOTO for a given isotopologue and describes potential 
pplications of the data. 

Within this format, information provided is grouped into several 
ain sections (highlighted in bold in Table 5 ), with each section de-

cribing a specific characteristic or property of the molecule. Each 
ain section may contain multiple subsections that further detail 

spects of that category. 
For some isotopologues, the JSON files also contain informa- 

ion about different photodissociation channels, providing data on 
ranching ratios or quantum yields. In photodissociation studies, 
ccording to IUPAC ( 2006 ) and Braslavsky ( 2007 ), a channel
efers to a specific dissociation pathway characterized by distinct 
hotofragments or electronic states. The branching ratio describes 
ow the total photodissociation yield is distributed among various 
hannels, ef fecti vely indicating the fraction of dissociation events 
ccurring via each specific channel. By contrast, the quantum yield 
rovides a measure of the overall efficiency of the photodissociation 
rocess, defined as the total number of dissociation events per photon
bsorbed, regardless of the channel involved. Thus, branching ratios 
etail the internal distribution among dissociative channels, while 
uantum yields quantify the global efficiency of photodissociation. 
Appendix A presents the definition file .pdef.json for the 

2 C 

32 S molecule from the photodissociation data set UGAMOP- 
S, as a typical example. These standardized fields allow consistent 

dentification and reference across various isotopologues. 
The definition file serves following purposes. 

.3.1 Standardized EXOPHOTO file usa g e 

he data set format used in this data base follows EXOMOL stan-
ards, designed to provide comprehensive photodissociation cross- 
ection data for a given isotopologue. Each isotopologue is described 
y fields such as the isotopologue formula ( iso formula ), the
implified slug name ( iso slug ), InChIKey ( inchikey ), InChI
tring ( inchi ), and molecular mass in Daltons ( mass in Da ).
hese standardized fields allow consistent identification and refer- 
nce across various isotopologues. 
RASTI 4, 1–22 (2025) 
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Table 5. Definition of the.pdef.json file format; each entry starts on a new line. 

Field F ortran F ormat C Format Description 

Header Information 
iso formula A27 %27s Isotopologue chemical formula 
iso slug A160 %160s Isotopologue identifier (constructed from isotopic composition and element symbol) 
inchikey A27 %27s InChIKey identifier for the molecule 
inchi A20 %20s Standard InChI representation for the molecule 
mass in Da F12.6 %12.6f Molecular mass in Daltons (Da) 
Data set Information 
name A10 %10s Name of the resource data set 
version I8 %8d Version of the data set (format: YYYYMMDD) 
max temperature F8.2 %8.2f Maximum temperature in data set for photodissociation cross-sections 
min wavelength F8.2 %8.2f Minimum wavelength in data set (nm) 
max wavelength F8.2 %8.2f Maximum wavelength in data set (nm) 
Units 
units.T A2 %2s Temperature unit (K) 
units.p A3 %3s Pressure unit (bar) 
units.w A3 %3s Wavelength unit (nm) 
Columns Information 
Wavelength A10 %10s First column: Wavelength (nm) 
Total A10 %10s Second column: Total photodissociation cross section (cm 

2 per molecule) 
Channel A10 %10s Subsequent columns: cross section per channel (cm 

2 per molecule) 
File Information 
files.p I3 %3d Pressure (bar) 
files.T F6.2 %6.2f Temperature (K) 
files.delta wavelength F4.1 %4.1f Wavelength interval (nm) 
files.nlines I6 %6d Number of lines in the file 
files.filename A40 %40s Filename for photodissociation cross-section file (constructed from parameters) 

Table 6. InChI and InChIKey for General HCl and Specific Isotopologues (NIST 2023 ; InChI Trust 2024 ) 

Description InChI InChIKey 

General HCl (average molecular weight: 36.46 Da) 1S/ClH/h1H VEXZGXHMUGYJMC-UHFFFAOYSA-N 
1 H − 35 Cl 1S/ClH/h1H/i1 + 0 VEXZGXHMUGYJMC-UHFFFAOYSA-N 
1 H − 37 Cl 1S/ClH/h1H/i1 + 0;2 + 0 VEXZGXHMUGYJMC-NJFSPNSNSA-N 
2 H − 35 Cl (DCl) 1S/ClH/h1H/i1 + 1 VEXZGXHMUGYJMC-DYCDLGHISA-N 
2 H − 37 Cl 1S/ClH/h1H/i1 + 1;2 + 0 VEXZGXHMUGYJMC-DQGQKLTASA-N 
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The InChI encodes detailed structural information, such as
he connectivity of atoms and the presence of hydrogen. The
nChIKey, a hashed version of the InChI, is a compact, fixed-length
tring designed for easier indexing and searching. The process of
enerating an InChIKey involves applying a hashing algorithm
o the full InChI string. This algorithm compresses the detailed
tructural information into a unique 27-character alphanumeric
ode, divided into three blocks separated by hyphens: the first block
ncodes the connectivity, the second encodes additional structural
eatures, and the third indicates the version and checksum of the
ey. Both identifiers ensure consistency and compatibility across
ata bases (Heller & McNaught 2015 ). 
For the general species HCl, the InChI represents the molecule as

 collection of isotopologues, defined by the averaged molecular
eight of 36.46 Da. This molecular weight reflects the natural

bundance of its isotopes 1 H , 2 H , 35 Cl , and 37 Cl . The InChI
or this ‘average’ HCl is 1S/ClH/h1H , and the corresponding
nChIKey is VEXZGXHMUGYJMC-UHFFFAOYSA-N . However, this
epresentation does not account for specific isotopic compositions.
o distinguish specific isotopologues, an isotopic layer is added to

he InChI string (NIST 2023 ). 
The four major isotopologues of HCl are 1 H 

35 Cl , 1 H 

37 Cl , 2 H 

35 Cl
DCl), and 2 H 

37 Cl . Each isotopologue has a unique InChI and
ASTI 4, 1–22 (2025) 
nChIKey, reflecting its specific isotopic composition. Table 6
ummarizes the InChI and InChIKey representations for both general
Cl and its specific isotopologues as illustrated in Table 6 . 
While InChIKeys are highly standardized, they are not al w ays

nique in cases, such as stereoisomers or isotopic variations (Heller
 McNaught 2015 ; InChI Trust 2024 ). This is why additional fields

ike the isotopologue slug ( iso slug ) or molecular
ass in Daltons ( mass in Da ) are included for more precise

dentification in data bases. 

.3.2 Improved data base functionality 

he data set includes photodissociation cross-section ( pho-
odissociation xsecs ) data, with detailed fields for max-

mum temperature ( max temperature ), wavelength range
 min wavelength , max wavelength ), and units for key pa-
ameters. This information facilitates data base operations like
orting, filtering, and selecting based on temperature, pressure, and
avelength increment values, as stored in the files section. Each

ntry in files specifies conditions such as pressure ( p ), tempera-
ure ( T ), and wavelength increment ( delta wavelength ), with
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Table 7. Extract from the EXOPHOTO Master file showing the o v erall header and information contained for HCl 

Field Description 

exophoto.master ID 

20241225 Version number with format YYYYMMDD 

20 Number of molecules in the data base 
28 Number of isotopologues in the data base 
5 Number of data sets in the data base 
Molecule information 
Molecule Name The common name of the molecule ( HCl ) 
Chemical Formula The chemical formula of the molecule 
Number of Isotopologues Total number of isotopologues available for HCl 
Data bases The data bases where HCl isotopologues are listed 
Isotopologue o v er view 

1H-35Cl Found in PTY and PHOTO-PhoMol HCl data bases 
2H-35Cl Found only in the PTY data base 
1H-37Cl Found only in the PTY data base 
2H-37Cl Found only in the PTY data base 
Isotopologue details 
Inchi Key The InChIKey identifier for the isotopologue 
Iso-slug The isotopologue slug 
IsoFormula The isotopologue formula in a standardized format 
Data set Name The data set where the isotopologue data is available 
Version Number Version of the data set containing isotopologue information 
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.3.3 Facilitated updates 

ach data set is version-controlled, indicated by the version 
eld in the date format YYYYMMDD . This versioning supports easy 
pdating of isotopologue data, allowing users to check for newer 
ersions of specific data sets and automatically download modified 
les. This feature ensures up-to-date data usage without requiring 
ode modifications (Tennyson et al. 2023 ). 

.4 Spectroscopic model file 

ach calculated data set in EXOPHOTO is based on a well-developed 
nd comprehensive spectroscopic model for the specified isotopo- 
ogue; as far as possible in the EXOMOL / EXOPHOTO data base the
ctual data provided is supplemented by detailed specification of 
he spectroscopic model used. This takes the form of reference to 
he original paper in all cases and provision of input files used and
ode specification for the calculations where possible. In practice, at 
resent it is only EXOMOL data for which we are able to provide the
ull spectroscopic model. 

For the 1 H 

35 Cl isotope of HCl, EXOMOL provides spectroscopic 
ata available on the website in the form of a corresponding model
le. Appendix B shows the .model file for the 1 H 

35 Cl molecule,
hich also serves as an input file for the code DUO (Yurchenko et al.
016 ). 

.5 The master file 

 master summary file, named exophoto.all.json , consoli- 
ates the contents of the whole data base. This file, which is avail-
ble at www.e xomol.com/e xophoto.all.json , pro vides a computer 
eadable (JSON format) list of recommended data sets, including 
hose for each isotopologue under the EXOPHOTO structure. The 
aster file provides a summary of the data base’s contents and 
nsures easy access to the current version number of each data 
et, enabling users to efficiently track updates. The file begins with 
eneral statistics about the data base, including the total number of
olecules, isotopologues, and data sets. Specifically, this data base 
urrently contains 20 molecules, 28 isotopologues, and data are taken 
rom a total of five projects/data bases. 

For each molecule, the file includes its names, chemical formula, 
nd the number of associated isotopologues. An example of the 
XOPHOTO master file for HCl is given in the Appendix C, illus-

rating the common uniform structure used for all molecules, with 
ifferences only in specific data values; isotopologue-specific details 
re also provided, including unique identifiers such as InChI keys, 
so-slugs, isotopic formulas, data set names, and version numbers 
see Appendix C ). The format of the ExoPhoto.master.json
le is illustrated in Table 7 . 

 C O N C L U S I O N S  

he EXOPHOTO data base is an extension of the EXOMOL data
ase, specifically developed to address the need for high-accuracy 
hotodissociation cross-section data for molecules of astronomical 
nterest. EXOPHOTO currently includes 12 molecules derived from 

heoretical models provided by three theoretical data bases and 
ight molecules supported by experimental data from including two 
rom the experimental EXACT data bases. These cross-sections are 
learly only a subset of those needed to model photon-driven 
hemistries at the top exoplanetary atmospheres and elsewhere. We 
re currently working on photodissociation for a number of diatomic 
olecules and expanding our treatment to triatomics with initial 

ocus on HCN and H 2 S. 
An important future development of the EXOPHOTO data base will 

e the inclusions of non-local thermodynamic equilibrium (non-LTE) 
ross sections i.e. cross-sections which are resolved according to the 
nitial states of the target molecule. As the number of initial states can
e very large, particularly for polyatomic molecules, this step will 
ead to a huge expansion in the size of the data base and therefore
eeds to be approached with some care. At present we are using
H as a prototype to understand how users will utilize non-LTE
hotodissociation data. Initial state specified OH photodissociation 
ross-sections suitable for non-LTE studies are available on request. 

Currently those molecules for which branching ratios, where 
v ailable, are gi ven in terms of partial cross-section for the outgoing
RASTI 4, 1–22 (2025) 

https://www.exomol.com/exophoto.all.json


18 Q.-H. Ni et al. 

R

e  

s  

p  

s  

b  

s  

d  

u
 

t  

i  

(  

m  

e  

(  

fi  

1  

s

A

T  

u  

p  

S  

d  

a

C

A

D

A  

O  

c  

c

R

A
B  

B
B
B  

B
B  

D  

F
F
G  

H
H  

H  

 

H

H
I  

I  

 

 

K  

L
M  

M  

M  

M
N  

 

P  

P  

P  

 

P  

P
P  

Q
Q
Q
Q
Q
R  

S
S
T
T  

T
U  

 

U  

V  

V  

V
V  

 

V  

W  

W  

W
Y  

Y  

D
ow

nloaded from
 https://academ

ic.oup.com
/rasti/article/doi/10.1093/rasti/rzaf020/8154506 by Eastm

an D
ental Institute user on 16 February 2026
lectronic state. In future we aim to correlate these outgoing final
tates with specific states of the asymptotic fragments, for exam-
le diatomic states we would provide information on the atomic
tates formed. This will provide a more comprehensive description
ut is not entirely straightforward as the available partial cross-
ections contain some cross-sections to states which actually only
issociate after undergoing a state crossing to another (currently
nspecified) dissociative state. 
The DTU team aims to extend their data sets by photoabsorp-

ion cross-section measurements of molecules rele v ant to v arious
ndustrial applications [e.g. Carbon Capture Utilization and Storage
CCUS), H 2 and biogas production, transportation, and storage]. The
olecules of interest are: HCl, Cl 2 , H 2 S, NH 3 , CO 2 , CO, O 2 , H 2 O,

tc. The measurements will first be performed at ambient conditions
about 298 K and 1 atm), then at ele v ated pressures (at 298 K), and
nally at ele v ated pressures and temperatures (up to 100 atm and
300 K). The measurements will be conducted in the 110–240 nm
pectral range using primary reference materials (gas mixtures). 
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