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Rate Coefficients for Vibrational Energy Transfer Involving
the Hydrogen Halides

Stephen R. Leone*

Joint Institute for Laboratory Astrophysies, National Bureau of Standards and University of Colorado, and Department of Chemistry,
University af Colorado, Boulder, Colorado 80309

A comprehensive compilation of rate coefficients for vibration-to-vibration (V — V) aud
vibration-to-translation (V — T) energy transfer processes involving hydrogen halide mol-
ecules is presented. The literature has been surveyed from 1966 to July 1981. Rate coeffi-
cients are grouped according to room temperature and low and high temperature results.
Measured results are identified according to the type of process: V — V, V — T, or the sum
of V—VandV — T processes. The method of measurement is identified along with the
energy-discrepancy, percent error, authors, and year of publication. The results are seen to
be in excellent agreement when multiple measurements are available,
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1. Introduction

The subject of vibrational energy transfer is a mature
field of measurement science, in spite of its short history.
Detailed measurements began in the late years of the 60’s
with the introduction of lasers. Before that, shock tube and
spectrophone measurements provided the only known vi-
brational relaxation rates. The hydrogen halides, as a group
of molecules, were the subject of intense investigation for
vibrational energy transfer rates because of their excellent
properties as chemical lasers. The measurements were great-
ly facilitated by the advent of hydrogen halide lasers which
could directly excite the corresponding molecule, and the
results of the energy transter measurements in turn provided
the necessary information to enhance the output and effi-
ciency of the lasers.
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In the heyday of hydrogen halide laser research, nearly
every conceivable measurement method was brought to bear
on the study of important energy transfer rates. Thus it is
possible to find in the literature a nearly complete set of vi-
bration-to-vibration (V — V) -and vibration-to-translation
(V — T) energy transfer rates for the hydrogen halides. The
rates encompass relaxation not only of the v = 1 levels, but
often many higher levels from v = 2-7. These rates not only
are useful for chemical laser research, but they are also need-
ed for other studies involving product state distributions,
reaction dynamics, combustion and plasma systems, and at-
mospheric emissions. Thus it is valuable at this time to col-
lect all of these rates into a single compilation for ready refer-
ence.

2. Scope

The compilation contains all measurements involving a
hydrogen halide molecule as either the molecule which is
relaxed or as the moleculé which relaxes vibrational energy
in another molecule. The literature was surveyed from 1966
to July 1981, and in the interest of completeness, data con-
tained in material to be published were solicited from the
main contributors to the field. References cited in each paper

were checked thoroughly for additional measurements.
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Theoretical papers were scanned for tables of experimental
values that might have been missed. Technical reports and
meeting abstracts were reviewed for unpublished data.

3. Arrangement of Table

The table lists each process under one of the main
groupings, HF, HC], HBr, HI, DF, DCI, DBr or DI. These
are ordered alphabetically. The alphabetical rearrangement
suggested by the Chemical Abstracts method (FH instead of
HF) is not followed. All other molecules are also alphabet-
ized according to their commom chemical formulation (e.g.,
SF, instead of F¢8). The hydrocarbons are ordered accord-
ing to the method of Chemical Abstracts. When the hvdro-
gen halide is the relaxer of another molecule, e.g.,
CO(v = 1) 4+ HF{v = 0}—COfv = 0) + HF{» = 0}, the read-
er is referred to the listing beginning with the other molecule
(e-g., CO). Thus the reader can scan just the list of the suit-
able hydrogen halide in order to determine whether any
measurement has been made. The V — V processes are listed
first, in order of v=1 and v =2 followed by any V —T
processes, in order v = 1, v = 2, v = 3, etc.

3.1. Categorization of Process

Determining the type of process (V — V, V — T, etc.) is
perhaps the most difficult task of all. Some general decisions
on policy had to be made in order to categorize the table in a
simple and consistent way. A review of the measurement
scheme is useful to understand the scheme presented in the
table. Consider a typical pulsed relaxation measurement of
HCI with HBr:

kv v
V-V HClv=1)+HBrjp= O)k's HCljp=0)
Vv
~+ HBr(y — 1) + AL

KHC1 — HBr
V—-T HC{=1)+HBrv=0 - HCip=0)
+ HBr{p = 0) +~ 4E"’
*HBr — HCI
V—T HBrp=1)+HClfp=0) - HBrjp=0)
+ HClv=0)+ 4E"
kHCl — HCl
V—T HCllp=1+HClv=0 — HClp=0)
+ HCljy = 0) + AE"'
4HBr — HBr
V—~T HBrv=1)+HBrp=0) — HBrjv=0)

+HBrip =0) + AE"

First of all, the measurement involves not only a V — V equi-
librium, but at least four other V — T processes. In many
cases the relaxation with a buffer gas is also included and
may be extracted as well. The general solution to such a
kinetic scheme is discussed thoroughly in ref. 62 of the com-
pilation. If the V — V rate is rapid enough to be separable
fromall the V — T processes, then a measurement of the sum
of the forward and reverse V — V rate constants is obtained:
ky_y + k. This result taken together with detailed bal-
ancing, ky_v/k_, = %7 allows ky _ to be deter-
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mined. As written, the value of ky _y is for the forward,
exothermic direction (positive 4E). For pure V — V pro-
cesses, the exothermic direction is given in the table. Often,
however, the V — T processes are not slow enough to sepa-
rate the V — V process, and the reported V — V rate con-
stant (ky _+ ) is contaminated with one or more of the V. —T
rate constants. In the table, if a process is listed as pure
V — %, the measurement was judged to have obtained just
the V — V component. In many cases the maximum extent
of V. T contamination is listed. If the V.. Vand V-T
processes are too fully merged to be separable, or if not
enough information is given, the process is listed as the sum
of V—Vand V- T. If the V — T contribution is properly
extracted for a particular process, it is listed as pure V. — T.
The relaxation of hydrogen halides with polyatomic mole-
cules, when no V — V equilibrium is observed and when the
state of the polyatomic is uncertain, is listed as V — V and
V — T. Relaxation of polyatomic molecules where the ener-
gy is degraded among the modes of the polyatomic are listed
as V — T. There is general agreement that relaxation of the
v = 2 state of a hydrogen halide involves a clear V — V equi-
librium. However, relaxation of v = 3 and higher levels of
the hydrogen halides may contain substantial V — T contri-
butions. Thus, the ¥V — V relaxation of IIT'(v — 2) by IIF is
listed as a V — V process in the exothermic direction as
HF(v = 1) + HF{p = 1}»HF(v = 2) + HF({v = 0) + AE,
but the relaxation of HF(v = 3) and higher levels is listed in
the endothermic direction as HF(y = 3)+ HF{y =0}
~HF(p = 2) + HF(v = 1} + AE. This allows for the possi-
bility that a substantial V — T contribution may exist in the
observed rate and for the fact that in almost all cases the
process is actually measured in the endothermic direction.
In some cases, the relaxation is accompanied by reaction,
reactive exchange, or electronic-to-vibrational E — V trans-
fer. These are so noted in the table.

3.2. Explanation of Rate Coefficients

The rate coefficients are listed along with any special
remarks pertaining to method or the quantity reported. Be-
cause of the kinetic complexity, very often only upper limits
can be prescribed. Usually, the lower values of a rate coeffi-
cient for a V — T process are more reliable, since any impuri-
ties tend to increase the rate. The agreement between several
measurements is frequently excellent. No attempt has been
made to choose a best value. However, when a value is be-
lieved to be seriously in error, or when a series of values have
relative significance even though the absolute values are in
doubt, that fact ic indicated by a note below the entry. The
reader unfamiliar with the field should note that clean, sin-
gle-state, laser fluorescence results arc often the best. How-
ever, many recent flow tube measurements are of excellent
quality.

The values for room temperature are listed first in
chronological order, so that comparisons and the most re-
cent measurements may be quickly discerned. Following the
room temperature results, low and high temperature experi-

ments arc listed in order of increasing temperature. Rate
coefficients are anly piven for the two extremes of the tem-
perature, mid where npplicable a note about the position of a
minimum of teinuin in the rate is stated. Three significant
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figures are only listed when warranted by very small quoted
errors. Two significant figures with the usual round-up and
round-down at >0.05 or <0.05 is the norm.

3.3. Error Quotations

The errors tabulated are taken from the authors’ own
statements or when possible from the scatter in the data pre-
sented. These are quoted in multiples of 5%, following the

prescription that errors of 7, 8, 9, 10, and 11% are listed as .

10% and errors of 12, 13, 14, 15, and 16% are listed as 15%,
etc. Very smallerrors are listed as 19, 2%, 3%, etc. Typical-
ly the errors represent one standard deviation from the
mean. In many cases, the authors have not stated their meth-
od of quoting errors. In a very few cases, the error represents
two standard deviations from the mean.

3.4. Energy Discrepancy

The energy difference AE is listed in cm ™", The reader
may find the value of 4 E useful to calculate the rate constant
for the endothermic V — V'process by detailed balancing, or
to obtain a feeling for the amount of energy deposited into
rotation and translation. Sometimes, in cases where both
V —V and V — T processes contribute significantly, both
values of the energy discrepancies are given. In some cases
where several final vibrational states are accessible, the ener-
gy discrepancy for each particular state is noted. In cases
where final vibrational and/or rotational states have not
been precisely determined, AE is still listed for the ground
state energy difference. This “nominal” energy difference is
a useful piece of information, but must be used with extreme
caution when considering reverse processes that might be
calculated by detailed balancing. The correct final vibration-
al and rotational states must be known for the forward pro-
cess in order to successfully apply detailed balancing. The
reader unfamiliar with the V-V and V — T literature
should not attempt to apply such reversibility criteria with-
out finding out from the original literature whether the final
states have been defined. Ordinarily AE is listed in the exoth-
ermic (positive} direction. A minus sign is used when a pro-
cess is endothermic as written. The endothermic direction is
listed when the experimental measurement was made in the
endothermic direction and it is not possible to ascertain the
final states in order to apply detailed balancing.

3.5. Temperature Ranges

All measurements near room temperature are grouped
together first, followed by other temperature range experi-
ments listed from low to high temperatures. The end points
of the investigated temperature range are given. A value of
295 K is chosen for all room temperature measurements
where the actual temperature was not specified. In a few
cases, chronologically earlier measurements at 350 K are
listed after the full list of room temperature values and might
appear out of place. However, 350 K was deemed sufficient-
ly different from 295 K to warrant its inclusion as a high
» temperature result. :

3.6. Code of Experimental Techniques
The code to the experimental techniques is:

CB crossed beam

CD chemiluminescence depletion

DR double resonance

DR-LF double resonance-laser fluorescence
Fp flash photolysis

FR flow reactor

FT flow tube

LF laser fluorescence.

LF-DF laser fluorescence-discharge flow

LF-MS laser fluorescence-mass spectrometer
LEF-ST laser fluorescence-shock tube

LG laser gain

SP spectrophone

ST shock tube

Laser fluorescence (LF) typically involves a direct laser
excitation followed by time-resolved infrared fluorescence.
In several experiments, especially for reactive atom deacti-
vation, the laser fluorescence method is actually coupled
with a discharge flow tube to make the measurement (LF-
DF). Flow tube measurements (FT) typically involve a
chemical reaction which generates vibrationally excited
molecules and then the measurement of fluorescence
quenching using the time axis of the flow tube. In some of the
experiments, a well-developed laminar-profile flow tube was
not used, but rather a flow reactor chamber was employed
(FR). The combination of a shock-heated gas with laser-flu-
orescence, time-resolved decay measurements results in the
LF-ST method. The laser gain method (LG} often involves
extensive modeling of a laser output and not necessarily spe-
cific time-to-threshold measurements. Double resonance
{DR)indicates the use of two lasers in conjunction, eitherin a
pulse-probe experiment, or 4 pulsed production of some re-
action species. Other special qualifications are frequently de-
scribed in the table under individual listings.

3.7. Method of Literature Citation

The reference number, author, or first and last author,
and date of the publication are given in the table. The com-
plete citation is given in the bibliography at the end. Many
groups have developed significant measurement skills and
were frequently involved in many of the important measure-
ments. The reader can quickly assess which values were ob-
tained by each of several different groups without referring
to the complete bibliography.

4. Reliability of Methods

As a technique, the laser fluorescence method has prov-
¢n (o Ue the most reliable and accurate. However, flow tube
and double resonance methods also give excellent, accurate
results. The methods with the greatest uncertainty appear to
be laser gain, spectrophone, flash photolysis, shock tube stu-
dies and improperly done flow tube (flow reactor) measure-
ments. Chemiluminescence depletion has typically only
achieved relative rate coefficients. The combined methods,
for example, laser fluorescence-discharge flow, are obvious-
ly more difficult technically, and thus have greater uncer-

J. Phys. Chem. Ref. Data, Vol. 11, No. 3, 1982
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tainties introduced by the measurement of reactive atom
densities. Thus, while the time decay signals are as reliable as
any laser fluorescence experiment, the uncertaintics due 10
gas purities and density measurements are greater in the dis-
charge flow.

5. Current State of the Field

It can be readily seen from the scope of table 1 that skills
are now highly developed for measurements involving hy-
drogen halide vibrational energy transfer. Rate coefficients
can be obtained to within a few percent precision. The major
difficulties and uncertainties are still associated with more
mundane aspects of pressure measurement and gas sample

- purity. Extremely straight-forward methods exist to directly
excite and probe higher vibrational levels. HF and HCl have
been the most extensively studied, with far fewer measure-
ments on HBr and HI. HI will perhaps always remain very
difficult to study because of its weak transition moment. HF
and HCI have captivated researchers because of the very
qualities which make them good laser candidates: their slow
vibrational deactivation, high oscillator strength, and ease of
chemical formation with concomitant vibrational excita-
tion.

Overall, the field of vibrational energy transfer has ra-
pidly blossomed and is very mature. However, a number of
major questions still exist. Experimentalists still need to re-
solve the extent of V. V transfer versus V. T transfer in
the deactivation of high vibrational levels of the hydrogen

J. Phys. Chem. Ret. Data, Vol. 11, No. 3, 1982

halides. Further work needs to be done on direct two-quan-
tum V — V transfers (2 + 0 — 0 + 2), where precise energy
resonance is expected to be extremely important. The exact
nature of the deactivation of HF to high rotational levels,
which creates a seeming V<R equilibrium, will require
further investigation. There is now tremendous impetus for
theoretical description. Experiments in this field developed
rapidly. Now there are many excellent theoretical studies
being done. These will undoubtedly stimulate more detailed
experiments, for which clegant tools of investigation are al-
ready available.
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Rate coefficients for vibrational energy transfer involving the hydrogen halides

Rate Constant

Error’

sE(en™ty

Temp

Reference Rumber, Author

Process Type 3 Method or First and Last Author,
{em” /moleculess) (%) (+=exo0) {K) Year of Publication
BC13(V4) + DCt(v=0) » chato) + DCL{v=0) V-7 5.1 x 10’12 243 295 DR 111 Houston...Steinfeld 1973
May be near resonant V-~R transfer
BCLy(v,) + HC2(v=0) » BC23(0) + HC2(v=0) V-1 8.2 x 10712 243 295 DR 111 Houston,..Steinfeld 1973
May be near regonant V-R transfer
3.4 x 10712 243 300 DR 87 Frankel...Poulsen 1974
7.3 x 1012 243 220~ BR 87 rrankel...Poulaen 1974
3.6 x 10742 340
tDy{v,) + DCR(v=0) » CD,4(0) + DCL{v=0) V-1 6.3 x 10"14 15 996 295 LF 176 zittel and Moore 1973
Cud(yq) + HCX(vmO) cn4(§7 T BCX{ve0) LERE 4.2 = 106~13 &20 CY-T3 nae e 176 Zittel and Moore 1973
Clylv,) + DCR(v=0) + CH,(0) + DCL{v=0) V-7 3.9 x 10714 +25 1306 295 LF 176 Zittel and Moore 1973
CH4(\«4) + HCA(v=0} » CH4(0) + BC2{va0) v-e 2.0 x 10713 15 1306 295 LF 176 2Zittel and Moore 1973
Cap{vel) + HCR(v=0) » CR,y(Vva0) + HCL(v=0) V-1 2.7 x 10712 £25 595 400~ sT 48 Breshears and Bird 1969
6.5 x 10732 1100
C1,(v=1) + DC2(v=0} » Ci,(v=0) + DCA{v=0) V-1 4.2 x 10713 +25 595 400- sT 48 Breshears and Bird 1969
2.5 « 10732 1100
cof{v=1l} + DBr{v=0} + CO(v=0) + DBr{v=l) v-v 1.25 x 10743 10 303 295 F 177 zittel and Moore 1973
CO(ved) + DBr{v=0) » CO{v=3) + DBr(v=l) V-V & V=T 8.8 x 10713 224 298 FR 46 Braitbwaite and Smith 1975
COly=5) + DDz(v=0) +» COlw—4) + DRx(v=d) VeV R Ve 1.7 x 10712 198 298 FR 46 Braithwaite and Smith 197%
Co({vmp) + DBr(v=0) + COlv=8) + DBr(v=l) v-v & V-T 2.4 x 10~12 172 298 FR 46 Braithwaite and Smith 1975
Co(va7) + DBr{v=0) + CO(v=6) + DBr{v=l) V-V & V-T 3.1 x 10732 145 298 FR 46 Braithwaite and Smith 1975
co({v=8) + DBy {v=0) + CO(v=7) + DBr{v=l) VoV & Vel 5,0 = 10712 119 290 PR 4% Braithwaica and Smith 1078
Co{v=9) + DBr(v=0) + Ca{v=8) + DBr(v=1) V-V & V-T 8.2 x 10712 94 298 FR 46 Braithwaite and Smith 1975
€O(v=10) + DBr(v=0) » CO(v=9) + DBr{v=1) vV & V-1 1.0 x 1074t 67 298 FR 46 Braithwaite and Smith 1975
CO(v=11) + DBr(v=0) » CO{v=10) + DBr({v=1) V-V & V-T 1.4 x 1074 42 298 FR 46 Braithwaite and Smith 1975
co(v=12) + DBr(v=0) » CO{v=11) + DBr(v=1) V-V & V=T 1.7 x 10712 16 298 FR 46 Braithwaite and Smith 1975
The rate constants in Ref. 46 are internally consistent, but their absolute
magnitudes may be in error
co(v=1) + DCR{v=0} » CO(v=0) + DCL{v=1) v-v 1.45 x 10712 110 52 295 LF 177 zittel and Moore 1973
v~-T contribution is less than 0.5%
13c0(v=1) + pca(v=0) + l3co(v=0) + pCalv=1) vev 2.1 x 10712 +10 5 295 LF 177 zittel and Moore 1973
co{v=2) + DC{v=0) » COlv=l) 4+ DCL({w=1) vy 3.7 x 10™12 *10 26 295 j 3 73 Dasch and Moore 1980
Direct excitation to CO(w=2)
CO(v=4) + DCA(v=0) » CO{v=3) + DCL(v=1) V=¥ & V-T 6.3 x 10712 27 298 FR 46 Braithwaite and Smith 1975
co(v=5) + DCR(v=0) + CO(v=4) + DCi(v=1) V-V &.v-T 7.5 x 10712 ~53 298 FR 46 Braithwaite and Smith 1975
Co(v=6) + DCR(v=0) + CO(v=5) + DCi{v=1) V-V & V=T 6.8 x 10712 ~79 208 FR 46 Braithwaite and Smith 1975
co{v=7) + DCa(v=0) + CO{v=6) + DCi{v=l) V-V & V-T 8.1 x 10712 -106 298 FR 46 Braithwaite and Smith 1975
co(v=8) + DC2(v=0) + CO{v=7) + DCE(v=1) vV & V-T 7.4 x 10742 -132 298 FR 46 Braithwaite and Smith 1975
co(v=9) + DC2{v=0) + CO(v=8) + DCx(v=l) V-V & V=T 6.6 x 10-12 ~157 298 FR 46 Braithwaite and Smith 197S
CO(v=10) + DCR(v=0) + CO{v=§) + DCL(v=l) VeV & V=T 5.4 x 10712 ~184 298 FR 46 Braithwaite and Smith 1975
co(v=11) + DCL{v=0) + CO(v=10) + pCi(v=l) V-V & V-T 3.9 x 10712 -209 208 FR 46 Braithwaite and Smith 1975
co(v=12) + DC&{v=0) + CO(v=11) + DCt{v=l) V-V & V-T 3.3 x 10712 ~235 298 FR 46 Braithwaite and Smith 1975
The rate constants in Ref. 46 are internally consistent, but their absolute
magnitndes may he in error
ca(v=l)} + DI(v=0) + CO(v=0) + DI{vml) v~y 7.4 % 10']'5 *15 548 295 LF 177 Zittel and Moore 1973
Vv-T contribution is leas than 10%
colv=1) + EBr{v=0) » CO{v=0) + HBr(v=0) V-7 <6.8 x 10716 2143 296 LF 61 Chen 1971
co{v=4) + HBr(v=0) » cOlv=3) + HBr(v=0) v-r 5.3 x 10714 2064 298 FR 46 Braithwaite and Smith 1975
co(v=5) + HBr(v=0) + co{ve4) + HBr(v=0) V-1 6.8 x 10714 2038 298 FR 46 Braithwaite and Smith 1975

J. Phys. Chem. Ref, Data, Vol. 11, No. 3, 1882
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Table 1. Rate coefficients for vibrational energy transfer (continued)
Process Type Rate Constant Error AE(cm"l) Temp Method ggfgz‘::iea::mt::; ::::gin
(cm3/mc>1ecule-s) (%) (+=exo) {K) Year of Publication
co(v=6) + HBr(v=0) + CO{v=5) + HBr(v=0) v-T 1.2 x 10713 2012 298 FR 46 Braithwaite and Smith 1975
co(v=7) + HBr(v=0) + CO(v=6) + HBr(v=0) v-T 1.5 x 10713 1985 298 FR 46 Braithwaite and Smith 1975
CO(v=8) + HBr(v=0)} » CO{v=7) + HBr(v=0) V-7 2.7 » 10713 1959 298 FR 46 Braithwaite and Smith 1975
co(v=9) + HBr(va0) + CO(v=8) + HBr(va=0) V-1 3.5 x 10713 1934 298 FR 46 Braithwaite and Smith 1975
Cof{u=10) + RRr{ved) = Ao(v=9) + HBr{w—0) v 5.0 4 10713 1907 498 FR 46 Braithwaite and Smith 1975
€O(v=11) + HBr(ve0) » CO(v=10) + HBr{v=0) V- 6.6 x 10713 1882 208 FR 46 Braithwaite and Smith 1975
CO(v=12) + #Br{v=0) » CO{v=11) + HBr(v=0) v 8.2 x 10713 1856 298 FR 46 Braithwaite and Smith 1975
The rate conmtantsa in Ref. 46 arae internally sonsiotent, but thoir nbsolute
magnitudes may be in error
cO(v=4) + HCR(v=D) + CO(v=3) + HCZ(v=0) v-T 2.0 x 10714 2064 208 FR 46 Braithwaite and Smith 1975
colv=§) + HCZ{v=0) + CO(v=4) + HC&(v=0) v 2.8 x 10714 2038 298 FR 46 Braithwaite and Smith 1975
co(v=6) + HCL{v=0) » CO(v=5) + HCL(v=0) V-1 3.9 x 10714 2012 298 FR 46 Braithwaite and Smith 1575
CO(vmT) + HC2(v=0) + CO(v=6) + HCL(v=0) v-r 3.8 x 10714 1985 298 FR 46 Braithwaite and Smith 1975
co(v=8) + HCR(v=0) » CO(ve7) + HCL{v=0) V-1 4.7 % 10714 1959 208 FR 46 Braithwaite and Smith 1975
CO{v=8) + HCR(v=0) » CO(v=8) + HCR{v=0) VT 5.6 x 10714 1934 298 FR 46 Braithwaite and Smith 1975
CO(v=10) + HCL(v=0) + CO{v=9) + HCR(v=0) v-r 6.9 x 10714 1907 208 FR 46 Braithwaite and Smith 1975
cOl{v=1l) + HCL(v=0)} » CO(v=1D) + HO?{umd) Ve 6.8 » 1014 1002 290 13 46 praithwaite ana smith 197d
CO(v=12) + HCA{v=0) + CO(vamll) + HCL(v=0) Ve 9w 10714 1856 298 PR 46 Braithwaite and Smith 1975
The rate constants in Ref. 46 are internally consistent, but their absolute
magnitudes may be in error
colv-1) + Hr{vy=0} + CU(V=U) + HF{v=0) V-7 9.3 x 107%2 35 2143 295 LF 37 Bott and Cohen 1973
V-1 1.5 « 10714 x5 2143 295 LF 92 Green and Hancock 1973
€0, (001) + DBr(v=0) + C0,(000) + DBr{v=1) Vv 2.84 x 10713 £ 540 295 LF 167 Stephenson...Moore 1972
€05(001) + DBr(vs0) + CO,(nmO} + DBr(v=0) v-T <2.8 x 10714 2349 295 LF 167 Stephenst;n...uocre 1972
€05(001) + DCalv=0) + €0,(000) + DCL(v=l) v-v 3.1 x 10712 5 258 295 LF 167 Stepbenson...Moore 1972
3.1 x 1072 5 258 295- LF 167 Stephenson...Moore 1972
2.9 x 10744 510
€0»(001) + DEL(v=0) » CO,(nm0) + DCR(v=0) V-1 <1.4 x 10713 2349 295 LF . 167 Stephenson...Moore 1972
C0,(001) + DF(v=0) + CO,(nm0) + DF(v=0) V-1 7.3 x 1013 %10 2349 295 LF 38 Bott and Cohen 1973
8.0 x 10713 120 2349 295 LF 127 Lucht and Cool 1974
4.6 x 10713 2349 295 LF 102 Hinchen and Hobbs 1975
6.8 x 1!1"'13 +20 2349 350 LF 166 Stephens and Cool 1972
6.7 x 10713 2349 348~ LF 58 Chang and Wolga 1972
8.3 x 10713 373
5.1 x 10713 +10 2349 470 LF-ST 38 Bott and Cohen 1973
8,0 x 10713 +20 2349 295~ LF 127 Lucht and Cool 1974
5.5 x 10713 670 ’
€04(001) + DI{v=0) » C0,(000) + DI{v=l) V-V & V-T 3.7 x 10714 210 737 295 e 167 s:epher:son,..roxoore 1972
70({010)
€0,(001) + HBr(v=0) + CO,(nm0) + HBr(v=0) V-1 7.4 x 10714 2349 295 LF 167 Stephenson...Moore 1972
€0,(001) + HCA(v=0) + CO,(nmO) + HCL(v=0) v-T 1.3 x 10713 +20 2349 295 LF 167 Stephenson...Moore 1972
1.5 x 10733 2349 295 SP 16l Slobodskaya and Rityn 1975
Rate contains small V-T contribution of HCR{v=l) with CO,
1.1 x 10713 23439 295 LF 80 Doyenmnette...Henry 1978
1.1 » 10713 2349 295- LF 80 Doyennette...Henry 1978
4.9 x 10713 900
COZ(DIO) + HC2{v=0) - C02(000) + HC2(v=0) v-7 2.9 x 10_12 667 295 SP 161 Slobodskaya and Rityn 1975
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Table 1, Rate coefficients for vibrational energy transfer (continued)

Reference Number, Author

Process Type Rate Constant Error AE(cm'l) Temp Method or First and Last Author,
{em?/moleculers) (%) {+=exo) (x Year of Publication
C05(001) + HF(v=0) » CO,(nmO) + HF(v=0) v-T 1.63 x 10712 25 2349 294 LF 94,95 Hancock and Green 1972
1.05 = 10732 +10 2349 295 P 37 Bott and Cohen 1973
1.5 x 10732 +20 2349 295 LF 127 Lucht and Cool 1874
1.5 x 10712 £20 2349 205- LF 129 Lucht and Cool 1974
9.0 x 10713 358
1.3 x 10712 £10 2349 350 LF 166 Stephens and Cool 1972
8.2 x 10713 2349 348- 73 58 Chang...Wolga 1972
8.5 x 10713 373
1.5 x 10712 £20 2349 205~ LF 127 Lucht and Cool 1974
5.1 x 10713 700
€0,(001) + HI{v=0) = C0,(000) + HI{v=1} v-v 6.6 x 10712 +5 116 295 LF° 64 Chen...Moore 1968
€0,(001) + HI(v=D) + CO,(nm0) + HI{v=0) V-7 ) <7,1 x 10714 2349 295 LF 167 stephenson...Moore 1972
pBx(v=1) + Br + DBr{v=0) + Br V- 4.3 x 10712 £20 1840 295 LF-DF 85 Fernando and Smith 1979
DBr + CO, see CO + DBr
DBr{v=l) + C0,{000} + DBr(v=0) + coz(nmo) V-7 3.4 x 10714 120 1840 295 LF 167 Stephenson...Moore 1972
PBr + €0y, see also CO, + DBr
D7gar(v-1) + DﬂlBr(vuO) -
p7%r(v=0) + D3lpr(v=1) Vv . B.34 x 10712 £2 0.6 295 LF 109 Horwitz and Leone 1978
bBr{v=1) + DBr(v=0) + DBr(vw0) + DBr(v=0) V-1 5.2 x 10713 £20 1840 295 LF 65 Chen and Chen 1972
2.4 x 10714 1840 700~ ST 49 Breshears and Bird 1970
7.3 x 107%° 2000
DBr{v=l) + DF(v=0) » DBr{v=0) + DF{v=0) V-7 7.1 = 10733 £30 1840 295 L¥ 26 Bott 1974
DBr + DF, see also DF + DBr
DBx(v=l) + HBr{va0) » DBr(v=0) + HBr(v=0) v-T 1.1 x 10734 £20 1840 295 LF 65 Chen and Chen 1972
DBr + HBr, see also HBr + DBr
DBxr + HCN, see HCN + DBx
DBr + Hp, see Hy + DBr
DBr{v=l) + 0p(v=0) + DBr(v=0) + Op(v=l) v-y 1.9 x 10713 15 . 284 295 ¥ 85 Fernando and Smith 1979
DCt{vel) + Ar » DCi(v=0} + Ar V-7 <9.3 x 1078 2091 295 LF 177 zittel and Moore 1973
1.9 x 10718 +35 2091 295 LF 165 Steele and Moore 1974
1.9 x 10—18 %35 2091 295« LE 165 steele and Moore 1974
9.6 x 10717 640
DCI + BCly, see BCiy + DC2
DC2(v=1) + Br » DC2{v=0) + Br v-r 9.4 x 16713 +20 2091 296 LF-DF 54 Brown...Van der Merwe 1976
2.3 x 10713 +30 2091 294 LF-DF 130 Macdcnald and Moore 1976
The authors state that results in Ref. 54 may be in error
DCL(v=l) + €Dy . pcetv=0) + co,t V=V & V=T 1.5 x 10712 £10 -17(vy} 295 LF 176 Zittel and Mocre 1973
~168(v,)
Tluptvy)

DCL + (D4, see also CDg + DC2

DeL{vel) + Cig + DCX{v=0) + ci,t v-v & V-T 8.6 x 10713 £10  558(v3) 295 LF 176 zittel and Hoore 1973
785(v,)

DCt + CH4, see also CHy + DCi

DCa{v=1) + Ct » DCr{v=0) + C1 V- ~5.3 x 10712 2091 295 LE-DF 52 Brown...Smith 1975
Preliminary estimate
6.4 x 10712 s25 2091 295 LF-DF 53 Brown...Smith 1975
5.5 x 10712 £30 2091 294 LF-DF 130 Macdonald and Moore 1976
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Table 1.

STEPHEN R. LEONE

Rate coefficients for vibrational energy transfer (continued)

Reference Number, Author

Process Type ““;e Constant Error AE{en™1) Temp Method or First and Last Author,
{cm” fmoleculess) (%) (+=exo0) (K) Year of Publication
pealval) + €2 + DCi{v=0) + C% ~4.0 x 10712 2092 263- LF-DF 52 Brown...Smith 1975
(cont'd.) ~9 x 10712 397
Preliminary estimate
3.1 x 10712 £25 2093 195~ LF-DF 53 Brown...Smith 1975
6.3 x 10712 325
DCL + Ciy, see Ci, + DCI
DCLIV=1) + CO(v=l} » DCA(v=2) + CO(v=)) v-v 2.3 % 10732 +10 106 295 LF 73 Dasch and Moore 1980
Direct excitation to DCR(v=2), V-T contribution is less than 10%
DCL(v=l) + €O(v=0) » DCR(v=0) + CO(v=0) Vo 1.5 x 10783 +5 2091 1350~ s 22 Borrell...Gutteridge 1974
5.4 x 10713 1850
DC& + €O, see also CO + DCi
pcal{v=1) + €0,{000) - DCL(v=D) + CO,(nmO) v-T <3.9 x 10714 2091 295 LF 167 Stephenson...Moore 1972
DCL + COz, gsee also COZ + DC2
pci(v=l) + D + DC2lv=0) + D V-T & Rx 2.0 x 10712 235 2091 295 LE-DF 41 Bott and Heidner 1976
DCA(v=1)} + DBr{v=C) + DC2({v=0) + DBr{v=1) v-v 4.8 x 10713 310 251 295 LF 177 Zittel and Moore 1973
V-T contribution is less than 6%
DC2(v=1) + DCA(v=1) + DCR{v=2) + DCi{v=0) v-v 4.3 x 10712 +10 54 295 LF 73 Dasch and Moore 1980
Direct excitation to DC2{(v=2), V-T contribution is less than 1%
p3%ca(v=1) + p37ca{v=0) » v-v 1.18 x 10711 £10 3 295 LF 109 Horwitz and Leone 1978
n3%ag (van) + p37ca(v=1)
DC2(v=l) + DER(v=0) » DCL{v=0) + DC2(v=0) v-1 7.7 % 10713 et 2001 295 LE 62 Chen and Muore 1971
§.8 x 10713 +10 2091 295 LE 177 Zittel and Moore 1873
3.2 x 1074 +30 2091 700~ sT 47 Breshears and Bird 1969
2.5 « 10713 2100
pealv=l) + Dy{v=0) » DCL(v=0) + D,(v=0) Y 1.8 x 10715 +10 2091 295 LF 177 zittel and Moore 1973
No V-V component observed
DeL(v=l) + DI(v=0) » DCA(v=0) + DI(v=1) v-v 5.5 x 10714 110 496 295 LF 177 Zittel and Moore 1973
V-T contribution is less than 12%
pcalv=l) + H » DC2(v=0} + H V-T & Rx & 1.8 x 10712 +30 2091 295 LF-DF 41 Bott and Heidner 1976
Exchange
Dca(vsl) + HCA(v=0) + DCL(v=0) + HCA(v=0) v-T 1.8 x 10714 £10 2091 295 LF 62 Chen and Moore 1971
DCR + HCX, see also HCi + DCR
DCL + HCN, see HCN + DX
pca{v=1) + HD(v=0) » DC2(v=0) + HD(v=0) v-T 8.3 x 10713 £10 2091 295 LF 177 Zittel and Moore 1373
No V-V component observed
pCA(v=1) + *He » LLX(V=D) + ’He Ve 2.z x LTS 38 2091 295 ¥ 165 Steele and Moore 1974
pei(v=1) + He + DCR(v=0) + He v-T <6.2 x 10717 2091 295 LF 177 Zittel and Moore 1973
5.9 x 10”17 £10 2091 295 LF 165 Stesle and Moore 1974
5.9 x 10717 £10 2091 295~ LF 165 Steele and Moore 1974
2.6 x 10745 680
DCR(v=l) + n=Hy(v=0) + DCL(v=0) + n-Hp(v=0) V=1 2.1 = 10714 +10 2091 295 LF 177 zitrel and Moore 1973
DCR{v=1) + p-Hy(v=0) » DCA(v=0) + p-lip(v=0) v-T 2.0 x 1071% +10 2091 295 LF 177 Zittel and Moore 1973
DCL + Hy, see also Hy + DCA
pca{v=1) + Ne » C2{v=0) + Ne <1.9 x 10737 2091 295 LE 177 Zittel and Moore 1973
1.0 x 10717 +15 2091 295 LF 165 Steele and Moore 1974
DCL + Ny, see Ny -+ DC2 )
DE2(v=l) + NO(v=0) » DCA(v=0) + NO(v=1) v-v 1.0 x 10712 £15 215 295 LF 177 zittel and Moore 1973
DC2{v=1) + O + DCi(v=0) + O V-T & Rx 1.3 x 10712 +40 2091 295 LF-DF 55 Brown...Smith 1975
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Table i. Rate coefficients for vibratioral energy transfer (continued)

Reference Number, Author

Process Type Rate Comstant — Effor g1y  TerP  yoineq or First and Last Author,
{em3 /moleculess) (3) (+=exo) (K) Year of Publication
petl{v=1} + 0 » DC{v=0} + O 8.1 x 20713 *40 2091 196~ LF~DF 55 Brown...Smith 1975
(cont'4.) 1.6 x 10712 400
DCR(v=l) + 0g(v=0) » DCR(v=0) + Oylvel) v-v 1.9 x 10714 +10 535 295 LP 177 zittel and Moore 1973
V-T contribution is less than 1%
Dea(v=l) + SFg + DCa{v=0) + &F," V-V & VT 1.1 x 10714 +10 2091 295 LF 177 Zittel and Moore 1973
f 1126(\13)
Dy(v=l) + DF(v=0) » D,(v=0} + DF{v=1) V-V 9.3 x 10713 £20 83 295 LF 100 Hinchen.1973
8.6 x 10713 +1p a3 295 LF 26 Bott 1974
6.2 x 10713 *40 83 298 FT 122 Kwok and Wilkins 1975
9.6 x 10733 83 295 LF 32 Bott 1979
1.0 x 10712 83 200~ LF 33 Bott 1981
9.6 x 10713 295
8.7 x 10713 +10 83 490~ LF-ST 26 Bott 1974
9.7 x 10713 ] 732
Da(v=1) + DF(v=1) + D,{v=0) + DF(v=2) v-v 1.4 x 10712 235 175 298 FT 122 Kwok and Wilkins 1975
Measured from deactivation of v=2
vy 1.3 x 10712 175 295 LF 32 Bott 1979
Sequential absorption to DF(v=2) followed by deactivation
Dy{v=l) + DE(v=0) » Dy(v=0) + DF{v=0) ver 8.9 x 10713 45 2992 295 LF 100 Hinchen 1973
Probably incorrect
<3.1 x 10719 240 2992 205 53 27 Bott 1974
Value reported is Zfor kD"—D‘ + 0.667 knzunr
<3.8 x 10715 =25 2992 363~ LE-ST 27 Bott 1974
6.4 x 10715 4386
Dy{v=1) + HBr(vm0) » D,{v=0) + HAr(v=l) vy 1.2 x 10733 +10 435 296 LF 61 Chen 1371
Dy(v=l) + HBr(v=0) » D,(v=0) + HBr(ve0) v-T <<9,9 x 10715 © 2992 296 LF 61 Chen 1571
Da{v=1) + HC2(v=0} + D,(v=0) + HCZ(v=1) v-v 2.8 x 10713 E20] 108 296 LF 63 Chen and Moore 1971
Erroneously reported as 10712 in original publication
2.8 x 10713 +l0 108 296 LF 108 Hopkins...Sharma 1973
3.7 x 10713 £10 108 295 LF 4 Allge...Doyennette 1974
3.3 x 10713 +10 108 295 LF 40 Bott and Cohen 1975
3.9 x 10713 +10 108 196~ LF 108 Hopkins...Sharma 1973
2.3 x 10713 342
3.2 x 10713 10 108 469~ LF 40 Bott and Cohen 1975
3.3 x 10”13 Taz
3.7 x 10713 £10 108 295~ LF 4 Allge...Doyennette 1974
6.6 x 10713 1000
PR{vel) 4 Ar + Dr{v=d) + Ar v-T <a.3 « 10716 2907 295 = 100 Hinchen 1971
1.2 x 10715 2907 296 LF 97 Hancock and Saunders 1976
<2.0 x 10718 2907 198 LF 97 Hancock and Saunders 1976
<2.9 x 1071¢ 2907 L0 ST 29 Bott 1975
<9.9 x 10716 1150
7.7 x 10716 2907 1700- sT 36 Bott and Cohen 1973
1.9 x 10714 4000
1.5 x 10714 2907 1500~ ST 171 vasil'ev...Tal'roze 1973
4.8 x 10713 5000
DF(v=l) + BF3 » DF(v=0) + BF3' V-V & V-T 2.2 x 10713 15 2907 295 LF 24 Boty 1977
DF(v=1) + CBrF3 + DF(v=0) + CBrFyt V=V & V-T 1.7 x 10714 £10 2907 295 LF 24 Botr 1977
DF(v=1) + CF, » DF(v=0) + CF,t v-v & V-T 3.4 x 10714 2907 295 LE 173 Wendelken...Noetzel 1975
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Table 1. Rate coefficients for vibrational energy transfer (continued)

Reference Number, Author
Rate Constant Error AE(cm'l) Temp

Process Type Method or First and Last Author,
{em? /moleculess) (%) (+=exo) (X) Year of Publication
DF(v=1) + CF, » DF(v=0) + cF,} 3.1 x 10714 £10 2907 295 LF 24 Bott 1977
{cont.'d.} "
4.6 x 1071 2907 295- 172 Wendelken and Stout,
3.3 » 10734 800 private communication in 24
3.1 x 10714 2907 295~ LF-ST 24 Bott 1977
~1.2 x 10714 800
Nelu=1) & (R H o DRlv=n) 4 opgut Y-V & v-T 6.0 » 10™13 215 2907 205 r 24 But. 1977
DF(v=l) + CHyF + DF{v=0)} + CHyF! V-V & Y=T 1.1 x 10”1} £10 2907 295 LF 24 Bott 1977
DF(v=1) + CHy + DF(v=0) + CH ¥ V-v & V-T 6.8 x 10732 15 2907 295 LF 24 Bott 1977
6.8 x 10712 +20 2907 295- LF-ST 24-Bott 1977
4.6 x 10712 740
DF(v=l) + CoHy » DF(v=0) + ColyT V-V & V=T 1.2 x 10712 £15 2907 295 LF 24 Botr 1977
DF(v=l) + CyHyFy + DP{v=0) + CyRyFyt V-V & V=T 5.7 x 10713 =10 2907 295 LF 24 Bott 1977
DE(v=1) + CyHy + DF(v=0) + CpH,t v-v & v-T 5.4 x 10712 $15 2907 295 Le 24 Bott 1977
DF(v=1) + CoHg + DF{v=0} + CyH.T V-V & V=T 1.9 x 1071 £1§ 2907 295 LF 24 Bott 1977
DF(v=1) + C4H10 + DF(v=0) + C4H1°1 VeV & V=T 3.9 x 10-“' 15 2907 295 LF 24 Bott 1977
DF(v=l) + Ct + DF{v=1) + Cx V=1 2.0 x 1012 £15 2907 295 LF-DF 151 Quigley and Wolga 1975
6.9 x 10712 £50 2907 1500~ sT 18 Blauer and Solomon 1973
1.0 x 10712 3350
DF(val) + C1y » DF{v=0) + ca,t V-V & V=T  <1.2 x 10~14 2907 295 P 151 Quigley and Wolga 1975
DF(v=l) + CO(v=0)} + DF(v=0) + CO(v=1) VeV & V=T 1.2 x 10713 £10 764 295 LF 26 Bott 1974
8.6 » 10™14 *10 764 473~ LF-S8T 26 Bott 1974
1.2 x 10™13 725
DF(v=3) + CO(v=0) » DF(v=2) + cO(v=l) V-V & V-T 5.0 = 10~13 582 295 FR 147 Poole and Smith 1977
DF(v=4) + CO(v=0) + DF{v=3) + CO(v=1) V-V & V-T 1.2 = 10712 454 298 FR 147 Poole and Smith 1977
DF(v=5) + CO{v=0) » DF(v=4) + CO{v=1) V-V & V-7 2.8 x 10712 408 295 FR 147 Poole and Smith 1977
The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes way be in error
DF{v=l) + COZ(GOO) + DF(v=0) + COZ(OOI) v-y 1.5 x 10712 *35 557 7] 13 Basav...Oraevsky 1971
DF vibrational level not determined
4.0 x 10712 557 295 FR 3 Airey and Smith 1972
4.7 x 10712 557 295 LF 38 Bott and Cohen 1973

May include small V-T contribution

7.0 x 10712 +40 557 295 LF 127 Lucht and Cool 1974
V-V contribution only

6.2 x 10712 557 295 LF 102 Hinchen and Hobbs 1975
<3.1 x 10712 557 295 LF 129 Lucht and Cool 1975
4.8 x 10712 557 295 LF 32 Bott 1979

$6.0 x 10712 +50 557 208- LF 129 Lucht and Gool 1975
<4.3 % 10712 ‘ 359

V-V contribution only

6.3 » 10™12 15 557 350 LF 166 Stephens and Cool 1972
May include small V-T contribution

~3.3 x 10™13 557 400 FT 170 Vasil'ev...Tal'roze 1972
7.0 x 10~12 240 557 295~ LF 127 Lucht and Cool 1974
5.8 x 10712 670

v-v contribution only

4.7 x 1012 557 295- LF 38 Bott and Cohen 1973
3.1 x 10712 720
There is a2 minimum in the probability at 40C K
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Table 1.

Rate coefficients for vibrational energy transfer (continued)

963

Reference Number, Author

Process Type Rate Conatant Exror AE(cm'l) Terp Method or Pirst and Last Authox,
{cm3/molecule-s) (2} (+=exo0) {K) Year of Publication
DF(v=2) + C0,(000) + DF(v=l) + CO,(001) V-V & v-T 6.8 x 10712 465 295 FR 3 Airey and Smith 1972
1.5 x 10711 465 295 LF 102 Hinchen and Hobbs 1975
1.8 = 1071 465 295 LF 32 Bott 1979
DE{v=3) + C0,(000) » DF(v=2) + €O,(001) V-V & V- 1.6 x 10731 376 295 FR 3 Airey and Smith 1972
1.7 x 1071 376 295 FR 147 Poole and Smith 1977
4.6 x 1074 376 295 LF 32 Bott 1979
Seguential absorption to DF(v=3)
DE(v=4) + CO,(000) + DF(v=3) + C02(001] VeV & VauT 2.7 x 1071 288 295 FR 147 Poole and Smith 1977
. . =l 32 3 4 .
DF{v=n) + CO,{000} » DF(v=n-1) + C0,{001) V-V & V-T 16 19 3.5 I8 295 cD 51 Brown...Polanyi 1978
Relative deactivation rates only
DP{v=5) + C0,(000} + DF(v=4) + CO,(001) V-V & V-T 3.9 x 10713 202 295 FR 147 Poole and Smith 1977
The rate constants in Ref. 147 are internally consistent, but their absolute
ragnitudes may be in error
DF + CO,, see also CO, + DF
DF(v=1) + D + DF(v=0) + D v-r 1.3 x 10713 2907 295 LF-DF 99 Heidner and Bott 1975
DF{v=1) + DBr(v=0} » DF{v=0) + DBr(v=l) V-V & V-T 1.7 = 10713 +20 1067 295 LF 26 Bott 1974
6.2 x 10713 1067 295 LF 173 Wendelken...Noetzel 1975
1.3 » 10'13 20 1067 466~ LEST 26 Aottt 1974
1.4 x 10-13 735
DF{va3) + Dz(V’D) +» PFlv=2) + Dz(v=1) v-v & V=T 6.7 x 10'13 40 -264 298 T 122 Kwok and Wilkins 1975
4.8 x 1013 ~264 295 LF 32 Bott 1979
Sequential absorption to DF(v=3)
V=Y & V=T 4.0 x 10713 ~264 200~ L¥ 33 Bott 1981
4.8 x 10713 295
Seguential absorption to DF(v=3)
DF(v=4) + D,(v=0) » DF(v=3) + D,(v=l) V-V & V=T 7.5 » 10713 240 ~353 298 FT 122 Kwok and Wilkins 1975
5.9 x 10713 -353 295 LF 32 Bott 1979
Sequential absorption to DF(v=4)
DF(v=1) + Dy(v=0) + DF(v=0) + D,[v=0) v-r 1.2 x 10713 2907 295 LF 100 Binchen 1973
Probably incorrect
3.1 x 10715 +40 2907 2905 LF 27 Bott 1973
Valua roported ic fox Rur-p, * 0. 687 iy
¢3.8 x 10743 £25 2907 363~ LF-ST 27 Batt 1973
<6.4 x 10719 436
DF +'Dy, see also Dy + DF
DF(va3} + D0 » DF{v=2)} + pyot v-v & V-T 1.5 x 10711 2726 295 FR 147 poole and Smith 1977
DF(v=4) + D,0 » DF(v=3) + Dyo! V-v & V-T . 3.1 x 1074 2638 295 FR 147 Poole and Smith 1977
DF(v=5) + Dy0 » DF(v=4) + Dyo! V-V & V-7 3.0 x 10711 2552 295 FR 147 Poole and Smith 1977
X The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error
DP(v=l) + DF(v=l) + DF{v=2) + DF(v=0) Vv 3.2 x 10712 92 295 LF 23 sott 1973
3.25 x 107%* £10 92 295 LF 38 Bott 1973
2.9 « 10711 115 92 295 s 83 Ernst...Sackett 1973
2.2 x 10712 92 444 LF-ST 23 Bott 1973
1.4 = 10™17 139
DF(v=3) + DF(v=0) + DF{v=2) + DF(v=1) V-V & VeT 5.4 x 10712 -181 295 FR 146 Poole and Smith 1977
DP{v=4) + DF{v=D)} » DF{ve3d) + DF(v=l) V-V & V-T 6.9 x 10712 -269 295 FR 146 Poole and Smith 1977
DF{v=5) + DF(v=0) » DF{v=4} + DF(v=0) V-V & V=T 8.2 x 1012 =355 295 FR 146 Poole and Smith 1977

The rate constants in Ref.
magnitudes may be in error

146 are internally consistent, but their absolute
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Table 1. Rate coefficients for vibrational energy transfer (continued)

Reference Number, Author
Process Type Pate Copswant Brror  Lg(eml) TP Method or First and Last Author,
{em?/motecoless) (%) (+aex0)  (K) Year of Publication
DF(v=1) + DF{v=0) + DF(v=Q) + DF{v=0) V-1 8.0 x 10-13 £18 2907 300 LF 1 Ahl and Cool 1973
6.4 x 10713 +15 2907 295 LF 38 Bott and Cohen 1973
6.5 x 10713 +10 2907 295 P 37 Bott and Cohen 1973
4.9 x 10713 +20 2907 295 P 83 Ernst...Sackett 1973
7.4 x 10713 s 2007 208 23 100 Minehan 1973
7.3 = 10713 110 2907 295 LF 101 Hinchen 1973
8.3 x 10713 20 2907 295 LF 127 Lucht and Cool 1974
7.7 x 10713 140 2307 297 L¥ 128 Lucht and Cool 1974
6.7 x 10713 +15 2907 300 oF 28 Bott 1974
Corrected Ahl and Cool for gas dynamic pressure error
6.9 x 10713 15 2907 295 LF 28 Bott 1974
Corrected Lucht and Cool for gas dynamic pressure erxor
5.46 x 10713 24 2907 295 LF 93 Hancock and Green 1975
Pointed out that rates without helium diluent are slower
8.79 x 10713 3 2907 296 LE 97 Hancock and Saunders 1976
With helium diluent '
4.7 x 10713 2507 296 LF 97 Hancock and Saunders 1976
Without helium diluent
General model proposed by rany authors that V-R transfer populates high J states
creating a bottleneck for relaxation when a diluvent gas is not present
1.6 x 10712 2507 200 LF 93 Hancock and Green 1975
6.7 x 10~13 +35 2907 198 LE 97 Hancock and Saunders 1976
There were no (DF), polymers at the pressures used
1.0 x 1012 430 2907 204~ LF 129 Lucht and Cool 1975
4.1 x 20733 359
5.6 x 10 12 20 2907 350 LF L Ahl and Cool 1974
Uncaorrected foxr gas dynamic pressure errer
7.3 x 10713 210 2907 350 LF 166 Stephens and Cool 1973
Uncorrected for gas dynamic pressure error
8.3 x 10713 220 2907 295~ LF 127 Lucht and Cool 1974
4.4 x 10713 670
Uncorrected for gas dynamic pressure error
7.7 x 10712 140 2907 295+ LF 128 Lucht and Cool 1974
3.5 x 10713 678
Uncorrected for gas dynamic pressure error
6.4 x 10713 15 2907 295- LF-ST 38 Bott and Cohen 1973
3.4 x 10713 900
7.3 x 10713 +10 2907 295~ LF-$T 101 Hinchen 1973
3.5 » 10713 200
7.1 % 10713 50 2907 1600~ sT 19 Blauer...Owens 1572
5.0 x 1071% 3600
3.1 x 10713 220 2907 800~ ST 36 Bott and Cohen 1973
7.7 x 10712 4000
£.0 » 10-13 2007 180N~ e 191 Vaeil'av. . Tal’'raze 1072
1.0 x 1072} 5000
There is a minimum in the rate of this process at ~1500 K and a mipimum in the
probability at ~700 X
DE(v=1} + {DF), » DF(v=0; + (DF), v-T 2907 198~ P 97 Hancock and Saunders 1976
295
There is a strong rate enhancement over DF monomer
DF{v=l} + F » DF{ve0) + F Y-7 6.5 x 107+3 £20 2907 295 LF-DF 151 Quigley and Wolga 1975
1.2 x 10731 +50 2907 1560~ sT 18 Blauer and Solomon 1973
2.2 x 10712 2800
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Table 1.

Rate coefficients for vibrational energy transfer (continued)

965

Reference Number, Author

Process Type Rate Conestant. EXcor i p(ep~ly Temp Method or First and Last Author,
(em3/moleculess) (3) {+=exo) {(K) Year of Publication
DF(v=1l) + F + DF(v=0) + F 2.5 x 10-1% £25 2907 1900~ sT 36 Bott and Cohen 1973
{cont'd.} 3000
The rate constant is essentially constant over the whole range of temperature
DFiv=l) + Fy » DE(v=0) + F,t V-V & V=T <8 x 10715 2907 295 LE 151 quigley and Wolga 1975
DF(v=1) + H » DF(v=0) + H v-T & 1.1 % 10713 £30 2907 295 LF-DF 99 Heidner end Bott 1975
Exchange
DF(v=1) + HBr(v=0) + DF(v=0). + HBr{v=1) V-V & V=T 2.2 x 10712 *10 348 295 LF 26 Bott 1974
Probably mainly V-V contributicn
1.2 x 10712 210 348 471- LF-ST 26 Bott 1974
1.0 » 20™L2 230
OF{v=1) + HEBr{v=0) + DF{v=0) + HBx(v=0) = 2.2 x 10712 2907 295 P 26 Bott 1974
DF(v=1) + HCL{v=0) + DF{v=0) + HCA(v=1) vy 1.2 x 1073 $10 21 295 LF 26 Bott 1974
v-T contribution is less than 5%
5.2 x 10712 110 21 475~ LE-ST 26 Bott 1974
5.0 x 10712 745
DF(vml) + HCX(v=0)} » DF(v=0] + HOt(v=0) Verp <5.6 x 10713 2907 295 121 26 Bott 1974
<3.5 = 10713 2907 475- LE-ST 26 Bott 1974
<3 x 10713 745
DF(v=1) + HCN « DF{v=0) + HCN' V=V & V=T 3.3 x 10712 £15 2907 298 LF 135 McGarvey...Cool 1877
—405(\43)
5.1 x 10712 2907 240~ LF 135 McGarvey...Cool 1977
2.2 x 10712 ~405(v3) 450
DPLuad) 4 HON o DRlw=2) & pent Vel & Y A.6 « 10712 2726 295 R 147 Poole and Smith 1977
-586 (v)
=T4{vytvy)
DFfvmd) + HON » DF({ve1) + men® VeV & Ve 1.3 x 10711 2638 295 FR 147 Poole and Smith 1977
DF(v=5) + HCN » DF(v=4) + men® V=V & V-7 2.3 x 10711 2552 295 FR 147 Poole and Snmith 1977
The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error
DF + HCN, see alec HCN + .DF
DF(v=l) + He + DF(v=0) + He v-T <9.3 x 10~1€ 2907 295 LF 100 Einchen 1973
<1.2 x 10715 2907 295 L¥ 93 Hancock and Green 1975
34 x 10716 2907 200 LP 93 Hancock and Green 1975
6.4 x 10716 2907 900~ sT 29 Bott 1975
1.0 x 1013 2600
1.5 x 10744 2907 1500~ ST 169 Vasil'ev.,.Papin 1975
3.1 x 10713 3500
DF(v=1) + HF{va0) » DF{v=0) + HF(v=0) v-1 2.2 x 10712 2907 295 FT 3 pirey and Smith 1972
1.4 x 10712 215 2907 300 LF 1 Anl and Cool 1973
1.1 x 10712 £15 2907 295 LF 37 Bott and Cohen 1973
1.0 x 10732 %10 2907 295 LF 100 Hinchen 1973
9.9 x 10713 +10 2907 295 LF  1CL Hinchea 1973
1.6 x 10-12 +45 2907 295 ¥y 122 Kwok and Wilkins 1975
1.1 x 10712 2907 295 LF 32 Bott 1979
1.7 x 10712 +20 2907 210~ LF 129 Lucht and Cocl 1975
7.3 x 10712 364
1.2 x 10712 £15 2907 350 ¥ 1 ahl and Cool 1973
9.9 x 10~13 £10 2907 295~ LF-ST 101 Hinchen 1973
5.5 x 10713 573
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Table 1. Rate coefficients for vibrational energy transfer (continued)

Rate Constant Error Temp Reference Number, Author

aE(em™l)

Process Type 3 Method or First and Last Author,
{cm®/moleculess) (2) (+=ex0) (K) Year of Publication
DF(v=2) + HF(v=0) + DF{v=1) + HF(v=0) v-T 3.0 x 10712 2815 295 FR 3 airey and Smith 1972
The rate constants in Ref. 3 are internally consistent, but their absolute
magnitudes may be in error
4.6 x 10712 +35 2815 298 PT 122 Kwok and Wilkins 1975
4.0 » 10712 2815 295 LF 32 Bott 1979
Sequential absorption to DF{v=2)
DF(v=3) + HF{v=0) + DF{v=2) + HF{v=0) V-1 8.3 x 10712 £40 2726 298 FT 122 Kwok and Wilkins 1975
9.3 x 10712 2726 295 LF 32 Bott 1979
Sequential absorptior to DF(v=3)
~7 x 10=11 2726 200 LF 33 pott 1981
Sequential absorption to DF(v=3)
DF(v=4) + HF(v=0) + DF(v=3) + HF(vs=0) v 2.7 x 20712 +40 2638 298 FT 122 Xwok and Wilkins 1975
DF(v=1) + Hy(v=0) » DF(v=0) + Hy(v=0) V-7 1.4 x 10713 2907 298 LF 100 Hinchen 1973
Probably incorrect '
2.0 % 10714 £10 2907 295 LF 27 Bott 1974
1.7 ~ 10~14 2907 295 LF 32 Bott 1979
1.3 x 10714 2907 200 LF 33 Bott 1981
1.1 x 10713 2907 445- LF~ST 27 Bott 1274
8.6 x 10714 &an
1.7 x 10743 2907 800~ sT 36 Bott and Cohen 1973
3.2 x 10712 4000
DF(v=2) + Hp{v=0) + DF(v=1} + Hy(v=0) v-T 6.0 x 10714 2815 295 LF 32 Bott 1979
Sequential absorption to DF{v=2)
DF(v=1) + Hp(v=0) » DF{vx2) + Hy(v=0) V-1 1.4 x 10713 2726 295 LF 32 Bott 1979
Sequential absorption to DF(v=3)
9.9 x 10714 2726 200 LF 33 Bott 1981
Sequential absorption to DF{v=3}
DF(v=4) + Hy(v=0) » DF(v=3) + Hy(v=0) v-T 2.8 x 10713 2638 295 LF 32 Bott 1979
Sequential absorption to DP{v=4)
DF(v=l) + NP3 » DF(v=0) + aFj! V-1 1.5 x 10714 2907 205 LF 173 Wendelken...Noetzel 1975
1.6 x 10714 +15 2907 295 LF 24 Bott 1977
DF{v=l) + Ny(v=0) + DF(v=0) + N,(v=l) VeV & V-T 6.2 x 10714 +25 577 295 LF 100 Hinehen 1472
Probably incorrect
2.8 x 10734 £10 577 295 LF 26 Bott 1974
2.3 x 10714 577 295 LF 173 Wendelken...Noetzel 1975
2.3 x 10714 577 295 LF 32 Bott 1979
2.3 x 1074 577 200 LF 33 Bott 1981
2.6 x 10714 577 472- LF-ST 26 Bott 1974
6.4 x 10714 2114
1.7 x 10714 +300 577 1400- ST 19 Blauer...Owens 1972
4.7 x 10714 3000
1.1 x 10734 577 1200~ sP 36 Bott and Cohen 1973
4.0 x 10714 4000
DF(v=2) + Np(v=D) » DF(val) + Ny{v=1) VeV & V-T 7.3 » 10714 485 295 L 32 Bott 1979
Sequential absorption to DF{v=2)
DF(v=3) + Np{ve0) + DF{v=2} + Ny(v=1) V-V & V=T 3.9 x 10714 395 295 FR 147 poole and Smith 1977
1.6 x 10713 395 295 LE 32 Bott 1979
Beguential absorption to DF{v=3)
1.7 = 10713 395 200 LF 33 Bott 1981

Sequential absorption to DF{v=3}
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Table 1. Rate coefficients for vibrational energy transfer {contipued)

Reforence MNumber, Author

Process Type Rate Constant Error AE(cnfl) Temp Method or First and Last Author,
(em3/moleculess) (%) {+=ex0) (K) Year of Publication
DFlv=4} + Ny(v=0) » DF(v=3) + Np(v=1) V-V & V-T 6.5 » 10714 308 295 FR 147 Poole and Smith 1977
) 2.9 x 10713 308 295 e 32 Bott 1979
DF{v=5) + N,(v=0} » DF(v=4) + N,(v=1) V-V & V-T 1.0 x 10713 221 295 FR 147 Poole and Smith 1977
The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may.be in error
DF(v=1) + No(v=0) + DF(v=0) + NO(v=1) V-V & v-r 2.5 x 10703 +10 1031 205 LF 26 Bott 1974
1.8 x 10713 +10 1031 . 476- LF-ST 26 Bott 1974
2.1 x 10713 725
1.2 = 10713 1031 1060~ ST 20 Blauer...owens 1972
3.0 x 10713 2080
DF(v=l) + O » DE(v=0} + O v-1 7.8 x 10712 +30 2907 295 LF 151 Quigley and Wolga 1975
DF(v=1) + 0, + DF(v=0) + oz'r V-V & V-T 2.3 x 10713 1351 (v=1} 295 LF 26 Bott 1974
-205(v=2)
<1.6 x 10714 1351(v=1) 295 LF 151 Quigley and Wolga 1975
=205(v=2)
3.5 x 10743 1351(v=l) 550~ LF~ST 26 Bott 1974
8.5 x 10719 ~250(v=2) 870
1.2 x 1074 1351(v=1) 1200~ ST 169 Vasil’ev...Papin 1975
1.9 x 10713 ~250(v=2) 3500
DF{v=1) + S0, » DF{v=0) + $0,T 3.9 x 10713 15 2007 295 LF 24 Bott 1977
BI{v=1) + DI(v=0} + DI(v=0) + DI(v=0) V-7 2.5 x 10713 1600 700- sT 49 Breshears and Bird 1970
5.6 x 10713 2000
DI + CO, see CO + DI
DI + COp, see CO, + DI
DI + Nj, see N; + DI
HBr{v=l) % Ar » HBr(v=0) + Ar Vol <3.7 x 10718 £10 2559 296 LF 60 Chen 1971
HBr(vel) + Br + BBr(v=D) + Br V=T & V-E  ~1.9 x 10712 2559 295 33 74 Donovan...Stevenson 1970
1.6 = 10712 45 2559 295 R 78 Nonavan. . .Sksuenson 1670
2.4 x 10713 25 2559 2905 LF-DF 113 Karny and Katz 1976
V-T contribution only
2.6 x 10712 +40 2559 294 LF-DF 130 Macdonald and Moore 1976
V-T contribution only
4.6 x 10712 +10 2559 295 LF-DF 85 Fernando and Smith 1979

V-T contribution only

21.5 x 107%€ -1126 295 LF-DF 126 Leone and Wodarczyk 1974
Contribution due to V-E transfer only
HBr(v=1) + Br, » HBr(v=0) + Br,t V-V & V=T 1.5 x 10732 £30 2559 295 P 75 Donovan...Stevenson 1970
Probably incorrect
2.2 x 10714 £10 2559 295 L¥-DF 113 Karny and Katz 1976
HBr(v=1) + €D, » HBr{v=0) + CD;* V-V & V-T  21.5 x 10712 15 447(v;) 295 LF 107 Hopkins and Chen 1973
297(v3)
HBr(v=1) + CH, + HBr{v=0) + CH4T V-V & V-T 3.5 x 10713 +20 -352(v1) 295 FP 75 Donovan...Stevenson 1970
-445(v3)
4.5 x 10713 £10 -352(vy) 295 53 107 Hopkins and Chen 1573
-445(v,)
HBr(v=1) + CO(v=0) » HBr(v=0) + CO(v=1) v-v 3.04 x 10713 5 416 296 LF 61 Chen 1971
2.8 x 10713 416 295- LF 160 Seoudi...Henry 1980
5.1 x 10713 700
HWBr(v=1l) + CO(v=0] + HBr(v=0) + CO(v=0) V-7 1.7 x 10713 20 2559 295 P 75 Donovan...S5tevenson 1970

Probably incorrect
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Table 1.

STEPHEN R. LEONE

Rate coefficients for vibrational enexgy transfer (continued)

Reference Number, Author

Process Type Ra\a‘.e Constant Brror AE(cm_l) Temp Method cr First and Last Author,
(cm”/moleculees) (%) (+=exo0) {K) Year of Publication
HBr(v=l) + CO(v=0) + HBr(v=0) + CO(v=0) <4.8 x 19715 2559 295 IF 60 Chen 1971
(cont'd.) 14
3.3 x 10 15 2559 1200~ sT 22 Borrell...Gutteridge 1974
1.6 x 10743 2000
HBr + CO, see also CO + HBr
BBT(v=1) + C0,(000) » HBr(v=0) + €0,(001) vy 8.6 x 10712 £10 210 295 IF 167 Stephenson...Moore 1972
1.1 x 1071t 210 295 LF 159 Seoudi,..Henry 1979
CO,y excited directly, V-T contribution is less than 2%
1.1 x 10-3 210 295- F 159 Seoudi...Henry 1979
7ot A 10717 you
V-T contribution is less than 10% at 900 K
HBr(v=l) + C0,(000) » EBrtvsd) + CO,(nm0) V-1 <2,0 x 10713 2559 295 LF 167 Stephenson...Moore 1972
Value reported is for kCOZ-HBr + 0,377 kHBx—C02
HBr + COZ' see also C02 + HBr
BBr(v=l) + DBr{v=0) » HBr({v=0) + DBr{v=l) Vv 6.0 x 10744 210 719 295 LP 65 Chen and Chen 1972
HBr(vel) + DON » HBr(v=0) + pent VeV & VT 1.7 = 10*12 £10 ~71{vy} 295 LF 7 Arnold...Smith 1980
HBr{v=l) + Dy{v=0) » HBr(vs=0) + D,(v=0) v $1.2 = 10718 15 2559 2986 LF 61 Chen 1971
1.2 x 10715 15 2559 295 LF 107 Hopkins and Chen 1973
HBr + Ny. @es alac N, 4+ HEer
HBr{v=1) + DF(v=0) + HBr{vm0) + DF(v=0) V- ~3 x 10713 £20 2559 295 LP 26 Bott 1974
§7%r(v=1) + #81Br(v=0) + v-v 1.50 » 10-11 4 0.4 295 LF 109 Horwitz and Leone 1978
H7%r(v=0) + 88lpy(v=1)
HBr(v=l) + HBr{v=l} » HBr(v=2) + HBr(v=0) 4.6 x 10712 +20 90 296 LF 104 Hopkins and Chen 1972
6.6 x 10712 15 90 295 LF 56 Burak...Szbke 1972
2.9 x 1072 +10 90 295 LF 72 Dasch and Moore 1980
Direct excitation %o HBr(v=2)
6.9 » 10712 219 90 320~ LF 140 Noter...SzSke 1973
6.8 x 10712 640
HBr(v=1) + HBr(v=0) » HBr(v=0) + HSr(v=0) V- 6.2 x 10714 =50 2559 295 FP 75 Donovan...Stevenson 1970
1.8 x 10714 210 2559 296 LF 60 Chen 1971
1.8 x 10714 £10 2559 296 LF 65 Chen and Chen 1972
1.9 x 10714 35 2559 300 LE 1 Anl and Cool 1973
2.5 x 10714 215 2559 295 LF 37 Bott and Cohen 1973
3.0 x 10-14 £1C 2559 169~ LF 178 Zittel and Moore 1973
3.2 x 10714 505
Minimum in the rate at 374 K (1.9 x 10714)
2.2 x 10714 £33 2559 350 LE 1 Ahl and Cool 1973
2559 460~ 81 21 Borrell 1966
1370
The results in Ref. 21 are orders of magnitude too large
7.2 x 10714 £20 2559 800- ST 116 Kiefer...Bird 1969
6.1 x 1013 1800
HBr(v=2) + HBr{v=0) » HBr{v=1) + HBr{v=0) V-1 <3.1 « 10713 2469 295 23 72 Dasch and Moore 1980
Direct excitation to HBr(v=2
HBr(v=1) + HCL{v=0)} + HBr{v=() + Hci(v=0) V- 2.5 x 10713 140 2559 295 FP 75 bonovan...Stevenson 1970
Probably incorrect
4.1 x 10714 £10 2559 296 LF 60 Chen 1971
EBr{vsl) + HC&(v=1) » HBr(v=2) + HC2(v=0) v-v 2.3 x 10™12 £20 418 295 LF 72 Dasch and Moore 1980
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VIBRATIONAL ENERGY TRANSFER IN HYDROGEN HALIDES 969
Table 1. Rate coefficients for vibrational energy transfer (continued)
Reference Number, Auvthor
Process Type Rate Constant Error AB(cm-l) Temp Method or First and Laaé Author,
{cm®/moleculess) (%) {+=exo) {K) Year of Publication
HEr(v=1)} + HCN » HBr(v=0) + Hcn' V-V & V-T 1.40 x 10712 +4 2559 295 LF 7 Arnold...Smith 1980
-773{001)
HBr + HCN, see also HON + HBr
#Br(v=l) + HD(v=0) + HBr(v=0) + ED{v=0) V- 2.0 x 10718 %5 2559 295 LF 107 Hopkins and Chen 1973
uBr{vs1l) + He + HBr(v=0) + JHe VT 4.7 x 10746 5 2559 295 LF 107 Hopkins and Chen 1973
BBr{v=l) + He » HBr{v=0) + He VP <l x 10—16 2559 295 PP 75 Donovan...Stevenaon 1970
<27 % 20717 £10 2559 296 LF 60 Chen 1971
2.8 » 10736 £10 2850 1208 13 107 Hopking and Chen 1077
HBr(vwl) + HF(va0) + HBr(v=0) + HP(vs=0) Yy 4.9 x 10mi3 +20 2559 300 23 1 Ahl and Cool 1973
2.8 x 10713 £10 2559 295 LF 37 Bott and Cohen 1973
4.0 x 10~13 +20 2559 350 LF 1 Ahl and Cool 1973
HBr{v=l) + Hz(v=0) + HBr{va0) + H2(v=0) V-1 1.9 x 10714 +35 2559 295 FP 75 Donovan...Stevenson 1970
6.4 x 10715 5 2559 295 LF 60 Chen 1971
The oome roate io oboerved for hobh normal snd para hydrogan
HBr + Hz, see aleo Hy + HBr
HBr(v=1) + HyC » HBrlv=0) + H201 V-V & V-T 8.6 x 10714 *10 2559 295 Le 107 Hopkins and Chen 1973
964 (vqy) :
HBr{v=1) + HI{vs0) + ABr{ve=D) + HI{v=1) vV 6.6 x 10"13 *15 329 296 LF 60 Chen 1971
HBr{v=l)} + Kr + HBr{ve0) + Kr V- <3 x 10717 2559 296 ¥ 104 Hopkins and Chen 1972
MBL{vol) + We v BBL{vm0) + NHe v s1e4 « 20-17 110 2559 20¢ e GO Ches 1971
EBr(v=l) + NO(v=0) + HBx{v=0) + NO(v=l) vy 2.3 « 10743 683 295~ b7 160 Seoudi..,Henry 1980
4.7 x 10713 700
BBr{v=l) + Ny(v=0) » HBr(v=0) + Np{vsl) v-v 1.2 = 10714 215 228 295 FP 75 Donovan. ,.Stevenson 1970
Probably incorrect
9.8 » 10744 10 228 296 LF 61 Chen 1971
1.02 x 10713 228 295~ LF 160 Seoudi...Henry 1980
9.5 x 10744 700
HBr {vel) + Np(v=0} + HBr(v=D) + N,(ve0) V-7 <3.2 x 10718 2559 296 LE 61 Chen 1971
HBr + K,, see also N, + HBr
HBr(v=1) + Ny0(000) + HBr{v=0) + N,0(001) vy 5.6 x 10712 336 295 LF 159 Seoudi...Henry 1979
Direct excitation to N,0{001)
5.6 x 10™12 336 295~ LF 159 Secudi...Henry 1979
6.7 » 10712 900
HBr(v=1) + 0CS » HBr(v=0) + ocst V-V & V=T 5.6 x 10712 £10 497(v3) 296 LF 103 Hopkins and Chen 1973
~19(vo+vy)
HBr + 0OCS, see also OCS + HBr
HBr(vml) + Op(vaD) » HBr(v=0) + 0p(v=1) V-V & V-T 4,9 x 10733 5 1003(v=1) 296 ¥ 61 Chen 1971
5.1 x 10715 1003 (v=1) 295~ LF 160 Seoudi...Henry 1980
3.5 x 10714 700
HBr(v=l) + §Fg » HBr{v=0) + sra'f V-V & V=T 2.5 x 10"14 415 2559 295 FP 7% Donevan...Stevenson 1970
HC2(v=1) + Ar + HC2(v=0} + Ar V-7 <6 x 10717 2886 295 ¥ 62 Chen and Moore 1971
3.4 x 10718 +20 2086 295 LF 165 Steele and Moore 1974
3.4 = 10"18 £20 2886 295~ LF 165 Steele and Moofe 1974
1.4 x_10-16 700
8.2 x 10™16 +70 2686 1166- ar 257 Seery 1973
1.8 x 10714 1950
~3.3 x 10715 2886 1000- sT 45 Bowman and Seery 1969
~2.4 x 10714 2100
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Table 1. Rate coefficients for vibrational energy transfer (continued)

s Reference Number, Author
Process Type Rate Constant Error  ,p(em-ly Temwp Method or First and Last Author,
. {em3/molecuiess) (%) {+=exo0) (K) Year of Publication

HCL + BCRj, see BCij + HC2

HCL(v=1) + Br » HC1(v=0) + Br v-T & V-E 29 x 10734 % -799 295 IF 126 Leone and Wodarczyk 1974
V-E contributicn only
2.8 x 10713 20 2886 295 LF-DF 124 Leone...Moore 1975

Mainly V-T contribution, total V-T and V-E would be ~3.7 x 10'13

7.0 x 10713 +25 2886 295 LE-DF 9 Arnoldi and Wolfrum 1976
Total of V-T and V~-E processes; V-T only is 4.15 x 10713

5.6 x 10713 15 2886 295 LF-DF 54 .Brown...Van der Merwe 1976
V=T contribution only

2.6 x 10713 +20 2886 295 LF-DF 114 Karny and Katz 1976
4.1 x 10713 £20 2886 295 LF-DF 85 Fernando and Smith 1979
2.8 x 10713 +20 2806 210 LF-DF 54 Brown...vVan der Merwe 13976

(2.6 x 10713 for V-7 contribution only}

9.5 x 10'13 15 2886 371 LF=-DF 54 Brown...Van der Merwe 1976
(7.7 » 307'? ror ver contrivution opiy}

3.3 » 10713 +55 2886 295+ LF-DF 132 Macdonald and Moore 1980

3.8 x 10713 390

Wot as accurate as earlier measurement in Ref. 124

HC2(v=2) + Br » HCi{v=l) + Br V-T, V-E & Rx 1.8 x 10712 +20 2782 298 LF-DF 124 Leone...Moore 1975
1.5 x 10712 +65 2782 295 LF-DF 9 Arnoldi and Wolfrum 1976
Thought to be mainly reaction
~13
>5 x 10
<5 x 10-12 2782 295 cD 79 Douglas...Sloan 1973

Estimate for reactive contribution only

1.7 x 10712 115 2782 295 LF-DF 132 Macdonald and Moore 1980

Relaxation to val observed to be dominant process;
reaction contributes less than 17%

1.7 x 10742 +15 2782 295-  LP-DF 132 Macdonald and Moore 1980
3.3 x 10712 : 390
Reaction contributes less than 34% at 390 K
-1
HC2{v=3) + Br » HCL(v=2) + Br v-T, V-E & Rx 3.3 % ig-li 2678 295 cD 79 Douglas...Sloan 1973
Estimate for the reactive contribution only
HC2(v=4) + Br + HCf(v=3) + Br V-T, V-E & Rx :g x }g:}i 2575 295 cp 79 Douglas...Sloan 1973

Estimate for the reactive contribution only

HC{v=l) + Br, » HC2(v=0) + Br,? V-V & V-T 3.26 x 10744 4 2886 295 LF 124 Leone...Moore 1975
HC2(v=1) + CD, » HC2({v=0) + cp,t V-V & v-T 3.4 x 10713 £20 2886 295 LF 176 zittel and Moore 1973
627(va)

HCL + CDy, see also CD, + HCY

HC2 (v=2) + CFCAy » HC{v=l) + creayt v-y & V-7 ~2 x 10713 +30 2762 298 FT 14 Berquist...Kaufman 1982
Hestumd) + oFcey o uea(v=2) + ecpest QURTEPE 3 2.8 » 10-13 130 3679 2ce rp 14 Berguioct...Kaufman 1982
HCR{v=4) + CFCl3 » HC2{v=3) + CFC,t V-V & V-T 7.5 x 10713 +30 2576 298 FT 14 Berquist.,.Kaufman 1982
HCR(v=5) + CFCLy + HCx{v=4) + cFCiyt V-V & V=T 2.8 x 10742 30 2473 298 FT 14 Berquist...Kaufman 1982
HCZ(v=6) + CFCRy » HC2(v=5) + crca,t VeV & V=T 6.7 x 10732 30 2371 298 T 14 Berquist...Kaufman 1982
HCL(v=7) + CFCL; + HC2{v=6) + cFca,t V-V & V-T 1.5 x 10711 +30 2269 298 FT 14 Berquist...Kaufman 1982
HCR{v=3) + CF,Cl, + HCA{v=2) + CF,Ci,t V-V & V-7 <1 x 10713 2679 298 FT 14 Berquist...Kaufman 1982
HC2(v=4) + CFpC2, + HCA(v=3) + CF,C1,t V-V & V-T 3 x 10713 130 2576 298 FT 14 Berquist...Kaufman 1982
HCL(v=5} 4 CF,C1, » HCA(v=4) + CFyC1,t V-V & V=T 1.6 x 10712 0 241 298 FT 14 Berguist...Kaufman 1982
HCL(v=6) + CFpClp + HC2(v=5) + CFyCL,t V-V & V-T 3.2 x 10712 £30 2371 298 FT 14 Berquist...Kaufman 1982
HCL{v=7) + CP,C2y + HCR(v=6) + CFpC2yt V-V & VT 4.9 x 10712 +30 2269 298 FT 14 Berquist...Kaufman 1982
HCi(v=3) + CF3Ct » HC2{v=2) + cFyC2} V-V & V-T 1.4 x 10713 £30 2679 298 FT 14 Berquist...Kaufman 1982
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Table 1. Rate coefficients for vibrational energy transfer {continued)
Process Type Rate Constant mrrox AE(en™1) Tenp Method gifggf’:ieaggmﬁ:i gz:&h\:;
{cma/molecule-s) (%) {+=exo) {K) Year of Publication
HCR{v=4) + CF,CR » HCR(v=3) + CF,ct V-V & V-T 3.4 x 10743 30 2576 298 FT 14 Berquist...Kaufman 1982
HCL(ve=5) + CFaCL » HCL(v=4) + CFyC2T V-V & V-T 6.5 x 10713 +30 2473 298 FT 14 Berquist...Kaufman 1982
HC1{v=6) + CF4C2 » HCR{v=S) + cFcat V-V & V=T 9.5 x 10713 £30 2371 298 T 14 Berguist...Kaufman 1982
HCR(v=T) + CF5CL + HCA{v=6) + CFyCe’ V-V & V-T 2.2 x 10712 £30 2269 298 FT 14 Berquist...Kaufman 1982
HCR(v=3) + CF, » HCa{v=2) + cF,’ V-V & V-7 1.8 x 10733 +30 2679 298 ¥ 14 Berquist...Kaufman 1982
HCR{v=4) + CF4 + HCL(v=3} + cF,t V-V & V-1 3.6 x 10713 +30 2576 298 FT 14 Berquist...Kzufman 1982
HCR(v=S) + CF, » HCR(v=4) + cF,} V-V & V-T 2.7 x 10713 +30 2473 298 FT 14 Berquist...Kaufman 1982
HCA(v=6) + CF, » HCalv=5) + CF,t V-V & v-T 3.9 x 10713 £30 2371 208 T 14 Berquist...Kaufman 1982
HC2(v=T) + CF, » HC2(v=6) + CF,t V-V & V-T 4.7 x 10713 £30 2269 298 FT 14 Berquist...Kaufman 1982
HCA{v=1) + CF30C% » HC2{v=0) + CF3OCJ.* V-V & V-T 6.8 x 10714 +10 2886 295 LF 70 Coombe...Pilipovich 1975
HCa{v=2) + CH3CL » HCR(v=1) + CHjca® V-V & V-T 9.5 x 10712 +30 2762 298 FT 14 Berguist...Kaufman 1982
HCX(v=3) + CHzCL » HC2{v=2) + CRycat V-V & v-T 3.0 x 10711 £30 2679 298 FT 14 Berguist...Kaufman 1982
HC2(v=4) + CH,C1 » HC2(v=3) + cH,cat V-V & V-T 1.1 x 10710 +30 2576 298 FT 14 Berauist...Kaufman 1982
HCL(v=5) + CHaCX » HCX(v=4) + CHaca® V-V & V=T 1.7 x 10720 £30 2473 298 FT 14 Berguist...Keufwan 1982
HC2{v=6) + CHyC2 + HC&(v=5) + cigcat V-V & V=T 2.9 x 10710 £30 2371 298 e 14 Berquist...Kaufman 1982
neL{v=r) + CnsCL T HCL{v=C} + CHsC/.' v-v v-T J.3 = 10""0 L3230 2289 290 nr 14 perguistes.Kaufman 19202
HC2(v=1) + CHsF »+ HCR{v=0) + CH4F' V-V & V-T <9 x 10712 2886 298 FT 14 Berquist...Kaufman 1982
HCE(v=2) + CH3F + HCR{v=l) + CHgFT V-V & V-T 1.1 x 10711 £30 2762 208 FT 14 Berquist...Kaufman 1982
HCL{v=3) + CHgF + HC2{v=2) + CHgF' V-V & V-T 2.6 x 10711 £30 2679 298 FT 14 Berquist...Kaufman 1982
HC2(v=4) + CHsF + HC2(v=3) + CHgF' V-V & V-1 3.5 x 10711 £30 2576 298 FT 14 Berquist...Kaufman 1982
HCR{v=5) + CH3F + HC2(v=4) + CHZF" VeV V-T 7.2 x 10-11 £30 2473 298 FT 14 Berquist...Kaufman 1982
HCR(v#6) + CHF + HC2(va5) + CHyF! v-v & v-T 9.8 x 10711 £30 2371 298 FT 14 Berquist...Kaufman 1982
HCR{vaT) + CHyF + HCA{v=6} + CHzFT V-V & V-T 8.0 x 10-11 30 2269 298 FT 14 Berguist...Kaufman 1982
HC2(v=l) + CH, » HeR(vaD) + cu,t V-V & V-7 2.6 x 10%12 £10 -30{v;) 295 LF 63 Chen and Moore 1971
~133(v3)
2.7 x 10712 -30(v;) 296 LF 156 Schramrc and Rapp 1980
-133(v3)
~3.8 x 10712 >230 -30(v,) 298 FT 14 Berquist...Kaufman 1982
~133(v3)
3.6 x 10712 -30{v;) 194- LF 156 Schramm and Rapp 1980
2.7 x 10712 -133(v3) 296
HC2(v=2) + QHy » HCa{v=l) + cH,t VeV & VT 3.8 x 10712 =30 2762 298 FP J4 Berquist...Kaufman 1982
HCL(v=3) + CHy + BCR(v=2) + CH,' V-V & VT 4.2 x 10712 230 2679 298 FT 14 Berquist...Kaufman 1982
HCR(v=4) + CHy » HCR([v=3) + CB,t V-V & VT 6.0 x 10712 230 2576 298 FT 14 Berquist...Kaufman 1982
HC2(v=5) + CHy » HCL(v=4) + cH,T V-V & V~T 1.2 x 10711 230 2473 298 FT 14 Berquist...Kaufran 1982
HC2(v=6) + CH; > HCA(v=5) + chgt V-V & VT 2.0 x 10711 +30 2371 298 FT 14 Berquist...Kaufman 1982
HC2(v=7] + CH4 + HCL(v=6) + CH4’ V- v~T 2.5 x 10-11 *30 2269 298 FT 14 Berquist...Kaufman 1982
HC2 + CH4, see also CH, + HCL
HCR(v=l) + 3,1-CyHpClp »
HCR{v=0) + 1,1-CoH,CLyt V-V & V-T 3.1 x 10713 +20 2886 295 LF 70 Coombe...Pilipovitch 1975
HC2(v=1) + trans-C,H,Ci, +
HCL(v=0) + trans-C,H,C2, V-V & V-T 3.1 x 10713 20 2886 295 LF 70 Coombe. ..Pilipovitch 1975
HOR{v=1) + Coflg > HC2{v=0)} + Cpu.t V-V & V=T 2.0 x 10711 £30 2886 298 FT 14 Berquist...Kaufman 1982
HC2(v=2) + CoHg » HCR(v=1) + CpHT V-V & V=T 2.1 x 10711 +30 2762 298 FT 14 Berquist...Kaufman 1982
HCR(v=3] + Cafig + HCLv=2} + CpH 7 V-V & V=T 2.0 x 10711 £30 2679 298 FT 14 Berquist...Kaufman 1982
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Table 1. Rate coefficients for vibrational enérgy transfer {continued}
Reference Number, Author
Process Type Rate Constant Error  ,p(em~1y Temp Mothod or First and Lact Author,
{om3/moleculess) (%)  (+=exo)  (K) Year of Publication
HEL{vad) + CoHg » HCR(v=3) + CoHg! V-V & V-T 2.3 x 1073 £30 2576 298 FT 14 Berquist...Kaufman 1982
HCRivs5) + Colg + HC2(v=4) + C,Hgt v-v & V-1 2.7 = 2071 +30 2473 298 FT 14 Berquist...Kaufran 1982
HCL{v=6) + CpHg » HC2(v=5) + CoHeT V-v & V=T 4.3 x 10711 +30 2371 298 FT 14 Berquist...Kaufman 1982
HCL{v=T7) + CpHg » Hox(v=6) + cH v-v & v-r 5.3 x 1071 +30 2269 208 FT 14 Berquist...Kaufman 1982
HCR(v=1) + CjHg + HCZ(v=0) + C4fg vy & V=T 4.7 x 1074 £30 2886 298 FT 14 Berquist...Kaufman 1982
HC2(v=2) + CgHg + HCZ(v=1) + CyHgT v-v & v-? 4.1 x 1073 +30 2762 298 ET 14 Berquist...Kaufman 1982
HCL(v=3) + CyHg » HCx(v=2) + cgHgt v-v & v-T 3.8 x 10} +30 2679 208 FT 14 Berquist...Kaufman 1982
ucs (v—4) 1+ cgHg + HCA(v=-3) : cglig V-V & V=T 3.8 2 10711 +30 2576 298 L 12 Berquist...Kautman 1982
HCR(v=5) + CgHg » HC{v=4) + C,ig" V-V & V-T 5.3 x 10711 £30 2473 298 FT 14 Berquist...Kaufman 1982
HC2(v=6) + CaHg » HCL(v=5) + CHoT V-V & V-T 8.6 x 10731 30 2371 298 FT 14 Berquist...Kaufman 1982
HCA(v=T) & CzHg » HC{v=6) + CjHgt V-V & V-T 9.6 x 1073 +30 2269 298 FT 14 Berquist...Kaufman 1982
" HC2(val) + iso-CgHg +
HC2{v=0) + iso-CgHgt V-V & V-T 6.5 x 10711 £30 2886 298 FT 14 Berquist...Kaufman 1982
nes{v=2) + iDD—CQIIE -
HCA(v=1l) + iso-CyHg? V-V & V-T 5.5 x 1071} +30 2762 208 T 14 Berquist...Kaufman 1982
HCL{v=3) + iso-Cylg +
HCt{e=2) + iso-CuHgt V-V & V-T 5.6 x 107 +30 2679 208 FT 14 Berquist...Kaufman 1982
HC2(v=4) + iso-Cyfig »
HCA(v=3) + iso-Cylgt V-V & V-T 6.2 x 10711 +30 2576 298 FT 14 Berquist...Kaufman 1982
HCR(v=5) + iso-CuHg +
HC2{v=4) + iso-cpHg? V-V & V-T 7.5 x 10711 +30 2473 298 FT 14 Berquist...Kaufman 1982
HC2(v=6) + iso-CyHg +
HC2{v=5) + iso-C Hg! V=¥ & V-T 1.0 x 10710 +30 2371 298 FT 14 Berquist...Kaufman 1982
HC2{v=7) + iso-CyHg +
HCL(v=6) + iso~CyHg! V-V & V-T 1.2 = 1010 +30 2269 2908 FT 14 Berquist...Kaufman 1982
HCA(vwl) + C& + HCR(v=0) + C1 V=T 1.1 x 19711 +60 2886 294 DR-LF 71 Craig and Moore 1971
9.7 x 10713 £10 2886 295 FR 152 Ridley and Smith 1971
Probably incorrect
8.8 x 10712 2886 298 LF-DF 52 Brown...Smith 1975
8.3 x 10712 +25 2886 295 LF-DF 53 Brown...Smith 1975
5.8 x 10712 =30 2886 294 LE~DF 133 Macdonald...Wodarczyk 1975
§ x 10712 +40 2886 294 DR-LF 133 Macdonald...Wodarczyk 1975
5.8 x 10712 *15 2886 295 LF~DF 9 Arnoldi and Wolfrum 1976
6.1 x 10712 +25 2886 295 LF-DF 117 Kneba and Wolfrum 1979
7.4 x 10712 +10 2886 294 LE-DF 132 Macdonald and Moore 1980
1.1 % 10712 o 295 LF-MS 117 Kneba and Wolfrum 1979
The quoted rate is for isotopic exchange, 37cs + w35ca(v=1), which is
twice the deactivation rate
2.6 x 10712 +20 2886 195- LF-DF 53 Brown...SWith 1975
1.5 x 10711 397
v-T 6.7 x 10712 2886 263- LF-DF 52 Brown...Smith 1975
1.5 x 1071 397
7.4 x 10712 10 2886 294~  LP-DF 132 Macdonald and Moore 1980
8.1 = 20~"? 4239
HCR(v=2) + C& + HCf(v=1) + Ct v-r 3.1 x 10712 35 2782 295 FR 152 Ridley and Smith 1971
Probably incorrect
3.3 x 1071 15 2782 204 LF-DF 132 Macdonald and Moore 1980

Observed to be entirely relaxation to v=1
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Table 1.

Rate coefficients for vibrational energy transfer (continued)

973

Rate Constant

Error

Temp

Reference Number, Author

Process ype un(unf’) Hethod wr Pirsl ood Last Author,
{en’/moteculess) (%) (+=ex0) (x) Year of Publication
HCR(v=2) + C& » HCR{v=l) + C1 3.3 x 10-11 ‘115 2782 294- LEF-DF 132 Macdonald and Moore 1980
(cont'd.) 3.2 x 1073 439
HCL{v=3) + €2 + HCR{v=2) + C1 8.1 » 10712 +10 2678 295 FR 152 Ridley and Smith 1971
Probably incorrect
HCA(v=1) + Cy + HCL{v=0) + 2,7 V-V & V-T 5.6 x 10713 £20 2886 295 LF 71 Craig and Moore 1971
6.9 x 107353 220 2886 295 A3 40 Bott and Cohen 1975
When corrected for Co, impurity gives 5.6 x 10715
1.1 x 10714 £20 2686 449- LF-ST 40 Bott and Cohen 1975
3.9 x 10714 679
The correction for CO, impurity is not needed since
HCX deactivated by CO, is temperature insensitive
HCY + Cf,, 60e also Cfy + HCR
HCA(w-1) + cole=0) = BOL(w=n) + On(v=1) V-V a.3 x 10714 *10 743 295 LF 63 Chen and Moore 1971
7.28 x 10714 +4 743 295 LF 4 Allge...Doyennette 1974
7.28 x 10744 5 743 295~ LF 4 Allge...Doyennette 1974
2.7 x 10713 1000
1.5 x 10713 110 743 660~ ST 158 Seery 1975
6.6 x 10713 1600
HCL{v=2) + CO(va0) » HCR(v=l) + CO(vml) V-V & V-1 1.2 x 10712 >£30 639 298 £T 14 Berquist...Kaufman 1982
HC4{v=3) + COo{v=0) +» HCR{v=2) + CO{v=l) V=¥ & V-T . 1.7 % 10"k2 *30 536 298 BT 14 Berquist...Kaufman 1982
ECL{v=4) + CO(v=0) » HC2(v=3) + CO(v=1) V-V & V-T 4 x 10712 $30 433 298 PP 14 Berquist...Kaufman 1982
HC2(v=5) + CO(vaD) + HCR{v=4) + CO(v=1) V-V & V-7 1.7 = 10711 £30 330 298 FT 14 Berquist...Kaufman 1982
HC2(v=6) + COlv=0) » HCZ(v=5) + CO(vwl) Y-y & V=T 3.5 x 10721 30 228 298 FT 14 Berquist...Kaufman 1982
HCL(v=7) + CO(v=0) + HCL(v=6) + CO(va=l) V-V & V-T 3.8 x 1011 +30 126 298 FT 14 Berquist...Kaufman 1982
UCR(v=1) + CO(¥~0) : HCA{v-0) + Ca{v-0) v 6.4 ~ 10-14 +ao 298¢ 660 s 15@ Soary 1076
4.5 x 10714 1600
2.1 = 10714 £10 2886 1200~ sT 22 Borrell...Gutteridge 1974
1.8 x 10733 2000
HCR + CO, see also CO + HC1
HCL(v=1) + CO,{000) » HCR(v=0) + Ca,(001) v-v 2.9 x 10712 *5 536(001) 295 LF 64 Chen...Moore 1968
-131(011)
2.1 x 10712 536{001) 295 FR 153 Ridley and Smith 1972
~131(011)
2.6 x 10712 +5 536(001) 295 LF 167 Stephenson...Moore 1972
~131(011)
Reports that the regults of Ref. 64 are slightly high
2.6 x 10712 536 295 L? 80 Doyennette...Henry 1978
1.9 % 10°12 £30 536 298 FT 15 Berquist...Kaufman 1982
2.6 x 10712 5 536 295- LF 167 Stephenson...Moore 1972
3.0 x 10712 510
2.6 x 10712 536 295~ LF 80 Doyennette...fenry 197§
4.4 « 10732 200
HCL(v=2) + C0,(000) = HCA(v=0) + CO,(001) V-V & V-T 6.8 x 10712 433 295 FR 153 Ridley and Smith 1972
9.0 x 10712 £30 433 298 FT 15 Berquist...Kaufman 1982
HCR(v=3) + CO,(000) » HCR(vS2) + C0,(001) V-V & V-T 1.55 x 10711 330 295 FR 153 Ridley and Smith 1972
The rate constants in Ref. 153 are internally consistent, but their absolute
magnitudes may be in error
2.3 » 10711 £30 330 298 FT 15 Berquist...Kanfman 1982
HC2(v=n) + CO,{000) »
HCL{v=n-1) + CC4(001) VeV & V-T %;% gi% 295 cD 11 Bartoszek...Polanyi 1978

Relative rates only
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Table 1. Rate coefficients for vibrational energy transfer (continued)

e mniomee dom e P rommaaa

Reference Number, Author

Process Type Rate Constant — Error ,peoq-ly  TemP  yoinca or First and Last Author,
{em3/moleculess) [£3] {+=exo) (K) Year of Publication
HCL(vm4) + CO,(000) » HCA{v=3) + €O,(001) V-V & V-T 7.0 x 10”11 +30 227 298 FT 15 Berquist...Kaufman 1982
HCZ(v=5) + CO,(000) » HC2(v=4) + CO,(001) V-V & V-T 1.4 x 10710 +30 124 298 PT 15 Berquist...Kaufman 1982
HCE(v=6) + coz(oool + HCX{v=5) + C0,(001) V-V & V=T 1.7 x 10710 230 22 298 FT 15 Berguist...Kaufman 1982
HCL(v=7) + €0,(000) + HC{v=6) + CO,(001) V-V & v-T 1.0 x 10-10 +30 -80 298 BT 15 Berguist...Kaufman 1982
HER(w=1) + coz(ooo) » HAL{v=0} 1 COplum0) V-t 2.1 v :.o"” 2869 2935 [N 167 stephenson...Moore 1972
2.9 x 10713 2886 295 LF 80 Doyennette...Henry 1978
2.9 x 10718 2886 295~ LF 80 Doyennette...Henry 1978
2.4 x 10™13 s00
HCR + COy, see also COp + HCL
HCA(v=l) + D + HCA(V=0) + D V-7 & Exchange 8.3 x 10712 430 2886 295 LF-MS 9 Arnoldi and Wolfrum 1976
& Rx The exchange rate is 20 times slower than the relaxation
1 x 1074 £30 2686 295 LF-DF 41 Bott and Heidner 1976
HCR{val) + DCA(v=0) + HCL{v=0) + DCR{v=l)} v-v 1.00 x 1013 +5 795 295 L 64 Chen and Moore 1971
HORIv=2) + DOI(u=0) » HOL{w=l) & Dotlv=l) vy 4.0 = 20~13 215 691 295 LF 72 Dasuh and Movre 1980
Direct excitation to HCR(v=2)
HC2{va5) + DCA({v=0) + HCR{v=4) + DCR(v=1) V-V & V=T 3.3 x 10~4) +30 432 298 PT 14 Berquist...Kaufman 1982
HCL{v=6} + DCL(v=0) + HCA({v=5) + DCR(v=l) V-V & V-T 5.9 x 10”4 *+30 330 298 1 14 Rovenist .. Kanfman 1082
HCL(v=7) + DCL(v=0) » HCA(ve6) + DC2(v=l) V=V & VT 1.1 x 10730 +30 228 298 FT 14 Berguist...Kaufman 1982
HCt(v=l) + DON » HCR{v=D) + pent VeV & VT 2.22 x 10712 5 2886 296 LF 7 Arnold and Smith 1980
HE{v~1} + Dy{v~0} » nex{v-0) + Dz(v-ﬂ) V=T 3%.2 = 1016 5% 2886 2995 LF 109 Hopkins and Chen 1972
Value reported is for kHC.l-DZ + 0.60 sz—HCL
HCL + Dy, see alse Dp + HCL
HCL(v=1] + DF(v=0) + HCA{v=0) + DF(v=0) Ve .3 x 10713 2886 295 P 26 Bott 1974
<3.5 x 10713 2886 475 LF-ST 26 Bott 1974
<3 x 10713 745
BCL(v=l) + H » HCL(v=0) + H V-T & RX 6.5 x 10712 +35 2886 295 LF-DF 10 Arnoldi and Wolfrum 1874
6.8 x 10712 25 2886 295 L¥~DF 99 Heidner and Bott 1975
7.0 = 10712 £15 2886 295 LEF~DF % Arnoldi and Wolfrum 1976
The deactivation is 50 times faster than reaction
7.6 x 10712 +30 2886 295 LP-DF 41 Bott and Heidner 1976
3.4 x 10712 £15 2886 296 LE-DF 132 Macdonald and Moore 1980

The reactive channel may be as much as 50%

HCL(v=2) + H » HCR(v=1) + H V-T & Rx 2.6 x 10”11 +20 2782 296 LF-DF 132 Macdonald and Moore 1980
Deactivation to v=1 is only 35% of total

HC2(v=1) + HBr(v=0) + HC2{v=0) + HBr(v=1) v-v 1.2 x 10712 *35 327 295 FP 74 Donovan...Stevenson 1970

1.1 » 10~12 £10 327 295 LF 63 Chen and Moore 1970
V-T pontribution is less than 3%

1.1 % 10732 210 327 295 ¥ 60 Chen 1971

B.4 ~ 10™1R 327 293 R 133 Ridley ana Smitn 1972
The rate constants in Ref. 153 are internally consistent, but their absolute

magnitudes may be in error

9.6 x 10743 16 327 295 73 40 Bott and Cohen 1375

HC2{v=2) + HBr(v=0) + HCA{v=l) + HBr{v=l) vy 2.9 x 10712 £10 223 295 ¥ 72 Dasch and Moore 1980
Direct excitation to HCL{v=2)

HC2(v=2) + HBr(v=0) » HC2(v=0) + HBr{v=2) v-v <3,1 = 10714 641 295 Lr 72 Dasch and Moore 1980
HC2{v=1) + HCA({v=l) » HCL(v=2) + HCZ{v=0) v-v 4.6 x 10712 +20 104 295 LF 57 Burak...Sz8ke 1972
4.6 x 10712 £15 104 295 LF 106 Hopkins and Chen 1972
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Table 1. Rate coefficients for wibrational energy transfer {continued)

Reference Number, Author

Process Type Rate Constant BEXOr  p(en~ly  Temp Method or First and Last Buthor,
(em3/moleculess) (%) (+=exo0) (K) Year of Publication
HC2({v=1) + HC2(v=l) + HCA(v=2)} + HCi(v=0) 2.3 = 10'12 104 295 FR 153 Ridley and Smith 1972
(cont'*d.) The rate constants in Ref. 153 are internally consistent, but their absclute
magnitudes may be in error
5.1 x 10712 £10 104 295 LF 125 Leone and Moore 1973
Direct excitation to HCR(v=2)
4.7 x 10712 +10 104 205 LF 72 Daach and Moore 1980
Direct sacitation o HGa{v-2)
5.1 x 10712 +15 104 294 LF 132 Macdonald and Moore 1980
Direct excitation to HCR(ve2)
4.6 x 10712 104 296 P 156 Schramm and Rapp 1980
5.6 x 10712 +30 104 298 27 14 Berquist...Kaufman 1982
4.6 x 10712 104 193- LF 156 Schramm and Rapp 1980 .
4.6 = 10712 . 29
5.1 x 10712 118 104 294- LF 132 Macdonald and Moore 1980
3.z » 10712 439
4.6 x 10712 110 104 320~ LF 140 Noter...Sz8ke 1973
3.5 x 10732 100
HCA(v=3) + HCA(vs0) + HC2(v=2) + HCL(v=l) V-V & V-7 1.8 x 10712 -207 295 FR 153 Ridley and Smith 1972
The rate congtante in Ref. 153 are internally consistent, but their absolute
magnitudes may be in error
3.1 = 10712 230 -207 208 T 14 Berquist...Kanfman 1982
HCL(v=4) + HCA(v=0) + HCR{v=3)} + HC2{v=1)} V-V & V=T ~3.6 x 10-12 >+30 ~310 298 BT 14 Berquist...Kaufman 1982
HCL(v=3) + HCA(v=0) » HCR{wm4) + HCR{v=l) V-V & V~T 1.8 = 10711 +30 -413 208 FT 14 Berquist...Kaufman 1982
HEL(v=6) + HCR(v=0) + HCR(va5) + HCR{v=l) V-V & V=T 3.9 x 10711 +30 -515 298 PT 14 Berquist...Kaufman 1982
HC2(v=7) + HC2(v=Q} + HCL(v=6) + HCL{val) V-V & V-T 5.8 x 10711 £30 ~617 298 FT 14 Berquist...Kaufman 1982
H3Sca(v=1) + H37Ca(vw0) »
#35cy(ve0) + w37calv=1) v-v 1.9 x 1071} £30 2 295 LF 125 Leone and Moore 1973
1.91 x 10711 £2 2 295 LF 109 Horwitz and Leone 1978
2.95 x 10711 £10 2 192~ LF 110 Horwitz and Leone 1979
8.23 x 10712 620
HCL(vel) + HCx{v=0) + HCA{v=0) + HCA(vsD) Vet 3.7 x 10718 2886 290 sp 84 Ferguson and Read 1967
’ Value is unreasonably small
2.6 » 10714 110 2066 s e 62 Chon and Moore 1971
»2 x 10713 2886 6 91 Gorschkov..,Oraevaky 1971
<9 x 10"12
2.2 x 10714 2686 295 L¥ 134 Margottin-Maclau...Henry
1971
1.4 x 10713 2886 295 LFP S Arbartzumian...Chekalin

1972
Direct excitation to v=3, detect v = 3-2, 2-1, probably incorrect

3.7 x 10714 325 2886 300 L¥

1 Ahl and Cool 1973
2.6 = 10714 215 2886 295 LF 37 Bott and Cohen 1973
2.8 « 10714 £20 2806 295 LF 156 Schramm and Rapp 1980
3.5 x 10714 +20 28986 190~ LF 156 Schramm and Rapp 1980
2.8 x 1p~14 295
3.8 x 1014 £15 2886 196~ L 108 Hopkins...Sharma 1973
4.9 x Lo-34 10 342
3.3 % 10714 £25 2886 350 LF 1 Anl and Cool 1973
8.7 x 10™14 +10 2886 144~ LF 178 zittel and Moore 1973
4.9 x 10714 584

There is a2 minimum in the rate at 410-470 K (2.0 x 10-14)

~4.9 x 1014 2886 470 LF 37 Bott and Cohen 1973
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Table 1. Rate coefficients for vibrational energy transfer (continued)

Reference Number, Author

Process Type Ra;'e Constant Brror  ap(emly TE™P mMethoa or First and Last Author,
(em”/moleculess) (%) (+=ex0) (K) Year of Publication
HC2(v=1) + HC2(v=0} + HCR(v=0) + HCL(v=0) 9.5 x 10714 +30 2886 700~ ST 47 Breshears and Bird 1969
(cont'd.) 1.3 x 10712 1900
1.5 x 10713 2886 1100- sT 45 Bowman and Seery 1969
1.1 x 10712 2000
a.8 x 10715 2886 1300- sT 21 Borrell 1966
4.1 x 10714 2700
Values are many times too small
HC2{v=2) + HCL{v=0) + HCA(v=l) + HCR(v=0) v-r <3.1 x 10713 - 2782 295 LF 72 Dasch and Moore 1980
HCL(v=1) + HCN(ODO) » HC2{v=0) + HCN(nmo) V- 1.43 x 10712 +3 2886 296 LF 7 Arnold...Smith 1980

(001) channel in HCN is very minor
HCL + HCN, see also HCN + HCR

HCR(V=1) + HD{v=0) = HCL(v=0)} + HD(v=0) v-T 2.5 x 10715 +15 2886 295 Le 105 Hopkins and Chen 1972

HCY + HD, see also HD + HC2

Heg(v=l) + JHe + HC2(vw0) + 3He V=T 1.2 = 10716 20 2886 295 LF 165 Steele and Moore 1974
Her{v=1) + He » HCR{v=0) + He V-7 <6 x 10"17 2886 295 LF 62 Chen and Moore 1971
5.6 x 10717 +10 2886 295 LF 165 Steele and Moore 1974
4.1 x 1017 215 28686 196~ LF 108 Hopkins and Chen 1973
1.1 x 10716 342
5.6 x 10717 £10 2886 295~ LE 165 Steele and Moore 1974
2.1 x 10715 700
3,9 « 10714 +20 2886 1160~ ST 157 Seery 1973
1.4 x 10713 1630
HCL(v=l) + HF{v=0) + HCL(v=0)} + HF(v=0} Ve 6.2 = 10713 *15 2886 30C LF 1 Ahl and Cool 1973
4.6 x 10713 115 2886 295 LF 37 Bott and Cohen 1973
2.0 x 10713 15 . 2886 205 LF 40 Bott and Cohen 1975
4.9 x 10713 +25 2886 350 23 1 Ahl and Cool 1973
1.9 x 10713 +10 2886 470 LF 37 Bott and Cohen 1973
4.2 x 10713 £15 2886 468~ LF-ST 40 Bott and Cohen 1975
7.9 x 10713 632
HCa{v=2) + HF{v=0) » HC2{v=1) + HF(v=D) v-T ~5 x 10713 >+30 2762 298 FT 14 Berquist...Kaufman 1982
HCR (v=3) + HF(v=0) » HC2(v=2) + HF(v=0) v-T 2.5 x 10-12 +30 2679 298 FP 14 Berquist...Kaufman 1982
HC(v=4) + BF(v=0) » HCA(v=3) + HF(v=D) v-T © 8 x 10712 +30 2576 298 FT 14 Berquist...Kaufman 1982
HCR{v=5) + HF{v=0) + HC2(v=4) + HF(v=0) v-T 2.5 x 10711 +30 2473 298 FT 14 Berguist...Kaufman 1982
HCR{v=6) + HF(v=0) + HCL(v=5) + HF(v=0) v-T 4.5 x 10711 430 2371 298 FT 14 Berquist...Kaufman 1982
HCA(v=7) + HF(v=0) » HCE(v=6] + HF(v=0) v 5.2 x 1071 £30 2269 298 FT 14 Berguist...Kaufman 1982
HEA(v=1) + Hp(ve0) » HC{v=0) + Hy(v=0) e 5.2 x 10715 220 2886 295 P 62 Chen and Moore 1971
BLrictly V-1 process, ho Aouble eXpoOnential DDServead ror v-y contriputlicon
5.5 x 10715 £10 2886 295 LF 40 Bott and Cohen 1975
~4.8 x 10~15 2886 295 LG 136 Menard-Bourcin...Henry 1975
frude setimake Anly
5.9 x 10~15 2886 296 LE 156 Schramm and Rapp 1980
4.3 x 10715 2886 143~ LF 156 Schramm and Rapp 1980
5.9 x 10715 296
1.3 x 10714 £10 2886 403~ LF-ST 40 Bott and Cohen 1975
9.1 x 10714 770
1.6 x 10733 2886 1000~ ST 155 Rosen...Taylor 1979
7.5 x 10749 2000
BCL{v=2} + Hy{v=0) » HCAfv=l) + Hy lvs0) Ve ~8.7 x 10~1% 2782 295 16 136 Menard-Bourcin...Henry 197§

Crude estimate only
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Table 1., Rate coefficients for vibrational energy transfer {continued)
mmm - . . Roforanca Numbar, Amthor
Process Type Rate Constant Error  sp(em1) semp Method or First and Last Author,
(cm3/moleculess) (%) (+=exo) (K) Year of Publication
HCR{v=3) + Hy(v=0) » HEA(v=2) + Hy{v=0) v-1 ~1.6 x 10714 2679 295 16 136 Menard-Bourcinm...Henry 1975
Crude estimate only
HC1{ved) + Ho(v=0) » HCR(V=3) + Hy(v=0) V-1 ~2.1 x 10714 2576 295 7 136 Menard-Bourcir...Henry 1975
Crude estimate only
HCR + HZ’ see also H2 + HC2
HC2(v=1) + Hp0 » HCA(v=0) + Hyof V-V & v-r 1.5 x 10711 +60 2886 295 LF 62 Chen and Moore 1971
HCA(v=1) + HyS » HCR{v=0) + Has? V-V & V=T 2.3 x 10712 +10 202(vy) 295 P 70 Coombe...Pilipovitch 1975
276 (v,)
HCR(v=1) + H,5e » HCA(v=0) + HySeT V-y & V-7 8.0 x 1073 *10 2886 295 iF 70 Coombe...Pilipovitch 1975
626(v3)
536{vy)
HCL(v=1) + HI(v=0} » HC2(v=0) + HI(v=1) v-v 1.6 x 10-13 +10 653 295 LF 64 Chen...Moore 1968
1.6 x 10713 £15 653 295 L 63 Chen and Moore 1971
V-T contribution is less than 15%
HCL{v=1) + HNO3 » HC2(v=0) + HNO,¥ V-V & V-7  ~3.1 x 10712 2886 295 LF 70 Coombe...Pilipovitch 1975
HCL(v=1) + Kr » HCL(v=0) + Kr 4.4 x 10712 +70 2886 1900~ sT 157 seery 1973
4.8 x 10713 4000
HCR(v=l) + Ne » HCR{v=0) + Ne 6 x 10717 2886 295 LF 62 Chen and Moore 1971
2.8 x 10747 £30 2886 295 LF 165 Steele and Mocre 1974
1.5 x 10-14 £30 2886 1160~ ST 157 Seery 1973
8.5 x 10714 1950
HCZ(v=1l) + NO(va0) + HCA(v=0) + NO(v=1) v-v 9.6 x 10714 +10 1010 295 LF 177 zittel and Moore 1973
2.9 x 10713 430 1010 298 FT 14 Berquist...Kaufman 1982
1.2 x 10713 1010 194- LF 156 Schramm and Rapp 1980
1.0 x 10713 295
HCA{v=2) + NO(v=0) » HCA(v=1] + No(v=1) V-V & V-7 6.8 x 10713 +30 206 298 FT 14 Berquist...Kaufman 1982
HCL(v=3) + NO{v=0) » HC2(v=2) + NO{v=1) V-V & V-1 2.5 x 1012 +30 803 298 FT 14 Berquist...Kaufman 1982
HCx{v—4) + Ra{v=0) - nCx{v-3) * Nulv=l) V=V & V-T 1.0 x 20711 230 700 298 v 14 Berquist...Kaufman 1982
HC2(v=5) + NO(v=0) + HC2{v=4} + NO(ve1} V-V & V=T 2.7 x 10712 30 597 298 FT 14 Berquist...Kaufman 1982
HCX(v=6) + NO(v=0) » HC2(v=5} + No(v=1) V-V & V-T 5.1 x 10711 £30 495 298 FT 14 Berquist...Keufman 1982
HC2{v=7) + RO(v=0) + HCL(v=6) + MO(v=1) V-V & V-7 3.7 x 10711 +30 393 298 FT 14 Barguist...Kaufman 1982
Reaction for v = 5,6,7 is unlikely
HC1{v=1) + NO5CL + HC2{v=0) + Nojcat V-V & V-7 8.0 x 10713 15 2886 295 LF 70 Coombe...Pilipovitch 1975
HGA{vel) T Wylv=0) v MCxiv=0) v Nplv=l) vev 2.7 x £40 555 295 i 63 Chen and Moore 1971
2.94 x 10714 14 555 295 LF 4 Allfe...Doyennette 1974
2.7 x 10714 £10 555 295 LF 40 Bott and Cohen 1975
2.6 x 10”14 555 296 LF 156 Schramm and Rapp 1880
2.4 x 10714 555 193~ LF 156 Schramm and Rapp 1980
2.6 x 10714 296
3.1 x 10714 +10 555 463- LF-ST 40 Bott and Cohen 1875
4.6 x 10714 686
2.94 x 107} +4 555 300~ LF 4 Allée...Doyennette 1974
9.10 x 10714 1000
HCR(v=3) + Np{v=0) » HCR(v=2) + Np{v=l) V-V & VT  ~1.4 x 10713 >£30 349 298 ET 14 Berquist...Kaufman 1982
HCL(v=4) + Np(v=0) » HCR{v=3) + Ny(v=1) V-V & V-7 4.5 x 10713 £30 246 298 FT 14 Berquist...Kaufran 1982
HCR(vE5) + Np(v=0) » HCZ{v=4),+ Np(v=1) v-v & v-T 8.1 x 10713 +30 143 298 FT 14 Berquist...Kaufman 1982
HCL(v=6] + Np(vs0) » HCR(v=5) + Ny(v=1) ¢-V & V-T 1.2 x 10-12 +30 41 298 (3 14 Berquist...Kaufman 1982
HCR{v=7) + Np(v=0) » HCZ(v=6) + Ny(v=l) V-v & V=T 7.0 x 10713 £30 -61 298 FT 14 Berquist...Kaufman 1982
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Table 1. Rate coefficients for vibrational energy tranafer (continued)
process Type  Rate Comstant  EEror pioicl) T yoos  or pirse and Last Aschor.
(em3/moleculess) (s) {+=ex0) {K) Year of Publication
HCA(v=1) + NOp + HCL(v=0) + No,' V=v & V=T 9.5 x 10713 £30 2886 298 PT 14 Berguist...Kaufman 1982
HCA(v=2) + NO, » HC2(v=1) + No,t V-V & V=T ~1.2 x 10712 5230 2762 298 FT 14 Berguist...Kaufman 1982
HCA{v=3) + NOy » HCR(v=2) + NO,T VeV & VT 2.0 x 10712 230 2679 298 BT 14 Berguist...Kaufman 1982
HCL(v=4) + NOy » HCR(v=3) + No,t VeV & V=T 4.0 x 10712 £30 2576 298 T 14 Berguist...Kaufman 1982
Reaction unlikely
HCt(v=1} + N,0(000) » HC2(v=0) + N,0(001) v-v 1.1 x 10732 662 295 LF 80 Doyennette...Henry 1978
1.8 x 10712 £30 662 298 FT 15 Berquist...Kaufman 1982
1.1 x 10712 662 295~ P 80 Doyennette...Henry 1978
1.9 x 10712 700
HCL(v=2} + N,0{000) + HCR(v=1) + N,0(001) V-V & V-T 4.5 x 10712 30 558 298 FT 15 Berguist...Kaufman 1982
HC2(v=3) + N0{000) » HC2(v=2) + N,0{001) V-V & V-T 1.2 x 10713 £30 455 298 FT 15 Berquist...Kaufman 1982
HCR(v=4} + N0{000) + HCA(v=3) + N,0(001) V=V & V=T 4.5 x 10711 £30 352 298 T 15 Berquist...Kaufman 1982
HCL(v=5) + N,0(000) » HCZ{v=4) + N,0({001) V-V & V-T 9.6 x 10711 +30 249 298 FT 15 Berguist...Kaufman 1982
HEL{ve6) + Ny0O{000) » HCR(v=5) + N,O(00l) V-V & V=T 1.5 x 10~10 230 147 298 T 1§ Beraquist...Ksufman 1982
HCA{v=7) + Ny0{000) » HC1(v=6) + N,0{001) V-V & V=7 1,5 x 10710 £30 45 298 FT 15 Berguist...Kaufman 1982
HCL(vxl) + Np0{000) » HCA(v=D) + N,O(nmO) ver 3.1 x 10713 26886 295 P 80 Doyennette...Henry 1978
: 3.2 a 2013 2880 295 LK  BU DOYennette...Henry 19/
3.6 x 1013 700
HCL + N0, see also NgO + HCR
HCA{v=l) + O + HCA(v=0) + O v-T & Rx 3.7 x 1712 +35 2886 208 LF-DF 10 Arnnldi and Wolfrum 1974
It is thought that the reactive channel is dominant
9 x 10713 2886 298 LF-DF 52 Brown...Smith 1975
1.0 x 10-12 £20 2886 300 LF-DF 55 Brown...Smith 1975
3.5 x 10"3 £5 2886 295 LF-DF 115 Karny...Sz8ke 1975
Reactive contribution is thought to be 1.8 x 10'1'3
8.9 x 10-13 £15 2886 296 LF-DF  131. Macdonald and Moore 1978
4.3 x 10713 +20 2886 196~ LF-DF 55 Brown...Smith 1975
2.8 x 10732 400 -
HCL(v=2) + O + HCR{v=1) + O V-T & Rx 5.2 x 10712 £10 2782 296 LE-DF 131 Macdonald and Moore 1978
Roastive contribution io 1.8 v 18712 (,00¢ erzex)
HCA{v=1) + OCS » HC2{v=0) + ocst v-y & V-1 6.2 x 10733 £10  812(001) 296 LF 103 Hopkins and Chen 1973
~32(101)
HCL(v=1) + 05{v=0) + HCL(v=0) + 05(v=1) v-v 3.3 x 10715 £10 1330(v=1) 295 LF 177 zittel and Moore 1973
~203(v=2)
HCR(v=1) + 180,(v=0) » HCL{v=0) + 180,(v=1) 5.4 x 10715 15 1417(v=l) 295 LF 177 zittel and Moore 1973
=30 (v=2)
Concluded that AV=2 changes in O, may be important
HCL(v=2) + 04(vs0) » HC2(v=1) + Oy(v=l) VY & Ve 7.6 x 10715 220 1226(v=l) 295 FT 168 Thomas and Thrush 1977
HCL + 03, see O3 + HCA
aca(ver) v Frglly » UCR(v=0) 1 Px.-‘;uz’ V-V & V-T 5.3 « 10™13 235 28686 293 ur 70 Couunlic...Pillpoviteh 1275
HC2(v=1) + $Fg + HCa{ve0) + 7} V-V & V=T 3.0 x 10715 £10 2886 295 LF 177 zittel and Moore 1973
5.5 x 10713 +30 28686 208 FT 14 Berquist...Kaufman 1982
HCR(v=2) + SFg » HC2(v=l) + SF,T V-V & V-7 ~1 x 10713 3130 2762 298 PT 14 Berquist...Ksufman 1982
HCR(v=3) + SFg » HC2(ve2) + sFgt v-v & V-7 21 x 10713 2679 298 T 14 Berquist...Kaufman 1982
HCA(v=4) + SFg » HCA{v=3) + spgt V-v & VeT <1 x 10713 2576 298 FT 14 Berquist...Kaufman 1982
HCR({v=5) + SFg + HCA{v=4) + sFg! V-V & V=T <1 x 10713 2473 298 FT 14 Berquist...Kaufman 1982
HC2(v=6) + SFg +» HCA(vaS) + SFgT V-V & V-T  ~1 x 10713 £30 2371 298 FT 14 Berquist...Kaufman 1982
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Table 1.

Rate. coefficients for vibrational energy transfer (continued)

979

Direct excitation to HF(v=4)

——— ——
. Reference Fumber, Author
Process Type Rate Constant EBrror Az(cm'l) Pemp Method or First and Last'. Author,
{cm3/moleculees) (%) (+=ex0) (X) Year of Publication
HCLlv=T) + SFg » HCL(v=6) + SFg! V-V & V=T  ~1.6 x 10-13 +30 2269 208 FT 14 Berquist...Kaufman 1982
HCLlv=l) + SiHCRy » HCL(v=0} + SimCLyt V-V & V-T 1.3 x 10713 £5 2886 295 LF 70 Coombe...Pilipovitch 1975
HCR{v=1) + SiB,Cly » HCL(ve=0) + SiHuCt,t V-V & vor 4.3 x 10723 10 2886 295 LE 70 Coonbe. . .Pilipovitch 1975
HCL(v=l) + SOCR, + HCR(v=0} + socr,’ V-V & Vet 3.4 x 10713 £10 2686 295 Ly 70 Coombe. .. Pilipovitch 1975
HER{OOLY + DBa{v~0) ~ fICR{nm0) + DDr{v=~0) v-r 1.2 = 10~13 225 23172 296 i8] 7 Arnold...Smith 1980
HCN(OOL) + bea{v=0) » HCN{nmO) + pc2{v=0} v-r 1.5 x 10713 220 3312 296 LF 7 Arnold...Smith 1980
HCN(001) + DF(v=0) + HCN(000) + DF(v=l) v-y & V-T 9.6 x 10713 2385 405 298 Ly 135 McGarvey...Cool 1977
1.4 x 1072 +35 405 240~ LF 135 McGarvey...Cool 1977
6.9 x 10733 450
HON(0D1) + HBr{vs0) » HCN{nm0) + HBr{v~0) V-1 2.63 x 10™13 5 3312 296 L¥ 7 Arnold...Smith 1980
HCN(001) + HC2({v=0) + HCN{(nmO) + HCA(ve0) VT 3.17 x 10713 +5 3312 296 73 7 Arnold...Smith 1980
HCN(0O0L) + HF(v=0) + HCN{nm0)} + HF{v=0) V- 1.3 x 10712 +15 3312 298 L¥ 135 McGarvey...Cool 1977
V-V contribution is less than 20%
1.4 x 10712 £25 3312 240- L¥ 135 McGarvey...Cool 1977
7.4 x 10713 443
HD(v=1) + HCA(veD) ~ HD(ve0) + HCA{v=l) vy 1.05 x 10713 £10 741 295 P 105 Hopkins and Chen 1972
HP(v=1) + Ar » HF(v=0)} + Ar V-7 <1.9 x 10718 3962 294 LF 95 Hancock and Green 1972
1.9 x 10715 3962 295 LF 94 Hancock and Green 1972
1.9 % 10715 3962 295 LF 100 Hinchen 1873
<t.1 x 10714 2962 350 LF 2 Airey and Pried 1971
<3.,1 x 10"15 3962 350 LF 89 Fried...Taylor 1973
2.5 x 10715 £20 3962 800~ LF-ST 16 Blair...Schott 1973
6.2 x 10~14 2400
8.3 x 10714 3962 1350~ ST 34 Bott and Cohen 1971
6 x 10-13 4000
9.5 x 10-15 3962 1500~ ST 171 Vagil'ev...Tal'roze 1973
4.2 x 1y 43 5000
HP(v=3) + Ar + HF(v=2) + Ar V-7 ~1 x 10715 3622 296 P 163 Smith and Wrigley 1980
Deactivation of laser initiated reaction product
«1 » 20"15 2622 208 Ly 162 Wrigley and Smith 1081
HE(v=4) + Ar + HF(v=3) + Ar v-T <2 x 10715 3459 295 LF 162 Wrigley and Smith 1981
"HP(v=6) + Ar » HF(v=5) + Ar v-r <6 x 10"15 3143 295 LF 162 wrigley and Smith 1981
HP(vel) + BF3 + HF{v=0) + BF3' V-V & V=T 4.7 x 10~4 £10 3962 295 LF 39 Bott and Cohen 1974
HF(v=1) + Br + HF{v=0) + Br(Bc") V-T & V=E  23.1 x 10711 +50 274(8c") 295 LF-DF 150 Quigley and Wolga 1975
The analysis states incorrectly that kg = ko' for V-E equilibrium, however
the result matches a correct analysis of the data
6.3 x 10~11 +20 274(Br") 208 LF 175 wodarczyk and Sackett 1976
Calculated from reverge B~V measurements assuming that the V-E
transfer is 1003 of the deactivation
1.5 x 10-10 3962 1500~ sT 18 Blauer and Solomon 1973
3.2 x 1074 2600
HE(v=n) + Br + HF(van-1) + Br{Br ) v-T & V-E ﬂ;l % % g % -1—3 295 <D 78 Douglas...Sloan 1976
Relative rate information only
HF({val) + CBI’FB + HF{v=U} + CBT¥'3+ V=V & V=) S1+8 % 10“14 *ls 3902 2995 Ly 39 pOTT anad Cohen 1974
HE(v=3) + CDy » HF(v=2) + cp,t V-V & V-1 1,8 x 10712 £35 3622 295 LF 123 Lampert...Crim 1980
1364 (v4)
Direct excitation to HF(v=3}
HF(v=4) + CD, » HF(v=3) + cD,} V-V & V-T 5.5 x 10712 £15 3459 295 LF 123 Lampert...Crim 1980
1201(v3)
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Table 1. Rate coefficients for vibrational energy transfer {continued)
Reference Number, Author
Process Type Rate Constant Error aE(en™1) Temp Method or First and Last Author,
{em3/moleculess) (%) {+=exo0) {K) Year of Publication
HF(v=1) + CF4 + HF(v=0) + CF,? V-V & V-T 1.3 x 10714 £15 3962 295 LF 39 Bott and Cohen 1974
<1.2 x 10714 30 3962 298 FT 119 Kwok and Cohen 1974
HE(v=2) + CFy = HF(v=1) + CF,} V-V & V-T 2.2 x 10714 £50 3789 298 FT 119 Kwok and Cohen 1974
HE(v=3) + CFy » HF(v=2) + cF ' V-V & V=T 6.3 x 10714 50 3622 298 FT 119 Kwok and Cohen 1974
BF(v=l) + CHy + HEF(v=0) + cH,t V-V & V=T 2.1 x 10"12 3962 320 FT & anlauf...Herman 1973
941 (v3}
1.6 x 10~12 . 15 3962 295 LF 96 Hancock and Greem 1973
941({v3)
6.5 x 10712 +30 3962 298 FT 119 Kwok and Cohen 1974
941(v3)
8.0 x 10~13 15 3962 295 LE 24 Bott 1977
941(vjy)
1.1 = 10712 3962 295 Fr 8 Arnold and Kimbell 1978
HP(v=2) + CHy » HF(vel) + ci,t VeV & V=1 7.6 x 10712 3789 320 F? 6 Anlauf...Herman 1973
769 (vg)
2.2 x 10712 +50 3789 298 FT 119 Kwok and Cohen 1974
769(v4)
1.8 x 10712 3789 295 FR 147 Poole and Smith 1977
HF(ve3) + Cig » HF(v=2) + CH,T V-V & V=T 2.7 x 10712 =50 3622 298 FT 119 Kwok and Cohen 1974
602(v3)
4.7 % 10732 3622 295 FR 147 Poole and Smith 1977
602(vy3)
1.8 x 1071 £25 3622 295 LF 123 Lampert...Crim 1980
602(vy)
Direct excitation to HF(v=3)
HF(v=4) + CHy » HF(v=3) + cH,t V-V & V=T 1.3 x 10712 3459 295 FR 147 Poole and Smith 1977
439(v3)
4.7 » 10~11 215 3459 295 LF 123 Lampert...Crim 1980
432(vy) ’
Direct excitation to HF(ve4)
HF(v=5) + CHy + BF(v=4) + cH,t V-V & VT 3.2 x 10741 3299 295 FR 147 Poole and Smith 1977
1.0 x 10~10 +30 3299 298 FT 81 Dzelzkalns and Kaufman 1982
HF(v=6) + CHy + HE(v=5) + cn,t V-V & V=T 4.8 x 10”11 3143 295 FR 147 Poole and Smith 1977
1.4 = 10710 30 3143 298 BT 81 Dzelzkalns and Kaufman 1982
HE(v=T) + CHy + HF(v=6) + cn,t V-V & V-T 3.9 x 10711 2988 295 PR’ 147 Poole and Smith 1977
The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error
3.5 x 10710 %30 2988 298 FT 81 Dzelzkalns and Kaufman 1982
HF(v=1) + CpF4 + HF(v=0) + CoF,t V-V & V-T 1.0 x 10713 3962 298 FT 8 Arnold and Kimbell 1378
HE(v=2) + CoFy » HP(v=1) + C F,t V-V & V-T 2.7 x 10713 3783 298 FT 8 Arnold and Kimbell 1978
HF(v=l) + CaFg + HE(v=0) + CyFgt V-V & V-T 4.9 x 10715 £35 3962 295 L¥ 39 Bott and Cohen 1974
nr(v=1) + conrg v Hr(v-0) + Courgt VeV & Ve B9 x 10-13 3962 298 vy 5 ACNOLA and Ximbell 1978
HF(v=2) + CyHF5 » HE(v=1) * Cour;t VeV & V-T 1.3 x 10712 3789 298 T 8 Arnold and Kimbell 1978
HP(v=1) + CpHly » HF(v=0) + Cp,t V-V & V-7 1.9 » 10732 3962 a0 FT 6 Anlauf...Herman 1973
HP(v=2) + CpH, + HF(v=l) + CpH," V-V & V=T 6.6 x 10712 3789 320 FT 6 Anlauf...Herman 1973
HP(v=1) + 1,1-CyHpFy +
HE(v=0) + 1,1-CoHqF,T V-V & V-T §.3 x 10713 3962 298 FT 8 Arnold and Kimbell 1978
RF(v=2) + 1,1-CaHpF, =+
HF(val) + 1,1-CyHipFyt V-V & V-T 2.0 x 10712 3789 298 FT 8 Arnold and Kimbell 1978
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Table 1. Rate coefficients for vibrational energy transfer (continued)

Reference Number, Author

Process Type Rate Constant Error AB(cm'l} Temp Method or First and lLast Author,
(cm3/moleculess) (3) (+=exa) (K} Year of Publication
#F{val} + cis-1,2-CaHpFp > .
HE(v=0) + cis-1,2-CoH,F,t V-V & V-T 9.6 x 10713 3962 298 FT 8 Arnold and Kimbell 1978
HF(v=2) + cis~l,2-CpHpFy +
HF(v=1) + cis~l,2-CyHyF,T V-V & V~T 1.8 x 10712 3789 298 FT 8 Arnold and Kimbell 1978
HF{v=1) + trans~l,2-CyHFy *
HF(v=0) + trans-1,2-Cyi,Fyt V-V & V-1 9.0 x 10713 3962 298 FT 8 Arnold and Kimbell 1978
HF(v=2) + trans-l,2-CoHyFp +
HF{v=1) + trans-1,2-CyH,F,t VeV & Ve 2.0 x 10-1? 3789 298 FT 8 Arnold and Kimbell 1978
HF(v=1) + CpHyF » HF(v=0) + CpHaFT V-V & V- 1.05 x 10712 3962 298 FT 8 Arnold and Kimbell 1978
HP(v=2) + CyHgF + HF(v=1) + CpHyFT V-V & V-T 2.7 x 10712 3789 298 FT 8 Arnold and Kimbell 1978
HF(v=l) + CyHy »+ HE(v=0) + CoH,! V-V & V-T 21,7 x 10712 3962 320 FT 6 Anlauf.,.Herman 1973
1.5 x 10712 3962 298 FT 8 Arnold and Kimbell 1978
HF(v=2) + CpHy + HP(v=l) + CoH,} V-V & V=T 7.3 x 10712 3789 320 BT 6 Anlauf...Herman 1973
4.0 x 10712 3789 298 FT 8 Arnold and Kimbell 1978
HE(v=l) + CoHg » HE(v=0) + CoHuT V-V & V-T 1.9 x 10712 3962 320 PT 6 Anlauf...Herman 1973
3.4 x 10712 £15 3962 295 LF 96 Hancock and Green 1973
1.8 x 10712 £10 3962 295 LF 24 Bott 1977
2.0 w 10712 avez 200 rr 0 Arnold end Kimbell 1370
HE(v=2) + CyHg » HE{v=1) + CoH! V-V & v-r 9.3 x 10712 3789 320 ET 6 Anlauf...Herman 1973
HF(v=l) + C3Hg + HE(v=0) + CjHgt V-V & V-T 9.9 x 10712 £15 3962 295 LF 96 Hancock and Green 1873
HF(v=1) + CHg + HF(v=0) + CgH' VeV & Ve 2.8 x 10722 3962 320 BT 6 Anlauf...Herman 1973
4.2 x 10712 215 3962 295 LE 96 Hancock and Green 1973
2.6 x 10712 410 1962 295 Ly 24 Bott 1977
HF(v=2) + CaHg + HF(v=1) + CgHgt V-V & V-T 9.9 x 10712 3789 320 ET 6 Anlauf...Herman 1973
HF(v=1) + C4Fg » BF(v=0) + C4Fgt V-V & V-T 1.9 x 10714 £15 3962 295 LF 39 Bott and Cohen 1974
HF(v=1) + C4H g » HF(v=0) + c;,l-lmf V-V & V-T 5.3 x 10712 15 3962 295 LF 96 Hancock and Green 1973
4.0 x 10712 £10 3962 295 LF 24 Bott 1977
HE(v=1) + C& + HF(v=0) + C& VaT 7.4 x 10713 25 3962 295 LF-DF 151 Quigley and Wolga 1975
3.8 x 10~11 3962 3000 s» 19 Rlawer...Owene 1072
1.3 = 10742 =50 3962 1850~ ST 18 Blauer and solomen 1973
1.7 x 10712 3200
HF(v=n) + C% » HF(v=n-1) + C2 ) V-7 Ef—]-i % —1—[3) % % ‘5% 295 CcD 78 Douglas...Sloan 1976
Relative rate information only
HF(v=l) + Ci, » HF(v=0) + C1,7 V-v.& V-T 1.0 x 10°14 220 3962 295 LF 151 Quigley and Wolga 1975
HF(v=l) + CL&F » HF(v=0) + cart V-V & V-T 2.5 = 10"14 +25 3962 295 LF 39 Bott and Cohen 1974
HF(v=1) + CIF3 + HP(v=0) + C4F; V=¥ & v-r 3.5 x 10712 15 3962 295 LF 96 Hancock and Green 1973
6.2 = 10712 230 3962 295 LG 59 Chebotarev...Pshezhetskii
1976
HF(v=2) + CiF3 » HF(v=1) + CaF! V-V & V=T 1.1 % 10713 £15 3789 295 L6 59 Chebotarev...Pshezhetskii
1976
HF{v=2) + CiFg + HE(v=1) + CaFygt V-V & V=T  ~5.6 x 10712 £35 3789 295 1% 59 Chebotarev...Pshezhetskii
1976
HF(v=1} + CO(v=0) + HF{v=0) + CO{v=1} V-V & V-T 5.6 x 10714 $10  1816(v=1) 295 LF 37 Bott and Cohen 1973
=301 (v=2}
7.7 x 10714 £20  1816(vel) 295 53 92 Green and Hancock 1973
-301(v=2)
HF(v=2) + CO(v=0) = HF{v=1) + CO(v=1) .v-v & V-1 2.9 % 10-13 1646{v=1) 295 FR 147 Poole and Smith 1977
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Table 1. Rate coefficients for vibrational energy transfer (continued)

Reference Number, Author

=max== e mmes 2 sosme =am=soazz=as s == == —amrssseTse=Tsoma——

Pirucess Type Ra;e Constant Errcr AE(um_l) Temp Methad VL riist aud Last Authwr,
(em”/moleculers) (2} (+=ex0) (K) Year of Publication
HF{v=3) + Co{v=0) + HF(v=2) + co(v=1) V-V & V-T 1.2 x 10712 1478(v=1) 295 FR 147 Poole and .Smith 1977
2.9 x 10712 £10  1478(v=l) 296 LE 163 Smith and Wrigley 1980
HF(v=d) + CO(v=0) » HF(v=3) + CO(v=1) V-V & V-7 5.4 x 10712 1315(v=1) 295 FR 147 Poole and Smith 1977
1.38 x 10713 10 1315(v=1) 295 LF 162 Smith and Wrigley 1981
Deactivation of laser initiated reaction product
HF(v=5) + CO(v=0) + HF{v=4) + CO(v=l) V-V & V=T 1.2 x 10711 1154(v=1) 295 FR 147 Poole and Smith 1977
HF{v=6) + colv=0) » HF{v=5) + CO(v=1) V-V & V=T 2.6 x 10712 996(v=1) 295 FR 147 Poole and Smith 1977
4.1 x 10-11 +35 996(v=1) 295 LF 162 Smith and Wrigley 1981
Deactivation of laser initiated reaction product
HF(v=7) + CO(v=0) » HF(v=6) + CO(v=1) VeV & V=T 2.3 x 10711 841(v=1) 295 FR 147 Poole and Smith 1977

The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error

HF + CO, see also CO + HF

HF(v=1) + COF; + HF(v=1) + COF,' V-V & V=T 1.8 x 10712 £10 3962 295 LF 39 Bott and Cohen 1974
HF{v=1) + CO,(000) + HF(v=0) + CO,{001} V-V & V-T 1.2 x 10712 1612(001) 295 PR 3 Airey and Smith 1972
243(101)

The rate constants in Ref. 3 are internally consisteat, but their absolute
magnitudes may be in error

1.82 x 10712 £2  1612(001) 298 LF 94 Hancock and Green 1972
243(101)
1.82 x 10712 14 1612(001) 294 LF 95 Hancock and Green 1972
243(101)
1.11 x 10712 5 1612(001) 295 LF 37 Bott and Cohen 1973
243(101)
2.2 x 10712 $20  1612(001) 295 LF 127 Lucht and Cool 1974
243(101)
1.3 « 10712 £30 1612(001) 298 FT 119 Kwok and Cohen 1974
243(101)
1.2 « 1012 . %10 1612(001) 295 LF 31 Bott 1976
243(101)
1.2 x 10712 1612{001) 298 T 8 Arnold and Kimbell 1978
243(101)
1.7 x 10712 £20  1612(001) 205- LF 129 Lucht and Cool 1975
1.1 x 10712 243(101) 358
1.3 x 10~12 1612(001) 350 LF 166 Stephens and Cool 1972
243(101)
~lod x iy 33 16LZ(UOL) 400 T 170 VANl ev...Tdl Luze 1572
243(101)
2.2 x 10732 $20  1612(001) 295- LF 127 Lucht and Cool 1974
1.2 x 10712 243(101) 670
9.2 x 10713 +3  1612(001) 450- LF-ST 37 Bott and Cohen 1973
1.0 x 10712 243(101) 1100
HF(v=2) + C0,(000) » HF(v=1} + CO,(001) V-V & V=T 4.4 x 10712 1440(001) 295 FR 3 Airey and Smith 1972

Value given includes correction for radiative lifetime noted in 147.

The rate constants in Ref. 3 are internally consistent, but their absolute
magnitudes may be in error

4.8 x 10712 1440(001) 298 FT 119 Kwok and Cohen 1974

6.2 x 10712 +10 1440{(001) 295 LF 31 Bott 1976

3.4 x 10712 1440(001) 285 FR 147 Poole and Smith 1977
HF(v=3) + C0,(000) » HF(v=2) + coz(OOI) V=V & V~T 6.4 x 10712 1273(001) 295 FR 3 Airey and Smith 1972

Value given includes correction for radiative lifetime noted in 147

5 x 10722 5Q 1273(001) 298 FT 119 Kwok and Cohen 1974
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Table 1. Rate coefficients for vibrational energy tranafer (continued)
) Reference Number, Author
Process Type Rate Constant Brror  ,p(en™1) Temp Method or First and Last Author,
(cm3/moleculess) (%) (+=exo) (K) Year of Publication
HF(v=3) + CO,{000) + HF(v=2) + CO,(001) 1.2 x 10712 €10 1273{001) 295 LF 31 Bott 1976
{cont'd.) 1 . .
1.2 x 107+= 1273(001) 295 FT 118 Kwok, private communication
in Ref. 31
7.0 x 10”12 1273(001) 295 FR 147 Poole and Smith 1977
1.01 x 10711 £15 1273(001) 295 LF 77 Douglas and Moore 1979
Rircct cxeitntion te HP{v-3)
1.04 = 15™11 115 1273(001) 296 LF 163 Smith and Wrigley 1980
Deactivation of laser initiated reaction product
HF(v=4) + €04(000) + EF{v=3) + CO,(001) V-V & V=T 1.2 » 073 1109(001) 295 FT 3 Airev and Smith 1972
Value given includes correction for radiative lifetime noted in 147
1.3 x 1071 1109(001) 295 FR 147 Poole and Smith 1977
2.3 x 10741 £25  1109(001) 295 LF 77 Douglas and Moore 1979
2.2 x 10741 310 1109(001) 295 P 162 Smith and Wrigley 1981
Deactivation of laser initiated reaction praduct
HF{v=5) + C0,(000) ~ HF{v=4) + CO,(001) V-V & V-T 2.0 x 1071 949(001) 295 FT 3 Airey and Smith 1972
Vvalue given includes COrrecticon rOF radiative Liretime noted in La7
2.7 x 10-11 949(001) 295 FR 147 Poole and Smith 1977
8.1 x 10-11 +30 943(001) 298 FT 81 Dzelzkalns and Kaufman 1982
HF(vaB) + C0,(000) » BF{v=5) + CO,(001) VeV & V=T 3.5 x 10711 794(001) 295 FR 147 Poole and Smith 1977
7.1 x 10~} +35 794(001) 295 LF 162 Smith and Wrigley 1981
Deactivation of laser initiated reaction preduct
S1.6 x 1p710 230 794(001) 298 Fr YL Dzelzkalns and Kautman 1982
HF(ve?) + €02(000) + HF(vw6) + €O,(001) V=Y & VT 3.2 x 10"l 640(001) 295 ¥R 147 Poole and Smith 1977
The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error
3.0 « 10710 230 640(001) 298 FT 81 Dzelzkalas and Kaufman 1982
HF(v=n} + C0,(00C) + HF(v=n-1) + CO,(001) V-V & V-T n=l 2 3 4 5. 6 9 e 51 Brown...Polanyi 1978
: 2 2 1.0 2 T.21 72.16 1.89 3.76
Relative rate information only
HE(VEL) * Ny % HE(VRU) + Gyt Yoy & V=T 4.9 x ip 13 3962 235 LF 173 Wendelken...Noetzel 1975
HF{v=1) + D +» HF{va=0) + D V-T & Exchange 3 x 10-}¢ +90 3962 295 LF~DF 99 Heidner and Bott 1975
HF(v=3) + D » HF(v=2) + D V-T & RX & 9.8 x 10711 3622 295 LF~DF 43 Bott and Heidner 1977
Exshange
Sequential absorption to HF{v=3)
1.3 x 10710 3622 200- LF-DF 43 Bott and Heidner 1977
9.8 x 10”11 295
Provides evidence that the v=3 295 cD 12 Bartoszek...Polanyi 1978
relaxation is due mainly to reaction {HD) channel
HF(v=1) + D3r(v=0) + HF{v=0) + DBr(v=1) V-V & V-T 1.4 x 10713 +35 2119(v=1) 295 LF 39 Bott and Cohen 1974
279(v=2)
BE(v=1) 4 Dp(v=0) ~ HF(v=0) + D,lv=1} V-V & V-1 1.14 x 10-13 10 967 294 LF 95 Hancock and Green 1972
9.6 « 10714 £20 967 295 LF 37 Bott and Cohen 1973
9.0 x 10-14 £10 967 295 LF 44 Bott and Heidner '19R0
8.2 x 10714 £10 967 200 LF 44 Bott and Heidner 1980
1.2 x 10-13 £20 967 450~ LF-ST 37 Bott and Cohen 1973
1.0 x 10713 1000
8.5 x 16714 967 1500~ sT 34 Bott and Cohen 1371
1.3 x 10712 3300
HE(v=2) =+ Dp{v=0} + HF(v=l) + Dy(v=l) VY & V-T 2.6 x 10733 796 295 FR 146 poole and Smith 1977
HF(v=2) + Dp(veD) + HF{v=2) + D,(v=1) V-V & V-7 5.9 x 10°13 628 295 FR 146 Poole and Smith 1977
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Table 1. Rate coefficients for vibrational energy transfer (continued)

atamm s

ez -

Reference Number, Author

Process Type Rata Constant REEGE AE(cm'l) Terp Method or First and Last Author
(em3/moleculess) (3} {+=exo0) {K}: Year of Publication
HF{v=3) + Dp(v=0) » HF(v=2) + D,(v=1) 1.3 x 10712 +20 628 295 LF 77 Douglas and Moore 1979
(cont'd.) Direct excitation to HF(v=3}
1.5 » 10712 115 628 295 LF 44 Bott and Heidoer 1980
Sequential absorption to HF{v=3) !
1.5 x 10712 £15 628 200 LF 44 Bott and Heidner 1980
HB(v=4) + Dp(v=0) + HF(v=3) + Dylv=1)} V-V & VT 1.2 x 10712 466 295 FR 146 Poole and Smith 1977
3.3 x 1o~22 £20 466 295 LF 77 Douglas and Moors 1979
Direct excitavion to HF{v=4)
HE{v=5) + Dy(v=0) + HF(ved) + Dy(vel) VeV & Ver 3.4 x 10712 304 295 FR 146 Poole and Smith 1977
1.3 x 10°31 £30 304 298 Fr Bl Dzelzkalns and Kaufman 1982
BE{v=6) + Dy(v=0) » HF(v=5) + Dy(v=l) V-V & V-7 8.2 x 10712 146 295 FR 146 Poole and Smith 1977
4.2 x 10”11 +30 146 298 FT 81 Dzelzkalns and Kaufman 1982
HF(v=7) + Dy(v=0) » HF(v=6) + Dy(v=1) V-V & V=T  ~6.1 x 10712 -10 295 FR 146 Poole and Smith 1977
The rate constants in Ref. 146 are internmally consistent, but their absolute
magnitudes may be in error
1.0 x 10710 +30 -10 298 FT 81 Dzelzkalns and Kaufman 1982
HF(v=l) + Dy0 + HF(v=0} + Dyot V=¥ & Vv-T 1.3 x 1010 £15 1176(v,) 294 LF 95 Hencock and Green 1872
1.6 » 120-11 1176{v3) 1200- o1 20 Dlaucis..Owens 1972
1.1 x 107t 3300
HP(v=2] + D0 + HF(v=1) + Dy0! V=Y & V=T 4.0 x 10™11 3789 295 FR 147 Poole and Smith 1977
HF(v=3) ¢ D50 + HF(v=2) + Dyol V-V & V-T 6.5 x 10711 3622 295 FR 147 Poole and Smith 1977
HE(ved) + DO = HE{v=3) + Dyof V-V & V-T 8.0 x 10711 3459 295 FR 147 Poole and Smith 1977
HF(v=5) + D,0 + HF(v=4) + Dy0f VeV & V=T 7.1 x 1978 3299 295 FR 147 Poole and Smith 1377
HF(v=6) + D0 » HF(v=5) + Dyol V-V & V-T 4.8 x 10731 3143 295 FR 147 Poole and Smith 1977
HF(v=7) + D50 + HF(v=6) + Dyo’ V-V & V-7 3.1 x 10711 2988 295 FR 147 Poole and Smith 1377
The rate constants in Ref. 147 are internally consistent, but their absoclute
magnitudes may be in error
uF{v=1) + DF(v=0) » HF(v=0) + DF{v=1) V-V & V-7 3.3 x 10712 +35 1055 300 LF 1 Ahl and Cool 1973

V-V contribution only

2.4 x 10712 5 1055 295 LF 37 Bott and Cohen 1973
May contain a small V-T contribution

2.1 x 10712 £10 1055 295 LF 100 Hinchen 1973
V-V contribution estimated to be 7.4 x 10713

4.2 x 10712 +20 1055 295 LF 93 Hancock and Green 1975
Contains V~T contribution

3.24 » 107k2 +3 1055 296 %3 97 Hancock and Saunders 1976
Contajins V=T contribution

There appeara to be no V-~R mechanism in HF deactivated by DF, as in HF deactivated
by HF, praohahly hacanse tha anargy di ffarence is mieh smallar

6.2 x 10712 1055 200 LF 93 Hancock and Green 1975
2.8 x 10712 1055 198 LF 97 Hancock and Saunders 1976
BB x ;0*12 E4vy LSS 210- ur 14¥ Lucnt ana Cool Lv7s

2.4 % 10712 364

Polymer (DF)n quenching observed in Refs. 129 and 97

2.9 x 10712 +45 1055 3sc LF i Ahl and Cool 1973
V-V contripution only

4.2 x 10732 *20 1055 297« LE 128 Lucht and Cool 1974
2.2 « 10732 678
1.2 10~12 ] 1088 280~ LT 37 Bote and Onhon 1872
1.3 x 10712 1100
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Table 1.

Rate coefficients for vibrational energy transfer (continued)

985

7w nmama

Rate Constant

Error

Reference Number, Author

Process Type AE(cm™})  Teme Method or First and lLast Author
{em3/molecuie-s) () (+=ex0) (K} Year c¢f Publication
HF{ve1l) + DF{v=0) » HF(v=C) + CF{v=1) 4.5 x 10713 50 1055 1700~ ST 19 Blauer..,Owens 1972
{cont‘d.) 3.1 x 10712 3300
HF(v=1) 4+ DF(v=0) » HE(vs0) + DF{v=0) Ve <1.4 x 10712 215 3962 300 LF 1 Ahl and ool 1973
<1.3 x 10~12 +50 3962 295 LE 100 Hinchen 1973
<1.2 x 10-12 £15 3962 350 %3] 1 Ahl and Cool 1973
BF{v=1) + (DF), + HF(v=0) + (va‘)nT V-V & V-1 3962 198~ LF 97 Hancock and Saunders 1976
296
Strong rate enhancement over monomer
HF(v=1) + F » HF{v=0) + F v-T 2.8 » 10713 %25 3962 295 LE-DF 149 Quigley and Wolga 1974
2.8 x 10713 125 3962 295 LE-DF 151 Quigley and Wolga 1975
4.5 x 10712 +20 3962 1500-  LF-ST 16 Blair...Schott 1973
1.3 x 10711 2400
5.0 x 10711 3962 1800~ ST 35 Bott and Cohen 1971
3300
The rate constant is essentially constant over this temperature range
1.5 x 10712 3962 1700- sT 164 Solomon...Hnat 1971
1.5 x 10-1L 3500
3962 2500 8T 17 Blauer and Solomon 1973
Rates found to be seven times slower than reported in Ref. 164
HF(v=2) + F + HF{v=l) + F V-7 Rate is 6 times faster 3789 2500 sT 17 Blauer and Solomon 1973
than v=1
HF(v=1} + FelCO)g + HF(v=0) + Fe(CO)g' V-V & V=T ~6.2 x 10712 3962 295 LR 37 Bott and Cohen 1973
Bacimote only
HF(v=l} & Fp » HF(v=0) » Fz’f V- & V-T <4.7 x 10"13 3962 350 LF 2 Airey and Fried 1971
<3 » 10~15 3962 350 LF 89 Fried...Taylor 1973
HF(v=1) + H » HF(v=0) + # V-1 3.2 % 10-12 3962 295 FT 121 Kwok and Wilkins 1974
€1.4 = 10714 3962 295 LF~DF 149 Quigley and Wolga 1974
2.3 x10713 +30 3962 295 LF-DF 99,98 Heidner and Bott
1975,1977
HF(v=2) + H » HF(v=1) + H V-1 <1.8 « 10711 3789 295 PT 121 Kwok and Wilkins 1974
1.1 = 10732 +50 3789 295 LF-DF 42 Bott and Heidner 1977
Seguential absorption te HF(v=2)
8.3 x 10713 £40 3789 295 LF-DF 98 Heidner and Bott 1977
HF(v=3) + H » HF(v=2) + H V=T & Rx 3.0 x 10~11 3622 295 FT 121 Kwok and Wilkins 1974
1.05 x 10-10 £25 3622 295 LF-DF 42 Bott and Heidner 1977
98 Reidner and Bott 1977
1.66 x 10-10 3622 200- LF-DF 43 Bott and Heidner 1978
1.05 'x 16710 295
It is thought that relaxation of WF(v=3) is much faster because the reactive
¢hannel opens up
HP(v=1) + HBr{v=0) + HF(v=0) + mBEr{v=1} V-V & v-r 2.2 » 10713 +35 1400 300 LF 1 Ahi and Cool 1973
V-~V contribution only
2.3 x 10713 £15 1400 295 LF 37 Bott and Cohen 1973
Corntains V~T contribution
1.5 x 10™13 £35 1400 350 LF 1 Abl and Cool 1973
HE{v=4) + HBr(v=0) » HF{v=3) + HBr{v=i) V-V & VT 4.2 x 10722 210 0L 95 L 162 Smrth and wrigley 1vyst
Deactivation of laser initiated reaction product
HF{v=1) + HBr{v=0} » HF(v=0) + HBr{v=0) V-T <1.5 % 10-13 3962 300 LF 1 anl aad Cool 1973
€1,0 = 10713 3962 350 LF L Anl and Cool 1973
HF{v=1) + HC2(v=0) » HF(v=0) + HCZ{v=1) V-V & V-T 5.3 x 10713 £5 1074 295 LF 37 Bott and Cohen 1973

Contains V-T contribution
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Rate coefficients for vibrational energy transfer (continued)

Reference Number. Author
Process Type Rate constant Frror sE(em™t) Teup Method or First and Last Author
(em3/moleculess) (%) {(+=exo0) (K) Year of Publication
HF(val) + HCR(v=0) + HF(v=0) + HCR(v=1) 7.4 x 10713 1C74 300 LF 1 ahl and Cool 1973
{cont*d.} V-V ceontribution only
6.7 x 1013 1074 350 LF 1 Ahl and Cool 1973
4.2 x 10713 +5 1074 450- LF-ST 37 Bott and Cohen 1973
6 x 10713 L1100
2.5 x 10714 1074 1420~ st 20 Blauer...Owens 1972
1.7 % 19713 2903
HF(v=3) + HCR&(v=0) » HF(v=2) + HC2(v=l)} V-V & V-T 1.2 x 107! +10 739 295 LF 31 Bott 1976
Sequential absorption to HF(v=3)
1.2 x 107312 £15 739 296 LF 163 Smith and Wrigley 1980
Deactivation of laser initiated reaction product
HF{v=1) + ECi(v=0) » HF{v=0) + HCZ{v=0) v-r <4.9 x 10713 3962 300 LF 1 Ahl and Cool 1973
<3.3 x 10713 3962 350 LF 1 Anl and Cool 1973
HF(v=1) + HCN(CO0) » HF(v=0) + HCN(OOl) V-V & V-T 5.3 x 10712 +25 650(C01) 298 LF 135 McGarvey...Cool 1977
-44(011)
7.2 = 10712 £20 650(001) 240~ LF 135 McGarvey...Cool 1977
3.3 x 10712 ~44(011) 449
HF(v=2) + HCN + BF{v=1) + HCN' V=V & V-7 1.7 = 1071 3789 295 FR 147 7oole and Smith 1977
HF(v=3] + HCN » HF{v=2) + =cn' V-V & V-T 4.3 x 10722 3622 295 FR 147 Poole and Smith 1977
HF(v=4) + HCN + HF{v=3) + =Nt V-V & V=T 8.6 x 10712 3459 295 FR 147 poole and Smith 1977
HF(v=5} + HCN - HF{v=4) + nox? V-V & V=T 1.1 x 10710 3299 295 FR 147 Poole and Smith 1977
HF(v=6) + HCN + HF(v=5) + HCN' V-V & V=T 7.4 = 10711 3143 295 FR 147 Poole and Smith 1977
HE{v=T) + HCN + HF(v=6) + HCn' V-V & V=T  ~5.2 » 10731 2988 295 FR 147 Poole and Smith 1977
Trhe rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error
HF + HCN, see also HCN + HF
HF(v=2) + HD{v=0) + HF(v=1)} + HD(v=1)} V-V & V=T 1.2 x 20712 159 295 FR 146 Peoole and Smith 1977
HF(v=3) + HD{v=0) » HF(v=2) + HD(val) V-V & V=T 5.1 x 10712 -8 295 FR 146 Poole and Smith 1977
HF{v=4) + AD{v=0) » HF{v=3) + HD{v=1) V-V & V=T 2.1 x 10712 -172 295 FR 146 pcole and Smith 1977
HF(v=5) + HD(v=0} = HF{v=4) + H2(v=1) V-V & V-T 1.3 x 10712 -333 295 FR 146 Poole and Smith 1977
HF (v=6) + HD(v=0) » HF(v=5) + HD(v=1) V-V & v-T 1.3 x 10712 -491 295 FR 146 Poole and Smith 1977
The rate constants in Ref. 146 are internally consistent, but their absolute
magnitudes may be in error
HF(v=1) + He » HE(v=0)} + He v-r <3 x 10716 3962 295 LF 39 Bott and Cohen 1974
<1.9 = 10715 3962 295 F 100 Hinchen 1973
9.2 » 10”15 3062 1500~ ST 169 vasil'ev...Papin 1975
2.7 « 10713 3500
3.6 x 10713 3962 1169~ st 34 porc and cCohen 137:
5.2 x 10713 3650
HF(v=1) + HF(v=1) » HF{v=2) + HF(v=0) v-v 4.3 x 10711 173 295 FR 3 Rirey and Smith 1972
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The rate constants in Ref. 3
magnitudes may be in error

are internally consistent, but their absolute

4.7 x 10711 173 295 LEF 143 Osgood...Sackett 1972

1.7 x 107l

Rate first described in Ref.
Qeactivation ©x nr(v=¢) in

173 295 LG

25 as 3.7 x 107', then
rKer. v7 (Lonen anad peTT

25 Bott 1972
corrected for faster V-T
1970)
4.8 x 1074 £25 173 295 LE

Correction for faster V-T deactivation of HF(v=2) would give 3.1 x 10
according to Ref. 67

144 Gsgood...Javan 1974
-11

3.8 x 10711 +30 298 ET 122 Kwok and Wilkins 1975
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Table 1. Rate coefficients for vibrational energy transfer (continued)

R £ R TR B e BT B R S AR R = R ——
eference Number, Author
Process Type Rate Constant Error AE(em™1) Temp Method or First and Last Author
(em3/moleculess) (%) (+=ex0) (x) Year of Publication
HF(v=l) + HF{v=1) + HF(v=2) + HBF(v=0) 3.1 x 10731 173 295 FR 147 Poole and Smith 1977
{cont'd.) The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error
t is possible that this V-V rate has 2 significant V-T contribution in
all measurements
HP(v=3) + HF{v=0)} + HF(v=2) + HF(v=1) V-V & V~T 2.0 x 10711 ~340 295 FT 3 Airey and Smith 1972
1622
V-T relaxation underestimated according to Ref. 67
4.3 x 10711 +25 340 295 LF 144 Osgood...Javan 1974
3622
Measnured in revarse dirvertisan, preaumed VeV contribmntion tahnlated hera
2.5 x 10712 +40 ~340 298 FT 122 Kwok and Wilkins 1975
: 3622
1.8 % 1071 -340 295 FR 146 Poole and Smith 1977
3622
The rate constants in Ref. 146 are internally consistent, but their absolute
mwagnitudes may be in error
2.7 x 10711 +15 -340 295 LF 76 Douglas and Moore 1978
3622
Direct excitation to HF(v=3)
3.2 x 1074 +20 -340 295 LF 123 Lampert and Crim 1980
3622
Direct excitation to HF(v=3)
3.02 x 10711 +10 -340 295 LF 112 Jursich acd Crim 1981
3622
Direct excitation to HF(v=3)
3.1 % 10”11 £10 ~340 295~ LF 86 Foster and Crim 1981
1.9 x 1071% 3622 650
V-T contribution thought to be a substantial fraction of the total rate
HE(v=4) + HF(vw0} » HF(v=3) + HF(v=1) V-V & V=T 5.3 x 1071 -503 295 FR 3 Adrey and Smith 1972
3459
3.7 » 10711 +25 ~503 295 P 144 Dsgood...Javan 1974
3459
Measured in leverse direction, presuned v~V cuptrliouticon tabulated nere
2.7 x 10711 240 -503 298 FT 122 Kwok &nd Wilkirs 1975
3459
3.2 x 10711 -503 295 PR 146 Ponle and Smith 1977
3459
The rate constants in Ref. 146 are internally consistent, but their absolute
magnitudes may be in error
7,2 x 10711 £10 -503 295 ¥ 76 Douglas and Maore 1978
3459
Direct excitatior to HF(v=4)
7.0 x 10711 115 -503 295 LF 77 Douglas and Moote 1979
3459
a.8 x 10711 £15 -503 295 LF 123 Lampert and Crim 1980
3459
Direct excitation to HF(v=4)
7.28 x 10 +4 -503 295 LF 112 Jursich and Crim 1981
34359
+10 ~503 295+~ LF 86 Faster and Crim 1981
3459 670
Vv~T econtribution thought to be substantial
HF(v=5) + HF(v=0) + HF{v=4) + HF(v=1) -y & V-T 8.1 » 10711 ~662 295 FR 3 Airey and Smith 1972
3299
8.7 x 1012 +60 ~662 298 FT 122 Kwok and Wilkins 1975
3299

J. Phys. Chem. Ref. Data, Vol. 11, No. 3. 1982
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Lreor

Reference Number, Author

Tomp

et aE(cm™) Method or First and Last Author,
Vomoleculess) (3) (+=exo) (K) Year of Publication
L) A S A I 4.6 = L0711 ~662 295 FR 146 poole and Smith 1977
"he rate constants in Ref. 146 are internally consistent, but their absolute

magnitudes may be in error

5.8 x 10-11

1.51 x 10710 14

Direct excitation to HF(v=5)

1.6 x 10710 +3C
1.43 » 10-10 =10
8.1 x 10711 13 at 295

V-T contribution thought to

HF(v=6) + NF{v=0) + HF{v=5) + uF{v=1) V-V & V-T 1.0 x 10710
5.1 x 10711
2.9 x 10710 £3C
V-T contribution thougbt te
HE(v=7) T Or{ve0) -+ nF{v-6) =+ Hr{v=1) vev & ver 4.3 x 10-1t
The rate constants in Ref. 1
magnitudes may be in error
4.6 x 10710 +30
V-T conctribution thought tc
Theory predicts V=T is subst
Ref. 68, where 95% of rate
EF{v=1) « HF{v=0) + HF(v=0) + HF(v=0) v-T 1.8 x 10712 £10
2.70 x 10712 £1
2.7 » 30712 +10
Wizh Ar diluent
1.4 x Lu-li2 21y
without Ar diluent
Rate is slower presumably be
2.7 x 10712 £1
2.25 x 1c712 £l

Corrected Green and Hancock

2.6 x 10712 110
1.9 x 10-12 £10
1.8 % 10712 £10
2.2 x 10712 £15
1.81 » 1c712 +15

Corrected AhlL and Cool resul

1.7 » 10712
2.6 « 10712 220
2.6 x 10712 £25

Neted that without Ar diluen

2,18 x 10737 215
Corrected Lucht and Cool res

1.7 x 19712

1.6 x 10712 £20

1.45 x 10712 14
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~662 293 FT 120 Kwok and Cohen, private
3299 communication, in Ref. 174

-662 295 LF 112 Jursich and Crim 1981
3299

-622 298 FT 81 Dzelzkalns and Xaufman 1982
3799

-662 295- LF 86 Foster and Crim 1981
3299 625

be substantial

-819 295 FT 120 Kwok and Cohen, private
3143 communication, in Ref. 174

-819 295 FR 146 Poole and Smith 1977
3143

-81% 298 FT 81 Dzelzkalns and Kaufman 1982
3143

be substantial

PEE) 295 FR 146 Poole and Smith L9//

46 are internally consistent, but their absolute

2988 298 FT 81 Dzelzkalns and Kaufman 1982
be substantial
antial, see e.g. 68 coltrin and Marcus 1980
for v=7 is V-T
39g2 295 LF 25 pott 1972
3962 294 LF 94 Hancock and Green 1972
3962 294 LF 95 Hancock and Green 1972
EEL-Pa 294 Ly Y5> Hancock ana sreen 14/z

cause V-R transfer forms a bottleneck to relaxation

3962 295 LF 92 Green and Hancock 1973

3962 295

result for error in partial pressure measurement

LF 28 Bott 1974

3962 293 LF 89 Fried and Taylor 1973
3962 295 LF 100 Hinchen 1973

3962 298 Le 10. Hinchen 1973

3962 300 LF 1 ahl and Cool 1373
3962 302 Lf 28 Bott 1974

t for error in partial pressure measurement

3962 295 Ly 37 Bott and Cohen 1973
3962 295 LF 127 Lucht and Cool 1974
3962 295 LF 128 Lucht and Cool 1974

t the rate is slower

3962 295 LF 28 Bott 1974
ulet for error ir partial pressure measurement

3862 295 LF 144 Osgood...Javan 1974
3962 298 FT 122 Xwok and Wilkins 1375
3962 295 LF 93 Bancock and Green 1975
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Table 1. Rate coefficients for vibrational energy transfer (continued)

IR .

Reference ¥umber, Author

Process Type Bate Constant Errox AE(em™1) Tenmp Method or First and Last Author,
(em3/moleculess) (%) (+=exo0) (K) Year of Publication
HF(v=1) + HF(v=0) » HF(v=0) + HF(v=0) 3 x 10712 +50 3962 200 LF 93 Hancock and Green 1975
(cont'd.) 12
2.2 x 107 +10 3962 205- LF 129 Lucht and Cool 1975
1.5 x 10712 358
4.3 x 10712 3962 330 sp 154 Rityn...Slobodskaya 1974
Possibly some residual water vapor present
3.4 v 10-12 3v6a aso L 2 Airey and Pried 1971
1.90 x 10712 +5 3962 350 LF 166 Stephens and Cool 1972
1.80 x 10712 +10 3962 350 Ly 1 anl and Cool 1973
2.6 x 10712 £20 3962 300~ L¥ 127 Lucht and Cool 1974
1.4 x 10712 670
2.6 x 10712 +1§ 2962 300~ 3 128 Lucht and Cool 1974
1.4 x 10712 678
1.2 = 10712 +10 3962 295~ L 89 Fried...Taylor 1973
1.3 x 10712 730
1.8 x 10712 £10 3962 295~ LP-ST 101 Hinchen 1973
1.0 x 10~'2 900
1.8 x 10712 410 3962 295~ LF 25 Bott 1972
7.5 x 10713 . 1000
1.4 x 16™12 »20 2962 00~ TRmeD 1A Miair. . .Qehate 1072
3.6 x 10712 2400
8.3 x 10713 3962 1350- ST 34 Bott and Cohen 1971
6.0 x 10~12 4000
9.5 x 10~}4 +30 3962 1400~ ST 164 Solomon...Hnat 1971
1.5 x 10711 4100
8.9 » 10713 3962 1500~ ST 171 Vasil'ev...Tal'roze 1973
4.8 x 10711 5000
There ia a broad minimum in the rate constant at 1200 K
There is a minimum in the probability at 900 K
HE(v=2) + HF{v=0) » HP(v=1) + HF(v=0) Ve ~1.2 x 1o~ 3789 295 LG 67 Cohen and Bott 1976

Hr * ry, S ALSO H, * WY, especially HF(v=l,2)

HE(v=3) + Hp(v=0) » HF(v=2) + Hylv=1) V-V & V=T 3.6 x 10733 +10 -535 295 LF 31 Bott 1976
Sequential absorption to HF{v=3)
1.6 » 20713 -53% 2935 R 146 Puuvle and Swith 1977
3.1 x 10713 220 ~535 295 LF 77 Douglas and Moore 1979
Direct excitation to HF(v=3)
3.5 x 10713 *10 ~535 295 LF 44 Bott and Heidner 1980
Seguential absorption to HF{v=3}
1.8 x 10713 15 ~535 200 LF 44 Bott and Heidner 1980
HF(v=4)} + Hy(v=0) » HF(v=3) + Hy(v=0) v-T 2.1 x 1013 3459 295 FR 146 Poole and Smith 1977
4.7 x 10713 +25 3459 295 LF 77 Douglas and Moore 1979
Thought to be mainly V-T
HF(v=5) + 8,(v=0) » HF{v=4) + H,{v=0) ver 4.9 x 10”13 3209 295 FR 146 Poole and Smith 1977
1.8 » 10712 +30 3299 298 PT 81 Dzelzkalns and Keufman 1982

Thought to be mainly VeT

HE(v=6) + Hy(v=0) » HF{v=5) + Hy(va0) ver 9.9 x 10713 3143 295 FR 14

*

Poole and Bmith 1977

3.4 x 10732 £30 3143 298 FT E]
Thought to be mainly V-T

-

Dzelzkalns and Kaufman 1982

HF(v=T) + Hy(v=0) + HF{v=6) + Hy{v=0) v-T 1.6 » 10712 2988 295 FR 146 Poole and Smith 1977
The rate constants in Ref. 146 are internally consistent, but their absolute
magnitudes may be in error

J. Phys. Chem. Ref. Data, Vol. 11, No. 3, 1982
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Table 1. Rate coefficients for vibrational energy 4ransfer (continued)
A ———— — S Pp———— = =
Reference Number, Author
rrocess rype Rare Conatant EXeor  sgqoumty Temm methad wr First and Laest Aulhox,
(cm3/molecule-s7 (%) {+=exo0) (K} Year of Publication
HF(v=7) + Hy(v=0) + BF(v=6) + #p{v=0) 9.0 x 10712 +30 2988 298 FT 81 Dzelzkalns and Kaufmap 1982
{cont'd.) Thought to be mainly V=T
HF(v=1) + Hy(v=0) + HF(v=0) + Hy(v=0) v-T <3 x 10-14 3962 295 LF 95 Hancock and Green 1972
1.8 x 10714 +35 3962 295 LF 37 Bott and Cohen 1913
The intercept was misquoted; the result in Ref. 27 is better
~l.2 x 10713 295 LFP 100 Hinchen 1973
Estimate cnly
1.2 x 10714 230 3962 295 P 27 Bott 1974
3.5 x 1074 3962 295 LF 141 Osgood, private
communicaticn in Ref. 27
3.1 x 10714 130 3962 457~ LF-8T 27 Bott 1974
3.1 x 10714 611
HF + Hz, ®ea alsn Qz + HF
HF(val) + Hy0 » HF(v=0) + Hyo'! V-V & V-7 1.3 x 10730 £15  206{001) 294 LF 95 Hancack and Green 1972
310(100)
1.0 x 10710 206{001) 1630~ sT 20 Blauer...Owens 1972
4.9 x 107k 310(100) 2920
HF(v=2) + E,0 » HF(v=l) + H201 V-V & V-T 4.0 x 10710 3789 295 FR 147 Poole and Smith 1977
HF{v=3) + H,0 + HF(v=2) + Hp0f V-V & V-T 6.2 x 10-10 3622 295 FR 147 Poole and Smith 1977
BF(v=4) + Hy0 » HP(v=3) + Hyo! V-V & V=T 7.6 x 10710 3459 295 FR 147 Poole and Smith 1977
HF(v=5) + Hy0 + HF(v=4) + #,07 VY & V=T 6.5 x 10710 3299 295 FR 147 Poole and Smith 1977
HF{v=6) + Hy0 + HF(v=5) + Hy0" V-V & V-T 3.7 x 10710 3143 295 FR 147 Poole and Smith 1977
HF(v=7) + Hy0 + HF(v=6) + H,0' V-V & V-T 3.1 x 10710 2988 295 FR 147 Poole and Smith 1977
The rate constants in Ref. 147 are internally consistent, but their absoclute
magnitudes may be in error
ur(v=l) + s » ur{v-0) uzs+ V- & V-T 1.9 = 10712 10 3962 295 ur 39 Dott and Cohen 1974
2.3 x 10-12 +30 3962 298 FT 119 Kwok and Wilkins 1974
HE(v=2) + HyS ~ HF{v=1) + HosT V-V & V-1 8.6 x 10712 =5¢ 3789 298 Fr 119 Kwok and Wilkins 1974
HF{V=3) + HyS » HF{v=2) + H,S' v-v & V=T 1.0 x 1073 150 3622 298 FT 119 Kwok and Wilkins 1974
HF (v=l) + HI(v=0) + HF(v=0) + HI(v=l) V-V & Vel 1.1 x 10-13 $80  1950{v=1) 300 LE 1 Ahl and Cool 1973
~418{v=2)
7.2 x 10-14 7% 1G&MN{vs]) 350 5 1 Ah1 and Goal 1971
-418(v=2}
HF{v=6) + HI{v=G) + HF(v=5) + HI(v=1) V-V & V-T 2.0 x 10710 +10 295 LF 162 Wrigley and Smith 1981
Deactivation of laser initiated reaction product
HF(v=l) + I » HF(v=0) + I V-7 3.8 = 10712 +50 3962 1600- ST 18 Blauer and Solomcm 1273
3.6 x 10711 3000
HE(v=2) + 1 » aF{v=0) + 1{1%) v-T & V-E 3 x 10712 235 7751 295 LF 148 Pritt and Coombe 1976
147(1%)
V-E contributicn to the total deactivation from reverse process
9.2 x 10713 7751 295 F 6% Coombe and Pritt 1977
12701
Value obtained frcom V-E contribution to the total deaccivaticn,
==V Cchannel estakllished to be 35%
BF(v=1) + BFy + #F{v=0) + NF4! V-V & V=T <9 x 10715 3962 295 LF 39 Bott and Cohen 1974
HF + NaF, see NaF + HF
HF(v=2) + NHy » #F(v=1) + w3t V=Y & V=T 1.9 % 10710 3783 295 FR 147 Poole and Smith 1977
HF(v=3) + NH3 + HF(v=2) + NH3T V-V & V-T 1.9 x 10710 3622 295 FR 147 poole and Smith 1977
HE(v=4) + MHy » HF(v=3) + Ny’ V-V & V-7 2.3 x 10710 3459 295 FR 147 poole and Smith 1977
HF(v=5) + NHj » HF(v=4) + Nt V-V & V-T 4.0 x 10710 3299 295 FR 147 Poole and Smith 1977
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Table 1, Rate coefficients for vibrational energy transfer {continued)

U — amen ’ = B N N PSR e P —
Reference Number, Author
Process Type Rate Constant Error sBlem™l) Temp Method or Pirst and Last Author,
{em3/moleculess) (%) {+=exo) (K) Year of Publication
HP(v=6) + NH; + HE(v=5) + Ku,t V-V & V-T 2.8 x 10~10 3143 295 FR 147 Poole and Smith 1977

The rate constants in Ref. 147 are internally consistent, but their absolute

magnitudes may be in error

HE(v=1) + Ny(v=0) + HF{v=0) + N,(v=1) V-V & VT 4.0 x 107} £50 1630 294 LF 94 Hancock and Green 1972
3.9 x 10-15 £50 1630 294 Ly 95 Hancock and Green 1972
4.7 » 2075 110 1630 295 e 37 Bott eud Cohen 1973

May contain large V-T contribution

4.5 » 10715 £15 1630 295 Le 31 Bott 1976
4.3 x 10”15 £15 1630 295 LF 44 Bott and Heidner 1980
6.2 x 10715 £10 1630 200 LF 44 Bott and Heidner 1980
1.2 = 10™14 1630 350 |23 2 Airey and Fried 1971
6.2 » 10715 +50 1630 350 LF 89 Fried...Taylor 1973
€.2 x 10715 %10 1630 450~ LF=ST 37 Bott and Cohen 1973
9.1 x 10714 1700
£.3 - 10-14 1630 1500~ or 22 Bote and Conen 1971
4.3 x 10713 3200
9.5 x 10714 260 1630 1400- sr 19 Blauer...Owens 1972
2.2 x 10713 3200
HE(v=2) + Np(va0) = HF(v=1) + Np(v=1) v-v & V-7 2.5 x 10714 €15 1462 295 LP 31 Bott 1976
Sequential absorption to HF{v=2)
~1.1 % 10714 1462 295 FR 147 Poole and Smith 1977
HE(v=3) + Np(v=0) + HF{vs2) + N {v=l) V-V & V-T 9.0 x 10714 £15 1295 295 LF 31 Bott 1976

Sequential absorption to HF({v=3)
2.8 x Lo~14 1295 295 FR 147 Poole and Smith 1977

7.1 x 10714 1295 295 P 163 Smith and Wrigley 1980
Deactivation of laser initiated reaction product

HF(v=4) + Ny(v=0) » HF(v=3) + Np(v=l} V-v & V-7 6.1 x 10714 1i28 295 FR 147 Poole and Smith 1977
3.5 x 10743 10 1128 295 LF 162 Smith and Wrialev 1981
Deactivation of laser initiated reaction product
HE(v=5) + Np(v=0) » HF{v=4) + Hy(v=1) V-v & V=t 2.5 x 10713 967 295 FR 147 Poole and Smith 1977
HF{ve§) + Np(v=0) + HF(v=5) + Ny(v=l) VeV & V-T 7.0 x 10713 809 295 FR 147 Poole and Smith 1977
1.2 x 10712 +35 809 295 LF 162 Smith and Wrigley 1981
HF(v=7) + Np(v=0) + HF(v=6) + Ny(v=l) V-V & V-7 1.4 x 10712 654 295  ©  FR 147 pPoole and Smith 1977

The rate constants in Ref. 147 are internally ccnsistent, but their absolute
magnitudes may be in error

HF(V=1) + N,0 » HF(v=0) + ;\120* V-V & V-7 1.6 x 10712 £10 3962 295 iF 39 Bott and Cohen 1974
3.8 x 10713 +30 3962 298 [ 119 Kwok and Cohen 1974

HF(v=2) + H,0 » HF(vel) + pof V-V & v-r 6.8 x 10713 +50 3789 298 PT 119 Kwok and Cohen 1974
1.0 x 10711 3789 295 FR 147 poole and Smith 1977

HF(v=3) + N,0 » HF(v=2) + Ny0! v-v & v=7 2.5 x 10711 3622 295 FR 147 Poole and Smith 1977
1.4 x 10-11 *10 3622 296 o 163 Smith and Wrigley 1980

Deactivation of laser initiated reaction product

HF(v=4) + N0 ~ HF(v=3) + nyo! V-V & V- 3.0 x 1073 34590 295 FR 147 Poole and Smith 1977
5.9 x 1p-ll =15 295 LF 162 smith and Wrigley 1981
Deactivation of laser initiated reaction product
HE(V=5) + N0 + RF(v=4) + Nyof V-V & V-T 5.2 x 10711 3299 295 FR 147 Poole and Smith 1977
1.2 x 10710 =30 3299 298 FT 81 Dzelzkalans and Kaufman 1982
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pable 1. Rote coefficients for vibrational energy transfer {continued)

o 1 o 5 e A A e 2 2 - . e
Reference Number, Author
Process Type Rate Constant Erroz SE(em™ ) Temp Method or First and Last Author,
(em? fmoleculass) %) {#=exo) (K) Year of Publication
HF(ve6) + N,0 + HF(v=5) + N,0! V-V & V-T 7.4 x 1071 3143 295 FR 147 Poole and Smith 1977
The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error
1.2 x 10~10 £35 3143 295 LF 162 Smith and Wrigley 1981
1.8 = 10™10 30 3143 298 FT 81 Dzelzkalns and Kaufman 1982
HE(v=7) + N30 » HF(v=6) + Nyo! V-V & V-T 3.1 x 10710 £30 2088 298 FT 81 Dzelzkalns and Kaufman 1982
HF + N0, see also Np0 + HF
HF(v=1) + NO(v=0) + HF(v=0) + NO(v=1) v-v & v-T 1.9 = 10713 320 2083(val) 295 LF 37 Bott and Cohen 1973
235(v=2)
1.9 x 10-13 $20  2083{v=l) 295 LF 92 Green and Hancock 1973
235({va2)
3.4 x 10713 2083(v=l)  1060- ST 20 Blauer...Owens 1972
1.5 x 10732 235{v=2) 2680
HF + NO, see also NO + HF
HF{v=1) + O » HF(v=0) + O VT 3.1 x 10712 %20 3962 295 LF 149 Quigley and Wolga 1974
3.1 x 10712 20 3962 295 LF 151 Quigley and Rolga 1975
1.1 x 1071 3962 1400~ 8T 18 Blauver and Solomon 1973
2.5 x 10712 2500
HF(val) + 0,(v=0) + HF(vaD) + O,(v=1) V-V & V-T 1.4 x 20715 £15  2403(v=1} 295 LE 37 Bott and Cohen 1973
871(v=2)
V=T contribution may be large
1.1 x 10-14 £10  2403(v=1) 295 LF 37 Hancock and Green 1973
871 (v=2)
1.4 x 10715 £10  2403(v=l) 295~ LF-ST 37 Bott and Cohen 1973
1.3 x 10714 871 (v=2) 200
2.1 x 10731 50 24Ud(v=1]  1AUU~ ST 19 Blauer...Owens 1972
1.7 x 10~13 871(v=2) 3000
2.0 = 10-14 2403 (v=l) 1200~ 8T 169 Vasil'ev...Papin 1975
2.2 x 10713 871 {v=2) 3500
HF(v=2) + 0,(v=0) + HF(v=1) + 0,(v=1) V-V & V=T  <l.4 x 10724 2233(v=1) 295 FR 147 Poole and Smith 1977
HF{v=3) + Oz(v=0) + HF(v=2) + 02(v=1) V-V & V=T 2.3 x 10°14 £15 2066({v=1) 295 LF 31 Bott 1976
Sequential absorption te HP{v=3}
3.4 x 10734 2066{v=1) 295 FR 147 Poole and Smith 1977
02(1A) presumed to be unimportant
1.9 x 10714 +35  2066{v=1)} 296 LF 163 Smith and Wrigley 1980
Deactivation of laser initiated reaction product
HE(v=4) + Op{v=0) » HF(v=3) + 0y{v=l) V-V & V=T 8.4 x 10714 1902(v=1) 295 FR 147 Poole and Smith 1977
1.01 x 10-13 220 1902(v=l) 295 LP 162 Smith and Wrigley 1981
Deactivation of laser initated reaction product
HF(v=5) + On(v=0) + HF(v=4) + Oy{v=l) V-V & VeT 2.1 x 10713 1741(v=1) 295 FR 147 Poole and Smith 1977
HF(v=6) + Op(w=0) » HF(v=5) + Oy(v=1) V-V & V-T 4.7 x 10-13 1584(v=1) 295 FR 147 Poole and Smith 1977
2.7 % 10713 +40 1584 (v=1) 295 LF 162 Smith and wWrigley 1981
HF(v=7) + O5{v=0) + HF(v=6) + 0,(v=1) v-v & V-T 7.2 x 10713 1428(v=1) 295 FR 147 Poole and Smith 1977

The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error

HF(v=1) + PFg + HF{v=0) + PFq' v-v & v-T 2.3 x 10713 £15 3962 295 LF 39 Bott and Cohen 1974
HP(v=1) + SFg » HF{v=0) + sr ! V-V & V-T 2.8 x 10715 +85 3962 295 L 89 Fried...Taylor 1973
<1.5 x 10715 3962 295 LF 39 Bott and Cohen 1974
HF{v=2) + SPg + HF(v=1) + sF/? V-V & V-T <5 x 10-15 3789 293 FT 119 Kwck and Cohen 1974
~6 x 10713 3789 295 FR 147 Poole and Smith 1977
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Table 1. Rate coefficients for vibrational energy transfer (continued)

R IS — - = T ————
Reference Number, Author
Process Type Rate Conotent BEror  agfem })  TOTP Method or First and Last Author,
(cm3/moleculess) (2) (+=ex0) (K) Year of Publication
BE(ve=3) + SFg + HF(v=2) + s¥g' Y-V & V~T 2.8 x 10™14 250 3622 298 FT 119 Kwok and Cohen 1974
1.6 x 10714 3622 295 FR 147 Poole and Smith 1977
WF(v=4) + SFg » HF(v=3) + SFc? V-V & V-T 3.6 x 10714 3459 295 FR 147 poole and Smith 1977
HF(v=5) + SFg + HF(v=4) + SFgf V-V & V-T 7.0 x 10714 3299 295 FR 147 Poole and Smith 1377
HF(V=6) + SFg + HF(v=5) + SFgT v-y & V-T 1.5 = 10712 3143 295 FR 147 Poole and Smith 1977

t v-v & VeT 3.5 x 10713 2968 295 FR 147 Poole and Smith 1977
The rate constants in Ref. 147 are internally consistent, but their absclute

HF(V=7) + SFg » HP(v=6) + SP¢

magnitudes may be in error

HE{v=1) + $iF, + HF(v=0) + SiF,* V-v & V=T 1.0 x 20714 =15 3962 295 LF 39 Bott and Cohen 1974
HE(v=1) + 50, + HF{v=0) + 50,1 V-V & V- 7.4 x 10713 +15 3962 295 e 39 Bott and Cohen 1974
HF(v=1) + SO,F, » HF(v=0) + SO,F,t V-V & V-T 4.4 x 10713 £10 3962 295 LF 39 Bott and Cohen 1974
Hy(val) + DBr{v=0) + H,{(v=0) + DBr{v=1) V-V & VT 6.5 x 10715 $20  232L(v=l) 298 LF 137,138 Miller and Hancock
527(v=2) 1976,1977
Laser Raman excitation of Hy
Hz(v=1) + DCaf{ve0) + HZ(VSO) + pCr{v=1) V-V & V=T 2.13 x 10 ** *5 2062 v=1) 296 LF 137,138 Miller and Hancock
34(v=2) 1976,1977
Hy(v=1) + HBr(v=0) + Hy(v=0) + HBr{v=l) V-V & VT 6.9 x 10715 £10 1604 296 LF 137,138 Miller and Hancock
‘ 1976,1977
Hylv=1) + HCX(v=0) » H,(v=0} + HC2{v=l) V-V & V=T 5.0 x 10714 15 1274 299 LF 145 Pirkle and Cool 1976
3.9 x 10714 +15 1274 295 LF 30 Bott 1976
4.7 x 10714 215 1274 296 LF 137,138 Miller and Hancock
Laser Raman excitation of Hy 1976,1977
3.8 x 10714 +30 1274 215- LF 145 Pirkle and Cool 1976
4.6 x 10™14 448
3.7 x 10723 £50 1274 800~ ST 155 Rosen...Taylor 1979
1.6 x 10712 2000
Hplval) + HF(va0) » Hy(v=0) + HF(v=1) v-v 1.9 x 10712 +15 201 294 LF 94 Hancock and Green 1972
1.94 = 10-12 +S 201 294 LE 95 Hancock and Green 1972
1.95 x 10712 201 320 FT 6 Anlauf...Herman 1973
1.34 x 10712 5 201 295 LF 37 Bott and Cohen 1973

May contain a small V-T contribution

1.9 x 10712 £28 201 295 LF 100 Hinchen 1973
1.3 x 10712 201 295 LF 142 Osgood, private
communication in Ref. 37
1.5 x 10742 25 201 295 133 88 Fried, private
communication in Ref. 37
1.2 x 10712 *10 201 295 LF 31 Bott 1976
L.32 % 10_12 210 201 29% Ly 44 BoOLt emb. neilaner 1980
9.27 x 10-13 £10 201 200 LF 44 Bott and Heidner 1980
1.3 x 10712 45 201 450~ LF-ST 37 Bott and Cohen 1973
1.6 » 10712 1100
Hz(v=1) + HF(v=l) =+ Hp(v=0) + HF(v=2) V-V 7.B.x 10712 367 320 FT € Anlauf...Herman 1973
2.2 x 10712 +10 367 295 LF 31 Bott 1976
Hy(v=1) + HF(v=0) = Hy(v=0) + HF(v=0) v-T 5.1 x 10714 +30 4160 295 LF 37 Dott and Cohen 1973
9.0 x 19~13 +65 4160 295 LF 100 Hinchen 1973
1.2 x 10714 £30 4160 295 LF 27 Bott 1974

Value given io kygp. bOLIPC kg LHy
HF- “2 HZ HY

3.5 x 10714 4160 295 LF 141 Osgood 1974
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Rate coefficients for vibrational energy transfer {continued)

Rate Constant Error Temp

Reference Wumber, Author

Process Type sE(em™1) Method or First and Last Author,
(em3/molecule-s) (%) {+=exo0) (K) Year of Publicaticn
Hp(v=1) + HF(v=0) » H,(v=0) + HF(v=0) 3.1 x 10-14 $30 4160 457- LF-ST 27 Bott 1974
(cont'd.) 3.1 x 10734 611
#I{v=1) + co(v=0) + HI(v=0) <+ CO(v=0) v-T 1.4 x 16713 +10 2230 1400- ST 22 Borrell...Gutteridge 1975
3.9 x 10~k 2000
HI{v=1) + C05{000) + HI{v=0) + CO,{nm0) v-T <4.1 x 10714 2230 295 LF 167 Stephenson...Moore 1972
HI(vsz) + #r(v-0) + HI(v=0) + RE(vELl) vy 6.0 x 1022 +15 418 300 LF 1 Ahl and Cool 1973
Deactivation of HF(v=2) appears to occur via double guantum transfer to HI
4.5 x 1013 418 350 LP 1 Ahl and Cool 1973
HI{v=1) + HT{v=1)} + #T{u=2) & HI(v=0) v-v 3.2 » 1013 s20 a1 300 L 1 &Nl and oo 1¥i3
1.2 x 10712 £30 81 350 LF 1 Ahl and Cool 1973
HI(v=1) + HI(v=0)} + BI{v=0) + HI(v=0) V=T ~1.2 x 10714 £15 2230 295 LF 64 Chen...Moore 1968
8.3 x 10714 +20 2230 800~ ST 116 Kiefer...Bird 1969
9.4 x 10713 1800
~1 x 10713 2230 1400- sT 66 Chow...Greene 1965
2300
Some data for v = 2,3 also
HI + Np, see N, + HI
NaF(v) + HF(v=0) » NaF(v-n) + HF(v') v-v ~1.4 x 10710 cB 82 Engelke 1979
crossed beam riqorescence, results also for MgF(v)
Np(v=1) + DC2{v=0) + Np(v=0) + DCA{v=1) [ 5.2 x 10714 £15 240 295 LF 177 Zittel and Moore 1973
V~T contribution is less than 1%
Np{v=l)} + DI(v=D) » Na(v=0)} + DIlvnml) Ry 1.6 « 1014 10 730 1300 er 50 Dreshears and Bird 1971
3.9 x 10714 2000
§2(v=1) + HBr(v=0} + N,{v=0) + HBr(v=D) v-T 1.1 x 10715 2330 296 LF 61 Chen 1971
Np(v=l) + HI{v=0) » Np(v=0) + HI(v=1) vy 1.7 = 10713 £15 100 1000~ s? 50 Breshears and Bird 1971
1.8 x 10713 2700
N20(001) + HCA(v=0) + N,O(nmd) + HC2(v=0) v-T 3.9 x 10-13 2224 300~ LF 80 Doyennette..,Henry 1978
6.4 x 10™13 700
NpU(OULY o+ HE(VSU) » NaO (AMU) + HF(v=0) v-T 2,2 x 10742 £10 2224 295 LF 39 Bott and Cohen 1974
NO(v=1) + HF(ve0} + NO(v=0) + HF{v=0) V-7 9.3 = 10~14 135 1876 295 LF 37 Bott and Cohen 1973
0Ccs(001) + HBr{v=0) + OC$(nm0) + HBr{v=0) v-T 1.0 x 10713 £10 2062 296 LF 103 Hopkins and Chen 1973
03(001) + HCA{v=0) + Oy(nmO) + HCE(v=0) v-T 1.6 x 10712 +30 1740 173~ BT 90 Gordon...Moy 1978
1.2 = 10712 419
TFival) + CO4(000) + TF(v=0) + C0,(001) ¢5.2 % 10”11 95 139 Nikitin and Oraevskii 1976
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