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Energy Transfer Variable Encounter Method
High Temperatures Vibrational Relaxation
Transients
Unimolecular Reaction

• N- *SI(GACT (C lt~~u ~~..u. 1* It p~U~~ I~~ IS$ bp S1NO ...Nk~~—? Temperature dependence of vibrational energy transfer eff icien cy in high
t~~ eratur. gas systems Is described.

The Variable Encounte r Method is applied to the study of the transient
region in vibrationa l accoemodation of cyclobuta ne at high temperature sur
faces . Collision efficienc y decl ines with rise of temperature. Surfac e
collisio ns are more efficient than binary gas phase encounters .
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Transients in Vibration al Relaxation of Polyatcm1c No1ecul.s at Hlgh T~~ eratur es 

— .
I by the Variable Encounter Nethod

N. C. Flowers 9. F. Kel ley, F. C. Molten and B. S. Rabthov l tch
Depar~~et of Chemistry, University of Washington, Seattle, NA 96195

Th. study over the past two decades of th. collis iona l de-iscitatfon of highly vi -
bratlonally excited reacting neutrals Ms led to some general findings.1 They are sun-
perized as follows; obviously, details vary with clrcunxtances fron system to system:
I. Relatively strong collider bat)s gases (N) remove average ~~unts of energy, cab,
of the order of 5—15 kcal ow each collision.
1. Relatively weak col l ider bath gasas remove lesser emount of energy. say, 0.54 kcal
mohle i on each collisi on .

• 3. The cross sections for collis ional deactivati on are clos ely the sas, as ordinary gas
kinetic cross sections.
4. Energy transfer Is prim arily Y—T ,R In nature. Collision coopl.x.s are formed, as
governed by the attractive forces. Energy in the Interna l modes of the hot molecule re-
lazes Into the transitiona l stretching and bending modes that correlate with transl ati ons
and rotations of the co llision partners. Participation of the Internal modes of N occurs
osily It the interaction Is strong and the mode spacings of N are latr laslcally small.

• 5. The accounodatlon between Internal modes and transition al modes Is restricted by
conservation of angular mementt .
6. Nonatomic bath gases are less efficient colliders than are diatomic-linear molecules,
wh ich are less efficient than polyatomlc- nonllnear molecules, In general . 3
The above generalizations are described by a mod,l given by Lie and Rablnovitdi.1• More
recently, a .odif ied, more quantitative version Ms been given by Sattacharj.s and Fon t.2

Several restrictions should be noted . Th. fi rst Is that the above ss sry refers t~lower ta~ erstures — below 600K-lOOK where most energy transfer studies of this sort have
been made. Very little Information is availab le about the tioperatur. dependence of
c*E’. Two studies have been published at higher ~ er~tures with substrates c cloprop.n~
and cycleprcpane-d2.3’4 They reveal that a sigelficant decline i~ &~> occurs (TaMe 1)r

The second restriction Is that measurements have hitherto beóe restricted to steady
state conditions. It is obviously desirable to obtain info rmation In the t ransient 

-• region prior to the establisiment of the stesdy state. Such measurements In a low pres-
sure uni.olecular reaction system correspond to th measurement of the mean first pas
sage time.5 •

Finally, there Is an intermediat, energy region, around 10-30 kc l mo1e 1, whi r. the
energy t ransfer phenomenon Is not well delineated.

We have developed a new technique for the stud y of neutrals in the tr ansient region.
The Variable Encounter Method6 (yEN) permits the sequential study •f the vibrational re-
laxation that occurs upon successive collisions of a substrate sol cule with a surface.
Mo have reported some preliminary measurements with cyclopropane-d2. Resides probing
the transient behavior, other Information mey be gained: the efficiency of the woli kis
never been explicitly studied; the evidence suggests that it should be more .fflclent
than gas molecules which are of lesser ccu~i1exity;

3 the variation of cAt, with t~~erstune
can also be probed; finall y , whereas previous information has concerned the transition
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S probabi lities in the region around E
~
, the critical threshold energy, SEN Is s~~sIt Ive

to the transitions over the whole energy spectre. IncludIng 0 ‘ £ ‘ E0.
VIM is a very simpl. technique for studying the dynamics of energy transf er at a

surface. Several cylindrica l quart z reactor fingers of vary ing dimensions are blame on
to the surface of a large, fused quartz bulb. Tb. fingers may be heated by a stainless
block fu rnace. Entranc , area to a reactor finger Is £ 1/50 of the bulb area. The dimen-
sions of the reactor used say be varied so as to provide meac will collision stuhars,., :-

from 2 to 100, per encounter. For a given., the distrIbution of wall collisions say be
found by Nonte Carlo calcu lation . Molecules that return to the bulb are cooled by
collisions with the bulb will before another encounter with the reactor occurs.

For the substrat es chosen1 brief pre-ezposvre of the heated reactor mel 1 to sub-
strat e provided adequate seasoning and reproducibl, resu lts. To pirfo r. a run, one re-
actor was heated , the bulb (at ‘~. 375 1) u.s pi~~.d to a stable residual pressure of :
c l0~ tort , and substrate was aduitted at 1-2~l0~ tort and left for a suitable time.
Analysis was by gas chromatography; percent reaction varied fromi 1 - 50%.

I Experimental energy transfer resu lts are ss~~~rized I. Table 2. FIgure la Illiss -
th et is the variation of P

~
. the average reaction probabili ty p., collisI on, wl tk m at

constant temperature for c-C1118; the reactor m values were 2.6, IS and 27.2. FIgure lb
shows the sequential variation of PC ~ 

collision ni~~er si. The data were fitted by
trial wi th various forms of the collisiona l probabIlIty distribution funct iom, including
gaussian and exponential forms having varying detail as a functio n øf I.

Ms find, In elaboration of our prevIous results, that actc~~~st1oe tea presisate
steady stat. with the wall takes place In a small niaber of collisions , ~ a-* tsr beth
the cyclopropane and cylobutane sys tems (Fig. b), the nunb.r lncr.aslsig wi th imoreage of
t~~.rature and decrease of cA1. Wall collision s on a surface seasoned with a bydro- -

carbon fil . are more efficient than are bleary gas phas. collisions, as y be less by
comparison of Tables 1 and 2. Th. present data also support our previous fts8lngi3’4
that energy transfer collision efficienc y continue s to decline at higher t~~erataires 

•

for these polyatom ic unleolecular sys t~~ ; a tur ning point at ver~i high t~~ersturss is
plausible. S S 
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Figuse Ii. Plots of experimental average probability of reaction per collision, P~, as
a function of mean collision ns~~er per encounter. a , at the t~~eratures Indicated. S f -

Solid curios are based on t rial fit iL’ valu es at various tseperatures (Table N). The
ordinate scale Is usormolized to P~(.) a

Figur lb. Plots of P
~
(n). the calculated semusatial probability of reaction per colli-

sloe , as a function of the consecutIve m~~er of coll isi ons, for the taeperatures shosm
and for the ~ât’ va lues of Table 2. The ordinate scale Is nov llzed ( )  •
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Table 1. Measurement of caDd at Higher Ta~~eratures by Steady Stat. Methods

Method 
~~~~~~~ 

Bath Oh ~~~~
c~~

a £.1.l~~3H4D2 £ 1  ,1-C3N6D2 775 ~ ~~~~
975 11006

Diffusion £-C N6 tO2 975 11006 4
- - 

- 1175 40%
375 4001

1175 3601
N2 976 1501

1175 101
* 

. Hi 975 10%
1175 1*

a) Co~~etitIvo coll Isional reaction spectroscopy ;
a) 0, gaussIan; I, exponential dIstribution

-

. 
- Table 2. Measurements of <bE> at Various Surface T~~eratures by VIM

Substr.~~ T I

£-1,1-C3H402 0% 41006 7
975 34006
1~75 26006 . 

- 
-

0% 46001 present
0% p001

1075 23006

£..C4N8 800 24001 present
900 11001

1125 15001
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