
Lawrence Berkeley National Laboratory
Recent Work

Title
VIBRATIONAL RELAXATION OF DCl(v = l) BY C1 AND Br ATOMS AND OF HBr(v = l) BY Br 
ATOMS

Permalink
https://escholarship.org/uc/item/7vb53049

Author
Macdonald, R. Glen

Publication Date
1976-08-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7vb53049
https://escholarship.org
http://www.cdlib.org/


Submitted to Journal of Chemical Physics 

Q 

LBL-5470 
Preprint (" I 

VIBRATIONAL RELAXATION OF DC1(v ::: 1) BY C1 AND Br 
ATONlS AND OF HBr(v ::: 1) BY Br ATOMS 

R. Glen Macdonald and C. Bradley Moore 

August 26, 1976 

1 '" .. ':. .... ~ 

" ,'\. ;::" .. :~ •• j,l, y·:~!,:''''f 

.,,,' I ' ., " '/8" 
if ,,., \ t'. 'r Ijl .J 

Prepared for the u. S. Energy Research and 
Development Administration under Contract W·-7405-ENG-48 . 

For Reference 

Not to be taken from this room 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal 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 its 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, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



: 

VIBRATIONAL RELAXATION OF DCl(v = 1) BY Cl AND Br ATOMS AND N ____________________________ ----------~-- ____________ - ___ _ 
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R. Glen Macdonald* and C. Bradley Moore 
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California, Berkeley, California 94720 

(Recei ved ) 

The rates of vibrational .relaxation of DCl(v = 1) 

by Cl and Br are measured ~s (5.5 £1.6) x 10- 12 and 

-13 3 -1 -1 (2.3 ± 0.7) x 10 em molec' sec respectively. DCl 

is relaxed somewhat less rapidly than HCl in both cases. 

The rate for HBr(v = 1) relaxed by Br atoms is found to 

be (2.6 ± 1.0) x 10- 12 c~3 molec- l sec-I. 
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The extremely efficient removal of vibration ally excited 

molecules by potentially reactive or open· shell collision 

,partners provides the major vibrational relaxation path in 

many systems ranging from chemical lasers to the~upper atmosphere. 

Determination of such vibrational relaxation rate constants is 

thus of considerable practical importance. A knowledge of the 

rate constants and mechanisms of energy transfer can give new 

information on the shapes of the potential energy surfaces 

involved. In the present work we report on the measurement of 

vibrational relaxation rate constants for the processes 

DCl(v = 0) + 2 
Cl ( P3/2) + 2091 

Z 
k( 

+ DCl (v' = 1) 2 
Br( P3/ Z) ~ 

DCl(v 0) Z + Z091 = + Br( P3/ Z) 

Z Br( P3/ Z) + HBr(v = 1) 

HBr(v = 0) + Br(ZP3/ Z) + Z559 

cm- l 

cm -1 

-1 cm 

(1) 

(Z) 

(3) 

at 294°K using a laser-induced fluorescence technique. These 

meaSurements will be compared with qualitative predictions 

based on proposed theories in a subsequent publication.! 
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EXPERIMENTAL 

The experimental apparatus has been descri~ed in detail 
. 2 ' 

prev1ous.1y.Either DCl or HBr was excited to v = 1 by a 
-, 

pulse ~f P-branch 1 + 0 laser radiation from the respective 

chemical, laser. The R-brafichof the 1 + 0 DCl or HBr infta-

red fluorescence was monitored as a function of time using 

a Hg:Ge detector cooled to 4.2°K. The output of the detector 

,was amplified and displayed on an oscilloscope. The signal­

to-noise of all fluorescence photographs was >10 for PDCl 
> 0.020 torr and PHBr > 0.010 torr. 

The Bror Cl atoms were produced by dissociation of the 

parent halogen in a microwave discharge. As. described 

previously,2,3 the atom concentrations were determined by gas 

phase titration using NOCl. 4 ,5 The flow velocities were 

9 - 10 m/sec. 

The decay of atoms down the flow tube was monitored by 

observing the change in the atom afterglow intensity as a 

function of distance. The Cl atoms only decayed by - 10% 

from the titration position to the observation port, 25 cm. 

ForcBr atoms with or withoutDCl present this decay was less 

than - 20%. The addition of HBr to the Br flow reduced the 

Br atom afterglow intensity by 10% ,- 30% and significantly 

accelerated ~he decay of Br atoms along the flow tube. If 

this increased decay were due to gas.phase recombination of 

~r atoms,then HBr would be - 200 times more efficient than 
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Ar as a third body. ' Recent measurements ,have shown that HI 

is only 11 times more efficient than Ar fo.r the recombination 

of I atoms at300oK., Since the reported HBrZ spectrum8 has 

now been assigned9 to HBr Z-' there is no reason to expect 

an HBrZ species with a lifetime longer than than for HI Z' 

Thus it is unlikely that the observed decay of Br atoms in 

the presence of HBr was due to gas-phase recombination. It 

is possible that recombination of Br atoms on the walls is 

catalyzed by HBr. It was estimated that with HBr present the 

wall recombination rate constant was - SO times larger than 

without HBr. Any drift in the Br or Cl atom concentration 

during the course of an experiment was accounted for by 

continuously monitoring the atom afterglow intensity. 

RESULTS 
..... -~-..,- ..... 

The experimental conditions and results for the determi-

nation of kl ' k Z and k3 are summarized in Tables I - III, 

respectively. A summary of rate constants is given in Table 

IV. Semilogarithmic plots of the observed infrared fluores-

cence were linear over three or four lifetimes. The vibra-

tional relaxation rate constants kl ' k Z' and k3 were determined 

in the usual manner. The results for k3 were more scattered 

than for kl and k Z because of the increased uncertainty 

in PBr due to the HBr catalyzed removal of Br atoms. 

The observed decay rates contain only small contributions 

from other relaxation processes. For DCI,deactivation rates 
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by DCl,lO HCl,ll and Ar12 have been measured as 220, 575 and 
. -1· 1 

0.06sec torr- respectively. The DCl-DCl rate contributes 

less than 0.2% in the DCl-Cl experiments and less than 1.5% 

in the DCl-Br experiments. The HCl impurity is less than 10% 

and does not affect the DCl-Cl or DCl-Br data. Argon is 

completely negligible. For HBr-Br the effect of the HBr-HBr 

rate ~a; 2% or less and Ar negligible. 13 The deactivation of 

DCl(v = 1) by Br2 was barely observable in these experiments 

and a rate constant was estimated to be (4 ± 4) x 10 2 torr-I 
-1 sec . The deactivation of DCl(v = 1) by C1 2 and HBr(v = 1) 

by B~2 could not be determined. This fits well with expecta­

tions based o~ the deactivation of HCl by C1 2 at a rate of 

18:0 sec-I torr- l •14 The E~ V transfer 

AB(v 2 = 0) + Br( Pl/2 ) (4) 

. bas been considered in detail for the relaxation of HCl(v = 1) 

by Br atoms. 3 The·V+ E rate constant, kS' for HBr is 30 

times less than for HCl lS and for DCl, it is at least 500 

times less than for HC!. 16 Thus V ++ E transfer may be com-

The rate constant kl has been measured by Brown et al. 17 

. -12 3 -1 -i to be 7.6 x 10 cm molec . sec at 297°K in good agree-

ment with our measurement. Rates for the relaxation of HCl 

and DCl by Br atoms have just been reported by Brown et a!. 18 

Their rate constants k H = 5.6 )(i. 10-13 and k D = 9.4 x 10- 13 
2 2 

3 1 -1 are much k H x 10- 13 em . molec- sec larger than the = 2.8 2 



'. '~ 

- 6 -

(Ref. 3) and k2
D' = 2.3 x 10:- 13 cm3 'molec- l sec- 1 which we 

find in our laboratory. Karny and Katz19 have reproduc,ed 

both the results of Ref. 3 and 18; it is clear that the 

systematic difference is due to the different chemistry 

of th~ two methods of producing and measuring the concentra­

tion of Br atoms. -Brown et al!8 produced their Br atoms 

by reaction of Br2 with a measured flow of 0 atoms. It is 

possible that the OBr present in the 0 + Br2 titration is 

responsible for the increased relaxation rate.' Residual 0 

atoms could be partially responsible. Systematic errors in 

titration procedure must also be considered. The much 

simpier, direct dissociation of Br2 and titration by Noel 

should give the most reliable det~rmination. Donovan etal. 20 

give a value for k3 of (1.6 ±0.7) x 10-12 cm3 mo1ec- 1 sec- l 

at 300 0 K in agreement with the value found in the present 

work. There had been some question,since many of their 
. 13 21 results on HBr(v = 1) have proven to be 1ncorrect. ' 



u,~ n, .. u \,; 

DISCUSSION 

o ~,6 0 ~ 8 8 0 ' 
- 7 -

The ratios kD/kH in Table IV show that the deuteride is 

relaxed less rapidly or at about the same rate as the hydride~ 

If the non-adiabatic electronic curve crossing mechanism 

proposed by Nikitin and Umanski 22 were largely responsible for 

the relaxation, then it would be expected that DC1(v = 1) 
, . 

should be·' relaxed niore rapidly than HCl (v = 1). Such behavior' 

has been observed in the vibrational relaxation of HF(v = 1) 

and DF(v = 1) by Cl, F and 0 atoms and taken to be evidence 

for the applicability of the non-adiabatic mechanism to these 

s~stems.23 This argues against the importance of the non­

aqiabatic mecnanism for HCl(v = 1) deactivated by Br and Cl. 

The results of adiabatic classical dynamical calculations 

by Smith24 on LEPS surfaces are in accord with experimental , 
results on Cl + HC1(v = 1) and Cl + DCl(v = 1) for some 

ClHe! surface parameters. Since the transfer is largely, 

V + R~24 the results will depend s~nsitively on the angular 

dependence of the potential. The ClHCl LEPS surface is 

probably far too repulsive for configurations, CI-CI-H, with a , 
tentra! halogen atom. 25 Proper treatment of these configura-

tions could have a substantial effect on the energy transfer 

calculations. 
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TABLE I: 

3.70 

2.76' 

1.83 

-H.-

Summary of average pressures and rate constants 

for sets of experiments at 294~K on the deacti-

vation of DC1(v = 1) by C1 atoms. 

pressures (torr) 

0.068 0.025 0.024 

0.057 0.022 0.039 

0.089 0.031 0.017 

-1 -1 (torr sec) 

1.69 ± .04 

1.57 ± .10 

2.01 ± .14 



TABLE II: Summary of average pressures and rate constants 

for sets of experiments at 29~oK on the deacti-

vation of DC1(v = 1) by Br .atoms. 

. .:~ .': -

PAr· PB r 2 
P Br 

pressures (torr) 

3.27 0.13 0.021 . 0.043 9.0 ± 1.0 

2.82- 0.12 0.023 0.052 7.1 ± .05 

2.16 0.088 0.023 0.042 7.0 ± .5 



~ .... 

-13-

TABLE III: . Summary of average pressures, HBr pressure range 

and rate constants for sets of experiments at 

. 294°K on deactivation rate constant for HBr(v = 1) 

by Br atoms. 

pressures (torr) 

3.32 . 0.060 0.040 0.097 0.023 8.1 ± 1.0 

3.32 0.15 0.010 0.038 0.072 8.0 ± 0.8 

2.84 0.16 0.012 - 0.038 0.046 11. ± 1.0 

2.61 0.10 0.024 0.094 0.038 7.6 ± 0.1 

2.47 0.17 0.061 7.8 ± 0.9 
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TABLE IV: 

DCl+Cl 

DCl+Br 

HBr+Br 

, ~ 0 .d'l 6 () 
, 8 f} ~? \.1 "'J \,) 

-i4~ I 

Deactivation rates for v = 1 + 0 at 294°K. 

(18±2.3)XI0 4 

.' 3 
(7 • 7 ± 1.1 ) x I 0 

. . 4 
(8.4±1.6)xlO 

(S.S±0.7)XlO- 12 

(2.3±0.3)XlO- 13 

(2.6±0.S)xlO- 12 

Db 
k 

kH 

O. 62±0 .13 

0.86±0.31 

a. Uncertainties are upper limits on random errors judged 

from total spread of data in Tables I - III. Possible 

systematic errors are limited to 10% in absolute concen­
tration of the atoms and 10% in other calibrations. Total 

error margins ,are ± 301 for DCI and ± 40% for HBr. 

b. 'kH values from this lab, Refs. 2 and 3, are used since 

systematic errors between HCl and DCI are thus elimina­

ted. 

Printer: Please set Table IV so that it may be seen while 

reading the Discussion. 
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