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ABSTRACT

The kiretics of the reaction m! + cH,Oi have been studied with a drift tube
mass spectrometer apparatus. A reactign scheme is proposed and the rate coef-
ficient is determined for each step of the mechanism at 0.046 eV(Teff = 350 K)
with 0.5 torr of helium as buffer gas.

I. INTRODUCTION

We present a brief summary of the results obtained in the study of the NH; +
C1130H reaction.

The experimental details and extensive tabulations of the rate constants over
a large temperature range (350 < Teff < 5000 K) will appear in another article
|1], so this paper contains anly the essential features which are necessary

to support the camments on some of the particular reactions of the reaction
scheme which involves a large number of bimary and ternmary steps occuring in
parallel.

2. RESULTS

Experiments were perfarmed in a drift tube mass spectrameter apparatus |[2| in
the energy range 0.046-0.7 eV with 0.5 torr of helium as buffer gas. Mass
spectra of ions of m/e < 100" involved in the reaction, have been recorded as
a function of metharol concentration. Ions were detected at m/e = 16+, I7t,
18%, 33%, 47%, 65, 79% and 97*. The results obtained at Teff = 350 K are re-
ported in Fig.I.

Figure 2 schematically illustrates the conclusions drawn fram the analysis of
the mass spectra. Based upon this schene, the profiles of the different ions
were canputed using the rate coefficients of Table I. The agreement between
experiment and calculation (Fig.I) supports the proposed mechanism.

3. COMMENTS ON 11IE FORMATION OF NH:
4

We have found, as have Adams ard al. 3|, that NH; and CH}OHJr are the products
of two binary reactions between NIl; and CH3OH (k ="3.6 1079 an’ s71

+

% overall
at 350 K; branching ratio M CH}OH = 13:87); noreover+NH arises in our
model (and for a large part) “fram~a lz'l‘ansfe_r of H, on MI,. ’%his step is

thought to be very exothermic (5.8 ev) and conseqiently fieeds an efficient
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third body to remove energy and stabilize the ion.

Thus the reaction (6) of Fig.I:

+ . M +
T, + c113<11 > NI!4 + neutral (6)

is fourd to be a termolecular reaction.
Surprisingly the molecules of the buffer gas (He) play a minor role in this

collisonal process while the reactant ClI3OH whose concentration in helium is
about IO3 ppm plays the major part.

To account for the methanol concentration dependence of INHJ'|, we found that
the rate of formation of this ion via the reaction (6) where M = CHBOH is
unsually fast: k6 =7 10723 amb 57T at 350 K.

4. COMMENI'S ON THE REACTION BEIWEEN CHJ(_){_TL AND CHAOH.
&

Clustering and water elimination reactions have been observed and reported in
earlier works |4-5| and the energetics of these reactions were discussed.
Their kinetics were studied to a lesser extent and the order of the two steps
was not clearly elucidated.

The mean overall rate constant of the reaction

cionl + cOH -+ Products

3772 3
. . + -10 3 -I
was deduced from the profile of the ion CH,OH.; at 350 K, k = 3.10 cn” s .

372
| (CuBomzuﬂ

The branching ratio R = T 7~ was fourd to be depen-
](cnaon)zu | + |(CH3(1‘,H JH |

dent upon the methanol pressiire; it increasés with |CH,OH|, then reaches a
plateau (R=» = 0.83 at 350 K). This effect is more markea when the temperature
increases.

A similar effect was encountered by MIASEK ard al. |6] in the study of the
reaction C H5+ + C2H4. The ion products formed were CSHfI and C5h’§ ard to ra-
tionalize ghe presSure deperderce of the ion abundancés’in ethyléne these
authors proposed a mechanism including both a unimolecular ard a collision-

imduced route to the formation of C5H7+ product.

An anologous mechanism was envisaged in our study. It includes a caompetition
between a binmary and a ternary route to the dehydration reaction while the
association reaction is only collisional:

+ M " +
CH}OH2 + CH30H - (CH3(JH) 2” (41)
M +
* (CHB)ZCII + 1,0 (5y)
+ "
*# (Cl13)20[{ + HZO (5')
The collisional reactions (4 ) ard (5 ) must involve the two different colli-
sion partners M = He and M' = CH,OH th obtain an equation consistent with
the experimental curve of R vs |81130{l| .
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The camputed profiles of the different ions 33’*, 47+, 65" are not very sensi-

tive to the relative stabilization efficiencies attributed to Ile and C}130H.

. I -
Thus for the formation of (CH O) 11, a mean rate constant k, = 2.4 10 1o Cm3

57! leads to a rather good canputéd profile. 41

If we split up ka into its two terms (M = lle and M' = CH30H):
M")

K, = k™ |tie] + x |cnyon|
41 41 4? 3
L = ]
We can obtain the limiting values of k(4M and k;M ):
1 1
™) 241079 m 26 B -
k4 < k4 < 1.5 10 “7 cm
1 Jue] 1
; -10 _ ~
k4(M ) . _‘24_1‘9“‘* ; kl;M) < 1.6 10 23 (7m6 s 1
1 ey on 1

On the other hand the R function is very dependent on the relative values
given to kM ) and kM) byt in the re?ion where R shows the greatest varia-
tion, the concentrations of 47 and 65% are low (47+ < 2% ; 651 < 69), so
the experimental ratio is rather imprecise. Nevertheless a great number of
measurements were carried out and the observed variation of R is thought not
to be an experimental artefact.

In table I  we have shown the mean values of the rate coeff icients expressed
as secomd order, the limiting values of the third order rate constants and
values leading to a good representation of R and of the ionic concentrations.

The plausibility of the reaction scheme is supported by the results of cal-
culation since we can find a set of parameters which leads to a good agree-—
ment with experimental observations. The values obtained for the rate _coeffi-
cients involving lle as third body are in the usual range (10728 — 1072/ s
and same exanples of termolecular reactions 12vo]vingrlarge molecules as third
body and having rate coefficients in the 10724 - 10725 range were previousl;
reported. This is the case of the reaction C3H’5" - C,l, studied by MIASEK |GT
where the third body is C2H4 itself.

Nevertheless a doubt may remain because this representation leads to a stabi-
lization efficiency of methamol, relative to that of He, of = 10 2 while a
ratio of = 10 was expected.

5. A _POSSIBLE REACTION PATH FOR TIE SYNTHESIS OF DIMETHYL ETHER IN INTERSTEL-
LAR CLOUDS .

The formation of interstellar dimethyl ether via radiative association reac-
tions has been investigated |7

Th? ionic precursor CH,0H*CH3 could be formed by reactions involving Cllg or
('H'r)‘ and methanol or aldehyde?
The binary reaction:

N e + "
(,51301l2+(_113()(| g ((JIJ)Z()H l”z() (5")
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studial in this work has a rate coefficient of about = l.lO_l] (:1113 sﬂl which

is not very temperature dependent.

As methanol is a relatively aburdant neutral interstellar molecule and as
there are many fast proton transfer reactions leading to CH30[(§, reaction
(5') could contribute in sane degree to the formation of interstellar dinme-
thyl ether.

Table 1
& s '
. Blnary Reactians . Termary Reactions 3
] ' o ¢ 6 -1 :
3 : 3 4 : : Klan® 870 ' ko™ s ) :
t Reaction : k (on” .8 ) t Reaction : nean value s M = He 3 M = Qlon 3
' : 1 fk‘miulok(" ’jn'lf : : J
4 ! : ; ¢ Umt 7 good flE ) limit P good fit
H 1 3 - - 2 o ] I
v 0.7 ‘ : 0.83 : <1.5 10726 131028 S 16108 ¢ 207
-9 1 ~-10

: 3.0 10 x + 3.0 10 1% : 7t say B o 58
' 2 0.83 5 ' 0.17 3 <3, 10 : 2.510 s < 3.10 : 40 :
3 o ] "y : H 3 3 3
P03 v 221070 O N : : : :
H H H 3 . H H H
' s ¢ =M +5y + 3070 : s '
1 H t t ' ] 3 3 23
i H 3 6 t 3 : 3 i 7.10
1] t B 3
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