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

by Cl and Br are measured as (5.5 % 1.6) x 10”12

13 n3 molec™! sec”! respectively. DC1

and
(2.3 £ 0.7) x 10
is relaxed somewhat less rapidly than HCl in both cases.
The rate for HBr(v = 1) relaxed by Br atoms is found to

-12 3 -1 -1

be (2.6 £ 1.0) x 10 cm™ molec ~ sec



f_ The extremely eff1c1ent removal of" v1brat10na11y exc1ted

o molecules by potentlally reactive or open shell colllslon

\rpartners prov1des the maJor v1brat10nal relaxation path in
many systems ranglng from chemlcal 1asers to the- upper atmosphere.__
v'Determlnatlon of such v1brat10na1 relaxatlon rate constants is
‘thus of con51derab1e practlcal 1mportance A knowledge of the
i’rate constants and mechanisms of energy transfer can give new
1nformat10n on the shapes of the potentlal energy surfaces )
lnvolved. In the present work we report on the measurement_of
-vibrationel'relaxation'rate conStante'for‘the processes .

k,

g ey S
DCI(v = 0) + 'c1(2p3/2) + 2091 cm” ! |
. . |
,‘Br( PS/Z) f DC1(ve= 1). —_— o
,_bcl(v = 0) QBr(Z,pS/Z) + 2091 em”t

i 2 | R Ky

_r( PS/Z) f HBr(v = 1) .f——> )
»HBr(v = ) + Br( P, ) + 2559 en”t ’

3/2
at 294°K using a laserfinduced_fluorescence technique. These
measurements will be compared with qualitative predictions

based on proposed theories in a subsequent publication.1



EXPERIME\JTAL -
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The exPerimenfei_apparatus-has been described in'detail
fprev1ously.2‘eEither DC1 or HBr‘uas‘excited to v = l.by
pulse of P- branch 1 - 0 laser radlatlon from the respectlve
| -chem1ca1 laser.' The ‘R-branch of the 1 + 0 DC1l or HBr infra-
'.red fluorescence was monltored as a functlon of tlme,u51ng
a Hg:Ge detector cooled to 4.2_K. The»output of the detector
'_WaS amplified and displayed on an oscilloScope; ?The-signal4
'to -noise of all fluorescence photographs was >10 for.PDCl:"

> O 020 torr and P > 0 010 torr.

HBr , : ,
The Br or Cl atoms were produced by dlssoc1atlon of the

»

fparent halogen in a microwave discharge. As described
2,3 the atom concentrations were determined by gas
4,5 |

| previously,
- phase titration usihg NOC1. The flow velocities were
g.- 10 m/sec; | | | | |

d‘ The decay of atoms down the flow tube was monitored by

- observing the change in the atom afterglow intensity as a

‘function of dlstance.' The C1 atoms only decayed by ~ 10%

. from the titration p051t10n to .the observatlon port 25 cm.

ForgBr atoms with or w1thout~DC1 present this decay was less
~ than ~ 20° The addltlon of HBr to the Br flow reduced the
Br atom afterglow 1nten51ty by 10% - 30% and 51gn1f1cant1y
accelerated the decay of Br atoms along the flow tube. If
this.increased decaypwere due to»gaevphase'recombination of

Br atoms,then HBr would be ~ 200 times more efficient than
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'E'Ar'as;a third~body.6f Recent measuremerits’ have ShOWnbthat HI
is only liftimes mere.efficient than Ar for the‘recombination
1Q£_I atomékat"300°K;~’Since the reported HBrZ‘spectrumsfhas_
anow'been aesignedg to HBr2 there is no reason to expect
a'aanBrz species with a 11fet1me longer than than for HI,.

Thus it is unllkely that the observed decay of Br atoms 1n'.
'the presence of HBr was due to. gas- phase recomblnatlon. ‘Itd

- is possible that recomblnatlon of Br atoms on the walls is
lcatalyzed by HBr. It was estimated that w1th HBr present the
‘Wall recomblnatlon rate constant was ~ 50 times larger than
w1thout HBr. Any drlft in the Br or Cl atom concentratlon

durlng the course of an experiment was’ accounted for by

contlnuously monltorlng the atom afterglqw,lnten51ty.

RESULTS -

LR VY PR Py

The experimental conditions and results for the determi-
nation of k1 , szand.k3 are_summarized in Tables I -.III,'
‘respectively. A Summary ofsrate constants is given in Tabie
IV. Semilegarithmic plots of the observed'infrared fluores-
cence.were linear ever three or four 1ifetime$.. The vibra-
tlonal relaxatlon rate constants kl , kz' and k3 were determined
xln the usual manner.  The results for k were nore scattered
than for-k1 and‘kz
due to the HBr catalyzed removal of Br atoms.

because of the increased uncertainty
in Py |
- The observed decay rates contain only small contributions

‘from other relaxation processes. For DCl,deactivation rates



. rate was 2% or less and Ar negligible.

B&‘DCI,IO HC1,11 and 'Arl2 have been measured és‘zzo; 575 end
t,b.b6seéf1‘torr'1 respeetively;t‘The DCl-DCi rate Contributes
: less than»O.Z in the DC1-C1 eiperlments and less than 1.5%
o in'tne DCi Br experlments. The HCl 1mpur1ty is less than 10°
and does not affect the DC1- Cl or DCl Br data. Argon is

'completely negllglble.j ‘For HBr-Br the effect of the HBr-HBr

13 The deactivatiOn_of

“DC1(v = 1) by Br2 was barely observable in these experiments

‘and a rate constant was estimated to be (4 £+ 4) x 102 torr'-1

‘ _sec-I; The”deactlvatlon‘of DCl(V = 1) by Cl2 and HBr(v = 1)

b?'Brz»could not be‘determined. ThlS fits well with expecta-n

tions based on the deactivation of HC1l by C12 at a rate of
-1 -1 14 ' '

- »1&0 sec torr . The E<+»V transfer
RS | . |
AB(v = 1) + Br(’ PS/Z)::::AB(V = 0) + Br(ZPl/Z) (4)
k : : : v
- K.s

- has been considered in detail for'the relaxation of HC1(v = 1)

by Br atoms.3 The-V.»- E rate constant, kS’ for HBr is 30

15

times less than for HC1 and for DC1, it is at least 500

16

times less than for HC1. Thus V <+ E transfer may be com-

_pletely neglected here‘

The rate constant k1 has been measured by Brown et al. 17

-12 3 -1 -1

to be 7.6 x 10 cm” molec ~ sec ~ at 297°K in good agree-

nent with our measurement. Rates for the relaxation_of HC1

ané_DCl by Br atoms have just been reported by Brown et a1.18
‘Their rate,constants'kzH = 5.6 % 1013 and kzD = 9.4 x 10713
'cm:".,molec’-1 see'l.are much larger than the kzH = 2.8 x 10713
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(Ref. 3) and k:D'=‘2.3_x110f cmsiﬁblec-l‘Sec which we
 find in»pur.iaboratory. Karny'aha>Katzlg_have reprbdﬁted
. both the results of Ref. 3 and 18; it is clear that the
-'syétématic difference_ié‘due to the differenf chemisﬁry
df'thq two methods'of.producihg and measuring the concéntré-
| tion ovar atoms.'*Bfown et-al!sproducéd their Br atqms.
BY feaction of Brz'with'a meésﬁréd flow of,O.atomé; It is
possible that the CBr preéent in the O + Br, titration'is‘_
responsibleifor‘théﬁincreased rélaxation rate;"Residuai O.
atonms could be partially responsible. Systematic errors in
~titration procedure must also be considered. The much " |
simpler, direct dissociétidn.of Br2 and titration By NOC1
should give the most reliable detérmination. Donovan et’al.zo'

“give a value for k; of (1.6 £0.7) x 10°1% cn3 molec™! sec”?!

at 300°K in agreement with the value found in the presentA. 
work. There had been some question,since many of their

- results on HBr(v = 1) have proven to be incorrect.ls’21
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| discussion

The rat1os k /k in Table IV show that the deuteride is
relaxed less rapldly or at about the same rate as- the hydrlde
If the non- ad1abat1c electronlc curve crossing mechanism -
"proposed by N1k1t1n and Unanskl22 were largely respon51b1e for’“
“the relaxat1on, then it would be expected that DCl(v 1)
_should be- relaxed more rapidly than HCl(v = )._ Such behavior
1)

"

'has been observed in the v1brat10na1 relaxatlon'of HF(v
.and DF(v = 1) bv Cl F and O atoms and taken to be evidence
’.for the appllcablllty of the non- adiabatic mechanlsm to these

_ systems.23 ~This argues agalnst thevlmportance of the non-
adiabatic mechanism for HCl(v = l) deactivated by Br and C1.
The results of adlabat1c c1a551ca1 dynamlcal calculatlons

by Smlth24 on LEPS surfaces are .1n accord with experrmental

| results on Cl + HC1(v % 1) and Cllt DCl(v = 1) for some

Cl1HC1 snrface parameters. Since the transfer is 1argely

V > R 24 the results w111 depend sensitively on the angular
dependence of the potent1a1. The C1lHC1 LEPS surface 1is
probably far too repulsive for configurations, C1-Cl-H, with a
'céﬁrr51 halegen atom.ZS Proper treatment of these configura- |

' tiqn5~cou1d'have a substantial effect on the energy transfer

calculations.
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"fTABLE'I:' kSummary of average pressures and rate constants -
for sets of experiments at 294°%°K on the deacti- -

- Vatién'of‘DCI(v = 1) by C1 atoms,

IR - 4 - ky x 107°
Par Po, Poc1. Par o

| | ‘ -1 -1

pressures (torr) o (torr sec )

3.70 -~ 0.068 . 0.025 0.024  1.69 % .04
2.76° . 0.057 . 0.022 0.039 1.57 + .10

1.85  0.089  0.031 0.017 - 2.01 + .14
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. . TABLE II: _Summary of averége'pressures,and rate:constants,
for sets of experiments at 294°K on the deacti-

- vation of DCL(v = 1) by Br atoms.

T o » ok, x 1077
Par o P Poci . Per |
N -1 -1
pressures (torr) » : (torr = sec
'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




- TABLE III:_vVSﬁmmary df avérage presSures, HBT pressure range

and rate constants for sets of experiments at
'-294°K‘on deactivation rate cdnstant for HBr(v = 1)

- by Br'atpms._

S 2.47

o - Ky x 1071
Par - PBr, ~ Pypy Ppr '

N | - | o -1 -1
pressures (torr) : _ (torr ~ sec )

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 1 0.046  11. % 1.0

2,61 0.10  0.024 - 0.094  0.038 7.6 % 0.1
0.17 ©0.012-- 0.12 - 0.061 7.8 % 0.9
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':  TABLE‘IV:' .DeactiVation rates for v.= 1 » O_at 294°K.

b
k2 K2
(sec'l torr*;) (cmsimolec-l sec'l). K
Dci+cl . (18:2.3)x10%  (5.520.7)x1071%  0.6220.13
DC1+Br  (7.7:¢1.1)x10°  (2.320.3)x10"%3 ~ 0.86:0.31
HBr+Br  (8.4:1.6)x10%  (2.620.5)x107%2 ..o 7

 _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 othef.calibrations. Total
- error margins are * 30% for DC1 and + 40% for HBr.

b. 'kH values from this lab, Refs. 2 and 3, are used since
' systematiC'errors between HCl and DC1 are thus elimina-
ted. . | ' '

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

. reading the Discussion.
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