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The chemistry of the interstellar medium



Star formation
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Importance of chemical 
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Star formation

- Pressure of radiation 
(gas cooling)
- Magnetic field coupling
(ionization fraction)



Importance of chemical composition

Observed 
abundances

Time dependent 
chemical models

Time between initial 
conditions and the 

observations
+

Temps

t=0
Conditions initiales

Evolution chimique
Observation

Chemical clocks



Importance of chemical composition

Planet formation

Distribution of species in the protoplanetary disk → Composition of 
system solar bodies (H2O, N2, CO2, CH4 etc)
C/O elemental ratio in the disk → presence of water in the system or not



Modeling the chemistry / testing those models
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Gas-Phase chemical models
Description of processes

✓ Mainly ion-molecule reactions with atoms (C+, O, N and S+) 
   and radicals (OH, CH, CH2, H3+ etc)
✓ Ionization and dissociation by cosmic-rays, UV and X photons 

(source of ionization, H2 + γ → H2+ + e-)
✓ Electronic recombinations (H3O+ + e- → H2O + H)
✓ Neutral-neutral reactions mainly with atoms and radicals 
   (Smith, Herbst & Chang 2004) 
✓ Radiative associations (C + H2 → CH2 + photon)
✓ Electron attachment (C4 + e- → C4- -- PAH + e- → PAH-)



Gas-Phase chemical models
Description of models

Compute species abundances as a 
function of time:

dni/dt = Σ kij ninj - ni Σ kij nj

Production Destruction

Parameters of the models:
- Gas and grain temperatures (K)
- Density (cm-3)
- Elemental abundances
- UV, X-ray and Cosmic-ray fields
- Chemical networks
Current models follow around 400 gas-phase species through more than 4500 gas-
phase reactions



Gas-Phase chemical models
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Set of parameters describing 

your object

Evolution of abundances as a 
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Gas-Phase chemical models
Sensitivity analysis

Sensitivity analysis

Theoretical error bars - 
Comparison with observations

Parameter uncertainties for a 0D gas-phase model:

Gas temperature and density, elemental abundances, initial conditions, 
cosmic-ray ionization rate (ζ), reaction rate coefficients

Reliability of the models  
Improvements / complexification



Sensitivity analysis

Parameter uncertainties 
(k, T, n etc)

log( ki )

Δlog( ki )

ΔT

T

Monte-Carlo 
simulations (thousands)

Wakelam, Selsis, Herbst & Caselli (2005)

Wakelam, Herbst & Selsis (2006)
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Sensitivity analysis

Theoretical error bars - 
Comparison with observations

Parameter uncertainties for a 0D gas-phase model:

Gas temperature and density, elemental abundances, initial conditions, 
cosmic-ray ionization rate (ζ), reaction rate coefficients

Reliability of the models  
Improvements / complexification

Sensitivity analysis



Sensitivity analysis

Theoretical error bars - 
Comparison with observations

Parameter uncertainties for a 0D gas-phase model:

Gas temperature and density, elemental abundances, initial conditions, 
cosmic-ray ionization rate (ζ), reaction rate coefficients

Reliability of the models  
Improvements / complexification

Sensitivity analysis



Error bars on model predictions

HC7N abundance is a typical dense cloud



Error bars on model predictions

HC7N abundance is a typical dense cloud - 
with error bars dues to rate coefficient uncertainties

Observed abundance in L134N

Wakelam, Herbst & Selsis (2006)



Objectives: 

- Find which species are really not 
reproduced by the model to look for 
missing processes or wrong chemistry

- Constrain “best models” (i.e. sets of 
parameters) 

Error bars on model predictions



Sensitivity analysis

Theoretical error bars - 
Comparison with observations

Parameter uncertainties for a 0D gas-phase model:

Gas temperature and density, elemental abundances, initial conditions, 
cosmic-ray ionization rate (ζ), reaction rate coefficients

Reliability of the models  
Improvements / complexification

Sensitivity analysis



Sensitivity analysis

Theoretical error bars - 
Comparison with observations

Parameter uncertainties for a 0D gas-phase model:

Gas temperature and density, elemental abundances, initial conditions, 
cosmic-ray ionization rate (ζ), reaction rate coefficients

Reliability of the models  
Improvements / complexification

Sensitivity analysis
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What is a key reaction? 

Answer 1 : A reaction that forms or destroys the most a species 

see also Quan, Herbst et al. (2008)
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Dark cloud conditions

Example of the main reaction 
forming O2: O + OH -> O2 + H

O2 abundance is not much 
changed if the rate coefficient 
is changed. 



What is a key reaction? 

Answer 2: A reaction which rate coefficient quantitatively 
changes the model predictions 

Two philosophies: 
- Important for specific species 
- Important for the model in general 
(reactions affecting many species)

Needs to define : 
- the chemical network
- the astronomical object
- the time



Identification of “key” reactions

! " # $ % & '
()*+,-./012345

67#

67!

678

6'

6%

()
*+

9 -
5

:;"< !88803=>?

- Monte-Carlo simulations 

- Variations of the rate coefficients 
within a certain range

- Computation of the Pearson 
correlation coefficients Pij(t) 
(larger P -> stronger correlation) 
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Fig. 2 The construction of the KIDA datbase.

key reactions can then be ranked according to the number of species they have been
identified to affect.

5 Gas-phase molecular cloud chemistry

To improve the chemical modeling of cold cores, we applied sensitivity methods to
identify ”crucial reactions”. A detailed review of the existing experimental and the-
oretical data on these reaction rate coefficients was then conducted to propose new
values or confirm the ones already used in the models. We also studied the impact of
the proposed new rate coefficients on the cold core chemistry. These three steps are
described below.

5.1 Sensitivity analysis: identification of crucial reactions

To identify crucial reactions, we used Monte Carlo sensitivity methods as described
in Wakelam et al. (2009) and this review. Briefly, we randomly varied all the reaction
rate coefficients within a certain factor. For each set of rate coefficients, we computed
the chemical evolution of the cloud and thus obtained N chemical evolutions. For each
species j and each chemical reaction i, we calculated Pearson correlation coefficients
(see Section 4.3):

P i
j (t) =

�l(log(Xl
j(t))− log(Xj(t)))(log(kl

i)− log(ki))�
(
�l(log(Xl

j(t))− log(Xj(t)))2
�l(log(kl

i)− log(ki))2
, (25)

where X̄j(t) and k̄i are the mean values of the abundance for species j and of the rate
constant of reaction i. l is the index of the set of rate coefficients. The larger P , the



The International Space Science Institute Team

International Team of the 
International Space Science Institute 2008
http://www.issibern.ch/teams/HSOALMA/

Identification of key reactions

Review on the existing data

Impact on the model predictions

New values proposed with 
uncertainties

Review paper in Space Science Reviews (2010, 156, 13):  Wakelam, Smith, Herbst, 
Troe, Geppert, Linnartz, Öberg, Roueff, Agùndez, Pernot, Cuppen, Loison, Talbi

http://www.issibern.ch/teams/HSOALMA/
http://www.issibern.ch/teams/HSOALMA/


Key reactions for dark cloud conditions
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Table 3 List of key reactions by number of species influenced.

Reaction Strongly affected species1

C + H2 → CH2 + hν 73
CH+

3 + H2 → CH+
5 + hν 18

C2H+
2 + H2 → C2H+

4 + hν C2H2O, C2H3, C2H+
2 , C2HO+, C2H2N+, C2H+

4
CH+

3 + CO → C2H3O+ + hν C2H2O, C2H3O+

C2H+
4 + e− → C2H3 + H C2H2O, C2H3

HSiO+ + e− → SiO + H Si, SiO
HSiO+ + e− → Si + OH Si, SiO
C3H+ + H2 → C3H+

3 + hν C3H2, H2C3, C3H+, C3H+
2 , C3H+

3 , H3C+
3

C3H+ + H2 → H3C+
3 + hν C3H2, H2C3, C3H+, C3H+

2 , C3H+
3 , H3C+

3
CH+

3 + HCN → C2H4N+ + hν C2H2N, HC3N, C2H3N, C2H4N+

C4H+
2 + H → C4H+

3 + hν C4H2, C5H, C6H6, C4H+
3

CH+
3 + NH3 → CH6N+ + hν CH3N, CH5N

C4H+
2 + O → HC4O+ + H C3O, HC4O+

1Right column indicates the number or names of the species influenced strongly by each reac-
tion.

Fig. 3 The construction of the KIDA database.

‘Details’ in the first page devoted to a particular reaction). Figure 3 illustrates the

construction of this database.

These DataSheets follow the form adopted by the IUPAC Subcommittee for Gas

Kinetic Data Evaluation, which reviews and evaluates kinetic, photochemical and het-

erogeneous data for atmospheric chemistry (http://www.iupac-kinetic.ch.cam.ac.uk).

For each reaction the DataSheet includes:

1. the possible product channels, where appropriate, and the electronic states of the

reactants and products;

2. the enthalpies of reaction for the possible reaction channels;

3. a Table giving experimental (and theoretical) values of the rate coefficients, and

the values given in previous reviews, including the OSU and UDfA data bases;
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Table 4 List of key reactions for specific species

Neutral-Neutral reactions Affected species
C + C3O → C3 + CO C3O
C + OCN → CO + CN OCN
H + CH2 → CH + H2 CH
O + CN → CO + H CN
N + CN → C + N2 CN
O + NH → NO + H NH
O + C2 → CO + C C2

O + C2H → CO + CH C2H
O + C3H → C2H + CO C3H

N + C3 → CN + C2 C3

N + NO → N2 + O NO
O + NH2 → HNO + H NH2

O + HNO → NO2 + H N2O
O + HNO → N2O + H N2O

CN + NH3 → NH2CN + H NH2CN
O + C3N → CO + C2N C3N
N + C4N → CN + C3N C4N
N + C4H → C4N + H C4N
N + C2N → CN + CN C2N

CN + HC5N → NC6N + H NC6N
CN + HC3N → NC4N + H NC4N

Association reactions Affected species
C4H+

2 + HC3N → C7H3N+ + hν HC7N
HS+ + H2 → H3S+ + hν H2S

HCO+ + H2O → CH3O+
2 + hν CH2O2

C+ + H2 → CH+
2 + hν C3

S + CO → OCS + hν OCS
CH+

3 + HC3N → C4H4N+ + hν CH3C3N
CH+

3 + HC5N → C6H4N+ + hν CH3C5N
Si+ + H2 → SiH+

2 + hν HNSi
Ion-neutral reactions Affected species

C2H+
3 + O → C2H2O+ + H C2H2O+

C+ + S → S+ + C H2CS
C5H+ + N → C5N+ + H C5H2N+, HC5N

C2H+
4 + N → C2H2N+ + H2 C2H2N+

C4H+
2 + S → HC4S+ + H C4S

H+
3 + C → CH+ + H2 C3H3

H+
3 + O → OH+ + H2 H3O+

C2H+
3 + N → C2NH+ + H2 C2NH+

Dissociative recombination Affected species
HC4O+ + e− → C3O + CH C3O
H2NC+ + e− → HNC + H HNC, H2NC+

C5H2N+ + e− → C5N + H2 C5H2N+

HC4S+ + e− → C4S + H C4S
H2CO+ + e− → CO + H + H H2CO+

CNC+ + e− → CN + C CNC+

HC4S+ + e− → C4S + H C4S
HC3S+ + e− → C3S + H C3S

HC3S+ + e− → C2S + CH C3S



Key reactions for dark cloud conditions

26

Table 3 List of key reactions by number of species influenced.

Reaction Strongly affected species1

C + H2 → CH2 + hν 73
CH+

3 + H2 → CH+
5 + hν 18

C2H+
2 + H2 → C2H+

4 + hν C2H2O, C2H3, C2H+
2 , C2HO+, C2H2N+, C2H+

4
CH+

3 + CO → C2H3O+ + hν C2H2O, C2H3O+

C2H+
4 + e− → C2H3 + H C2H2O, C2H3

HSiO+ + e− → SiO + H Si, SiO
HSiO+ + e− → Si + OH Si, SiO
C3H+ + H2 → C3H+

3 + hν C3H2, H2C3, C3H+, C3H+
2 , C3H+

3 , H3C+
3

C3H+ + H2 → H3C+
3 + hν C3H2, H2C3, C3H+, C3H+

2 , C3H+
3 , H3C+

3
CH+

3 + HCN → C2H4N+ + hν C2H2N, HC3N, C2H3N, C2H4N+

C4H+
2 + H → C4H+

3 + hν C4H2, C5H, C6H6, C4H+
3

CH+
3 + NH3 → CH6N+ + hν CH3N, CH5N

C4H+
2 + O → HC4O+ + H C3O, HC4O+

1Right column indicates the number or names of the species influenced strongly by each reac-
tion.

Fig. 3 The construction of the KIDA database.

‘Details’ in the first page devoted to a particular reaction). Figure 3 illustrates the

construction of this database.

These DataSheets follow the form adopted by the IUPAC Subcommittee for Gas

Kinetic Data Evaluation, which reviews and evaluates kinetic, photochemical and het-

erogeneous data for atmospheric chemistry (http://www.iupac-kinetic.ch.cam.ac.uk).

For each reaction the DataSheet includes:

1. the possible product channels, where appropriate, and the electronic states of the

reactants and products;

2. the enthalpies of reaction for the possible reaction channels;

3. a Table giving experimental (and theoretical) values of the rate coefficients, and

the values given in previous reviews, including the OSU and UDfA data bases;

27

Table 4 List of key reactions for specific species
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N + NO → N2 + O NO
O + NH2 → HNO + H NH2

O + HNO → NO2 + H N2O
O + HNO → N2O + H N2O

CN + NH3 → NH2CN + H NH2CN
O + C3N → CO + C2N C3N
N + C4N → CN + C3N C4N
N + C4H → C4N + H C4N
N + C2N → CN + CN C2N

CN + HC5N → NC6N + H NC6N
CN + HC3N → NC4N + H NC4N

Association reactions Affected species
C4H+

2 + HC3N → C7H3N+ + hν HC7N
HS+ + H2 → H3S+ + hν H2S

HCO+ + H2O → CH3O+
2 + hν CH2O2

C+ + H2 → CH+
2 + hν C3

S + CO → OCS + hν OCS
CH+

3 + HC3N → C4H4N+ + hν CH3C3N
CH+

3 + HC5N → C6H4N+ + hν CH3C5N
Si+ + H2 → SiH+

2 + hν HNSi
Ion-neutral reactions Affected species

C2H+
3 + O → C2H2O+ + H C2H2O+

C+ + S → S+ + C H2CS
C5H+ + N → C5N+ + H C5H2N+, HC5N

C2H+
4 + N → C2H2N+ + H2 C2H2N+

C4H+
2 + S → HC4S+ + H C4S

H+
3 + C → CH+ + H2 C3H3

H+
3 + O → OH+ + H2 H3O+

C2H+
3 + N → C2NH+ + H2 C2NH+

Dissociative recombination Affected species
HC4O+ + e− → C3O + CH C3O
H2NC+ + e− → HNC + H HNC, H2NC+

C5H2N+ + e− → C5N + H2 C5H2N+

HC4S+ + e− → C4S + H C4S
H2CO+ + e− → CO + H + H H2CO+

CNC+ + e− → CN + C CNC+

HC4S+ + e− → C4S + H C4S
HC3S+ + e− → C3S + H C3S

HC3S+ + e− → C2S + CH C3S

34 reactions studied in total
Proposed changes:
11/18 neutral-neutral
2/2 ion-neutral
5/5 association reactions
4/9 dissociative recombination



Identification of important reactions

For dark cloud chemistry: C + H2 -> CH2 + hv identified by Wakelam et al. (2010)
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→ Detailed calculations are needed for this system (ongoing work)



Combined effects: 
C + H2 → CH2 + hv and C+ + S → S+ + C

37
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Fig. 8 H2CS and SO abundances as a function of time for cold dense clouds. Different curves
were obtained with different values of the C+ + S→ S+ + C reaction rate coefficient: 1.5×10−9

(osu-09-2008), 1× 10−10, 5× 10−11 and 1× 10−11 cm3 s−1.

In Fig. 7, we show the CH2 and HCN abundances as a function of time calculated
by the updated model when different values of the rate coefficient for formation of CH2

are employed. HCN is an example of molecules observed in dense clouds and its second
main production reaction at 105 yr is N + CH2H. The results are shown for five values of
the C + H2 → CH2 + hν rate coefficient: 10−19, 5×10−19, 10−18, 5×10−18 and 10−17

cm3 s−1. The abundances of the species are much more sensitive to the rate coefficient
when it is larger than 10−18. For most molecules, the abundances calculated by the
model are smaller between 104 and 106 yr for smaller rate coefficients. To reproduce
the observed abundance of HCN in TMC-1, which is 2 × 10−8 (Ohishi et al. 1992), a
rate coefficient larger than 10−18 cm3 s−1 is better. It is however risky to constrain
rate coefficients by comparing the modeled abundances with the ones observed in the
interstellar medium since the differences that are found when a single rate coefficient
is changed will depend on the values of the other rate coefficients and of the reactions
currently present in the network. The change in other rate coefficients or the addition
or removal of reactions from the network may change the ”best” rate coefficient for C
+ H2 → CH2 + hν. Detailed quantum calculations would be required to know at least
if the rate coefficient of this reaction is larger than 10−18 cm3s−1 and such detailed
calculations are beyond the scope of this article.

5.3.4 The C+ + S charge exchange reaction

With an accurate quantum chemical treatment for the potential surface, followed by
semi-classical dynamics, the rate coefficient for the C+ + S charge transfer reaction
has been calculated to be 5.7 × 10−12 cm3s−1 at 1000 K and 2 × 10−12 at 500 K
(Bacchus-Montabonel and Talbi 2008). These calculations at high temperature tend to
show that the 1.5×10−9 cm3s−1 value used in the astrochemical models for the 10-100
K temperature range is overestimated. A definitive conclusion needs a treatment that
takes into account the quantum effects at very low temperature, which could increase,
probably not drastically, the C+ + S rate coefficient. In the meantime, we suggest, for
temperatures between 10 and 100 K, upper and lower limits for the rate coefficient of
respectively 10−10 and 10−11 cm3 s−1.

In Fig. 8, we show the abundance of H2CS and SO as functions of time calculated
for four values of the rate coefficient: 1.5×10−9 (osu-09-2008), 1×10−10, 5×10−11 and

Different values for the rate 
coefficient of C+ + S → S+ + C 

(C + H2 : 10-17 s-1 cm-3)



Combined effects: 
C + H2 → CH2 + hv and C+ + S → S+ + C
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Fig. 8 H2CS and SO abundances as a function of time for cold dense clouds. Different curves
were obtained with different values of the C+ + S→ S+ + C reaction rate coefficient: 1.5×10−9

(osu-09-2008), 1× 10−10, 5× 10−11 and 1× 10−11 cm3 s−1.

In Fig. 7, we show the CH2 and HCN abundances as a function of time calculated
by the updated model when different values of the rate coefficient for formation of CH2

are employed. HCN is an example of molecules observed in dense clouds and its second
main production reaction at 105 yr is N + CH2H. The results are shown for five values of
the C + H2 → CH2 + hν rate coefficient: 10−19, 5×10−19, 10−18, 5×10−18 and 10−17

cm3 s−1. The abundances of the species are much more sensitive to the rate coefficient
when it is larger than 10−18. For most molecules, the abundances calculated by the
model are smaller between 104 and 106 yr for smaller rate coefficients. To reproduce
the observed abundance of HCN in TMC-1, which is 2 × 10−8 (Ohishi et al. 1992), a
rate coefficient larger than 10−18 cm3 s−1 is better. It is however risky to constrain
rate coefficients by comparing the modeled abundances with the ones observed in the
interstellar medium since the differences that are found when a single rate coefficient
is changed will depend on the values of the other rate coefficients and of the reactions
currently present in the network. The change in other rate coefficients or the addition
or removal of reactions from the network may change the ”best” rate coefficient for C
+ H2 → CH2 + hν. Detailed quantum calculations would be required to know at least
if the rate coefficient of this reaction is larger than 10−18 cm3s−1 and such detailed
calculations are beyond the scope of this article.

5.3.4 The C+ + S charge exchange reaction

With an accurate quantum chemical treatment for the potential surface, followed by
semi-classical dynamics, the rate coefficient for the C+ + S charge transfer reaction
has been calculated to be 5.7 × 10−12 cm3s−1 at 1000 K and 2 × 10−12 at 500 K
(Bacchus-Montabonel and Talbi 2008). These calculations at high temperature tend to
show that the 1.5×10−9 cm3s−1 value used in the astrochemical models for the 10-100
K temperature range is overestimated. A definitive conclusion needs a treatment that
takes into account the quantum effects at very low temperature, which could increase,
probably not drastically, the C+ + S rate coefficient. In the meantime, we suggest, for
temperatures between 10 and 100 K, upper and lower limits for the rate coefficient of
respectively 10−10 and 10−11 cm3 s−1.

In Fig. 8, we show the abundance of H2CS and SO as functions of time calculated
for four values of the rate coefficient: 1.5×10−9 (osu-09-2008), 1×10−10, 5×10−11 and

Different values for the rate 
coefficient of C+ + S → S+ + C 

(C + H2 : 10-17 s-1 cm-3)
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Fig. 9 H2CS and SO abundances as a function of time for cold dense clouds. Different curves
were obtained with different values of two rate coefficients: (1) the rate coefficients of C + H2

and C+ + S are 10−17 and 1.5×10−9 respectively, (2) C + H2 is 10−17 and C+ + S is 10−10,
(3) C + H2 is 10−18 and C+ + S is 1.5×10−9 and (4) C + H2 is 10−18 and C+ + S is 10−10.
The units of the rate coefficient are cm3 s−1.

1× 10−11 cm3s−1. The sensitivity does not appear to be very strong. If we, however,
also vary the rate coefficient of C + H2 , we then have a significant combined effect,
warned about in the previous section. This is shown in Fig. 9 where the abundances
of the species have been computed with four sets of rate coefficients (in units of cm3

s−1) for C + H2 and C+ + S, respectively: (1) those in osu-09-2008, i.e. 10−17 and
1.5× 10−9, 2) 10−17 and 10−10, 3) 10−18 and 1.5× 10−9 and 4) 10−18 and 10−10.

6 IRC +10216 chemistry

In addition to the chemistry of cold cores, the chemistry of certain circumstellar regions
is also of interest. IRC +10216 is a relatively nearby carbon-rich (elemental [C]/[O] >
1) asymptotic giant branch (AGB) star which is undergoing a mass loss process that
produces an extended circumstellar envelope. It is also one of the richest molecular
sources in the sky with more than 70 molecules discovered to date in its circumstellar
gas. The hot and dense regions near the stellar surface contain stable carbon-bearing
molecules such as C2H2, HCN, CS, ... with abundances determined by thermody-
namic rather than kinetic considerations. As the gas expands it starts to be exposed to
the interstellar ultraviolet radiation field so that molecules are photodissociated, and
the resulting radicals participate in rapid gas phase chemical reactions forming new
molecules. The fact that the chemistry of this source is relatively simple in terms of
geometry and initial conditions (it may be modelled as an uniform spherical outflow)
makes IRC +10216 an ideal target on which to apply and test gas phase chemical
models (Cherchneff et al. 1993; Millar and Herbst 1994; Doty and Leung 1998; Millar
et al. 2000; Agúndez and Cernicharo 2006; Cordiner and Millar 2009).

6.1 Chemical model and sensitivity analysis

Here we report a sensitivity analysis in parallel to the one for cold cores. We computed
the chemical composition of the gas as it expands from a radius of 1015 cm to one
of 1018 cm, while the gas density decreases as the inverse square of radius and the

Different values for both rate 
coefficients

(1) C + H2 : 10-17     C+ + S : 1.5x10-9

(2) C + H2 : 10-17     C+ + S :10-10

(3) C + H2 : 10-18     C+ + S : 1.5x10-9

(4) C + H2 : 10-18     C+ + S : 10-10



Key reactions in different types of sources

Diffuse clouds : 
Vasyunin et al., 2004 Astronomy Letters, 30, 566-576 

Dense clouds: 
Vasyunin et al., 2004 Astronomy Letters, 30, 566-576 
Wakelam et al., 2009 A&A, 495, 513-521 
Wakelam et al., accepted to Space Science Reviews

Hot cores: 
Wakelam et al., 2005 A&A, 444, 883-891

Protoplanetary disks: 
Vasyunin et al., 2008 ApJ, 672, 629-641 

Titan atmopshere: 
Dobrijévic et al., 2010 Advances and Space Research, 45, 77-91

Neptune atmosphere: 
Dobrijévic et al., 2010 Planetary and Space Science, 58, 1555-1566



KInetic Database for Astrochemistry: KIDA
Existing databases

Interstellar medium : 
UMIST/UDFA (http://www.udfa.net/), OSU (http://www.physics.ohio-state.edu/~eric/research.html)
Meudon databases (PdR, Shock ...)

Planetary atmospheres :
NASA-JPL Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies http://jpldataeval.jpl.nasa.gov/
Critical reviews from Journal of Physical and Chemical Reference Data (Atkinson et al., Baulch et al., Herron et al., 
Tsang et al.,...)   http://www.nist.gov/srd/reprints.htm

General databases :
NIST http://kinetics.nist.gov/kinetics/index.jsp, Anicich (ion-neutral) - word or pdf documents

Photo-dissociations :
* Database from LISA    http://w3.lisa.univ-paris12.fr/GPCOS/SCOOPweb/SCOOP.html
* Harvard-Smithsonian Center for Astrophysics Molecular Data   http://www.cfa.harvard.edu/amp/tools.html
* MPI-Mainz-UV-VIS Spectral Atlas of Gaseous Molecules   http://www.atmosphere.mpg.de/enid/2295
* science-softCon UV/Vis+ Spectra Data Base (UV/Vis+Photochemistry Database) http://www.uv-spectra.de/
* SWRI Photo cross sections and rate coefficients   http://amop.space.swri.edu/

http://www.udfa.net
http://www.udfa.net
http://www.physics.ohio-state.edu/~eric/research.html
http://www.physics.ohio-state.edu/~eric/research.html
http://jpldataeval.jpl.nasa.gov
http://jpldataeval.jpl.nasa.gov
http://www.nist.gov/srd/reprints.htm
http://www.nist.gov/srd/reprints.htm
http://kinetics.nist.gov/kinetics/index.jsp
http://kinetics.nist.gov/kinetics/index.jsp
http://w3.lisa.univ-paris12.fr/GPCOS/SCOOPweb/SCOOP.html
http://w3.lisa.univ-paris12.fr/GPCOS/SCOOPweb/SCOOP.html
http://www.cfa.harvard.edu/amp/tools.html
http://www.cfa.harvard.edu/amp/tools.html
http://www.atmosphere.mpg.de/enid/2295
http://www.atmosphere.mpg.de/enid/2295
http://www.uv-spectra.de
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KInetic Database for Astrochemistry: KIDA
Motivations for a new database

☹ Updates of existing databases : nonexistant, partial or delayed

☹ Comprehensivity : Databases dedicated to a type of reactions, 
temperature domains or even astrophysical objects 

☹ Format : online consultation only, word/pdf document

☹ Quality aspects : compilation of all existing data without quality 
information or unique data chosen by the administrator (not necessary 
an expert in the field)



KIDA
KInetic Database for Astrochemistry

A kinetic database of gas-phase reactions for the chemistry in the interstellar 
medium and planetary atmospheres. 

Online since May 2010 - about 130 unique visitor per month
Rate coefficients included little by little

http://kida.obs.u-bordeaux1.fr/

http://integration-kida.obs.u-bordeaux1.fr
http://integration-kida.obs.u-bordeaux1.fr


KInetic Database for Astrochemistry: KIDA

Centralisation tool

Chemical models 
(dense clouds, disk, Titan...)

Réactions importantesReview and propositions 
for reference values

Group of experts in 
chemistry

Sensitivity 
Methods

Important reactions
(depends on the system and the 

chemical network)









What can you do with KIDA?

- Consult existing data

- Comment on existing data

- Include your own data

- Propose recommendations

- Store your list of reactions as an ascii file for published models

- Download a list of reactions 

Needs to be registered



KIDA Experts

User
Data submission

Super-expert

Expert 1

Expert 2

Expert 3

Expert 4

submission 1

submission 2

advice 1

advice 2

Acceptation or rejection

KIDA experts 2010-2013:
Nigel G. Adams
Marie-Christine Bacchus
Astrid Bergeat 
Karine Beroff 
Veronica Bierbaum
Marin Chabot
Alexander Dalgarno
Ewine van Dishoeck

Pascal Honvault
Stephen Klippenstein
Sébastien Le Picard
Jean-Christophe Loison
Gunnar Nyman
Stephan Schlemmer
Ian Sims
Ian Smith

Phillip Stancil
Dahbia Talbi
Jonathan Tennyson
Jürgen Troe
Roland Wester
Laurent Wiesenfeld

Alexandre Faure
Wolf Dietrich Geppert 
Dieter Gerlich
Daniele Galli
Chris H. Greene 
Eric Herbst
Kevin Michael Hickson



Datasheets

Authors:  

Jean-Christophe LOISON (Université de Bordeaux, France), Pascal HONVAULT (Université de Franche-Comté, France),  

Jürgen TROE (University of Göttingen, Germany), Ian Sims (Université de Rennes, France) 

 

 O(3P) + OH(X2ΠΠΠΠ) →→→→ H(2S) + O2(X
3ΣΣΣΣ

-
g)  

 

Thermodynamic Data  

∆Ho
298 = − 68.4 kJ mol-1 (1)   

Rate Coefficient Data k   
k / cm3 molecule-1 s-1 T / K Reference Ref 

Rate Coefficient Measurements 

k = (3.85±0.13)×10-11
 ×(T/298)-(0.50±0.12) 250-515K Howard and Smith,  1980-81 (2,3) 

k = (3.0±1.15)×10-11
 ×(T/298)-(0.36±0.07) 221-499 Lewis and Watson, 1980 (4) 

(3.1±0.5) × 10-11  Brune et al, 1983 (5) 

k = fel×3.7×10-11
 ×(T/298)-0.24 158-294K Smith and Stewart, 1994 (6) 

fel= 2/[{5 + 3 exp(-228/T) +exp(-326/T)}{2 + 2 exp(-205/T)]  (7)  

 (3.17±0.51) × 10-11 295 Robertson and Smith, 2002 (8) 

k = 1.8×10-11
 ×(T/298)-0.32exp(177/T) 136-377 Robertson and Smith, 2006 (9) 

(3.5±1.0) × 10-11  39-142K Carty et al, 2006 (10) 
 
Review 

k = 2.4×10-11
 ×exp((110±50)/T) 150-500K Atkinson et al, 2004 (11) 

 
Theory  

No expressions are given for theoretical calculations. The range of the calculations was in general quite wide (10-
5000K).  
7×10-11 10K Harding et al, 2000 (12) 

0.026×(T/1000)1.47 + 1.92×(1000/T)0.46  300-5000K Troe and Ushakov, 2001 (13) 

5.4×10-13 10K Xu et al, 2007 (14) 
7.8×10-12 10K Lin et al, 2008 (15) 
4×10-11 10K Lique et al, 2009 (16) 
4×10-11 10K Quéméner et al, 2009 (17) 

 
 

Comments 

The reaction O + OH → H + O2 is slightly 
exothermic (-68.4 kJ mol-1). O(3P) + 

OH(X2Π) correlates with 32A’ + 32A” + 34A’ 
+ 34A” surfaces. Only two surfaces (2A” + 
4A”) correlate with the reaction products 

H(2S) + O2(X
3Σ

-
g) but the 4A” surface is 

purely repulsive. The 2A’ surface, populated 
without barrier from O + OH, correlates only 

with the excited H + O2 (a1∆g) product 
channel. So it is generally assumed that 
reaction only occurs over the lowest 2A” 
surface which corresponds to the electronic 
ground state of the HO2 intermediate. 

Nevertheless, temporary population of excited 
electronic states during the reaction may take 
place and influence the rate. (12,18,19) 

 
 
The study of this reaction has attracted 
considerable experimental attention (2-6,8-
10), and there have also been a large number 

IUPAC format

Currently 
about 50 
datasheets in 
KIDA



Receive the KIDA news → register to the mailing list
http://kida.obs.u-bordeaux1.fr/

kida@obs.u-bordeaux1.fr

KIDA
KInetic Database for Astrochemistry
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