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Astrochemistry

● The study of the synthesis of molecules in 
space and their role in determining properties 
of Interstellar Medium. 

                                                                            Top row – optical images of B68

                                                  

              

                                                                             Bottom row – IR images of B68  
                                                                                  (Dust extinction is less 

                                                                                              efficient at longer wavelengths) 



  

Interstellar medium (ISM)

●  20 – 30 % of our Galaxy
● T = 10 – 104 K (Sun temperature - 5778 K)

● ρ = 100 – 108 H atoms cm-3

● H is most abundant; He ~ 10%; C,N,O ~ 0.1%
● 1% of ISM mass is in grains
● Organic and inorganic molecules
● Complex chemistry



  

Dark clouds

● T ~ 10 K
● ρ = 1010-12 H atoms m-3

● Cold gas chemistry+ grain chemistry
● Not penetrated by optical and UV photons
● Little ionisation
● Interesting because material is mostly 

molecular, dominant species is H
2 
.

● Over 60 detected molecules; radio astronomy



  

Dark clouds

● Cold gas  and grain chemistry                      B68

● CO, N
2
, O

2
, C

2
H

2
, HCN, simple carbon chains

● Grain chemistry – H
2
,  CO

2
, CH

3
OH

● Largest detected molecule HC
11

N

● 1-500 solar masses
● 1-5 pc (distance to Proxima Centauri - 1.3 pc)

● Can form one or a couple of low-mass stars



  

 



  

Chemical Kinetics 
(first order - rate of formation and

 loss proportional to the concentration of one reactant)

                 

                        A + hν → C + D β  (units s-1)

● Loss of A per unit volume per unit second is:
                        dn(A)/dt = - βn(A) m-3 s-1 

where β is photodissotiation rate of A



  

Chemical Kinetics 
(second order - rate of formation and

 loss proportional to the concentration of two reactants)

             A + B → C + D k = <σv>   m3 s-1

● Loss of A and B per unit volume per unit 
second is:

                      dn(A)/dt = - kn(A)n(B) m-3 s-1

where n(A) is number of molecules of A per 
unit volume k and is rate constant

● Formation of C (and D) per unit volume per 
unit second is:

                         dn(C)/dt = + kn(A)n(B) m-3 s-1



  

hmain.f

hodes.f

inputhouches.f

dvode1.f

subs.f

h.rates

h.specs

hdata.out
Rate file

Species 
file

Pseudo-time-dependent 
calculation – physical 
parameters remain 
fixed with time

Kinetic Calculation
Millar et. al. 1991.

Astron. Astrophys. Suppl. Ser. 87 

Ordinary

Differential

Equation

solving



  

69 species          1199 reactions



  

● Initial abundances: e, H
2
, He, N, C, O, Mg

● Temperature, density, cosmic-rays...
● Gas-phase and grain surface chemistry
● Change some parameters to mach the observed 

abundances.
● SWAS satellite 

● H
2
O ≈   6  10-10 - 1  10-8

sensitive to C and O abundances

the best match for C ≈ 10-5-10-4 , O ≈ 10-5

● O
2
      10-7

sensitive to C, O, N and Mg abundances

the best match for C ≈ 10-5-10-4 , O ≈ 10-5-10-4, Mg ≈ 10-4, N ≈ 10-2



  

Initial abundances variation - example



  

Reaction rates 

● Measured in laboratory or derived from theory
● On-line databases: UMIST database for 

Astrochemistry, Ohio State University (OSU), JPL 
Anicich Database, Huebner Photo-Cross-section 
Database...

●  NIST Chemical Kinetics Database (VAMDC 
external partner)

     27 000 reactions, rates from experiments 
and theory, generates best fit



  

NIST



  

NIST



  

NIST



  

NIST



  

NIST



  

Reaction rates - example



  

Reaction rates - example



  

Conclusion

● Chemical databases – very important for 
astrochemistry

● Modeling of chemical evolution of ISM, for 
example dark clouds

● Many reaction to be considered
● Data needed for calculations can be found in 

on-line databases
●  Faster and easier search is important



  

Thank you for
your attention!
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