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Abstract

The temperature dependence of the bimolecular reactions of C1+, HC1+, CH+,

CH2+, N+, Nh+, and NH2+ reacting with H2 have been investigated. For Cl+ and HCl+
rate constants have been determined over the temperature range of 150-400 °K. Pre-
liminary data have been obtained for the other systems. The C1+/H2 system shows a
weak, but significant positive tempr.rature dependence that could be important in
interstellar modeling studies. The HC1+/H2 system shows a substantial negative
temperature dependence with the rate constant approaching the collision rate at low
temperatures. In a second study, the association reaction CH;+ + HCN - CHg’HCN+ has
been theoretically modeled using statistical phase space theory. Both radiative and
collisional stabilization have been included. The results are compared with experi-
ment with good agreement obtained over wide variatons in T and p. This system is
potentially important in the mechanism of large molecule synthesis in interstellar

space.

L. Introduction

It is well known that the environment in interstellar space is extreme - tem-
peratures in the range of 10-100 °K and pressures of 10~° torr and lower. Nonetheless
about half of the mass of the universe exists in this frigid void in the form of
interstellar "clouds" and increasingly complex molecules are being discovered at
substantial concentrations. This report briefly summarizes the work that we've done
in order to begin to understand the chemistry that occurs in this region of the uni-
verse. The report will be divided into two sections. The first of these will deal
with the temperature dependence of simple ions reacting with Hz and the second with
the association reaction of CH3t with HCN. Manuscripts are currently in preparation
that will discuss the work in great detail. These will be forwarded to JPL when

finished.

IT. Temperature Dependence of Simple Bimcolecular Ion-Molecule Reactions:

The most abundant molecule, by far, in the interstellar medium is H,. Hence,
it is of paramount importance that accurate rate constants be determined between
various simple ions and this neutral over as wide a temperature range as possible - in
particular low temperatures are especially important. We have initiated such a study
for the ions CH+, CH;+, N+, NH+, NH:+, C1+ and HCl+ since these are relatively abundant
ions in interstellar clouds. 1In this report only the ions Cl+ and HCl+ will be dis-

cussed in detail. The data on the remaining systems is still preliminary in nature.




We have studied the reactioons

+
e1” & Ry s HCLY # B » & kealfmole (1)
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HC1 + H,— H Cl + < 0 kcal/wole (2>

over the temperature range 150-400 °K using an Ion Cyclotron Resonance Spectromete:
L

previo.: v discribed in the literature. The rate constant for (1) has a small but

signif.cant positive temperature dependence. If the Arrhenius form of the rate con-

stant is assumed, Eqn (3),

(3)

then a plot of In k vs 1/T should yield a straight ling of slope-E#/R. Such a plot
is linear for reaction (1) yielding a barrier to reaction E: = 335 cal/mole. This is
a small barrier yet can yield substantial variation in k with T. For example
koo = 5.6 x 10~ %m?/S, kioo = 1.8 x 10-!? em®/s and kzo0 - 2.1 x 10~ %cm?/s. Hence,
the rate constant is over 107 smaller at interstellar temperatures than at room tem-
perature - the temperature of the only rr.viously available measurement.

Reaction (2), by contrast, has a substantial negative temperature dependence.
For example, kiso = 8.1 x 107'° em®/S and kuyoo = 4.2 x 107'° cm?/s. Hence, this re-
action will proceed at the collision liwmit at interstellar temperatures., The kind of
behavior exhibited by reaction (2) suggests a tight transition state for which E* < Eg
where Eg is the threshold energy for the exit channel. Under these circumstances in-
creasing the temperature (and thus the internal energy in the collision complex) will
tend to drive the reaction towards reactants because entropy controls the reaction not
energy.

+
Finally, three sources of Cl were used;

CCly ~ CCl;

- + -
CC13¥P + e —Cl + 2¢ + CC1l:H (4)
CC12F> CCLF;

In most cases CCl:F» was used because of its low freezing point. No difference in k;
+ +
was observed for any of the sources of Cl1 . 1In all cases HC1 was used to generate HCL

in reaction (2)

+ o
IT. CHs; + HCN _ CH3HCN

S 4
Recont experimental work on the above reaction has suggested that both radiative
and collisional stabilization compete. At low pressures radiative association dominates

while at high pressures collisional stabilization is prevalent. The experimental data

are consistent with the mechanism
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Cli; + HCN ;::E:t (CH3“HCN ) * (5a)
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(CH3 *HCN)* + M —Z % CH3 "HON + M (5b)
+ kr +
(CH3 "HCN)* ———3» CH3*HCN + hv (5¢)

=

Th = experiments were performed over the pressure range 107" < p = 10~? torr and
temperature raunge 200 = T = 400 °K., In order to conlirm both the general form of
mechanism (5) and to extend the results to interstellar values of p and T we have
modeled the reaction using statistical phase space theory.5 The details will be for-
warded in the form of a manuscript that is currently being typed.6 The important re-
sults are: i) reaction mechanism (5) has been substantial; ii) kr ~ 10" sec”}; iii)
kb ~ 10° sec” and iv) the overall association rate is fast at interstellar v:lues of

p and T.
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