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Schlemmer, Cook 4 Saykally, Science 26
Cook, Schlemmer, Saykally, Nature 380, 227 (1996)
Cook, Schlemmer, et al. J.Phys.Chem. A102; 1365 (1998)
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The Astronomer's Periodic Table

D D D H Cosmic Abundance

of some elements

Element Abundance

hydrogen (H) 1.000.000

helium 80.147

He oxygen 739

carbon 445

neon 138

nitrogen 91

. ) magnesium 40
Silcon 37

¢ N O R Sulfur 19

Fe



INTERSTELLAR MEDIUM

H:1 He: 0.1
O: C: N=28:3:1(0.001

gas phase solid state
99 % 1 %

I [

cold molecular clouds grains (< 0.1um)
T=10K T=10K
7+ =10%10° cm™ - =10%m™3

119 molecules 8 molecules



Physics and Chemistry of the Interstellar Medium

Cosmic rays

Gas phase
C*+H,->
CH," + hv

T=10K

n=10% cm™3 HCN

Dust particle
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WHAT? Kinetics of ion-molecule reactions
radiative association (one example)

WHY? Identification of Species
(Column Densities)
Formation and Destruction

HOW? Experimental Techniques (Laboratory work)
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Importance of lon-Molecule Reactions

Products

Arrhenius:
K(T) = <ov> = A exp (-E,/KT)

Neutral-Neutral Reactions
A ~ 10" cm3/s
E,.~ 2000 K
T,c=10K

lon-Molecule Reactions
107 cm3/s > A > 10° cm?d/s

E,O0K
Cosmic Ray lon-Molecule .
o . Recombination
lonization Reactions

E. Herbst, The Physics and Chemistry of Interstellar MCs (1993)



lon — induced dipole interaction
long range forces

® V=-qal/r

)
N

V/eVv

Kinetic energy
E = p?/2u

Angular momentum
L=bp=Ih

Centrifugal barrier
V =+ L2/(2ur?)




lon — induced dipole interaction
Rate of Reaction

Cross section o(E):

o(E) =2n* b db
= T[bmax2

Rate coefficient:

£
N
k=<0ov>;
Kinetic energy
E = p?/2u

ion-induced dipole:
Angular momentum

L=bp=1lh
k, = const.



Temperature Dependence of lon-Molecule Reactions
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Details of Potential Energy Surface

Transition

State

Products

Association \ /




Low Temperature Collisions

in Flow Systems and Traps

(state-of -the-art experiments)






Pulsed Uniform
Supersonic Expansion

2 k(T)
A A+ - Products
[] _~\Uniform Flow
T ¢ k = (T [])"
const. | i
:@wa




CRESU: Cinétique de Réaction en Ecoulement Supersonique Uniforme

B. Rowe (Rennes), |. Sims (Birmingham), M. Smith (Tucson)



Pulsed Uniform Supersonic Expansion

>

A+B - Product In [A]

d[Al/dt = -k [A] [] T

k= (t[=])"

1< Az/v ~ 0.1/500 s ~ 200 ps
[©]1<10" cm?

k >5%x10'2 cm3/s




22-Pol Low Temperature lon Trap
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Trap Experiment

A + -~ Products

d[AV/dt = - k [A] [F]

k= (t[=])"

Tms<1t<100s
108 cm3<[°]1<10"" cm?

k>10"7 cm3/s



Method:

Electrodynamical Trapping



RF lon Trap
Mechanical Model

22-Pole

Quadrupole
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Low Temperature 22 Pole lon Trap




Low Temperature
22 Pole Trap




Deuteration of H.*
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relative intensity

H,* + HD < H,D* +H,
[n-H,] = 1.4x10% cm-, [HD)/[H,] = 3*104, T = 10 K
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H,* + HD < H,D* + H,
[p-H,] = 1x10™ cm-, [HDJ/[H,] = 3*10%, T = 10 K
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Initial reactions in dense interstellar clouds

C,H.OH
CH,OCH,

CH,OH

CH,CO

cosmic CH,

rays

CH,NH,

http.//sift. hyperlink.cz/interste.htm HNC HC,N

D. Smith and P. Spanel, Mass Spectrometry Reviews, 14 (1995) 255-278.



Example I:
Radiative Association

CH.* + H,0 — CH.O* + hv

A. Luca, D. Voulot, and D. Gerlich, WDS'02 Proceedings of Contributed Papers,
Part ll, Safrankova (ed), Matfyzpress, 294-300 (2002)



Initial reactions in dense interstellar clouds

C,H.OH
CH,OCH,

CH,OH

CH,CO
—1 H,
cosmic | °
rays He

http.//sift. hyperlink.cz/interste.htm

D. Smith and P. Spanel, Mass Spectrometry Reviews, 14 (1995) 255-278.



Experimental Setup

22-Pole lon Trap

Pulsed Valve
. lon Deflector NN He buffer M

§§ H,pse/ededinXe N & e b
S & B

L ‘ H “ [T E
I AN
/ 15+5 K
Stagnation pressure: 365 mbar Instantaneouce densities: Effective temperature

H,O partial pressure: 26mbar at 295 K [H,0] = 7-108cm™

H2O 7% [Xe] ; 1-10"%cm?3 Teff — 50i30 K

Xe 93 %



Results: Formation of protonated methanol

lons per filling
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Radiative Association
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Density Dependence of Association Reaction
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107

Radiative Association: k.

Comparison to Statistical Theories

CH, + HO - CH.O +hv
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WHAT? More Examples of Important Reactions
Negative Temperature Dependence
Isomerisation
Isotopic fractionation

WHY? Identification of Species
Formation and Destruction

HOW? Experimental Techniques (Laboratory work)



