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Abstract
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Relative cross sections for energy transfer from high vibrational levels

nhv

C3HpO (v > 1) + M —> C3H20 (v=1) + M + AE

have been measured directly for the first time using visible - IR double

resonance in a molecular beam - gas experiment.

Research carried out at Brookhaven National Laborat?ry und?r contract
with the U. S. Department of Energy and supported by its Office of

Basic Energy Sciences

This book was prepared as an account of work
Neither the United States Government nor an
warranty, express nr implied, or assumes

DISCLAIMER

= . or f of any infe

not necessarily constitute or imply
States Government or any agency th
necessarily state or reflect those of th

sponsored by an agency of the United States Government,
v agency thereof, nor any of their employees, makes ainy
any legal liability or responsibility for the accuracy,

fon, apparatus, product, or process disclosed, or
represents that its use would not infringe privately

commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does

its endorsement, recommendation, or favoring by the United
ereof. The views and opinions of authors expressed herein do not
‘e United States Government or any agency thereof,




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



V-V Energy Transfer From High Vibrational Levels of Propynal

Vibrational energy'transfér in éolyatomics ﬁas been studied
extensively by a number of techniques.1 Microécbpié detail on the
mode—to-mode flow of energy .at low levels of excitation (~ 1000 cm;i)
reveals certain propensity rules to bé impdrtant. It is founq,‘for
example, that V-V energy transfer cross sectiéns in the.grogn& elecérohici
state aré generally small (1éss than gas kinetic) except infcaées where the
cnergy gap between thé.pumpedvand accepting modes is small (raées ~ gas
éinetic). At veryAhigﬁ energies ( > 20,000 cm~1) neaf dissociation, energy‘.”
‘transfer observed on a macroscopic level becomes éxceedingly rapid, but
detail on the mode-to—mode pathways 1s lacking. At intérmediatg ievels-of
exéitétion, intuition based on knowleaée'of the loﬁ and high énergy fegimes
serves as the only guide for estimatinglrates bf energy transfer.

Recently we reported2 resultg on infrafed multiphoton abso;ption in
propynal in which changes in the vibrétional populations of vg (v=1,2) and
V1o (v=1,2) pumped undér molecular beam or fast floﬁ conditions were
observed. By éroducing‘a vibrationally exciped beam of propynal and
,allo&ing for subsequent collisions with aaded gas molecg?esf we have now
beeﬁ able to study V-V energy transfer processes which ;ccur on:a time
scale > gas kinetic and are described by the geﬁeral equation |

| C3Hg0 (v > 1) + M —> C3HéO (.v=1) + M 4+ AE ' ¢y

A molecular beam, defined by a skimmer and further collimatéd'by two
épertureé, is pumped on a*is with a COZ laser at a flﬁencé of &V2;3 J/cn?
(peak bower 12 MW/cm?) and a freduency of 951 cm‘i. Under these laser
conditions the vg mode (=C-C-stretch) is populated with an-average of 4-6

photons/molecule, measured by absorption under bulb conditions.  The



scattering chamber is filled with an appropriate collision partner at
pressures of .5 to 5 x 10~4 torr with the structure of theAcollider varied
to determine the effect of relative vibrational frequencies on energy
transfer. A tunable dye laser is used to probe thg population of vg (v=1)
at a fixed delay witﬁ respect to the pump laser. The.delay is alsd;scanned
at a fixed collider pressure from 50 ns to > 10 us. InAaddifion,
non-driven modes below 1300 cm’l'are examined with the probe iaser in'the
same manner thét the pumped modeAis.examined. |
The results are summarized below:.

!

/ (1) On a single collision time scale, V-V energy transfer down the

vibrational laddér only occurs withip'the pumped mode within the
limits of detection and sensitivity. The v=1 level of vg is
observed td inérease'up to 100% of Fhe level, produced'by the COj
laser in the‘abSenéé of collision partners. Time resolved

'lstﬁdies from 50 to 400 ns after Lhe COp laser pulse show this not
to be collision-related enhancement of IR laser pumpiné.

(2) v-T e;ergy transfer does not occur when argoﬁ is the collision
partner, i.e., there are no changes in Vg greater or less than'
those induced by fhe COé 1asér and bopulatioh of the nearby mode
vio (AE = 35 cm™l) is not observed. -

(3) By'varying fhe pulse duration at fixed COy laéer energy and hence

" the peak power, the initial populatioﬁ of vg (v=1) is observed to
change as well as the enhancement of vg (v=1) due'to gollisional

energy transfer. For example at a peak power of 12<MW/cm2, the

population of v=1 of vg is ernhanced by 30% when CO is the

-

collision partner, but unchanged within experimental error, when -

the peak power is 5 MW/cm2. This observation is further



confirmation that energy transfer frém energy levels > v=1 is
occurring.
(4) Enhancement in the v=1 level of Vg thr0ugh collisions is

efficient fdr molecules having vibrational frequencies around
900, 1050, and 2000 cm™! as determiﬁed from-the relativégfate
constants for equation 1. Molecules as CCly or CH, appear to be
‘inefficient energy transfer partners on a siﬁgle coilision time
séale. The effectiQe rate.coﬁstants on-which thé_;eiative rate

constants are based are difficult to compare with other

experiments because they are uncorrected for relative velocities- "

of the collision partners.' Hoqever, it is quite clgar that these
rates exceed gas kinetic raﬁeé and afe due to long rangé: |
interactiéns.‘ fhe relative rates are both in agreemenﬁ with'and.
at oads with tﬁe propenéity rules derived from.low energy.
stu&ies. Only coliision partners for which AE in equation (1) is
small are effectiﬁe, although thé act@al‘number of qu%nté
exchénged is ﬁ§t yet determined. fhat Vg (944 cm'l)‘and §
vlo“(980‘cm“l) are not equilibrated is puzzling’aﬁd épggests that
other factorélﬁeside the energy gap (nuclear mofiép and symmetry,
for éxample) gre'impoptant. These factors ané.tﬂé abéolutg‘
m#gﬁitudes of fhe cross—seétions are currently undef study.
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