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Transients in Vibrational Relaxation of Polyltaic Molecules at High tqentures
by the Variable Encounter Method

M. C. Flowers.” D. F. Kelley, F. C. Wolters, and B. S. Rabinovitch
Department of Chemistry, University of Washington, Sesttle, WA 96195 ’

The study over the past two decades of the collfisional de-excitation of highly vi-
brationally excited reacting meutrals has led to some general ﬂndim.' They are sum-
marized as follows; obviously, details vary with circumstances from systam to system:

1. Relatively strong collider bath gases (M) remove average amounts of energy, <4E>,
of the order of 5-15 kcal mole”! on each colliston.

2. Relatively weak collidar bath gases remove lesser amount of energy, say, 0.5-5 kcal
wote! on each colliston.

3. The cross sections for collisional deactivation are closely the same as ordinary gas
kinetic cross sections. |
4. Energy transfer is primarily V-T,R in nature. Collision complexes are formed, as :
governed by the attractive forces. Energy in the internal modes of the hot molecule re-
laxes into the transitiona] stretching and bending modes that correlate with translations
and rotations of the collision partners. Participation of the internal modes of N occurs
only if the interaction 1s strong and the mode spacings of M are intrinsically smal).

5. The accosmodation between internal modes and transftional modes {s restricted by .
conservation of angular momentus. ‘ i
6. Monatomic bath gases are less efficient colliders than are diatomic-1inear molecules,
which sre less efficient than polyatomic-nonlinear molecules, in general. ;
The above genera)izations are described by a model given by Lin and mtmltch.‘- Nore
recently, a modified, more quantitative version has been given by Battacharjee lnﬁmt.z

Several restrictions should be noted. The first is that the above sumsary refers to
lower temperatures — below 600K-700K where most energy transfer studies of this sort have
been made. Very little information 15 available about the tesperature dependence of
<AE>. Two studies have been published at higher temperptures with  substrates cyclopropeny
and cyclopropane-d,.”" 3.4 They reveal tuu [ slgnmant decline lu <AE> occurs (l‘am l).

The second restriction 1s that msununts have thm bnn restricted to BM
state conditions. It is obviously desirable to obtain information {n the tramsient
region prior to the establishment of the steady state. Such measurements in a low pres-
sure unimolecular reaction system cormpond to the measurement of the mean ﬂnt pas-
sage tin.s

Finally, there is an intermediate energy region, around 10-30 kca) lnh". where tln
snergy transfer phenomenon is not well delineated.

We have developed a new technique for the study of neutrals in the transieat regiom,
The Variable Encounter Method® (VEM) permits the sequential study of the vibrational re-
laxation that occurs upon successive collisfons of a substrate molacule with a surface.
We have reported some preliminary measurements with cyc\opmme-dz] Besfdes probing
the transient behavior, other information may be gained: the efficiency of the wal) has
never been explicitly studied; the evidence suggests that it should be more efficient
than gas molecules which are of lesser cowluity;’ the varfation of <AE> with tespersture
can also be probed. finany. ml-ns prcvtous infomtion Ms concorned m tuulticu
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probabllities in the region around €, the critical threshold energy, VEM is seasitive
to the transitions over the whole mrgy spectrum, including 0 < E < E .

VEM 1s a very simple technique for studying the dymamics of energy transfer at a
surface. Several cylindrical quartz reactor fiagers of varying dimensions are blown on
to the surface of a large, fused quartz bulb. The fingers may be heated by a stainless
block furnace. Entrance area to a reactor finger is £ 1/60 of the bulb area. The dimen-
sfons of the reactor used may be varied so 85 to provide mean wll collision nusbers, ,
from 2 to 100, per encounter. For a given m, the distribution of wall collistons "y be
found by Monte Carlo calculation.’ Nolecules that returs to the bulb are cooled by
collisfons with the bulb wall before another encounter with the reactor occurs.

For the substrates chosen, brief pre-exposure of the heated reactor wall to sub-
strate provided adequate seasoning and reproducidble results. To perform a rum, one re-
actor was heated, the bulb (at ~ 375 K) was pumped to a stable resfdual pressure of
< 'lo" torr, and substrate was admitted at 1-2x10 ~ torr and left for a suitable time.
Analysis was by gas chromatography; percent reaction varied from'~ 1 - S0%. i

Experimental energy transfer results are summarized in Table 2. Figure 1a 11lus-
trates the variation of Fc. the average reaction probability per collision, with @ at
constant temperature for c-C,Hq: the reactor m values were 2.6, 6.5 and 27.2. Figure 1b
shows the sequential variation of Pc vs collision number n. The data were fitted by
tria) with various forms of the collisional probability distribution function, including
gaussfan and exponentia) forms having varying detail as a function of E. I

Ve find, in elaboration of our previous results,® that accommodation to & proximste
steady state with the wall takes place in a small number of ¢ollisfons, ~ §-30 for beth

the cyclopropane and cylobutane systems (Fig. b), the number increasing with increase of
temperature and decrease of <AE>. Wall collisions on a surface seasoned with 3 hydro-
carbon film are more efficient than are binary gas phase collisions, as may be seen by
comparison of Tables 1 and 2. The present data also support our previous findingsd+?
that energy transfer collisfon efficiency continues to decline at higher tqcntm:

for these polyatomic unimolecular systems; a turuing point at very high mums s
plausible. ; ; . _

This work was supported by the Office of Naval Research and w ﬂn litiml Science
Foundation.
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Figure Ya. Plots of experimental average probability of reaction per collision, Fc. as '
a function of mean collision number per encounter, @ , at the temperatures indicated.
$So0lid curves are based on trial) fit <AE> values at various tesperatures (Table 2). The
ordinate scale is normalized to Fc(-) a1,

Figure 1b. Plots of Pc(u). the calculated sequential probability of reaction per colli-

sfon, as a function of the consecutive mumber of collisions, for the tesperatures shown
and for the <AE> values of Table 2. The ordinate scale is normalized to 'c"’ =1,
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Table 1. Measurement of <AE>‘ at Higher Temperatures by Steady State Methods

: Method Substrate Batheas Tk uba!  per
| ccas® elICH0, eV ICHD, 775 2 30006° 3
s 975 19006
Diffusion  g-CoMg c0, 975 11006 i
Cloud ns 4506
" 95 400€
nzs 350¢
N, 976 150€
ns 9
He 975 190€
] ns 160¢
’1 a) Competitive collisional reaction “spectroscopy”;
- b) G, gaussian; E, exponential distribution
i1 Table 2. Measurements of <AE> at Varfous Surface Temperatures by VEM
! Substrate . LE  gpa’ et
€-1,1-CyH,0, 800 41006 7
G 975 34006
; ns 26008
| £-Cyflg 800 45006 present .
‘ 950 3300  ork
1076 23008
€ : 800 2400€ present i ‘ |
¢ . 900 1900 ok |
: 126 15006




