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A comprehensive compilation of rate coefficients for vibration-to-vibration (¥ — V) and
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¢S). 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) + HF{p = 0}—CO{v = 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 orderv = 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 tablein a
simplc 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
HCIl with HBr:

kv_v
V-V HClpv=1)+HBr{p= O)k'<:, HClpv =0)
Vv
+ HBr(v = 1) + AE

kHC1 — HBr
V—-T HClv=1)+HBrp=0) — HCiv=0)
+ HBrjv =0) + 4E"
kHBr — HCI
V—-T HBrp=1)+HClp=0) — HBrv=0)
+ HCllv=0)+ 4E"”
kHCI — HCl
V—T HClp=1)+HCljv=0 — HClp=0)
+ HClv=0)+ 4E'
kHBr — HBr
V—-T HBrlv=1)+HBrp=0) — HBriv=0)

+HBriv=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_v + ki _y. This result taken together with detailed bal-

ancing, ky_y/k}_, = e*E/%7 allows k, _, to be deter-
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mined. As written, the value of &y _y is for the forward,
exothermic direction (positive AE). 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 VT
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 III(v — 2) by HF is
listed as a V — V process in the exothermic direction as
HF({y = 1) + HF(v = 1}>HF({v = 2) + HF{p = 0} + AE,
but the relaxation of HF(v = 3) and higher levels is listed in
the endothermic direction as HF{y = 3)+ HF{p =0)
—HF({v = 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 fora 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 is 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 given for the two extremes of the tem-
perature, axl where npplicable a note about the position of a
minimum or tnakimun 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 small errors are listed as 1%, 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 vatue of A 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 A E 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
- tmperature 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
LF-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 aclually 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, either ina
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-
en Lo Le the most reliable and accuratc. 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



956 STEPHEN R. LEONE

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 duc o
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
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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 VR 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 elegant tools of investigation are al-
ready available.
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Table 1. Rate coefficients for vibrational energy transfer involving the hydrogen halides

Reference RNumber, Author

Process Type Ra;e Constant Error AE(cm_l) Temp Method or First and Last Author,
{cm®/moleculess) (%) {+=exo0) {K) Year of Publication
BCZ3(v,) + DCL(v=0) » BC23(0) + DCA(v=0) v-T 5.1 x 20712 243 295 DR 111 Houston...Steinfeld 1973
May be near resonant V-R transfer
Bcla(V4) + HCR(v=0) + BC23(0) + HCL(v=0) v-T 8.2 x 10712 243 295 DR 111 Houston...Steinfeld 1973
May be near resonant V-R transfer
3.4 x 10712 243 300 DR 87 Frankel...Poulsen 1974
7.3 x 10712 243 220~ 3 3 67 Frankels..Poulaen 1974
3.6 x 10712 340
CD4{v,) + DC2(v=0) » CD4(0) + DCL{v=0) V-7 6.3 x 10714 15 996 295 LF 176 Zittel and Moore 1973
CD4(V4] + HCx(v=0) = cu4(57 + HC{v=0) v 4.2 = 10-13 £20 [-1-13 nasg nLF 176 Zittel and Moore 1973
CHylvy) + DCR(v=0) > CH,(O) + DCElv=0) V-7 3.9 x 10714 +25 1306 295 LF 176 zittel and Moore 1973
iy (v,) + HC2(v=0) + CH,(0) + HC2{v=0) V-7 2.0 x 10713 15 1306 295 LF 176 zittel and Moore 1973
Cag{v=l) + HCR(V=0) » Ciy(v=0) + HC1(v=0) v-T 2.7 x 10712 125 595 400- ST 48 Breshears and Bird 1969
6.5 x 10712 1100
Cip(v=1) + DC2(v=0) » Ci,(v=0) + DCL{v=0) V-1 4.2 x 10713 £25 595 400- sT 48 Breshears and Bird 1969
2.5 x 10712 1100
co{v=1) + DBr{v=0)} » CO{v=0) + DBr(v=l) v-v 1.25 x 10713 +10 303 295 F 177 zittel and Moore 1973
co(v=4) + DBr{v=0) » co{v=3) + DBr{v=1) V-V & V-T s.8 x 10713 224 298 FR 46 Braithwaite and Smith 1975
col{v=5) + DDr{w=0) » CO{v-4) + DRr(w=l) V-V & VT 1.7 x 10712 198 298 FR 46 Braithwaite and Smith 1975
co{v=6) + DBr(v=0) » CO{v=5) + DBr{v=1) V-V & V-T 2.4 x 10712 172 298 FR 46 Braithwaite and Smith 1975
co(v=7) + DBr{v=0) » CO(v=6) + DBr{v=l) V-V & V-T 3.1 x 10-12 145 298 FR 46 Braithwaite and Smith 1975
co(v=8) + DBr{v=0) + CO(v=7)} + DBr{v=1) V-V & V=T 5.0 x 10712 119 200 FR 46 Braithwaite and Smith 1975
co{v=9) + DBr(v=0) » Co{v=8) + DBr(v=1) V-V & V=T 8.2 x 10712 94 298 FR 46 Braithwaite and Smith 1975
co{v=10) + DBr{v=Q) + CO(v=9) + DBr{v=1) V-V & V-T 1.0 x 1071 67 298 FR 46 Braithwaite and Smith 1975
CO(v=11) + DBr{v=0) » CO{v=10) + DBr(v=l) V-V & V-T 1.4 x 1073 42 298 FR 46 Braithwaite and Smith 1975
COlv=12) + DBr{v=0) » Co{v=11l) + 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=l) + DCR(v=0} » CO(v=0) + DCL{v=1) v-v 1.45 x 10712 +10 52 295 LF 177 zittel and Moore 1973
V-T contribution is less than 0.5%
13co(val) + Dcaiv=0) + 13co(v=0) + DCalv=l) v=v 2.1 x 10712 +10 5 295 LF 177 zittel and Moore 1973
co{v=2) + DCL{v=0) + COl{v=1)} + DC2(v=1) v-v 3.7 x 10712 £10 26 295 LF 73 Dasch and Moore 1980
pDirect excitation to CO{v=2)
co(v=4) + DC2(v=0) » cO(v=3) + DCL(v=1) V-V & V-T 6.3 x 10712 -27 298 FR 46 Braithwaite and Smith 1975
co(v=5) + DCA{v=0) + CO(v=4) + DCi{v=l) 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
Cco(v=8) + DCR(v=0) + CO{w=?) + DCi(v=1) V-V & V-T 7.4 x 10712 ~132 298 FR 46 Braithwaite and Smith 1975
co{v=9) + DCa{v=0)} » cO(v=8) + DC2(v=1) V-V & V=T 6.6 x 10712 ~157 298 FR 46 Braithwaite and Smith 1975
Co{v=10) + DCR(v=0) + CO{v=9) + DCx(v=l) V-V & V=T 5.4 x 10712 -184 298 FR 46 Braithwaite and Smith 1975
co{v=11) + DCt{v=0) » CO(v=10) + pcL{v=1) V-V & V-T 3.9 x 10712 -209 298 FR 46 Braithwaite and Smith 1975
co(v=12) + DCR(v=0) + CO(v=11) + DCt(v=1) 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
magnitndee may he in error
co(v=l) + DI(v=0) + CO{v=0) + DI(v=l) v-v 7.4 x 10715 15 548 295 LF 177 Zittel and Moore 1973
v-T contribution is leas than 10%
co{v=1) + HBr{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
€o(v=5) + HBr(v=0) + CO{ve4) + HBr(v=0) V-1 6.8 x 10714 2038 298 FR 46 Braithwaite and Smith 1975
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Rate coefficients for vibrational energy transfer (continued)

Rate Constant

Erxor

Reference Number, Author

Process Type aE(en™l) Temp Method or First and Last Author,
(cm3/m01ecu1e~s) (%) (+=ex0) {x) Year of Publication
co(v=6) + HBr(v=0) » CO{v=5) + EBr(v=0) v-1 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-1 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-T 2.7 x 10713 1959 298 FR 46 Braithwaite and Smith 1975
Cco(v=9) + HBr(v=0) » CO(v=8) + HBr{v=0) v-T 3.5 x 10713 1934 298 FR 46 Braithwaite and Smith 1975
Co{v=10) + BRr{v=0) s CO(v=0) + HEr{uw-0) v 5.0 = 10713 1907 298 FR 46 Braithwaite and Smith 1975
CO(v=11) + HBr(v=0) » CO(v=10) + HBr(v=0) V-1 6.6 x 10713 1882 208 FR 46 Braithwaite and Smith 1975
co(v=12) + EBr{v=0) » CO(v=11) + HBr{v=0) v-T 8.2 x 10713 1856 298 FR 46 Braithwaite and Smith 1975
The rate constants in Ref. 46 are intornally conciotent, but thcir absolute
magnitudes may be in error
CO(v=4) + HCR(v=0) + CO(v=3) + HCL(v=0) V-1 2.0 x 10714 2064 298 FR 46 Braithwaite and Smith 1975
CO(vaS) + HCR(v=0) + CO(v=4) + HC%(v=0) v-7 2.8 x 10714 2038 298 FR 46 Braithwaite and Smith 1975
CO(v=6) + HCL{v=0) » CO(v=5) + HC%(v=0) v-1 3.9 x 10714 2012 298 FR 46 Braithwaite and Smith 1975
CO(va7) + HC2(v=0) » CO(v=6) + HCL(v=0) v-1 3.8 x 10714 1985 298 FR 46 Braithwaite and Smith 1975
CO(v=8) + HCL(v=0) » CO(v=7) + HCA{v=0) v-T 4.7 x 10714 1959 208 ER 46 Braithwaite and Smith 1975
co{v=3) + HC2(v=0) » cO{v=8) + HCR(v=0) V-7 5.6 x 10714 1934 298 FR 46 Braithwaite and Smith 1975
CO(v=10) + HCA(v=0) » CO{v=9) + HCL(v=0) v-p 6.9 x 10714 1907 298 FR 46 Braithwaite and Smith 1975
co(v=11) + HC&(v=0} » CO(v=10) + HC#(v=0) V-7 6.9 » 10-14 1082 228 TR 46 Bralthwaite ana sSmitn 1975
CO(v=12) + HC1(v=0) » CO(v=11) + HCZ(v=0) V-1 9 x 10714 1856 298 FR 46 Braithwaite and Smith 1975
The rate constants in Ref. 46 are internally consistent, but their absolute
magnitudes may be in error
cof{v-1) + Hr{v=0} + CU(V=U) + HF(v=0) V-7 9.3 x 107%° +35 2143 295 LF 37 Bott and Cohen 1973
V- 1.5 x 10714 5 2143 295 LF 92 Green and Hancock 1973
€0,(001) + DBr(v=0) » CO,(000) + DBr{v=1) vy 2.84 x jo~13 +1 540 295 P 167 Stephenson...Moore 1972
C0Z(001) + DBr(v=0) + CO,(nm0} + DBr{v=0) v-T <2.8 x 10714 2349 295 LF 167 Stephenson...Moore 1972
€03(001) + DCR(v=0} + C05(000) + DCR(v=1) v-v 3.1 x 10712 35 258 295 LF 167 Stephenson...Moore 1972
3.1 x 10712 5 258 295- LF 167 Stephenson...Moore 1972
2.9 x 10712 510
C0,{001) + DCL{v=0) » CO,(nmO) + DC2(v=0) v-T <1.4 x 10713 2349 295 LF 187 Stephenson...Moore 1972
€0,{001) + DF(v=0) + CO,(nm0) + DF(v=0) v-T 7.3 x 10713 10 2349 295 LP 38 Bott and Cohen 1973
8.0 x 10713 £20 2349 295 LF 127 Lucht and Cool 1974
4.6 x 10713 2349 295 LF 102 Hinchen and Hobbs 1975
6.8 x 10713 £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 10”13 +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
€0,(001) + DI{v=0) » €0,(000) + DE{v=1) V-V & V-T 3.7 x 10714 210 737 295 LF 167 Stephe;:son...Moore 1972
70(010)
€0,(001) + HBr{v=0) + CO,(nm0) + HBr(v=0) v-T <7.4 x 10714 2349 295 LF 167 Stephenson...Moore 1972
€0,{(001) + HCR(v=0) + CO,(nmO) + HC2(v=0) v-T 1.3 x 10713 +20 2349 295 LF 167 Stephenson...Moore 1972
1.5 x 1073 2349 295 sp 161 Slobodskaya and Rityn 1975
Rate contains small V-T contribution of HCR{v=l} with co,
1.1~ 10713 2349 295 LF B0 Doyennette...Henry 1978
1.1 x 10713 2349 295- LF 80 Doyennette...Henry 1978
4.9 x 10713 900
C0,(010) + HCR{v=0) » C0,{000) + HC2{v=0) v-T 2.9 x 10712 667 295 sp 161 Slcbodskaya and Rityn 1975
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Table 1. Rate coefficients for vibrational energy transfer (continued)
Process Type Rate Constant  Brror ,p(on=ly Temp  oip0q Z:f;ﬁ:iea:;m::; ::::?:i
(cma/mclecule-s) (%) {+=exo0) (K} Year of Publication
€0,(001) + HF(v=0) + CO,(nmO) + HF(v=0) v 1.63 x 10712 :5 2349 294 LF 94,95 Hancock and Green 1972
1.05 x 10712 +10 2349 295 LF 37 Bott and Cohen 1973
1.5 x 10712 +20 2349 295 LF 127 Lucht and Cool 1974
1.5 x 10712 120 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 10”13 2349 348- LF 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 6.8 x 10712 +5 116 295 LF° 64 Chen...Moore 1968
€0,(001) + HI(v=D) + COx(nmO) + HI(v=0) V-7 «7.1 x 10714 2349 205 LF 167 Stephenson...Moore 1972
DBx(v=l) + Br + DBr{v=0) + Br V-7 4.1 x 10712 +20 1840 295 LP-DF 85 Fernando and Smith 1979
DBr + CO, see CO + DBr
DBr(val) + C0,(000) » DBr(v=0) + CO,(nmo) v-T 3.4 x 10714 £20 1840 295 LF 167 Stephenson...Moore 1972
DBr + CO,, see also C02 + DBr
p7%8r(ve1) + pBlpr(v=0) »
p7%8r(v=0) + D®lpr(v=1) v-v 8.34 x 10712 £2 0.6 295 LF 109 Horwitz and Leone 1978
DBr(v=1) + DBr(v=0) + DBr{v=0) + DBr(v=0) V-1 5.2 x 10715 £20 1840 295 LF 65 Chen and Chen 1972
2.4 x 10714 1840 700~ ST 49 Breshears and Bird 1970
7.3 x 10712 2000
DBr{v=l) + DF{v=0) + DBr(v=0) + DF(v=0) v-T 7.1 % 10743 £30 1840 295 LF 26 Bott 1974
DBr + DF, see also DF + DBr
DBr{v=l) + HBr{v=0) » DBr{v=0) + KBr({v=0) v-T 1.1 x 10734 *20 1840 295 LF 65 Chen and Chen 1972
DBr + HBr, see also HBr + DBr
DBr + HCN, see HCN + DBr
DBr + Hy, see Hy + DBr
DBr{v=1) + 0y(v=0) + DBr(v=0) + Op(v=1) v-v 1.9 x 10713 215 284 295 LF 85 Fernando and Smith 1979
DC1{v=l) + Ar » DC2(v=0) + Ar V-1 <9.3 x 10718 2091 295 LF 177 zittel and Moore 1973
1.9 x 10718 +35 2091 295 IF 165 Steele and Moore 1974
1.9 x 10718 135 2091 295- LF 165 Steele and Moore 1974
9.6 x 10717 640
DCI + BCly, see BCly + DC2
oC2(v=1) + Br +» DC(v=0) + Br v-T 9.4 x 16713 420 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
DeL(v=l) + €D, + Dea(ve0) + co,t V-V & V-1 1.5 x 10712 £10  -17(vp) 295 LF 176 Zittel and Moore 1973
-168(v3)
Tlugtuy)
DCL + CD,, see also CD, + DCX
DCi(v=l) + CHy + DCLlv=0) + cH,' V-V & V-T 8.6 x 10713 £10 558(vy) 295 LF 176 zittel and Moore 1973
785(v,)
DC: + CH,, see also CHy + DCL
pCa(v=1) + C2 » DCL{v=0) + C1 v-T ~5.3 x 10712 2091 295 LF-DF 52 Brown...Smith 1975
Preliminary estimate
6.4 x 10712 £25 2091 205 LF-DF 53 Brown...Smith 1975
5.5 x 10712 £30 2091 294 LE-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 Rate Constant  EXor  pemly T*™®  yetnod or First and Last Author,
{em® /moleculess) (%) (+=exo0) (K) Year of Publication
pca{v=l) + €2 + DCi{v=0) + C% ~4.0 x 10712 200 263- LF-DF 52 Brown...Smith 1975
(cont'd.) ~9 x 10712 397
Preliminary estimate
3.1 x 10712 +25 2091 195- LF-DF 53 Brown...Smith 1975
6.3 x 16712 325
DCL + Ciy, see Ci, + DCX
DCRIV=1) + CO(v=l} » DCA(V=2) + CO(v=0) v-v 2.3 x 10732 10 106 295 LF 73 Dasch and Moore 1980
Direct excitation to DC2{v=2), V-T contribution is less than 10%
pe2(vel) + CO(v=0) + DC(v=0) + CO(v=0) v-1 1.5 x 10713 15 2091 1350~ sT 22 Borrell...Gutteridge 1974
5.4 x 10713 1850
DCL + CO, see also CO + DCi
DCL{v=1) + €05{000) = DCL(v=0) + CO,(nmO) v-r <3.9 x 10714 2091 295 LF 167 Stephenson...Moore 1972
DCi + coz, see also CO, + DCg
DCi(v=1) + D + DCE{v=0) + D V-T & Rx 2.0 x 10712 235 2091 295 LF-DF 41 Bott and Heidner 1976
DCA(v=1) + DBr{v=C) + DCR{v=0) + DBr{v=1) vy 4.8 x 10713 110 251 295 LF 177 Zittel and Moore 1973
V-T contribution is less than 6%
DCR(v=1) + DC&(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%
p35ca(v=1) + p37caiv=0) » v-v 1.18 x 10711 210 3 295 LF 109 Horwitz and Leone 1978
N353 (van) + 370 (o=1)
pc2(v=l) + DCR(v=0) » DCR(v=0) + DCL(v=0) V-1 7.7 x 10713 19 2091 295 LF 62 Chen and Moore 1971
5.8 x 107153 110 2091 295 Lf 177 Zittel and Moore 1373
3.2 x 1074 £30 2091 700~ ST 47 Breshears and Bird 1969
9.5 x 10713 2100
DC2{v=1) + Dp{(v=0) » DCX(v=0) + Dy(v=0) v-T 1.8 x 10715 £10 2091 295 LF 177 Zittel and Moore 1973
No V-V component observed
DCi(v=l) + DI{v=0) » DC&(v=0) + DI(v=l) v-v 5.5 x 10714 110 496 295 LF 177 Zittel and Moore 1973

pc{v=l) + H » DC2(v=0} + H

pcafv=l) + HC1{v=0) » DCL{v=0) + HC{v=0)
DCL + HCRX, see also HCL + DCR
DCL + HCN, see HCN + DX

DCi(v=1) + HD(v=0) » DCR(v=0) + HD(v=0)

2

pca(v=1) + He » DCx({v=0) + 3ue

pea(v=1) + He + DCR(v=0) + He

DC2(v=1) + n-Hp(v=0) + DCR(v=0) + n-H,(v=0)

DCRiv=1) + p-Hp(v=0) » DCA(v=0) + p-H,(v=0)

DCL + Hy, see also Hy + DC2

cR{v=1) + Ne + X2{v=0) + Ne

DCL + N, see Np -+ DCR
DCa(v=1) + NO(v=0) + DCi(v=0) + NO(v=1)

DCL(v=1) + O » DCL(v=0) + O

V-T & Rx &
Exchange

v-T

V-7

V-T & Rx
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V-T contribution is less than 12%

1.8 x 10712 +30 2091 295 LF-DF 41 Bott and Heidner 1976
1.8 x 10~14 £10 2091 295 LF 62 Chen and Mcore 1971
8.3 x 10735 £10 2091 295 LF 177 zittel and Moore 1973

No V-V component observed

1é +15

Z.2 %X LUT -20 2091 295 r 165 Steele and Moore 1974
6.2 x 10717 2001 295 LF 177 Zittel and Moore 1973
5.9 x 10717 10 2091 295 LF 165 Steele and Moore 1974
5.9 x 10717 210 2091 295~ LF 165 Steele and Moore 1974
2.6 x 10715 680

2.1 x 10714 +10 2001 295 LF 177 zittel and Moore 1973
2.0 x 1071% *10 2091 295 LF 177 Zittel and Moore 1973
<1.9 x 10717 2091 295 LF 177 Zittel and Moore 1973
1.0 x 10717 15 2091 295 LF 165 Steele and Moore 1974
1.0 x 10712 £15 215 295 LF 177 zittel and Moore 1973
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  EETor ,p(ey~ly Te™P  yeynog or Firast and Last Author,
{em3 /moleculess) (%) (+=exo) (K) Year of Publication
pet{v=1} + @ » DCt(v=0} + O 8.2 x 20713 *80 2091 196~ LF-DF 55 Brown...Smith 1975
(cont'a.) 1.6 x 10742 400
DCa(v=l) + 0,(v=0) » DC2(v=0) + 05(v=1)} v-v 1.9 x 10714 £10 535 295 LF 177 Zittel and Moore 1973
V-T contribution is less than 1%
pCL(v=l) + SFg » DC2(v=0) + SF¢! V-V & V=T 1.1 x 10714 10 2091 295 LF 177 Zittel and Moore 1973
' 1226 (v3)
Dy(vel) + DF(v=0) » Dp(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 10723 83 295 LF 32 Bott 1979
1.0 x 10712 83 200~ LF 33 Bott 1981
0.6 x 10713 295
8.7 x 10713 +10 83 490~ LF-ST 26 Bott 1974
9.7 x 10713 732
Dy(v=l) + DF(v=1) = D,{v=0) + DF(v=2) v-v 1.4 x 10712 135 175 298 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
Dp{v=1) + DF{v=0) » D,(v=0) + DF{v=0) v-T 8.9 x 10713 +45 2992 205 LF 100 Hinchen 1973
Probably incorrect
<3.1 x 10713 +40 2992 295 LF 27 Bott 1974
Value reported is for kD;._DZ + 0.667 knz-nr
<3.8 x 10715 225 2992 363~ LE-ST 27 Bott 1974
6.4 x 10715 436
Dy{v=l) + HBr(vep) » D,(v=0) + HBr(v=1) vy 1.2 x 10733 +10 435 296 LF 61 Chen 1971
Dy(v=l) + HBr(v=0) » D,(v=0) + HBr(vs0) v-T <<9.9 x 10715 2992 296 LF 61 Chen 1571
Da(v=1) + HC2(v=0) + D,(v=0) + HC2(v=1) v-v 2.8 x 10713 £10 108 296 LF 63 Chen and Moore 1971
Erroneously reported as 10’12 in original publication
2.8 x 10713 £10 108 296 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 107132 742
3.7 x 10713 £10 108 295+ LF 4 Allge...Doyennette 1974
6.6 x 10713 1000
nF{v=l) + Ar + br{v=0) + Ar v-T <9.3 x 10716 2907 295 .7 100 Hinchen 19772
.2 x 10715 2907 296 LF 97 Hancock and Saunders 1976
<2.0 x 107186 2907 198 LF 97 Hancock and Saunders 1976
<2.9 » 10°%¢ 2907 LU~ 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 = 10713 5000
DF(v=l) + BF3 » DF(v=0) + BFg' V-v & V=T 2.2 x 10713 15 2907 295 LF 24 Bott 1977
DF(v=l) + CBIF3 + DF(v=0) + CBrFyt V-V & V-T 1.7 x 10734 £10 2907 295 LF 24 Botr 1977
DF(v=l) + CF, * DF(v=0) + CF, ¥ V-V & V-T 3.4 x 10714 2907 295 LP 173 Wendelken...Noetzel 1975
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Table 1. Rate coefficients for vibrational energy transfer {continued)

Reference Number, Author

Process Type Rate Constant  Error ,pron-ly  Te™  yoihoa or First and Last Author,
(em3/moleculess) {%) (+=exo) (K) Year of Publication
DF(v=1) + CF, » DF(v=0) + cF,t 3.1 x 10714 £10 2907 295 LF 24 Bott 1977
{cont'd.} 14
4.6 x 107 2907 295- 172 Wendelken and Stout,
3.3 x 10714 800 private communication in 24
3.1 x 10714 2907 295- LF-ST 24 Bott 1977
~1.2 x 10714 800
PRlv=1) + CFaH 5 PR(u=n) + cpyut v-v & v 6.0 ~ 10713 218 2907 205 r 24 BolL 1977
DF(v=1) + CH3F » DF(v=0} + CHyF! V-V & V=T 1.1 x 10711 +10 2907 295 LF 24 Bott 1977
DF(v=1) + CHy + DF{v=0) + cH,t V-V & V-T 6.8 x 10712 £15 2907 295 133 24 Bott 1977
6.8 x 10712 +20 2907 295- LF-ST 24 -Bott 1977
4.6 x 10712 740
DF(v=1) + CgHy » DF(v=0) + CoH,t V-V & V-T 1.2 x 10712 +15 2907 295 LF 24 Bott 1977
DF(v=1l) + CpHyF, + DF(v=0) + czﬁzef V-V & V=T 5.7 x 10713 +10 2907 295 LF 24 Bott 1977
DF(v=1) + CyHy + DF(v=0) + C,H,' V=V & V-T 5.4 x 10712 £15 2907 295 LF 24 Bott 1977
DF(v=1) + CyHg + DF{v=0} + CoH! V-V & V=T 1.9 x 1073t £15 2907 295 LF 24 Bott 1977
DF(v=1) + C4H;o » DF(v=0) + C4H;qT V-V & V-T 3.9 x 10711 115 2907 295 LF 24 Bott 1977
DF(v=1) + C& + DF(v=1) + C2 v-r 2.0 x 10712 £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{v=l) + Cx, » DF{v=0) + cg,t V-V & V-T  <1.2 x 10714 2907 295 LF 151 Quigley and Wolga 1975
DF(v=l) + CO(v=0} + DF(v=0) + CO(v=1) V-V & V-T 1.2 x 10713 £10 764 295 LF 26 Bott 1974
8.6 » 10-14 +10 764 473~ LP-ST 26 Bott 1974
1.2 x 10713 725
DF(v=3) + CO(v=0) + DF(v=2) + CO(v=1) V-V & V-T 5.0 x 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 x 10712 494 295 FR 147 Poole and Smith 1977
DF(v=5) + CO{v=0) + DF(v=4) + CO(v=1) V-V & V=T 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 may be in error
DF(v=1) + C0,(000) » DF(v=0) + C0,(001) v-v 1.5 x 10712 235 557 173 13 Basov...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 240 557 295 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 = 10712 557 295 LF 32 Bott 1979

<6.0 x 10712 £50 557 208- LF 129 Lucht and Cool 1975
<4.3 x 10712 ) 359

V-V contribution only

6.3 x 10712 15 557 350 LF 166 Stephens and Cool 1972
May include small V-T contribution

~3.3 x 10713 557 400 FT 170 Vasil'ev...Tal'roze 1972
7.0 x 10712 +40 557 295- LF 127 Lucht and Cool 1974
5.8 x 10712 670

V-V contribution only

4.7 x 10712 557 295~ LF 38 Bott and Cohen 1973
3.1 x 10712 720
There is a minimum in the probability at 400 K
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Table 1.

Rate coefficients for vibrational energy transfer (continued)

963

Reference Number, Author

Process Type R"’;e Constant Error  ,p(em~ly Temp Method or First and Last Author,
{em®/moleculess) (2} (+=exo0) {K) Year of Publication
DF(v=2) + C0,(000) + DF{v=l) + CO,(001) V-V & v-T 6.8 x 10712 165 295 FR 3 Airey and Smith 1972
1.5 x 1071 465 295 LF 102 Hinchen and Hobbs 1975
1.8 x 10712 465 295 LF 32 Bott 1979
DF{v=3) + C0,{000) + DF(v=2) + CO,(001) V-V & V-T 1.6 x 10711 376 295 FR 3 Airey and Smith 1972
1.7 x 10714 376 295 FR 147 Poole and Smith 1977
4.6 x 1071 376 295 LF 32 Bott 1979
Seqguential absorption to DF(v=3}
DF(v=4) + C0,(000) » DF(v=3) + C0,(001) V-V & V=T 2.7 x 10711 288 295 FR 147 Poole and Smith 1977
: : n=1 2 3 4 .
DF{v=n) + CO,{000)} » DF(v=n-1) + CO,{001) V-V & V-T 5 1 335 33 295 cp 51 Brown...Polanyi 1978
Relative deactivation rates only
DP{v=5) + CO,{000) + DF(v=4} + CO,(001) V-V & V-T 3.9 x 10-11 202 295 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 alsc CO, + DF
DF(v=l) + D + DF(v=0) + D V-1 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 x 10713 +20 1067 295 LF 26 Bott 1974
6.2 x 10713 1067 295 (A 173 Wendelken...MNoetzel 1975
1.3 x 10'13 +20 1067 466~ LF-ST 26 Bott 1974
1.4 x 10713 735
DF(va3) + Dy(v=0) » DF(v=2) + D,(v=1) V-V & V-T 6.7 x 10713 140 -264 298 FT 122 Xwok and Wilkins 1975
4.8 x 1013 ~264 295 Ly 32 Bott 1979
Sequential absorption to DF(v=3)
V-V & VT 4.0 x 10713 -264 200~ LF 33 Bott 1981
4.8 x 10713 295
Sequential absorption to DF(v=3)
DF(v=4) + Dy{v=0) » DF(v=3} + Dy(v=1) V-V & V=T 7.5 x 10713 +40 ~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-1 1.2 x 10713 2907 295 LF 100 Hinchen 1973
Probably incorrect
3.1 x 10718 +40 2907 295 Lr 27 Bott 1973
Value roported ic for km_._vz + 0.667 lr.l_,z_m.
<3.8 x 10715 £25 2907 363- LF-ST 27 Bott 1973
6.4 x 10715 436
DF +'D,, see also Dy + DF
DF(v=3)} + 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) + pyo! V-V & V-T . 3.1 x 107} 2638 295 FR 147 Poole and Smith 1977
DF{v=5) + D,0 + DF(v=4) + Dot V-V & V-7 3.0 x 107} 2552 295 FR 147 Poole and Smith 1977
: The rate constants in Ref. 147 are internally consistent, but their absoclute
magnitudes may be in error
DF{v=1) + DF(v=1) » DF{v=2) + DF(v=0) v-v 3.2 x 1071 92 295 LE 23 Bott 1973
3.25 x 10712 £10 92 295 LF 38 Bott 1973
2.9 x 10711 15 92 295 s 83 Exnst...Sackett 1973
2.2 x 30712 92 444 LF-ST 23 Bott 1973
1.4 x 10”17 739
DF(v=3) + DF(v=0) » DF{v=2) + DF{v=1) V-V & V-T 5.4 x 10712 -181 295 FR 146 Poole and Smith 1977
DF{v=4) + DF(v=0) » DF{v=3) + DF(v=1) V-V & V-T 6.9 x 10712 -269 295 FR 146 Poole and Smith 1377
DF(v=5) + DF{(v=0) » DF{v=4) + DF(v=0) V-V & v-T 8.2 x 10-12 -355 295 FR 146 Poole and Smith 1977

The rate constants in Ref. 146 are internally consistent, but their absalute

magnitudes may be in error
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Table 1.

STEPHEN R. LEONE

Rate coefficients for vibrational energy transfer (continued)

Rate Constant Error Tomp

Reference Number, Author

process AE(em t) Method or First and Last Author,
{em®/moleculess) (%) {+=exo) {X) Year of Publication
DF(v=1) *+ DF{v=0) » DF(v=0) + DF{v=0) 8.0 x 10712 215 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 205 L 37 Bott and Cohen 1973
4.9 x 10-13 +20 2807 295 LF 83 Ernst...Sackett 1973
7.2 x 10713 418 2an7 san 12 100 Rinchan 1972
7.3 x 10713 110 2907 295 £F 10l Hinchen 1973
8.3 x 20713 $20 2907 295 LF 127 Lucht and Cool 1374
7.7 x 10713 140 2907 297 LF 128 Lucht and Cool 1974
6.7 x 10713 +15 2907 300 LF 28 Bott 1974

DE(v=1} + {DF), + DF(v=0] + (DF),

DF{v=1) + F » DF(v=0) + F

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

Corrected Ahl

6.9 x 10713

and Cool for gas dynamic pressure error

15

2907

295

LF

28 Bott 1974

Corrected Lucht and Cool for gas dynamic pressure error

5.46 x 10713

24

2907

295

LF

93 Hancock and Green 1975

Pointed out that rates without helium diluent are slower

€.79 x 107%3 +3 2907 296 LE 97
wWith helium diluent

4.7 x 10713 2907 296 LF 97
Without helium diluent

Hancock and Saunders 1976

Hancock and Saunders 1976

General model proposed by many authors that V-R transfer populates high J states
creating a bottleneck for relaxation when a diluent gas is not present

1.6 x 10712

6.7 x 10713

+35

2907

29Q7

200

198

LF

LF

There were no (DF), polymers at the pressures used

1.0 » 10712

+30 2907 204- LF

4.1 x 20713 359

6.6 x ui3 2u 2907 350 LF L
Uncorrected for gas dynamic pressure errcr

7.3 x 10713 £10 2907 350 LF
Uncorrected for gas dynamic pressure error

8.3 x 10713 220 2907 295~ LF

4.4 x 10713 670
Uncorrected for gas dynamic pressure error

7.7 x 10713 140 2907 295+ LF

3,5 x 10713 678
Uncorrected for gas dynamic pressure error

6.4 x 10713 +15 2907 295~ LF-ST

3.4 x 10713 900

7.3 x 10713 +10 2907 295~ LF-ST

3.5 x 10~13 906

7.1 x 10713 50 2907 1600- st 19

5.0 x 10712 3600

3.1 x 10713 =20 2907 800~ sT

7.7 x 10712 4000

6.0 » 10713 2007 1500 am

1.0 x 1071} 5000

93 Hancock and Green 1975

97 Hancock and Saunders 1976

129 Lucht and Cool 1975

AhL anc ool 1974

166 Stephens and Cool 1973

127 Lucht and Cool 1974

128 Lucht and Cool 1374

38 Bott and Cohen 1973

101 Hinchen 1973

Blauer...Owens 1572

36 Bott and Cohen 1973

191 Vacil'av...Tal’rnze 1073

There is a minimum in the rate of this process at ~1500 K and a minimum in the
probability at ~700 X

2907 198~ LF
295
There is a strong rate over DF r
6.5 x 10713 +20 2907 295 LF-DF
1.2 x 1073 +50 2907 1560~ sT
2.2 x 10712 2800

97 Hancock and Saunders 1976

151 Quigley and Wolga 1975

18 Blauver and Solomon 1273
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Table 1.

Rate coefficients for vibrational energy transfer {continued)

965

Reference Number, Author

Process Type Rate Constant Error  ,g(em)) Temp Method or First and Last Author,
(em3/moleculess) (%) {+=exo0) (K) Year of Publication
DF(v=l) + F » DF(v=0) + F 2.5 x 10-11 +25 2907 1900- sT 36 Bott and Cohen 1973
{cont'd.} 3000
The rate constant is essentially constant over the whole range of temperature
DF{v=l) + Fp » DE(v=0) + Fp¥ V-v & V-T <8 x 10715 2907 295 LF 151 Quigley and Wolga 1975
DF(v=1) + H » DF(v=0) + H v-T & 1.1 x 10713 +30 2907 295 LF-DF 99 Heidner end Bott 1975
Exchange
DF(v=l) + 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 comtributicn
1.2 x 10712 110 348 471- LF-ST 26 Bott 1974
1.0 » 10-12 730
pF{v=1)} + HBr{v=0) + DF(v=0) + HBr(v=0) v-T €2.2 x 10"1.z 2907 295 LF 26 Bott 1974
DF(v=1) + HC2{v=0) » DF{v=0) + HCA{v=1) V-V 1.2 x 10711 10 21 295 LF 26 Bott 1974
V-T contribution is less than S%
5.2 x 10712 410 21 475- LF-ST 26 Bott 1974
5.0 x 10712 745
DF(v=l) + HCZ(v=0) » DF(v=0) + H22(v=0) v-T <5.6 x 10713 2907 295 Le 26 Bott 1974
<3.5 x 10713 2907 475- LF-ST 26 Bott 1974
<3 x 10713 745
PF(v=1) + HCN » DF(v=0) + HcN! V-V & V-T 3.3 x 10712 +15 2907 298 LF 135 McGarvey...Cool 1977
—405(vyq)
5.1 x 10712 2907 240~ LF 135 McGarvey...Cool 1977
2.2 x 10712 -405(v3) 450
pP{v=3) + HON - DR{v=2) + aexnt VeV & U~T a.6 x 10712 2726 295 FR 147 poole and Smith 1977
-586(v3)
=74(vy+vy)
DF{v=4) + HCN » DF(v=3) + nen' V-V & V-T 1.3 x 1074 2638 295 FR 147 Poole and Smith 1977
DP(v=5) + HCN » DF(v=4) + mCNT VeV & V-T 2.3 x 10711 2552 295 FR 147 Poole and Snith 1977
The rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error
DF + HCN, see also HCN +.DF
DF(v=l) + He +» DF(v=0) + He v-T <9.3 x 10716 2907 295 LF 100 Einchen 1373
£1.2 x 10715 2907 295 LF 93 Hancock and Green 1975
<4 x 16716 2907 200 LF 93 Hancock and Green 1975
6.4 x 10716 2907 900- sT 29 Bott 1975
1.0 x 10713 2600
1.5 x 10714 2907 1500~ ST 169 Vasil'ev...Papin 1975
3.1 = 10713 3500
DE{v=1) + HF(va0) » DF{v=0) + HF(v=0) v-T 2.2 x 10712 2907 295 FT 3 nirey and Smith 1972
1.4 x 10712 215 2997 300 LF 1 Anl and Cool 1973
1.1 x 10712 15 2907 295 LF 37 Bott and Cohen 1973
1.0 x 10712 £10 2907 295 LF 100 Hinchen 1973
9.9 x 10713 +10 2907 295 LF 161 Hinchen 1973
1.6 x 10712 +45 2907 295 FT 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 Coocl 1975
7.3 x 10712 364
1.2 x 16712 £15 2907 350 LF 1 ahl and Cool 1973
9.9 x 10-13 +10 2907 295- LF~ST 101 Hinchen 1973
5.5 x 10713 573

J. Phys. Chem. Ref. Data, Vol. 11, No. 3, 1982
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Table 1. Rate coefficients for vibrational energy transfer {continued)

Reference Number, Author

Process Type Ra;e Constant Error sE(em™ 1) Temp Method or First and Last Author,
{cm”/moleculess) (%) (+=exo0) (K) Year of Publication
DF(v=2) + HF(v=0) + DF(v=1) + HF(v=0) Var 3.0 x 10712 2815 295 FR 3 Airey and Smith 1972
The rate constants in Ref. 3 are internally consistent, but their absclute
magnitudes may be in error
4.6 x 10712 +35 2815 298 FT 122 Kwok and Wilkins 1975
4.0 x 10°12 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-T 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 10711 2726 200 LF 33 Bott 1981
Sequential absorption to DF(v=3)
DF(v=4) + HF(v=0) »+ DF(v=3) + HF(v=0) V-1 2.7 x 20712 +40 2638 298 FT 122 Kwok and Wilkins 1975
DF(v=1) + Hy(v=0) » DF(v=0) + Hy(v=0) V-7 1.4 x 10713 2907 295 LF 100 Hinchen 1973
Probably incorrect ’
2.0 x 10714 +10 2907 295 LF 27 Bott 1974
1.7 ~ 10714 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 1974
8.6 x 10714 Aan
1.7 x 10713 2907 800~ sT 36 Bott and Cohen 1973
3.2 x 10712 4000
DF(v=2) + Hy(v=0) + DF(v=1) + Hy(v=0) v-T 6.0 x 10714 2815 295 23 32 Bott 1979
Sequential absorption to DP{v=2)
DF(v=3) + Hp(v=0) + DF(v=2) + Hy(v=0) v-T 1.4 x 10713 2726 295 L 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) + Hp(v=0) » DF(v=3) + Hy(v=0) v-T . 2.8 x 10713 2638 295 LF 32 Bott 1979
Sequential absorption to DF{v=4)
DF(v=l) + NP3 + DF(v=0) + wF,? V-1 1.5 x 10714 2907 295 LF 173 Wendelken...Noetzel 1975
1.6 x 10714 115 2907 295 LF 24 Bott 1977
DF(v=l) + Np{v=0) » DF(v=0) + N,(v=1) V-V & V-T 6.2 x 10714 £25 577 295 LF 100 Hinchan 1973
Probably incorrect
2.8 x 10714 £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 10714 577 200 LF 33 Bott 1981
2.6 x 10714 577 472- LF-ST 26 Bott 1974
€.4 x 10714 1114
1.7 x 10714 +300 577 1400~ ST 19 Blauer...Owens 1972
4.7 » 10714 3000
1.1 x 10714 577 1200- sT 36 Bott and Cohen 1973
4.0 x 10714 4000
DF(v=2) + Np(v=0) + DF(val) + Np(v=1) V-v & V=T 7.3 x 10714 485 295 LE 32 Bott 1979
Sequential absorption to DF{v=2)
DF(va3) + Np{v=0) » DF(v=2} + N,(v=1) V-V & V-T 3.9 x 10714 395 295 FR 147 poole and Smith 1977
1.6 x 10713 395 295 LF 32 Bott 1979
Sequential absorption to DF{va3)
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 {continued)

967

Rate Constant Error

Reforonce Number,

Author

Process Type AE(em™1) Temp Method or First and Last Author,
(em3/moleculess) (&3] {+=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 LF 32 Bott 1979
DF(v=5) + N,(v=0) » DF(v=4) + Ny(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=T 2.5 x 10733 +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 = 10—13 1031 1060~ ST 20 Blauel...Owens 1972
3.0 x 10713 2080
DF{v=1) + O + DF{v=0) + O v-1 7.8 x 10712 £30 2907 295 ILF 151 Quigley and Wolga 1975
DF(v=1) + 0, + DF(v=0) + 0,7 V-V & v-T 2.3 x 10713 1351(v=1) 295 LF 26 Bott 1974
-205(v=2)
<l.6 x 10714 1351(v=1) 295 LF 151 Quigley and Wolga 1975
-205(v=2)
3.5 x 10743 1351(v=1) 550- LF~ST 26 Bott 1974
8.5 x 10715 -250(v=2) 870
1.2 x 10744 1351(v=1)  1200- ST 169 Vasil'ev...Papin 1975
1.9 x 10743 -250(v=2) 3500
DF{v=1) + S0, » DE(v=0) + 50,7 3.9 x 10713 15 2007 295 LF 24 Bott 1977
DI{v=1) + DI{v=0} » DI(v=0) + DI(v=0) VT 2.5 x 10713 1600 700- sT 49 Breshears and Bird 1970
5.6 » 10713 2000
DI + CO, see CO + DI
DI + COy, see C02 + DI
DI + N,, see N; + DI
HBr{v=l) + Ar » HBr(v=0) + Ar C vt <3.7 x 10718 +10 2559 296 LF 60 Chen 1971
HBr(vel) + Br » HBr(v=0) + Br V-T & V-E  ~1.9 x 10712 2559 295 P 74 Donovan...Stevenson 1970
1.6 x 10712 145 2559 295 ¥p 75 Nanavan. . .R:svenson 1870
2.4 x 10713 25 2559 295 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 B85 Fernando and Smith 1979
V-T contribution only
21.5 x 10718 -1126 295 LF-DF 126 Leone and Wodarczyk 1974
Contribution due to V-E transfer only
HBr(v=1) + Br, » HBr(v=0) + Br,! V-V & V=T 1.5 x 10712 £30 2559 295 Fp 75 Donovan...Stevenson 1970
Probably incorrect
2.2 x 10714 £10 2559 295 LF-DF 113 Karny and Katz 1976
HBr(v=l) + CD, » 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=l) + CH, + HBr(v=0) + ci," V-V & V-T 3.5 x 10713 £20 -352(v,) 205 FP 75 Donovan. ..Stevenson 1970
-445(v3)
4.5 x 10713 £10 -352{vy) 295 LF 107 Hopkins and Chen 1973
-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 414 295- LF 160 Seoudi...Henry 1980
5.1 x 10713 700
HBr(v=1) + CO(v=0) + HBr(v=0) + CO(v=0)} V-7 1.7 x 10713 *20 2559 295 Fp 75 Donovan...Stevenson 1970

Probably incorrect

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



968

Table 1.

STEPHEN R. LEONE

Rate coefficients for vibrational energy transfer (continued)

Reference Number, Author

Process Type Ra'a"e Constant  EXror ,peop=ly  Temp 04 cr First and Last Author,
(cm”/moleculess) {%) (+=exo0) {K) Year of Publication
HBr (v=1) + CO(v=0) » HBr(v=0) + CO{v=0) <4.8 x 10715 2559 295 F 60 Chen 1971
(cont'd.) 14
3.3 x 10 %5 2559 1200~ ST 22 Borrell...Gutteridge 1974
1.6 x 10713 2000
HBr + CO, see also CO + HBr
HBT(v=1) + C0,(000) + HBr(v=0) + CO,(001) v-v 8.€ x 1c12 +10 210 295 oF 167 Stephenson...Moore 1972
1.1 x 10711 210 295 LF 159 Seoudi...Henry 1979
CO, excited directly, V-T contribution is less than 2%
1.1 x 1071 210 295- LF 159 Seoudi...Henry 1979
7.4 & 10712 EL
V-T contribution is less than 10% at 9S00 K
HBr(v=1} + €0,(000} » EBr{vaD) + CO,(nmO) v-T <2.0 x 16713 2559 295 LF 167 Stephenson...Moore 1972
Value reported is for kCOZ—HBr + 0.377 kHBr—COZ
HBr + CO,, see also CO, + EBr
HBr(v=1) + DBr{v=0) » HBr(v=0) + DBr(v=1) V-V 6.0 x 10714 +10 719 295 LF 65 Chen and Chen 1972
HBr(v=l) + DCN » HBr(v=0) + DcN' V-V & V-T 1.7 x 10-12 +20 -71{v;) 295 LF 7 Arnold...Smith 1980
HBr(v=1} + Dy(v=0} » HBr(v=0) + D,(v=0) v-r £1.2 = 10715 +15 2559 296 LF 61 Chen 1971
1.2 x 10715 +15 2559 295 LF 107 Hopkins and Chen 1973
HBr + Dp. see alan N, + HBr
HBr(v=1) + DF(v=0) + HBr{v=0) + DF(v=0) v-T ~3 x 10713 £20 2559 295 LF 26 Bott 1974
H7%r(v=1) + u8lpr(v=0) + v-v 1.50 » 10711 4 0.4 295 LF 109 Horwitz and Leone 1978
87%8r(v=0) + #8lsr(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...Széke 1972
2.9 x 10712 +10 20 295 LF 72 Dasch and Moore 1980
Direct excitation to HBr(v=2)
6.9 x 10712 £19 90 320- LF 140 Noter...Sz8ke 1973
6.8 x 10712 640
HBr(v=1) + HBr(v=0) » HBr(v=0) + HBr(v=0) v-T 6.2 x 10714 =50 2559 295 FP 75 Donovan...Stevenson 1970
1.8 x 10714 *10 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 LF 1 Anl and Cool 1973
2.5 x 10714 15 2559 295 LF 37 Bott and Cohen 1973
3.0 x 10714 £1¢ 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 LF 1 Ahl and Cool 1873
2559 460- sT 21 Borrell 1966
1370
The results in Ref. 21 are orders of magnitude too large
7.2 x 10714 £20 2559 800C- ST 116 Kiefer...Bird 1969
6.1 x 10713 1800
HBr(v=2) + HBr{v=0) » HBr{v=1) + HBr(v=0) V-1 <3.1 x 10713 2469 295 23 72 Dasch and Moore 1980
Direct excitation to HBr{v=2)
HBr{v=1) + HCL{v=0) + HBr(v=C) + HC&(v=0) V-7 2.5 x 1073 140 2559 295 FP 75 Donovan...Stevenson 1970
Probably incorrect
4.1 x 10714 £10 2559 296 LF 60 Chen 1971
EBr{v=1) + HCi(v=1) » HBr(v=2) + HC2(v=0) v-v 2.3 x 10712 +20 418 295 LF 72 Dasch and Moore 1980
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Pable 1. Rate coefficients for vibrational emergy transfer (continued)
Reference Number, Author
Process Type Rate Constant Brrer 4 p(eml) Temp Method or First and Last Author,
(cm3/molecule-s) (%) {+=exa) {K) Year of Publication
HBr(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 HCN + HBr
#Br({v=1) + HD(v=0} + HBr{v=0) + ED(v=0) v-T 2.0 x 107153 +5 2559 295 LF 107 Hopkins and Chen 1973
uBr({vel) + 3He + HBr(v=0) + JHe Yo 4.7 x 10718 5 2559 295 LF 107 Hopkins and Chen 1973
HBr(v=1) + He » HBr(v=0) + He v-T <1 x 10716 2559 295 FP 75 Donovan...Stevenson 1970
<2.7 x 10-17 +10 2559 296 LF 60 Chen 1971
2.8 » 10_16 +10 2550 205 LF 107 Heapkine and hen 1973
HBr(v=l) + HF{v=0) » HBr(v=0) + HF(v=0) V-7 4.9 x 10713 +20 2559 300 j#3 1 Ahl and Cool 1973
2.8 x 10°13 £10 2559 295 LF 37 Bott and Cohen 1873
4.0 x 10713 £20 2559 350 LF 1 Ahl and Cool 1973
HBr(v=l) + Hy(v=0) + EBr{v=0) + Hy{v=0) v-T 1.9 x 10714 £35 2559 295 FP 75 Donovan...Stevenson 1970
6.4 x 10713 5 2559 295 LF 60 Chen 1971
The eamc ratc is obscrved for bobh normal and para hydrogan
HBr + H2' see alsc Hy + HBr
HBr(v=1) + Hy0 + HBr(v=0) + Hyo! V-V & V-T 8.6 x 10714 10 2559 295 LF 107 Hopkins and Chen 1973
964 (v,) ’
HBr{v=1) + HI{v=0) + HBr(v=0) + HI(v=1) v-v 6.6 x 10713 +15 329 296 LF 60 Chen 1971
HBr{val) + Kr + HBr(v=0) + Kr v-T <3 x 10717 2559 296 LF 104 Hopkins and Chen 1972
HBL(v-1) + Ne -+ BBL(v=0) + Ne v-T sl.4 = 20717 110 2559 29¢ L 60 Ches 1971
EBr(v=1) + NO(v=0) » HBr(v=0) + NO(v=1) v-v 2.3 x 10713 683 295- LF 160 Seoudi...Henry 1980
4.7 x 10713 700
HBr(v=l) + Np(v=0) » HBr(v=0) + Np(v=1) v-v 1.2 x 10734 15 228 295 FP 75 Donovan...Stevenson 1970
Probably incorrect
9.8 x 10714 +10 228 296 LF 61 Chen 1971
1.02 x 10713 228 295- LF 160 Seoudi...Henry 1980
9.5 x 10744 700
HBr{v=1) + Ny(v=0) » HBr(v=0) + N,(v=0) V-7 <3.2 x 10715 2559 296 LF 61 Chen 1971
HBr + N,, see also Ny + HBr
HBr{v=1) + N;0(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 10712 336 295 LF 159 Seoudi...Henry 1979
6.7 x 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{vg+v3)
HBr + OCS, see also OCS + HBr
HBr(vel) + Oy(v=0) + HBr(v=0) + 0y(v=1) V-V & V-T 4.9 x 10715 +5  1003(v=1) 296 i 61 Chen 1971
5.1 x 10"15 1003 (v=1) 295~ LF 160 Seoudi...Henry 1980
3.5 x 10714 700
HBr(v=l) + SFg » HBr{v=0) + sF¢t V-V & V-T 2.5 x 10714 115 2559 295 P 75 Donovan...Stevenson 1970
HCA(v=1) + Ar » HC2(v=0} + Ar v-T <6 x 10717 2086 295 F 62 Chen and Moore 1971
3.4 x 10718 +20 2886 295 F 165 Steele and Moore 1974
3.4 x 10718 120 2886 295~ LF 165 Steele and Moore 1974
1.4 x 10716 700
8.2 x 10716 +70 2886 1166- st 157 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. Rete coefficients for vibrational energy transfer (continued)
Reference Number, Author
Process Type Rate Constant EXror  ,p(em~l) TemP Method or First and Last Author,
{em3/molecuiess) (%) {+=ex0) {K) Year of Publication
HCL + BCiy, see 5013 + HC2
HCR(v=1) + Br » HC2(ve=0) + Br v-T & V-E 29 x 10734 ' -799 295 LF 126 Leone and Wodarezyk 1974
V-E contribution 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 10713
7.0 x 10713 225 2886 295 LF-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 2896 210 LF-DF 54 Brown...Van der Merwe 1976
(2.6 x 1013 for v-T contribution only)
9.5 x 10713 £15 2886 371 LF-DF 54 Brown...Van der Merwe 1976
(7.7 » 107" ror v-r contrivuvion onmiy}
3.3 x 10713 +55 2886 295 LF-DF 132 Macdonald and Moore 1980
3.9 x 10713 390
Wot as accurate as earlier measurement in Ref. 124
HC(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 LP-DF 9 Arnoldi and Wolfrum 1976
Thought to be mainly reaction
b3 13:}2 2782 295 e 79 Douglas...Sloan 1973
Estimate for reactive contribution only
1.7 x 10712 +15 2782 295 LF-DF 132 Macdonald and Moore 1980
Relaxation to v=l observed to be dominant process;
reaction contriputes less than 17%
1.7 x 10712 15 2782 295- LF-DF 132 Macdonald and Moore 1980
3.3 x 10712 : 390
Reaction contributes less than 34% at 390 K
-12
HCL{v=3) + Br » HC4(v=2) + Br V-T, V-E & Rx Igg X ig_n 2678 295 cp 79 Douglas...Sloan 1973
Estimate for the reactive contribution only
-1
HC2(v=4) + Br + HC1(v=3) + Br V-T, V-E & Rx :g x %g_lf 2575 295 ) 79 Douglas...Sloan 1973
Estimate for the reactive contribution only
HC2{v=1) + Br, » HC2(v=0) + Br,’ V-V & V=T 3.26 x 10744 +4 2886 295 LF 124 Leone...Moore 1975
HC2(v=1) + €D, + HC2(v=0) + cp ! V-V & V-T 3.4 x 10713 +20 2886 295 F 176 Zittel and Moore 1973
627(va)
HCL + CD4, see also CD, + HC2
HCR{v=2) + CFCy + HCa(v=l) + cFC1yt V-V & V-7 ~2 x 10713 30 2762 298 FT 14 Berquist...Kaufman 1982
HCS tu=1) + eFor, + uCs(w=2) + creg t Vv & VT 2.8 « 10-13 +30 2679 ase £ 14 Berguiot...Kaufman 1982
HC{va4) + CFCLy + HC2(v=3) + cFca,t V-V & V-T 7.5 x 10713 +30 2576 298 FT 14 Berquist...Kaufman 1982
HCL(v=5) + CFCL3 + HCA{v=4) + chza* V-V & V=T 2.4 x 10712 £30 2473 298 BT 14 Berguist...Kaufman 1982
HCR(v=6) + CFCx3 » HC2(v=5) + crca,t V-V & V-T 6.7 x 10712 %30 2371 298 T 14 Berguist...Kaufman 1982
HCL(v=7) + CFCL, » HC2{v=6) + cFcayt V-V & V-T 1.5 x 10711 +30 2269 298 FT 14 Berquist...Kaufman 1982
HCR{v=3) + CFyC1l, » HCA{v=2) + CF,C2,t V-v & v-T <1 x 10713 2679 298 FT 14 Berquist...Kaufman 1982
HCL(v=4) + CFpCly » HCA(v=3) + CFyCt,t V-V & V-T 3 x 10713 30 2576 298 FT 14 Berquist...Kaufman 1982
HCL(V=5) + CF,C2, + HCi(v=4) + CFoCe,T V-V & ¥-T 1.6 x 10712 +30 2473 298 T 14 Berguist...Kaufman 1982
HCZ(v=6) + CFCy » HC2(v=5) + CFyC1,t V-V & V-T 3.2 x 10712 +30 2371 298 FT 14 Berquist...Kaufman 1982
HCL{v=7) + CP,C, + HC2(ve=6) + CFyca,t V-V & V-7 4.9 x 10712 +30 2269 298 FT 14 Berquist...Kaufman 1982
HCL(v=3) + CF53CL » HC2{v=2) + cpscxf 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 erergy transfer {continued}
Process TYp:! Rate Constant EXTOT  pg(em™t) renp Method gﬁfiiigieaﬁsmﬁgi Qﬁiﬁg;,
(cm3/molecule-s) (%) {+=exo0) {K) Year of Publication
HC2{v=4) + CF4C2 + HCR(v=3) + CFycx! V-V & V-T 3.4 x 10713 +30 2576 298 FT 14 Berquist...Kaufman 1982
HCR{ve5) + CFaCt + HCA(v=4) + CF3C11 V-V & V-T 6.5 x 10713 £30 2473 298 FT 14 Berquist...Kaufman 1982
HCH(v=6) + CF,C% » HCR(v=5) + CFyCat V-V & V-T 9.5 x 10713 £30 2371 298 FT 14 Berguist...Kaufman 1982
HCR(v=7) + CF,Ce + HCA{v=6) + CFycat V-V & V=T 2.2 x 10712 £30 2269 298 P 14 Berquist...Kaufman 1982
HCR(v=3) + CF, » HCa{v=2) + cF,' V-V & V-T 1.8 x 10713 +30 2679 298 FT 14 Berquist...Kaufman 1982
HCR(v=4) + CF4 + BCL(v=3) + cF,*t V-V & V-7 3.6 x 10713 £30 2576 298 FT 14 Berquist...Kaufmaan 1982
HCx(v=S) + CF, » HC(v=4) + cF,t V-V & V-T 2.7 x 10713 +30 2473 298 T 14 Berquist...Kaufman 1982
HCA{v=6) + CF4 » HC1{v=5) + cF,} V-V & v-T 3.9 x 10713 £30 237 298 FT 14 Berguist...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
HCi{v=1) + CF30C% » HCL{v=0) + CF30CLT V-V & V-T 6.8 x 10714 10 2886 295 LF 70 Coombe...Pilipovich 1975
HC1{v=2) + CH3C2 » HCR(v=1) + CHaca! V-V & V-7 9.5 x 10712 +30 2762 298 FT 14 Berguist...Kavfman 1982
HCR(v=3) + CHzCR » HC2(v=2) + crycsf V-V & V-T 3.0 x 10711 +30 2679 208 FT 14 Berquist...Kaufman 1982
HC2(v=4) + CH,C1 » HC2(v=3) + cHycst V-V & V-T 1.1 x 10710 +30 2576 298 FT 14 Berauist...Kaufman 1982
HCL(v=5) + CHjCR » HCL(v=4) + CH3c1* V-V & V-T 1.7 x 10~10 +30 2473 298 FT 14 Berguist...Kaufman 1982
HC2{v=6) + CHyCi » HCL(v=5) + cHyCit V-V & V-T 2.9 x 10-10 +30 2371 298 BT 14 Berquist...Kaufman 1982
ncL{v-7) + CHgSk v uCA{v-C) + cugest Vv & v-T 3.2 ~ 20710 =20 2265 290 rT 14 Berguist.s.Keufman 2502
HC2(v=1) + CHyF » HCR(v=0) + CHsF' V-V & V-T <9 x 10712 2886 298 FT 14 Berquist...Kaufman 1982
HCR(v=2} + CHyF + HCR{v=l) + CH3F1 V-V & V-T 1.1 x.lo-ll +30 2762 298 FT 14 Berquist...Kaufman 1982
HC2(v=3) + CHyF » HC2{v=2) + CHyF' v-v & V- 2.6 x 10711 £30 2679 298 FT 14 Berquist...Kaufman 1982
HC2{v=4) + CH3F » RCa(v=3) + CH3F1 V-V & V-7 3.5 x 10711 +30 2576 298 FT 14 Berquist...Kaufman 1982
HCR{v=5) + CHyF + HC2(v=4) + CHFT V-V & V-T 7.2 x 10711 +30 2473 298 FT 14 Berquist...Kaufman 1982
HCL(v=6) + CHgF = HC2{v=5) + CHjFT V-V & V-T 9.8 x 10711 £30 2371 298 FT 14 Berquist...Kaufman 1982
HC2{va7) + CHsF » HCilv=6) + CHF' V-V & V-T 8.0 x 10711 230 2269 298 FT 14 Berguist...Kaufman 1982
HCL(v=1l) + CH, » HCR(v=0) + cu,! V-V & V-T 2.6 x 10712 +10 -30(vy) 295 LF 63 Chen and Moore 1971
~133(v3)
2.7 x 10712 -30(y;) 296 LF 156 Schramm 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
HCL(v=2) + CHy » HC2{v=1) + ch,t V-V & V-T 3.8 x 10712 +30 2762 298 FT 14 Berquist...Kaufman 1582
HCL{v=3) + CHy + HCR(v=2) + CH,' V-V & V-T 4.2 x 10712 230 2679 298 FP 14 Berquist...Kaufran 1982
HC2(v=4) + CHy » HC2([v=3) + cB,' V-V & Va1 6.0 x 10712 +30 2576 298 PT 14 Berquist...Kaufman 1982
HC2{v=5) + CHy » HCX(v=4) + cH,t V-V & V~T 1.2 x 10711 +30 2473 298 FT 14 Berquist...Kaufman 1982
HC2(v=6) + CHg » HC2(v=5) + cH,t V-V & V~T 2.0 x 10711 +30 2371 298 FT 14 Berquist...Kaufman 1982
HCR(v=7] + CHy + HCL(v=6) + ca4* Y-V & V-T 2.5 x 10731 £30 2269 298 FT 14 Berquist...Kaufman 1982
HCZ + CHy4, see also CH, + HCR
HCR{v=1) + 1,1-CoHpCly »
HCR(v=0) + 1,1-CpH,Ca,t V-V & V~T 3.1 x 10713 +20 2886 295 LF 70 Coombe...Pilipovitch 1975
HCR2(v=1) + trans~CpHpCip +
HC£(v=0) + trans-C,H,C1, V-V & V~T 3.1 x 10713 +20 2886 295 LF 70 Coombe. . .Pilipovitch 1975
HCL{v=1) + CyHg » HC2lv=0) + Cpu ¥ V-V & V=T 2.0 x 10711 £30 2886 298 FT 14 Berquist...Kaufman 1982
HC2(v=2) + CpHg » HCA(v=1) + CpH T V-V & V=T 2.1 x 10711 +30 2762 298 FT 14 Berquist...Kaufman 1982
HCR(v=3] + Cpg + HCL(v=2} + CoH.? V-V & V-T 2.0 x 10-11 +30 2679 298 FT 14 Berquist...Kaufman 1982
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Table 1. Rate coefficients for vibrational en.ergy transfer {continued}
Reference Number, Author
Process Typa Rate Constant Brror  ,aopem~ly Temp Mothod or First and Lact Authox,
{em3/moleculess) (%) {+=exo0) (K) Year of Publication
HC2{va4) + CoHg » HCR(v=3) + C,Hgt V-V & V=T 2.3 x 1071t +30 2576 298 FT 14 Berquist...Kaufman 1982
BCZIve5) + CpHg + HCa(v=4) + CH ! Vv & V- 2.7 = 20732 £30 2473 298 FT 14 Berquist...Kaufman 1982
HC2(v=6) + CyHg » HC2(v=5) + CyHet V-V & V-T 4.3 x 10711 +30 2371 208 FT 14 Berquist...Kaufman 1982
HCL{v=T) + CpHg » HCR{v=6) + CH T V-V & V-T 5.3 % 1071t £30 2269 208 FT 14 Berquist...Kaufman 1982
HCL(v=1) + CjHg » HCL(va0) + CyHgt v-v & V- 4.7 x 20731 £30 2886 298 FT 14 Berquist...Kaufman 1982
HCE(va2) + CgHg * HCLlv=1) + CH T V-v & V=7 4.1 x 10712 £30 2762 298 BT 14 Berquist...Kaufman 1982
HCL(v=3) + CHy » HCL(v=2) + CyHgt V-V & v-r 3.8 x 107}¢ +30 2679 208 FT 14 Berquist...Kaufman 1982
1CR (v—4) csﬂs + HOR{~=3) ¢ c3“8 V-V & V-T 3.8 ~ lo_ll 30 z57% 298 U 14 Berquist...Kautman 1982
HCR(v=S) + CHg » HCa{v=4) + C gt V-V & V-T 5.3 x 10711 £30 2473 298 FT 14 Berquist...Kaufman 1982
HC2{v=6) + C3Hg » HC(v=5) + Caﬂaf VeV & V-T 8.6 x 10711 +30 2371 298 FT 14 Berquist...Kaufman 1982
HCL(v=T) & CzHg » HCa{v=6) + CjHgt V-¥ & V-T 9.6 x 10711 +30 2269 298 FT 14 Berquist...Kaufman 1982
" HC2(v=l) + iso-C4Hg +
HC2{v=0) + iso-CgHg! V-V & V-T 6.5 x 10711 +30 2886 298 FT 14 Berquist...Kaufman 1982
ues{v-2) iso-cylig -
HCA(v=1) + iso-cAHs* V-V & V=T 5.5 x 10711 +30 2762 298 FT 14 Berquist...Kaufman 1982
HCA(v=3) + iso-CyHg +
HCL(v=2) + iso-CgHgt V-V & V-T 5.6 x 10711 +30 2679 208 T 14 Berguist...Kanfman 1982
HC2(v=4) + iso-CyHg »
HCA(v=3) + iso-C4Hgt V-V & v-T 6.2 x 10711 +30 2576 298 FT 14 Berquist...Kaufman 1982
HCR(v=5) + iso-Cstig +
HC2{v=4) + iso-cyHgt V-V & V-T 7.5 x 10711 +30 2473 298 FT 14 Berquist...Kaufman 1982
HC2(v=6) + iso-CyHg +
HC2{v=5) + iac-c4ﬂs‘ v=V & V-T 1.0 x 10710 +30 2371 298 T 14 Berquist...Kaufman 1982
HC2{v=7) + iso-CyHg +
HCL(v=6) + iso-CyHg' V-V & v-T 1.2 x 10-10 +30 2269 298 FT 14 Berquist...Kaufman 1982
HCL(v=l) + CL » HC2(v=0) + C2 v-T 1.1 x 10711 +60 2886 204 DR-LF 71 Craig and Moore 1971
9.7 = 10-13 +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
8.8 x 10712 =30 2886 294 LF-DF 133 Macdonald...Wodarczyk 1975
& x 10712 +40 2886 294 DR-LF 133 Macdonald...Wodarczyk 1975
5.8 x J.O-12 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 LF-DF 132 Macdonald and Moore 1980
1.1 % 1971l o 295 LF-MS 117 Kneba and Wolfrum 1979
The quoted rate is for iscotopic exchange, 37Cx + H35C1(v=1), which is
twice the deactivation rate
2.6 x 10712 +20 2886 195- LF-DF 53 Brown...Smith 1975
1.5 x 10711 397
V-1 6.7 x 10712 2886 263- LF-DF 52 Brown...Smith 1975
1.5 x 10711 397
7.4 x 10712 +10 2886 204 LF-DF 132 Macdonald and Moore 1980
8.1 = 10™1? 433
HCL(v=2) + C& » HC(v=1) + Ct V- 3.1 x 10712 +35 2782 295 FR 152 Ridley and Smith 1971
Probably incorrect
3.3 x 10711 £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)

Reference Number, Author

Rate Canstant Error 1 ) Temp

Process rype an(un™ HMelhiud wr Tiral eud bLaslL Authoer,
(em3/moleculess) (3} (+=exo0) {x) Year of Publication
HCR(v=2) + CL + HCR{v=l) + C2 3.3 x 10711 " s1s 2782 294~ LF~DF 132 Macdonald and Moore 1980
(cont’'d.) 3.2 x 10711 439
HCL{v=3) + C% » HC2(v=2) + C1 8.1 x 10712 £10 2678 295 FR 152 Ridley and Smith 1971
Probably incorrect
HCL(v=1) + C1, + HCR(v=0) + C2,t V-V & V-T 5.6 x 10715 £20 2886 295 LF 71 Craig and Moore 1971
6.9 x 10715 . 220 2886 295 43 40 Bott and Cohen 1975

HCL + Cf,, see also Cip + HCR

uca{v=1l) + colv=0) = wee (v=n) + on{v=1) v-v
HCL{v=2) + CO(v=0) + HC2(v=1) + CO(val) V-V & V-T'
HC2{v=3) + CO{v=0) » HC&(v=2) + CO(v=1) V-V & V-T .
#C2(v=4) + CO(v=0) » HCX(v=3) + cO(v=1) V-V & V-T
BC2{v=5) + co(v=0) + HCR{v=4) + CO(v=1) V-V & V-T
HC1(v=6) + CO(v=0) + HCR(v=5) + CO(v=l) V-V & V-T
HCL(v=7) + CO(v=0) + HCL(v=6) + CO(v=l) V-V & V-T
HCA{v-1) + CO(v-0) + HCR{v—0) + co{v-0) v-T

HCL + CO, see also CO + HC2

HC2(v=l) + CO,(000) » HCX{v=0) + Ca,(001) v-v

HCL{v=2) + CO,(000) + HC2(v=0)} + CO,(001) V-V & V-T

HCR (v=3) + CO,(000) » HCR({v=2) + CO,(001) V-V & V-T

HC2(v=n) + CO,{000) +
BCL{v=n-1) + CC,(001} V-V & V-T

When corrected for coz impurity gives 5.6 x 10725

1.1 x 10714 20 2886 449- LF-ST 40 Bott and Cohen 1975
3.9 x 10714 679

The correction for CO, impurity is not needed since
HCR deactivated by CO, is temperature insensitive

8.3 x 10714 10 743 295 LP 63 Chen and Moore 1971
7.28 x 10714 4 743 295 LF 4 Allée...Doyennette 1974
7.28 x 10714 +5 743 295- LF 4 Allge...Doyennette 1974
2.7 x 10713 1000
1.5 x 10713 +10 743 660— ST 158 Seery 1975
6.6 x 10713 1600
~1.2 x 10712 >230 639 298 FT 14 Berquist...Kaufman 1982
1.7 x 10712 +30 536 298 T 14 Berquist...Kaufman 1982
4 x 10712 £30 433 298 FT 14 Berquist...Kaufman 1982
1.7 = 10711 +30 330 298 FT 14 Berquist...Kaufman 1982
3.5 x 10711 £30 228 298 FT 14 Berquist...Kaufman 1982
3.8 x 10712 +30 126 298 FT 14 Berquist...Kaufman 1982
6.4 ~ 10714 <20 2986 660- sT 152 Soery 1975
‘4.5 x 10714 1600
2.1 x 10714 £10 2886 1200~ sT 22 Borrell...Gutteridge 1974
1.8 x 10713 2000
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 10-12 5 536(001) 295 LF 167 Stephenson...Moore 1972
-131(011)

Reports that the results of Ref. 64 are slightly high

2.6 x 10712 536 295 LF 80 Doyennette...Henry 1978
1.9 x 10712 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...Henry 1978
4.4 x 10732 200

6.8 x 10712 433 295 FR 153 Ridley and Smith 1372
9.0 x 10712 *30 433 298 FT 15 Berquist...Kaufman 1982
1.55 x 10711 330 295 FR 153 Ridley and Smith 1972

The rate constants in Ref. 153 are internally consistent, dbut their absolute
magnitudes may be in error

2.3 » 10711 +30 330 298 FT 15 Berquist...Kaufman 1982
n=3  n=4 .
1.0 2.3 295 CcD 11 Bartoszek...Polanyi 1978

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

o mmcnme Ao e P mammaaw

Reference Number, Author

Process Type Rate Constant BETOr  ,p(en™ly  TemP Method or First and Last Author,
{em3/moleculers) {%) {+=exo) (K) Year of Publication
HCL(vm4) + C0,(000) » HCA{v=3) + CO,(001) V-V & V-1 7.0 x 10711 €30 227 298 FT 15 Berquist...Kaufman 1982
HC2(v=5) + C0,(000) » HC2{v=4) + CO,(001) V-V & V-T 1.4 x 10710 £30 124 298 FT 15 Berquist...Kaufman 1982
HC2(v=6) + C0,(000) + HCL{v=5) + CO,(001) V-V & V=T 1.7 x 10710 +30 22 298 FT 15 Berquist...Kaufman 1982
HCZ(v=7) + C0,(000) » HC2{v=6) + CO,(001) V-V & V-T 1.0 x 10-10 +30 -80 298 FT 15 Berquist...Kaufman 1982
HOR{v=1) & COZ(ODO) > HC2{~v=0) + Coz(rur.o) v-T 21.1 v 10—12 28806 295 L 167 Stephenson...Moore 1972
2.9 x 10713 2886 295 LF 80 Doyennette...Henry 1978
2.9 x 10713 2886 295~ 173 80 Doyennette...Henry 1978
3.4 x 10713 800
HCR + COZ, see also €0, + HCR
HCL(v=1) + D + HC&(v=0) + D V-T & Exchange 8.3 x 10712 £30 2886 295 LF-MS 9 Arnoldi and Wolfrum 1976
& Rx The exchange rate is 20 times slower than the relaxation
1.1 x 10733 £30 2886 295 LF-DF 41 Bott and Heidner 1976
HCR(v=1) + DCA(v=0) » HCL(v=0) + DCR(v=1) v-v 1.00 x 10-13 5 795 295 LF 64 Chen and Moore 1971
HO2{v=2) + DOI(v=0) » HOS{u=1) + Doglv=1) v-v 1.0 x 10713 118 o1 295 73 72 Dasch and Moure 1980
Direct excitation to HCR(v=2)
HC2{v=5) + DCA(v=0) » HCX{v=4) + >CR(v=1) V-V & V-1 3.3 x 10712 +30 432 298 FT 14 Berquist...Kaufman 1982
HC2{v=6} + DCL(v=0) » HCA{veS) + DCa(v=l) V-V & V=T 5.9 x 10711 +30 330 298 Pr 14 Rerguist.. _Kanfman 1982
HCL{v=7) + DC2(v=0) + HCX(v=6) + DCa(v=l) VU=V & V-T 1.1 x 10720 +30 228 298 FT 14 Berguist...Kaufman 1982
HC2(v=1) + DCN » HCR(v=0) + pcnt V=Y & V-7 2.22 x 10712 +5 2886 296 LF 7 Arnold and Smith 1980
HEL (w1} + Dy{v~0) + HCR(v=0) + Dy{v=0) v-T s5.2 = 10”16 15 2886 295 LF 105 Hopkins and Chen 1972

Value reported is for kHCx-Dz + 0.60 sz-HCL

HCL + Dy, see also Dp + HCL

HCL(v=1) + DF(v=0) -+ HCR{v=0) + DF(v=0) V-1 5.3 x 10713 2886 295 ¥ 26 Bott 1974
<3.5 x 10713 2886 475~ LF-ST 26 Bott 1974
<3 x 10713 745
HC2{v=1) + H + HCL(v=0) + H V-T & Rx 6.5 x 10712 +35 2886 295 LF-DF 10 Arnoldi and Wolfrum 1974
6.8 x 10712 +25 2886 295 LF-DF 99 Heidner and Bott 1975
7.0 x 10712 15 2886 295 LF-DF 9 Arnoldi and Wolfrum 1976

The deactivation is 50 times faster than reaction
7.6 x 10712 30 2886 295 LF-DF 41 Bott and Heidner 1976

3.4 x 10712 15 2886 296 LF-DF 132 Macdonald and Moore 1980
The reactive channel may be as much as 50%

HCL(v=2) + H » HCA(v=1) + H v-T & Rx 2.6 x 10711 £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) + HC&{v=0) + HBr(vs=l) 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 contribution is less than 3%

1.1 x 10712 £10 327 295 LF 60 Chen 1971
8.4 ~ 1073 327 293 FR 133 Ridley ana Smith 1972
The rate constants in Ref. 153 are internally consistent, but their absolute

magnitudes may be in error

9.6 x 10713 10 327 295 LF 40 Bott and Cohen 1975

HC2(v=2) + HBr(v=0) + HCL(v=1) + HBr{vsl) v-v 2.9 x 10712 +10 223 295 LF 72 Dasch and Moore 1980
Direct excitation to HCi{v=2)

HC2(v=2) + HBr(v=0) » HC2(v=0) + HBr{v=2) v-v €3.1 x 10714 641 295 LF 72 Dasch and Mocre 1980
HC{v=1l) + HCA{v=l) » HCL(v=2) + HC2{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:vibrational energy transfer {continued)

Reference Number, Author

Process Type Rate Constant Error  ,p(em™l) Temp Method or First and Last Author,
(em3/moleculess) (%) (+=exo0) (K} Year of Publication
HC2{v=1) + HC2(vsl) » HC2(v=2) + HCi(v=0) 2.3 = 10712 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 £10 104 295 LF 72 Dasch and Moore 1980
Direct excitation to HCA({v=2)
5.1 x 10712 +15 104 294 LF 132 Macdonald and Moore 1980
Direct excitation to HCt{v=2)
4.6 x 10732 104 296 LF 156 Schramm and Rapp 1980
5.6 x 10712 +30 104 298 BT 14 Berquist...Kaufman 1982
4.6 x 10712 104 193- LF 156 Schramm and Rapp 1980 .
4.6 x 10712 296
5.1 x 10712 £15 104 294~ LF 132 Macdonald and Moore 1980
3.2 x 10712 439
4.6 x 10712 110 104 320~ LF 140 Noter...Sz&ke 1973
g.5 x po~12 700
HC2{v=3)} + HC2(v=0) + HC2{v=2) + HCi(v=l) V-V & V-T 1.8 x 10712 -207 295 ER 153 Ridley and Smith 1972
The rate constants in Ref. 153 are internally consistent, but their absolute
magnitudes may be in error
3.1 x 10712 +30 -207 298 FT 14 Berquist...Kaufman 1982
HC2(v=4) + HCA(v=0) + HCR{v=3) + HC2(v=1)} V-V & V-T ~3.6 x 10732 >+30 -310 298 FT 14 Berquist...Kaufman 1982
HCA(v=5) + HCA(v=0) » HCf{v=4) + HC2{v=l) V-V & V-T 1.8 x 10711 +30 -413 298 FT 14 Berquist...Kaufman 1982
HCL(v=6) + HCL(v=0) » HCR(v=5) + HCA(v=l) V-V & V~T 3.9 x 10711 +30 -515 298 FT 14 Berquist...Kaufran 1982
HCX(v=7) + HC2(vwQ) + HCL(v=6) + HCi(v=l) V-V & V-T 5.8 x 10711 +30 ~617 298 FT 14 Berquist...Kaufman 1982
H35ca(v=1) + n37celv=0) »
#35c1(v=0) + #¥7ca(va1) v-v 1.9 x 1071} £30 2 295 LF 125 Leone and Moore 1973
1.91 = 10711 2 2 295 LF 109 Horwitz and Leone 1978
2,95 x 10731 £10 2 192- LF 110 Horwitz and Leone 1979
8.23 » 10712 620
HCL (vel) + HCa(v=0) + HCA{v=0) + HCA(v=D) v-T 3.7 x 10718 2886 290 sp 84 Ferguson and Read 1967
» Value is unreasonably small
246 » 10-14 +10 p-X=1-1 298 P €2 Chon and Moore 1071
»2 x 10713 2886 b7 91 Gorschkov...Oraevsky 1971
<9 x 10712
2.2 x 10714 2886 295 LF 134 Margottin-Maclau...Henry
1971
1.4 x 10713 2886 295 LF S Arbartzumian...Chekalin

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

3.7 x 10°14 225 2886 300 LF 1 Ahl and Cool 1973
2.6 x 10714 415 2886 295 LF 37 Bott and Cohen 1973
2.8 x 10714 +20 2886 295 LF 156 Schramm and Rapp 1980
3.5 x 10714 +20 2886 190~ LF 156 Schramm and Rapp 1980
2.8 x 10714 295

3.8 x 10"14 115 2886 196- LF 108 Hopkins...Sharma 1973
4.9 x 10714 10 342

3.3 » 10714 225 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 a minimum in the rate at 410-470 K (2.0 x 10714)

~4.9 x 10~14 2886 470 LF 37 Bott and Cohen 1973
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Table 1. Rate coefficients for vibrational energy transfer (continued)

Reference Number, Authcr

Process TYype Ra;e Constant Error  p(em™!) Temp Method or First and Last Author,
(em”/moleculess) (%) (+=ex0) (K) Year of Publication
HCL(v=1) + HCL(v=0} + HCR(v=0) + HCZ(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
8.8 x 10715 2886 1300- ST 2) Borrell 1966
4.3 x 10714 2200
Values are many times too small
HC2{v=2) + HCL{v=0) + HCR(v=1) + HC2(v=0)} V-1 3.1 x 10713 - 2782 295 LF 72 Dasch and Moore 1980
HCa(v=1) + HCN(000) » HC2(v=0) + HCN(nmO) v-T 1.43 x 10712 +3 2886 296 LF 7 Arnold...sSmith 1980

(001) channel in HCN is very minor

HCL + HCN, see also HCN + HCR

BCL(v=1) + HD{v=0) » HCA(v=0) + HD(v=0) v-T 2.5 x 10715 +15 2886 295 LF 105 Hopkins and Chen 1972

HC2 + BD, see also HD + HCR

uce{v=i) + %He + HC2(v=0) + 3He v-T 1.2 x 10718 +20 2886 295 LF 165 Steele and Moore 1974
HCR(v=1) + He » HC2{v=0) + He v-T <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 10717 =15 2886 196- LF 108 Hopkins and Chen 1973
1.1 x 10716 342
5.6 x 10717 +10 2886 295- LF 165 Steele and Moore 1974
2.1 x 10715 700
3.9 x 10714 +20 2886 1160- sT 157 Seery 1973
1.4 x 10713 1630
HC2(v=1) + HF{v=0) » HC1(v=0} + HF(v=0} V-7 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
4.0 x 10713 215 . 2886 295 LF 40 Bott and Cohen 1975
4.9 x 10713 £25 2886 350 ir 1 ahl and Cool 1373
1.9 x 10713 +10 2886 470 LF 37 Bott and Cohen 1973
4.2 x 10-13 215 2886 468~ LF-ST 40 Bott and Cohen 1975
7.9 x 10713 632
#Ca{v=2) + HF(v=0) « HCR{v=1) + WF(v=0) v-T ~5 x 10713 >+30 2762 298 FT 14 Berguist...Kaufman 1982
HCL(v=3) + HF(v=0) » HC2{v=2) + HF(v=0) v-T 2.5 x 10-12 £30 2679 298 FT 14 Berguist...Kaufman 1982
HCt(v=4) + HF(v=0) » HC2(v=3) + HF(v=0) 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-1 2.5 x 10711 +30 2473 208 FT 14 Berquist...Kaufman 1982
HCL{Vv=6) + HF(v=0) + HC2(v=5) + HF(v=0) vaT 4.5 x 10711 +30 2371 298 FT 14 Berguist...Kaufman 1982
HCL(v=7) + HF(v=0) » HCL(v=6) + HF(v=0) V=T 5.2 x 1078 £30 2269 298 FT 14 Berquist...Kaufman 1982
HCL(v=1) + Hp(v=0) » HCL{v=0) + Hy(v=0) v-1 5.2 x 10713 +20 2886 295 LF 62 Chen and Moore 1971
Strictly V=1 process, ho double exponentlial Dbservea ror v-y concripution
5.5 x 10715 £10 2686 295 LF 40 Bott and Cohen 1975
~4.8 x 10715 2886 295 LG 136 Menard-Bourcin...Henry 1975
frude actimate anly
5.9 x 10715 2886 296 LF 156 Schramm and Rapp 1980
4.3 x 10715 2886 143~ LF 156 Schramm and Rapp 1980
5.9 x 10-15 296
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 10742 2000
HC2(v=2) + Hy{v=0) » HCR{v=1) + Hy(v=0) VT ~9.7 x 1015 2782 295 16 136 Menard-Bourcin...Henry 1975

Crude estimate only
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Table 1. Rate coefficients for vibrational energy transfer {continued)
- Roference Mumber, Author
Process Type Rate Constant EILor  ,g(em~l) 7O Method or First and Last Author,
(cm3/moleculess) (%) (+=exo) (K) Year of Publication
HCR{Vva3) + Hy(v=0) » HCR(v=2) + H,{v=0) v-T ~1.6 x 10714 2679 295 16 136 Menard-Bourcin...Henry 1975
Crude estimate only
HC2{v=4) + Hy(v=0) » HCR(v=3) + Hy(v=0) v-r ~2.1 x 10714 2576 205 16 136 Menard-Bourcir...Henry 1975
Crude estimate only
HCR + H2, see also Hy + HCL
HCL(v=1) + Hp0 » HCA(v=0) + H,0T Y-V & V-T 1.5 x 1071 +60 2886 295 LF 62 Chen and Moore 1971
HCL(v=1) + HpS » HCR{v=0) + Hps? V-V & V-1 2.3 x 10712 +10 202(vy) 295 LF 70 Coombe...Pilipovitch 1975
276(vy)
HC2(v=1) + HyS5e > HCA(v=0) + HySeT V-V & V-7 8.0 x 1073 *10 2886 295 LF 70 Coombe...Pilipovitch 1975
626(v3)
536(v;)
HC2(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 215 653 295 LF 63 Chen and Moore 1971
V-T contribution is less than 15%
HC1{v=1) + HNO; » HC2(v=0) + HNO,¥ V-V & V=T  ~3.1 x 10712 2886 295 LF 70 Coombe...Pilipovitch 1975
HCL(v=1) + Kr » HCL(v=0) + Kr 4.4 x 10714 +70 2886 1900~ sT 157 seery 1973
4.8 x 10713 4000
HCi(v=l} + Ne » HC2{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 Moore 1974
1.5 x 10-14 £30 2886 1160~ ST 157 Seery 1973
8.5 x 10714 1950
HCZ(v=l) + NO(v=0) » 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 +30 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-T 6.8 x 10713 £30 906 298 FT 14 Berquist...Kaufman 1982
HCL(v=3) + NO{v=0) » HCi(v=2) + NO{v=1) V-V & V-T 2.5 x 10712 +30 803 298 FT 14 Berquist...Kaufman 1982
HC2{v-4) + No{v=0) - HC2{v-~3) + Nolv=l) V=V & V-T 1.0 x 10711 30 700 298 rr 14 Berquist...Kaufman 1982
HC2{v=5) + NO(v=0) + HC2{v=4} + NO(v=l) V-V & VT 2.7 x 10711 £30 597 298 FT 14 Berquist...Kaufman 1982
HC2(v=6) + NO(v=0) + HC2(v=5} + NO(v=1) V-V & V-T 5.1 x 10711 230 495 298 FT 14 Berquist...Kaufman 1982
RC2{v=7) + RO(v=0) + HC&(v=6) + NO(v=l) V-V & V-7 3.7 = 10711 *30 393 298 FT 14 Berguist...Kaufman 1982
Reaction for v = 5,6,7 is unlikely
HCZ{v=1) + NO3CL + HCR{v=0) + NOjC2’ V-V & V-T 8.0 x 10713 £15 2886 295 LF 70 Coombe...Pilipovitch 1975
HC2{v=1) + Hptv~0) = HCalv=0) = mpiv=l) Vv 2.7 x 10744 £46 555 295 LF 53 Chen and Moore 1971
2.94 x 10-14 4 555 295 LF 4 Allée,..Doyennette 1974
2.7 x 10-14 £10 555 295 LF 40 Bott and Cohen 1975
2.6 x 10-14 555 296 LF 156 Schramm and Rapp 1980
2.4 x 10714 555 193~ LF 156 Schramm and Rapp 1980
2.6 x 10714 296
3.1 x 10734 +10 555 463- LF-ST 40 Bott and Cohen 1975
4.6 x 10714 686
2.94 x 107} 4 555 300~ LF 4 Allée...Doyennette 1974
9.10 x 10714 1000
HCL(v=3) + Np{v=0) » HCR(v=2) + Np{v=l) V-V & V~T  ~1.4 x 10713 >£30 349 298 FT 14 Berquist...Kaufman 1982
HCL(v=4) + Na(v=0) » HCR{v=3) + Ny(v=1) V-V & V-7 4.5 x 10-13 £30 246 298 FT 14 Berquist...Kaufrman 1982
HC2(V=5) + Ny(v=0) » HCR(v=4),+ Np{v=1) V-V & V-T 8.1 x 10713 +30 143 298 FT 14 Berquist...Kaufman 1982
HCR(v=6) + Np(v=0) » HCL{v=5) + Np(v=l) V-V & V-T 1.2 x 1012 +30 41 298 FT 14 Berguist...Kaufman 1982
HCR{v=7) + Np(v=0) » HC2(v=6) + Np(v=1) V-V & V=T 7.0 x 10713 +30 -61 298 FT 14 Berquist...Kau€man 1982
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Table 1. Rate coefficients for vibrational energy tranafer (continued)

Reference Number, Author

Process Type Ratae Constant Error  ,p(em”l) Temp Method or First and Last Author,
(cm3/moleculess)  (8) {+=ex0) (X) Year of Publication
HCL(v=1) + NO; » HC2{v=0) + No,t V-V & V-T 9.5 x 1013 +30 2886 298 PT 14 Berquist...Kaufman 1982
HCA(v=2) + NO, » HC2(v=1) + No,t V-V & V-T  ~1.2 x 10712 >£30 2762 298 FT 14 Berquist...Kaufman 1982
HC1{v=3) + NO, » HC2(v=2) + No,! V-V & V=T 2.0 x 10712 £30 2679 298 FT 14 Berquist...Kaufman 1982
HCL(v=4) + NO, + HC2(v=3) + NO,T V-V & V=T 4.0 x 10712 £30 2576 298 FT 14 Berquist...Kaufman 1982
Reaction unlikely
HCL(v=1} + N,0(000) » HC2(v=0) + N,0(001) v-v 1.1 x 10712 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- LF 80 Doyennette...Henry 1978
1.9 x 10712 : 700
HCR(v=2) + N,0{000) + HC(v=l) + N,0(001) V-V & V=T 4.5 x 10732 +30 558 298 FT 15 Berquist..,Kaufman 1982
HCt{v=3) + Np0{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} + N,0{000) + HC2(v=3) + N,0(001) V-V & V-T 4.5 x 10711 £30 352 298 FT 15 Berguist...Kaufman 1982
HC2{vaS) + N,0{000) =+ HC2(v=4) + N,0(001) V-V & V-T 9.6 = 10-11 +30 249 298 FT 15 Berguist...Kaufman 1982
HC2(v=6) + N,0{000) + HC1(v=5) + N,0(001) V-V & V-T 1.5 x 10710 230 147 298 FT 15 Berauist...Kaufman 1982
HCL{v=7) + Nj0{000) » HC2(v=6) + N,0(001) V-V & V=T 1.5 x 10710 +30 45 298 FT 15 Berquist...Kaufman 1982
HC1(v=l) + Ny0{000) + HC2(v=0) + N,0(nmO) v-1 3.1 x 10713 2886 295 LF 80 Doyennette...Henry 1978
3.1 ~ 20-13 2880 295~ LF |80 DOyennette...Henry 1978
3.6 x 10713 700
HCL + N0, see also NpO + HCA
H#CL{v=1) + O + HCL(v=0) + O V-T & Rx 3.7 x 10712 +35 2886 208 LF~DF 10 Arnoldi 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 10712 20 2886 300 LE-DF 55 Brown...Smith 1975
3.5 x 10743 +5 2886 295 LE-DF 115 Karny...Sz8ke 1975
Reactive contribution is thought to be 1.8 x 10713
8.9 x 10713 £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 10712 400 -
HCL(v=2) + 0 » HC2(v=l) + O V-T & Rx 5.2 x 10712 £10 2782 296 LF-DF 131 Macdonald and Moore 1978

Roactive contribution ie 1.6 » 106712 (4008 arror)

HCA(v=1) + OCS + HC2{v=0) + ocs'? V-V & V-7 6.2 x 10713 £10 812(001) 296 LF 103 Hopkins and Chen 1973
-32(101)

HCL(v=1) + 05(v=0) » HC2(v=0) + Oy(v=1) v-v 3.3 x 10715 $10  1330(v=l) 295 LF 177 Zittel and Moore 1973
-203(v=2)

HCA(v=1) + 180,(va0) » HC1{v=0) + 180, (v=1) 5.4 x 10715 115 1417(vel) 295 LF 177 zittel and Moore 1973
-30(v=2)

Concluded that AV=2 changes in O, may be important
HCL(v=2) + 0,(v=0) » HC2(v=1) + Oy(v=1) V-V & V=7 7.6 x 10~15 $20  1226{v=l) 295 FT 168 Thomas and Thrush 1977

HCL + O3, see O3 + HC2

ace(vel) ¢ PPgU; - ucx(v=0) 1 Px—‘:nz* V-V & V-T 9.2 = 10”13 +35 2886 295 nr 70 Cuounbie...Pilipoviltch 1975
HC{v=1) + SFg + HC2(v=0) + sF.? V-V & V=T 3.0 x 10715 +10 2866 295 LF 177 Zittel and Moore 1973
5.5 x 10713 £30 2886 208 FT 14 Berquist...Kaufman 1982
HC2(v=2) + SFg » HC2(v=1) + SFyT V-V & V=T  ~1 x 10713 >:30 2762 298 FT 14 Berquist...Ksufman 1962
HCL{v=3) + SFg » HCZ(v=2) + SFg? V-V & V-T g1 x 10713 2679 298 FT 14 Berquist...Kaufman 1982
HCL(v=4) + SFg + HCA{v=3) + sF¢t V-V & V=T 41 x 10713 2576 298 FT 14 Berquist...Kaufman 1982
HCL{v=5) + SFg + HCA{v=4) + sF¢! V-V & V=T <1 x 10713 2473 298 FT 14 Berquist...Kaufman 1982
HC1(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.

mxnms : =zzzassaaxa

Rate. coefficients for vibrational energy transfer (continued)

Rate Constant Error Referance Number, Author

HF(val) +

HF{v=3) +

HF(v=4) +

CBTFq *» HF{V=U) + CBrr,t
3 3

cby + HP(v=2) + cp,t

cp, + HF(v=3} + cp,}

V=V & V=1

V-V & V=T

V-V & V-T

Process Type sE(en™l)  Temp Method or First and Last Author,
{cm?/moleculess) (%) (+=ex0) {X) Year of Publication
HCL(v=T) + SFg » HC2{v=6) + sFg! V-V & V=T  ~1.6 x 10-13 +30 2269 298 FT 14 Berquist...Kaufman 1982
HCllv=l) + SiHCZy » HC2(v=0) + SiHC3t v-v & V=T 1.3 x 10713 £5 2886 295 LF 70 Coombe. ..Pilipovitch 1975
HCL(v=1) + SiH,CRy » HCR(v=0) + SiHyCL,t V-V & V=T 4.3 x 10713 10 2886 295 LF 70 Coombe...Pilipovitch 1975
HCL(v=1) + SoC2, » HCR{v=0) + soct,t V-V & V=T 3.4 x 10713 +10 2886 295 LF 70 Coombe...Pilipovitch 1975
HCN{001) + DBr{v=0) + HCN{nm0) + DBr{v-0) v-T 1.2 = 10713 2285 3312 296 LF 7 Arnold...Smith 1980
HCN(001) + DCa{v=0) + HCN(nmO) + DC2{v=0} v-T 1.5 x 10713 +20 3312 296 LF 7 Arnold...Smith 1980
HCN(001) + DF(v=0} » HCN(000) + DF(v=1) -V & V-T 9.6 x 10713 435 405 298 LF 135 McGarvey...Cool 1977
1.4 x 10712 :35 405 240~ LF 135 McGarvey...Cool 1977
6.9 x 10713 450
HCN(001) + HBr(v=0) » HCN{nmO) + HBr(v=0) v-T 2.63 x 10713 +5 3312 296 133 7 Arnold...Smith 1980
HCN(001) + HC2(v=0) » HCN{nm0) + HCL(v=0) V=T 3.17 x 10713 5 3312 296 LF 7 Arnold...Smith 1980
HCN(001) + HF(v=0) + HCN{(nmd) + HF(v=0) v-T 1.3 x 10712 +15 3312 298 LF 135 McGarvey...Cool 1977
V-V contribution is less than 20%
1.4 x 10712 +25 3312 240~ LF 135 McGarvey...Cool 1977
7.4 x 10713 449
HD(v=1) + HCA(v=0) » HD(v=0) + HCR{v=1) vy 1.05 x 10713 +10 741 295 LF 105 Hopkins and Chen 1972
HF(v=l) + Ar + HF(v=0) + Ar v-T <1.9 x 10713 3962 294 LF 95 Hancock and Green 1972
1.9 x 10715 3962 295 LF 94 Hancock and Green 1972
<1.9 x 10715 3962 295 LF 100 Hinchen 1973
<1.1 x 10714 3962 350 LF 2 Airey and Fried 1971
<3.1 x 10715 3962 350 LF 89 Fried...Taylor 1973
2.5 x 10715 +20 3962 800- LF-ST 16 Blair...Schott 1973
6.2 x 10714 2400
8.3 x 10714 3962 1350~ sT 34 Bott and Cohen 1971
6 x 10-13 4000
9.5 x 10715 3962 1500~ ST 171 Vasil'ev...Tal'‘roze 1973
4.2 x 10713 souo
"HF(v=3) + Ar + HF(v=2) + Ar v-T ~1 x 10-15 3622 296 LF 163 Smith and Wrigley 1980
Deactivation of laser initiated reaction product
<1 » 20-15 3622 208 12 162 wrigley and Smith 1081
HF(v=4) + Ar » HF(v=3) + Ar V-1 <2 x 10715 3459 295 LF 162 Wrigley and Smith 1981
"HF(v=6) + Ar » HF(v=5) + Ar V-7 <6 x 10-15 3143 295 LF 162 Wrigley and Smith 1981
HF(v=l) + BF3 + HF{v=0) + BF3! V-V & V=T 4.7 x 1074 £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(c*) 295 LF-DF 150 Quigley and Wolga 1975
The analysis states incorrectly that ke = Kgo' for V-E equilibrium, however
the result matches a correct analysis of the data
6.3 x 10~11 £20 274(er*) 295 LF 175 Wodarczyk and Sackett 1976
Calculated from reverse E-V measurements assuming that the V-E
transfer is 1003 of the deactivation
1.5 x 10710 ’ 3962 1500~ ST 18 Blauer and Solomon 1973
3.2 x 10712 2600
HP(van) + Br » HF(v=n-1) + Br{Br") V-T & V-E =l 2 3 4 5 6

1 I I3 8 10 295 <D 78 Douglas...Sloan 1976
Relative rate information only

s1.2 x 10-14 *15 3962 2395 LF 39 Bott ana Cohen 1974
1.8 x 10”12 £35 3622 295 LF 123 Lampert...Crim 1980
1364 (v;)
Direct excitation to HF{v=3)
5.5 x 10712 £15 3459 295 LF 123 Lampert...Crim 1980
1201 (v3)

Direct excitation to HF(v=4)
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Table 1. Rate coefficients for vibrational energy transfer (continued)
T Reference Number, Author
Process Type Rate Constant Error AE(cm‘l) Temp Method or First and last Author,
{cm3/molecule-s) (%) {+=ex0) (K) Year of Publication
HF(v=1) + CF4 + HF(v=0) + CF,' V-V & V-T 1.3 x 10-14 £15 3962 295 LF 39 Bott and Cohen 1974
<1.2 x 10714 +30 3962 298 FT 119 Kwok and Cohen 1974
HF(v=2) + CF4 = HF(v=1) + CF,' V-V & VT 2.2 x 10714 50 3789 298 FT 119 Kwok and Cohen 1974
HE(v=3) + CF4 » HF(v=2) + cF,} V-V & v-T 6.3 x 10714 50 3622 298 FT 119 Kwok and Cohen 1974
HF(v=1) + CH, + HF(v=0) + cH,' V-V & v-T 2.1 x 10712 3962 320 BT 6 Anlauf...Herman 1973
941 (v3)
1.6 x 10-12 +15 3962 295 LF 96 Hancock and Green 1973
941(v3)
6.5 x 10713 +30 3962 298 FT 119 Kwok and Cohen 1974
941(v3)
8.0 x 1013 15 3962 295 LF 24 Bott 1977
941{v3)
1.1 x 10712 3962 295 FT 8 Arnold and Kimbell 1978
HF(v=2) + CHy » HF(vel) + ci,t V-V & V=T 7.6 x 10712 3789 320 FT 6 Anlauf...Herman 1973
769 (v3)
2.2 x 10712 +50 3789 298 FT 119 Kwok and Cohen 1974
769(v3)
1.8 x 10712 3789 295 FR 147 Poole and Smith 1977
HF(v=3) + CHy » 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 x 10712 3622 295 FR 147 Poole and Smith 1977
602(v3}
1.8 x 10711 +25 3622 295 LF 123 Lampert...Crim 1980
602(v3)
Direct excitation to HF(v=3)
HF(v=4) + CH, + HF(v=3) + ci,t V-V & V-T 1.3 x 10712 3459 295 FR 147 Poole and Smith 1977
439(v3)
4.7 x 10711 215 3459 295 LF 123 Lampert...Crim 1980
439(v3) ’
Direct excitation to HF(ve=4)
HF(v=5) + CHy » HF(v=4) + cH,t V-V & VT 3.2 x 1074} 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) + CH4y + HF(v=5) + cH,t V-V & V-T 4.8 x 10711 3143 295 FR 147 Poole and Smith 1977
1.4 = 10710 £30 3143 298 FT 81 Dzelzkalns and Kaufman 1982
HF(v=7) + CHy + HF(v=6) + ca,t V=V & V-T 3.9 x 10711 2988 295 FR' 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) + CoF, + HF(v=0) + CoF,' V-V & V-T 1.0 x 10713 3962 298 FT 8 Arnold and Kimbeil 1978
HF(v=2) + C,F, + HF(v=l} + C2F4* V-V & V-T 2.7 x 10713 3788 298 FT 8 Arnold and Kimbell 1978
HF(v=1) + CoFg + HF(v=0) + CoFg’ V-V & V=T 4.9 x 10715 35 3962 295 LF 39 Bott and Cohen 1974
HE(v=1) + CpHuFy + HE(v-0) + Courgt V-V & V=T 5.9 x 10713 3962 298 Fr 8 Arnola ana simbell 1978
HF(v=2) + CoHF3 » HF(v=1) + CpHF;' V-V & v-T 1.3 x 10732 3789 298 FT 8 Arnold and Kimbell 1978
HF(v=1) + CoH, + HF(v=0) + CpH,t v-v & v-T 1.9 x 10712 3962 320 FT 6 Anlauf...Herman 1973
HP(v=2) + CoH, + HF(v=l) + Czi{z’ V-V & V=T 6.6 x 10712 3789 320 FT 6 Anlauf...Herman 1973
HP(v=1) + 1,1-CpH,F; +
HF(v=0) + 1,1-czﬂzF21 V-V & V-T 8.3 x 10713 3962 298 FT 8 Arnold and Kimbell 1978
HF(v=2) + 1,1-CpH,Fy -+
HF(v=1) + 1,1-CyH,F,t V-V & V-T 2.0 x 10712 3789 2098 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  ,p(emty TOTP Methad or First and Last Author,
(cm®/moleculess) (8) (+=ex0) (K} Year of Fublication
HF{v=l} + cis-1,2-CpHpFy

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-1,2-CpHaFy +

HF(v=1} + cis-1,2-C,H,F,t V-V & V-T 1.8 x 10712 3789 298 FT 8 Arnold and Kimbell 1978
HF{v=1) + trans-1,2-CpH,F, »

HF(v=0) + trans-1,2-CH,F,t V-V & V-7 9.0 x 10713 3962 298 FT 8 Arnold and Kimbell 1978
HF(v=2) + trans-1,2-CHF, *

HF(v=1) + trans-1,2-CoH,F,1 V-V & VT 2.0 x 10712 3789 298 FT 8 Arnold and Kimbell 1978
HF(v=1) + CyHyF » HF(v=0) + CoH,FT V-V & V-T 1.05 x 10712 3962 298 PT 8 Arnold and Kimbell 1978
HF(v=2) + CpHgF + HF(v=1) + CpHjF' V-V & V=T 2.7 x 10712 3789 298 FT 8 Arnold and Kimbell 1978
HF(val) + CoHy + HF(v=0) + CoH,! V-V & V=T  21.7 x 107127 3962 320 FT 6 Anlauf...Herman 1973

1.5 x 10712 3962 208 FT 8 Arnold and Kimbell 1978
HF(v=2) + CgHy + HF(v=1) + C,H,} V-V & V-T  37.3 » 10712 3789 320 FT 6 Anlauf...Herman 1973
4.0 x 10712 3789 298 FT 8 Arnold and Kimbell 1978
HF(v=l) + CoHg + HF(v=0) + CoHg! V-V & V-T 1.9 x 10712 3962 320 FT 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
2.9 « 10712 3062 208 rr 6 Arnold and Kimbell 1370
HE(v=2) + CoHg + HF{v=1) + C,H¢! V-V & V-T 9.3 x 10712 3789 320 FT 6 Anlauf...Herman 1973
HF(v=1) + C3Hg + HF(v=0) + CyHt V-V & V-T 9.9 x 10712 15 3962 295 LF 96 Hancock and Green 1973
HF(v=1) + CgHg + HF(v=0) + C3Hg! V-V & V-T 2.8 x 10732 3962 320 FT 6 Anlauf...Herman 1973
4.2 x 10712 215 3962 295 LF 96 Hancock and Green 1973
2.6 x 10712 £10 3962 295 LF 24 Bott 1977
HF(v=2) + C3Hg + HF(v=1) + CgHg! V-V & V-T 9.9 x 10712 3789 320 FT 6 Anlauf...Herman 1973
HF(v=1) + C4Fg + HF(v=0) + C,Fg! V-V & V-T 1.9 x 10714 £15 3962 295 LF 39 Bott and Cohen 1974
HF(v=1) + C4Hyjg + HF(v=0) + C4H]01 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
HF(v=1) + C& + HF(v=0) + C& V=T 7.4 x 10713 225 3962 295 LF-DF 151 Quigley and Wolga 1975
3.8 x 10711 3962 3000 s 19 Rlanar...Owane 1072
1.3 x 10712 =50 3962 1850~ ST 18 Blauer and Solomon 1973
1.7 x 10712 3200
n=
HF{(v=n) + C% + HF(v=n-1) + C2 v-T Tl % -—g % % g'g‘ 295 cp 78 Douglas...Sloan 1976
Relative rate information only
HF(v=1) + Cfy » HF(v=0) + C2,° V-V . & V=T 1.0 x 10714 220 3962 295 LF 151 Quigley and Wolga 1975
HF(val) + CLF » HF(v=0) + car! V-V & V=T 2.5 x 10"}4 +25 3962 295 LF 39 Bott and Cohen 1974
HF{v=1) + CRF3 + HF(v=0) + C2F, V=V & V-T 3.5 x 10712 £15 3962 295 LF 96 Hancock and Green 1973
6.2 x 10712 +30 3962 295 1G 59 Chebotarev...Pshezhetskii
1976
HF(v=2) + CiF3 + HF(v=1) + CaF3' V-V & V-T 1.1 x 10713 £15 3789 295 LG 59 Chebotarev...Pshezhetskii
1976
HF{v=2) + CiFg + HF(v=l) + CaFg! V-V & V-F  ~5.6 x 10~12 £35 3789 295 1G 59 Chebotarev...Pshezhetskii
1376
HF(v=l) + CO(v=0) » HF(v=0) + CO(v=1) V-V & V-T 5.6 x 10714 £10  1816(v=l1) 295 LF 37 Bott and Cohen 1973
-301(v=2}
7.7 » 10™14 $+20  1816(v=l) 295 iF 92 Green and Hancock 1973
~301 (v=2)
HF(v=2) + CO{v=0) = HF{v=l) + CO(v=1) V-V & V=T 2.9 » 10713 1646{v=1) 295 FR 147 Poole and Smith 1977

J. Phys. Chem. Ref. Data, Vol. 11, No. 3, 1982
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Table 1.

STEPHEN R. LEONE

Rate coefficients for vibrational energy transfer (continued)

—am Tz e

zm—

Reference Number, Auther
Piucess Type Ra;.e Constant Errcr Aﬁ(um_]‘) Temn Method VL riist aud Last Authwr,
(cm®/moleculers) (g) (+=ex0) (K) Year of Publication
HF(v=3) + CO(v=0) + HF(v=2) + CO(v=1) V-V & V-T 1.2 = 10712 1478(v=1) 295 FR 147 Poole and .Smith 1977
2.9 x 10712 £10  1478(v=l) 296 LF 163 Smith and Wrigley 1980
HF(v=d4) + CO{v=0) » HF(v=3) + CO(v=1) V-V & V-7 5.4 x 10712 1315(v=l) 295 FR 147 Poole and Smith 1977
1.38 = 10713 £10  1315(v=1) 295 LF 162 Smith and Wrigley 1981
Deactivation of laser initiated reactian 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) + CO(v=0) + HF{v=5) + CO{v=l) V-V & V=T 2.6 x 10”12 996(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) V-V & V-T 2.3 x 10711 841(v=1) 295 FR 147 Poole and Smith 1977
The rate constants in Ref. 147 are internally consisteat, but their absolute
magnitudes may be in error
HF + CQ, see also O + HF
HF(v=1) + COF5 + HF(v=1) + COF,t V-V & V-T 1.8 x 10712 110 3962 295 LF 39 Bott and Cohen 1974
HF{v=1) + C0,(000) + HF{v=0) + CO,{001) V-V & V=T 1.2 x 10712 1612(001) 295 FR 3 Rirey and Smith 1972
243(101)
The rate constants in Ref. 3 are internally consistent, 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 4 1812(001) 294 LF 95 Hancock and Green 1972
243(101)
1.11 x 10712 25 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 = 10712 +10  1612(001) 295 LF 31 Bott 1976
243(101)
1.2 x 10732 1612{001) 298 FT 8 Arnold and Kimbell 1978
243(101)
1.7 x 1012 £20 1612(001) 205- LF 129 Lucht and Cool 197§
1.1 x 10712 243(101) 358
1.3 x 10712 1612(001) 350 LF 166 Stephens and Cool 1972
243(101)
~lel x 10712 1612(001) 400 rY 170 Vasil'ev...Tal roze 1272
243(101)
2.2 x 10712 20 1612(001) 295- LF 127 Lucht and Cool 1974
1.2 x 10712 243(101) 670
9.2 x 10713 5 1612(001) 450- LF-ST 37 Bott and Cohen 1973
1.0 x 10712 243(101) 1100
HE(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 10-12 +10 1440{001) 295 LF 31 Bott l976
3.4 x 10712 1440(001) 295 FR 147 Poole and Smith 1977
HF(v=3) + C0,(000) + HF(v=2) + C05(001) V-V & V~T 6.4 x 10712 1273(001) 295 FR 3 Airey and Smith 1972
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Table 1. Rate coefficients for vibrational energy tranafer (continued)

Reference Number, Author

Process Type Rate Constant Error AE(cm-l) Temp Method or First and Last Author,
(cm3/moleculess) (%) (+=exo0) (x) 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.) 11 . .
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 16711 15 1273(001) 295 LF 77 Douglas and Moore 1979
Direct cxcitation to HF{(v-3)
1.04 x 10711 :15 1273(001) 296 LF 163 Smith and Wrigley 1980
Deactivation of laser initiated reaction product
HF(v=4) + €0,(000) » EF{v=3) + C0,(001) V-V & V-T 1.2 x 0711 1109(001) 295 FT 3 Airev and Smith 1972
Value given includes correction for radiative lifetime noted in 147
1.3 x 10711 1109(001) 295 FR 147 Poole and Smith 1977
2.3 x 10711 £25 1109(001) 295 LF 77 Douglas and Mcore 1979
2.2 x 10711 110 1109(001) 295 LF 162 Smith and Wrigley 1981
Deactivation of laser initiated reaction product
HF{v=5) + C0,(000) - HF{v=4) + CO,(001) V-V & V-T 2.0 x 10711 949(001) 295 FT 3 Airey and Smith 1972
value gilven includes COrrectlion ror radiatlve liretime notea in L4/
2.7 x 10-11 943(001) 295 FR 147 Poole and Smith 1977
8.1 x 10711 £30 949(001) 298 FT 81 Dzelzkalns and Kaufman 1982
HF(v=6) + C0,(000) -» EF{v=5} + CO,(001) V-V & V-T 3.5 = 107 794(001) 295 FR 147 Poole and Smith 1977
7.1 x 10732 +35 794(001) 295 LF 162 Smith and Wrigley 1981
Deactivation of laser initiated reaction precduct
- 1.6 x 10710 30 794 (001) 238 rr 81 Dzelzxkalns and Kautman 1982
HF(v=7} + C0,{00C) » HF{v=6) + CO,(001) V-V & V=T 3.2 x 10-11 640(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 x 10710 +30 640(001) 298 FT 81 Dzelzkalns and Kaufman 1982
HF(v=n} + C0,(00C) » HF(v=n-1) + €O,(001) V-V & V-T peLo 2 3. 4 5. .5 295 cp 51 Brown...Polanyi 1978
: 2 2 T.0 4 T.21 2.16 1.89 3.76 Y
Relative rate information only
HF(V=1) + Sy + ur(vau) + cs,t V-V & V-T 4.9 x w13 3962 235 LF 173 Wendelken...Noetzel 1975
HF(v=1) + D + HF{v=0) + D V-T & Exchange 3 x 10714 +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
Exchange
Sequential absorption to HF{v=3)
1.3 x 10'10 3622 200- LF-DF 43 Bott and Heidner 1977
9.8 x 10711 295
Provides evidence that the v=3 295 cp 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)
BF(v=1) + Dp{v=0)} ~ HF(v=0) + Dy{v=1} V-V & V-T 1.14 x 10713 £10 967 294 LF 95 Hancock and Green 1972
9.6 x 19714 £20 967 295 LF 37 Bott and Cohen 1973
9.0 x 10-14 £10 967 295 LF 44 Bott and Heidner ‘1980
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 1c714 967 1500~ ST 34 Bott and Cohen 1271
1.3 x 10712 3300
HF(v=2) + Dy{v=0} » HF{v=l) + Dy(v=1) V-V & V-T 2.6 x 10733 796 295 FR 146 poole and Smith 1977
HF(v=2) + Dp(v=0) + HF{v=2) + Dy(v=1) V-V & V-T 5.9 x 10713 628 295 FR 146 Poole and Smith 1977
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Table 1. Rate coefficients for vibrational energy transfer (continued)
S S et sraweaTrm—=a - PR ===
Reference Number, Author
Process Type Rate Constant Error AE(cm-l) Temp Method or First and Last Author
(cm3/moleculess) (3} {+=exo) {K)- Year of Publication
HF{v=3) + Da(v=0) » HF(v=2) + D,(v=1) 1.3 x 10712 +20 628 295 b2 77 Douglas and Moore 1979
{cont'd.) Direct excitation to HF(v=3}
1.5 x 10712 +15 628 295 LF 44 Bott and Heidner 1980
Sequential absorption to HF{v=3) .
1.5 x 10712 £15 628 200 LF 44 Bott and Heidner 1980
HP(v=4) * Dp(v=0) + HF(v=3) + Dylv=1) V-V & V-T 1.2 x 10732 466 295 FR 146 Poole and Smith 1977
3.3 x 10712 £20 466 295 LF 77 Douglas and Moore 1979
Direct excitation <o HF{v=4)
HE(v=5) + Dy(v=0) + HF(v=4} + Dylv=l) V-V & V=T 3.1 x 10712 304 295 FR 146 Poole and Smith 1977
1.3 x 10731 +30 304 298 FT 81 Dzelzkalns and Kaufman 1982
HF{v=6) + Dy(v=0) + HF(v=5) + D,(v=1) V-V & V-7 8.2 x 10712 146 295 FR 146 Poole and Smith 1977
4.2 x 10711 *30 146 238 FT 81 Dzelzkalns and Kaufman 1982
HE(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 internally consistent, but their absclute
magnitudes may be in error
1.0 x 10710 £30 -10 298 FT 81 Dzelzkalns and Kaufman 1982
HF(v=1) + D,0 + HF(v=0} + Dyo! V-V & V-T 1.3 x 10710 +15 1176(v4) 294 LF 95 Hancock and Green 1972
1.6 » 10-11 1176{v3) 1200- ot 20 Dlausie..Owsas 1972
1.1 x 10711 3300
HF(v=2) + D,0 + HF(v=1) + Dyo? V-V & V-T 4.0 x 10711 3769 295 FR 147 Poole and Smith 1977
HF(v=3) + D,0 + HF(v=2) + Dy0t V-V & V-T 6.5 x 10711 3622 295 FR 147 Poole and Smith 1977
HF(v=4) + DG + HF{v=3) + Dyo0! 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 V-V & V-T 7.1 x 19748 3299 295 FR 147 Poole and Smith 1977
HE(v=6) + Dy0 » HF{v=5) + pyo! V-V & V-7 4.8 x 10711 3143 295 FR 147 Poole and Smith 1977
HF(v=7) + D0 + HF(v=6) * Dyo0" V-V & V-7 3.1 x 10711 2988 295 FR 147 Poole and Smith 1977
The rate constants in Ref. 147 are internally ccnsistent, but their absolute
maghitudes may be in error
BF{v=1) + DF(v=0) + HF(v=0) + DF{v=1) V-V & V-T 3.3 « 10712 +35 1055 300 LF 1 Anl and Cool 1973
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V-V contribution only

2.4 x 10712 5 1055 295 33 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 x 10712 +3 1055 296 LF 97 Hancock and Saunders 1976
Contains V-T ccntribution

There appears to be no V-R mechanism in HF deactivated by DF, as in HF deactivated
by HF, prohably hecanse the energy diffarenre is mnch smaller

6.2 x 10712 1055 200 LF 93 Hancock and Green 1975
2.8 x 10712 1055 198 LF 97 Hancock and Saunders 1976
3.3 x 1g-l2 20 1uss 210- L 129 Lucht ana Cool L1Y73

2.4 x 10712 364

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

2.9 x 10712 +45 1055 35¢ LF 1 Ahl and Cool 1973
V=V contribution onLy

4.2 x 10712 220 1055 297- LF 128 Lucht and Cool 1974
2.2 x 1012 6§78
1.3 » ln-ll £33 1085 480~ IF-8T 37 BRate and Cohen 1972
1.3 x 10712 1100
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Table 1. Rate coefficients for vibrational energy transfer (continued)

Reference Number, Author

Process Type Rate Constant EXror  pp(em)  TemP Method or First and Last Author,
{em3/molecule-s) (%) (+=ex0) (K) Year cf Publication
HF({vel) + 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) + DF(v=0) » HF(v=0) + DF(v=0) V-7 <1.4 x 10712 £15 3962 300 LF 1 Ahl and Cool 1973
<1.3 x 10712 +50 3962 295 LE 100 Hinchen 1973
<1.2 « 10712 £15 3962 350 LF 1 Ahl and Cool 1973
BF(v=1) + (DF), + HF(v=0) + (DF)H" V-V & V-T 3962 198- LF 97 Hancock and Saunders 13976
296
Strong rate enha t over
HF(v=1) + F » HF{v=0) +F v-T 2.8 » 10713 £25 3962 295 LF-DF 149 Quigley and Wolga 1974
2.8 x 10713 - +25 3962 295 LF-DF 151 Quigley and Wolga 1975
4.5 » 10712 +20 3962 1500-  LF-ST 16 Blair...Schott 1973
1.3 x 107+ 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 197)
1.5 x 1074 3500
3962 2500 ST 17 Blauer and Solomon 1973
Rates found to be seven times slower than reported in Ref. 164
HF(v=2) + £ + HF{(v=l} + F v-T Rate is 6 times faster 3789 2500 ST 17 Blauer and Solomon 1973
than v=1
BF(v=1) + Fe(CO)g » HF{v=0) + Fe(co)s" V-V & V-T  ~6.2 x 10712 3962 295 LF 37 Bott and Cohen 1973
Tstimote only
HF(v=l} + F, » HF(v=0) + FpT V-V & V=T 4.7 x 10733 3962 350 LF 2 Airey and Fried 1971
<3 x 10715 3962 350 LF 89 Fried...Taylor 1973
HF(v=1) + H » HF(v=0) + # V-1 <3.2 x 10712 3962 295 FT 121 Kwok and Wilkins 1974
<1.4 x 10-14 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 FT 121 Kwok and Wilkins 1974

1.1 x 10712 +50 3789 295 LF-DF 42 Bott and Heidner 1977
Seguential absorption to 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 10711 3622 295 FT 121 Kwok and Wilkins 1974
1.05 = 10710 +25 3622 295 LF-DF 42 Bott and Heidner 1977

98 Heidner 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 HF{v=3) is much faster because the reactive
channel opens up
HF(v=1) + HBr{v=0) » HF{v=0) + HEBr{v=1) V-V & V-T 2.2 » 10713 +35 1400 300 LF 1 Ahl and Cool 1973
V-V contribution only

2.3 x-10713 +15 1400 295 LF 37 Bott and Cohen 1973
Contains V-T contribution

1.5 x 10713 £35 1400 350 LF

-

Ahl and Cool 1973

HF{v=4) + HBr(v=0) + HF(v=3) + HBr{vsi) V-V & V-T Z.z x 10711 *10 ELG 295 L 162 Smith and wrigley 19Ys:

Deactivation of laser initiated reaction product

HF{v=1) + HBr{v=0) » HF(v=0) + HBr{v=0) v-T <1.5 x 10713 3962 300 LE 1 Anhl aad Cool 1973
¢1.0 » 10713 3962 350 LF 1 Anl and Cool 1973
HF[v=1) + HC2(v=0) + HF(v=0) + HC2{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)

Rate constant Tiror Tewp Reference Number. Author

Process Type AE(om™t) Method or First and Last Author
(em3/moleculess) (%) {(+=exo) (K) Year of Publication
HF{val) + HC2(v=0) + HF{v=0) + HCg{v=1) 7.4 x 10°13 1c74 300 L 1 Ahl and Cool 1973
{cont*d.} V-V centribution only
6.7 x 10-13 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 1100
2.5 x 10714 1074 1420- ST 20 Blauer...Owens 1972
1.7 = 10713 2900
HF(v=3) + HCR(v=0) »+ HF(v=2) + HCA(v=l} V-V & V-T 1.2 x 1071 110 739 295 P 31 Bott 1976
Sequential absorption to HF({v=3)
1.2 x 10731 +15 739 296 LF 163 Smith and Wrigley 1980
Deactivation of laser initiated reaction product
EF{v=1) + HEC2(v=0) » HF{v=0) + HCR{v=0) V=T <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(C00} » HF(v=0) + HCN(0Ol) V-V & V-T 5.3 x 10712 £25 650(C01) 298 LF 135 McGarvey...Cool 1977
-44(011)
7.2 x 10712 £20 650(001)  240- L7 135 McGarvey...Cool 1977
3.3 x 10712 ~44(011) 449
HF(v=2) + HCN + HF{v=1) + Hcn' V-V & V-7 1.7 x 10711 3789 295 FR 147 Poole and Smith 1977
HF{v=3]) + HCN » HF{v=2) + HCN' V-V & V-T 4.3 x 10721 3622 295 FR 147 Poole and Smith 1977
HF(v=4) + HCN » HF{v=3) + HcNt V-V & V=T 8.6 x 10711 3459 295 FR 147 pPoole and Smith 1977
HF(v=5) + HCN - HF(v=4) + nent V-V & V-T 1.1 % 10710 3299 295 FR 147 Poole and Smith 1977
HF(v=6) + HCN + HF(v=5) + HCNf Vv~V & V-T 7.4 x 10_11 3143 295 FR 147 Poole and Smith 1977
HF{v=7) + HCN + HF(v=6) + HCn' V-V & V=T  ~5.2 » 10711 2988 295 FR 147 Poole and Smith 1977
Tre rate constants in Ref. 147 are internally consistent, but their absolute
magnitudes may be in error
HF + HCN, see also HCN + HF
AF(v=2) + HD(v=0) + HF(v=1) + HD(v=1] V-V & V-T 1.2 x 20712 159 295 FR 146 Poole and Smith 1977
HF(v=3) + HD{v=0) » HF(v=2) + HD(v=1) 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 = 10712 -172 295 FR 146 Pcole and Smith 1977
HF(v=5) + HD(v=0} » HF{v=4) + HD(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 » HF(v=0) + He V=T <3 » 10716 3962 295 LF 39 Bott and Cohen 1974
<1.9 = 1071% 3962 295 F 100 Hinchen 1973
9.2 x 10715 3962 1500~ sT 169 Vasil'ev...Papin 1975
2.7 « 10713 3500
3.6 x 10-13 3962 1160~ sT 34 Bott and Cohen 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 LF 143 Osgood...Sackett 1972

1.7 x 107 173 295 LG 25 Bott 1972

Rate first described in Ref. 25 as 3.7 x 1071, then corrected for faster V-T
Qeactivation ©X Hr(v=¢) 1n rer. ®7 (Cchen and BOLT 1270)
4.8 x 1074 £25 173 295 LF 144 Csgood...Javan 1974

Correction for faster V-T deactivation of HF(v=2) would give 3.l x o711

according to Ref. 67

3.8 x 10711 +30 173 298 ET 122 Kwok and Wilkins 1975
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Table 1. Rate coefficients for vibrational energy transfer (continued)

Reference Number, Author

Process Type Rate Constant  Errer ,p(gn-l) TeMP  yeinoa or First and Last Author
(cm3/moleculess) {3) (+=ex0) (K) Year of Publication
HE(v=1) + HF{v=1) » HF(v=2) + HF(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

1t is possible that this V-V rate has a significant V-T contribution in
all measurements

HF(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
3622
V-T relaxation underestimated according to Ref. 67

4.3 x 10712 225 -340 295 LF 144 Gsgood...Javan 1974
3622
Measurad in reverse dirention, preanmed V-V contribntion tahnlated hers
2.5 x 10711 +40 ~340 298 FT 122 Kwok and Wilkins 1975
: 3622
1.8 x 10712 -340 295 FR 146 Poole and Smith 1977
3622

The rate constants in Ref. 146 are internally consistent, but their absolute
magnitudes may be in error

2.7 x 1071 £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 x 10711 +10 -340 295- LF 86 Fester and Crim 1981
1.9 x 10711 3622 650
V-T contribution thought teo be a substantial fraction of the total rate

HF{v=4) + HF{v=0} + HF(v=3) + HF(v=1) V-V & V-T 5.3 x 10711 -503 295 FR 3 Airey and Smith 1972
3459

3.7 x 10711 £25 -503 295 LF 144 Osgood...Javan 1974
3459

Measured in leverse direction, presumed V-V cuptrilbuticn tabulatea here

2.7 x 10711 140 -503 298 FT 122 Kwok and Wilkirns 1975
3459

3.2 x 10711 -503 205 FR 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 +1C -503 295 F 76 Douglas and Moore 1978
3459
Direct excitatior to HF(v=4)

7.0 x 10”11 £15 -503 295 LF 77 Douglas and Moore 1979
3459

a.g x 10711 +15 -503 295 LF 123 Lampert and Crim 1980
3459

Direct excitation to HF(v=4)

7.28 x 10 11 43 -503 295 LF 112 Jursich and Crim 1981
3459

7.2 x 10~11 +10 -503 295- LF 86 Foster and Crim 1981

4.6 x 10~1% 3459 670

V-T contribution thought to be substantial

HF(v=5) + HF(v=0) » HF{v=4) + HF(v=1) V-V & V-T 8.1 » 10711 -662 295 FR 3 Airey and Smith 1972
3299

8.7 x 10-12 +60 ~662 298 BT 122 Kwok and Wilkins 1975
3299
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. . . ¢ .-v...al energy transfer (continued)

Sreor Temp Reference Number, Author

. P AE(cm™!) Method or First and Last Author,
Vomoleculess) 13) {#=exo) (K Year of Publication
HIY(w 5 0 oo . 4.6 x 10-11 -662 295 FR 146 Pcole and Smith 1977

e g "he rate constants in Ref. 146 are internally consistent, but their absolute

magnitudes may be in error

5.8 x 10711 ~662 295 FT 120 Kwok and Cohen, private
3299 communication, in Ref. 174

1.51 x 10710 4 -662 295 LF 112 Jursich and Crim 1981
3299

Direct excitation to HF{v=3)

1.6 » 10710 +3C -622 298 FT 81 Dzelzkalns and Xaufman 1982
3799

1.49 x 10710 =10 -662 295- LF 86 Foster and Crim 1981

8.1 x 10731 .33 at 295 3299 625

V-T contribution thought to be substantial

HF{v=6) + NF{v=0) = HF{v=5) + HF{v=1) V¥ & V-T 1.0 x 10710 -819 295 FT 120 Kwok and Cohen, private
3143 communication, in Ref. 174
5.3 x 10-11 -819 295 FR 146 Poole and Smith 1977
3143
2.9 x 10710 +36 -819 298 FT 81 Dzelzkalns and Kaufman 1982
3143

V-T contribution thought tc be substantial

nr{v=7) T ur{v-0) -+ nF{v-0) + ar{v=l) vev & ver 3.3 x 10711 2988 295 FR 146 Poole and Smith L9//
The rate coustants in Ref. 146 are internally consistent, but their absolute
magnitudes may be in error

4.6 x 10710 £30 2988 298 FT 81 Dzelzkalns and Kaufman 1982

V-T concribution thought tc be substantial

Theory predicts V=T is substantial, see e.g. 68 Coltrin and Marcus 1980
Ref. 68, where 95% of rate for v=7 is V-T

EF{v=1) + HF{v=0) + HF(v=0) + HF(v=0) v-T 1.8 x 10712 £10 3962 295 LE 25 Bott 1972
2.70 x 19712 £1 3962 294 LF 94 Hancock and Green 1972
2.7 x 10712 10 3962 294 LF 95 Hancock and Green 1972

With Ar diluent

1.4 x 10712 210 3902 294 Ly 95 Hancock ana Green 1972
wWithout Ar diluent

Rate is slower presumably because V-R transfer forms a bottleneck to relaxation
2.7 x 10712 £ 3962 295 LF 92 Green and Hancock 1973

2.25 x 1c712 11 3962 295 LF 28 Bott 1974

Corrected Green and Hancock result for error in partial pressure measurement

2.6 x 10712 £10 3962 205 LE 89 Fried and Taylor 1973
1.9 x 10712 210 3962 295 LF 100 Hinchen 1973

1.8 x 10712 110 3962 2905 LF 101 Hinchen 1973

2.2 x 10712 15 3962 300 LF 1 &hl and Cool 1373

1.81 » 1c712 +15 3962 300 LF 28 Bott 1974
Corrected AhlL and Cool resuit for error in partial pressure measurement

1.7 » 10712 3962 295 Ly 37 Bott and Cohen 1973
2.6 « 10712 220 3962 295 LF 127 Lucht and Cool 1974
2.6 « 10712 +25 3962 295 LF 128 Lucht and Cool 1974

¥cted that without Ar diluent the rate is slower

2,18 x 10737 215 3962 295 LF 28 Bott 1974
Corrected lucht and Cool result for error ir pertial pressure measurement

1.7 x 10712 3962 295 LF 144 Osgood...Jjavan 1974
1.6 x 10712 £20 3962 298 FT 122 Xwok and Wilkins 1375
1.45 x 10712 14 3962 235 LF 93 Hancock and Green 1975
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Table 1.

989

Rate coefficients for vibrational energy transfer (continued)

T Reference Number, Author
Process Type Rate Constant Error  ,p(em~l)y emp Method or First and Last Author,
(em3/moleculess) (%} (+=ex0) (K) Year of Publication
HF(v=1) + HF(v=0} » HF(v=0) + HF(v=0) 3 x 10712 +50 3962 200 LE 93 Hancock and Green 1975
(cont'd.) 12
2.2 x 107 £10 3962 205- LF 129 Lucht and Cool 1975
1.5 = 10712 358
4.3 x 10712 3962 330 sp 154 Rityn...Slobodskaya 1974
Possibly some residual water vapor present
3.4 ~ 10_12 3962 350 LF 2 Airey and Fried 1971
1.90 x 10712 5 3962 350 LF 166 Stephens and Cool 1972
1.80 x 10712 £10 3962 350 23 1 Anl and Cool 1973
2.6 x 107*2 +20 3962 300~ LF 127 Lucht and Cool 1974
1.4 x 10712 670
2.6 x 10712 +15 3962 300~ LF 128 Lucht and Cool 1974
1.4 x 10712 678
1.2 x 10712 +10 3962 295~ LF 89 Fried...Taylor 1973
1.3 x 10712 730
1.8 x 10712 £10 3962 295~ LF-ST 101 Hinchen 1973
1.0 x 1072 00
1.8 x 10712 £10 3962 295~ LF 25 Bott 1972
7.5 x 10-13 1000
1.4 x 10712 +20 3962 00— TF-ST  1& Rlair.._Schatt 1973
3.6 x 10712 2400
8.3 x 10713 3962 1350- ST 34 Bott and Cohen 1971
6.0 x 10712 4000
9.5 x 10-14 +30 3962 1400~ §T 164 Solomon...Hnat 1971
1.5 x 10711 4100
8.9 x 10713 3962 1500- ST 171 Vasil'ev...Tal'roze 1973
4.8 x 10~ 5000
There is a broad minimum in the rate constant at 1200 K
There is a minimum in the probability at 900 K
HF(v=2) + EF(v=0) » HF(v=1) + HF(v=0) v-T ~1.2 x 10711 3789 295 7] 67 Cohen and Bott 1976
HE * Hy, See also Hy * nr, especialiy HK(v=i,2)
HE(v=3) + Hy(v=D) » HF{v=2) + Hy(v=1) V¥ & V-T 3.6 x 10713 +10 -535 295 LF 31 Bott 1976
Sequential absorption to HF(v=3)
1.5 » 10713 535 295 FR 146 Puule aud swlth 1377
3.1 x 10713 £20 ~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
Sequential absorption to HF{v=3}
1.8 x 10713 215 ~535 200 LF 44 Bott and Heidner 1980
HF(v=4)} + Hy(v=0) » HF(v=3) + H,(v=0) v-T 2.1 x 10713 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) + Hy(v=0) » HF(v=4) + H,{v=0) ver 4.9 x 10713 3299 295 FR 146 Poole and Smith 1977
1.8 x 10712 30 3299 298 FT 81 Dzelzkalns and Kaufman 1982
Thought to be mainly V~T
HF(v=6) + Hy(v=0) » HF{v=5) + Hy(v=0) V- 9.9 x 10713 3143 295 FR 146 Poole and Smith 1977
3.4 x 10712 130 3143 298 FT 81 Dzelzkalns and Kaufman 1982
Thought to be mainly V-T
HF(v=7) + Hp(v=0) » HF(v=6) + Hy{v=0) v-T 1.6 x 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
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Table 1. Rate coefficients for vibrational energy “ransfer (continued)

Reference Number, Author

rrocess rype Rare Constant Error an(cm—t) Tern rethod w1 First and Last Aullhuz
(cm3/molecu1e-s) (8) (+=ex0) (K} Year of Publication
HF(v=7) + Hy(v=0) + EF(v=6) + #,(v=0) 2.0 x 10712 +30 2988 298 FT 81 Dzelzkalns and Kaufman 1982
(cont'd.) Thought to be mainly V-T
HF(v=1) + Hy(v=0) + HF(v=0) + H,(v=0) v-T <3 x 10714 3962 295 LF 95 Kancock and Green 1972
<1.8 x 10°14 +35 3962 295 LF 37 Bott and Cehen 1973

The intercept was misquoted; the result in Ref. 27 is better

~1.2 x 10713 295 1P 100 Hiachen 1973
Estimate eonly

1.2 » 10714 =30 3962 295 LF 27 Botr 1974
3.5 x 10714 3962 295 LF 141 Osgood, private
communicatiocn in Ref. 27
<3.1 x 10714 +30 3962 457- LF-ST 27 Bott 1974
3.1 x 10714 611
HF + “2' cea alsn "2 + HF
HF(val) + Hy0 » HF(v=0) + Hy0f V-V & V-T 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 107t 310(100) 2920
HF(v=2) + E,0 » BF(v=l) + Hza' V-V & V-T 4.0 x 10710 3789 295 FR 147 Poole and smith 1977
HF(v=3) + HZO ~+ HF(v=2) + Hzof V-V & V-T 6.2 x 10°10 3622 285 FR 147 Poole and Smith 1977
HF{v=4) + H,0 » 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 V-v & V-7 6.5 x 10710 3299 295 FR 147 Poole and Smith 1977
HF(v=6) + Hy0 + HF(v=5) + Hyof V-V & V-T 3.7 x 10710 3143 295 FR 147 Poole and Smith 1977
HF(v=7) + Hy0 + HF(v=6) + H,0T 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, dut their absolute

magnitudes may be in error

up(v=1) + Hzs - uciv-0) t upet v & v 1.9 x 10-12 :10 EEYT 2905 r 39 Dott and Cohen 1074
2.3 x 10712 +30 3962 298 FT 1% Kwok and Wilkins 1974
HF(v=2) + Hp§ ~ HF{v=1) + HpsT v-v & V-7 8.6 » 10712 =5¢ 3789 298 FT 119 Kwok and Wilkins 1974
HF({V=3) + HyS » HF(v=2) + H,S' V-V & V~T 1.0 x 10712 +50 3622 298 FT 119 Kwok and Wilkins 1974
HF (v=1) + HI(v=0) + HF(v=0) + HI(v=l) V-V & V-T 1.1 x 10-13 $80  1950{v=1} 300 LE 1 Ahl and Cool 1973
-418(v=2}
7.2 » 10-14 +78% 108N {v=1) 350 53 1 Ahl and Conl 1973
-418(v=2)
BF{v=6) + HI{v=0) » 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=1) + I » HF(v=0) + I v-r 3.8 » 1012 +50 3962 1600- sT 18 Blauer and Solomcn 1273
3.6 x 10711 3000
HE(v=2) + I » #F{v=0) + 1{1%) V-t & V-2 <3 x 10712 235 7751 295 LF 148 Pritt and Coombe 1976
*
147{17)

V-E contributicn to the total deactivation from reverse process

$9.4 x 10713 7751 295 23 69 Coombe and Pritt 1977
147(1M)
Value obtained frcom V-E contribution to the total deactivaticn,
z-v cnannel establlshed TO DE 35%

HP(v=l) + NFy + HF(v=0) + NF4! V-V & V=T <9 x 10713 3962 295 LF 39 Bott and Cohen 1974

HF + NaF, see NaF + HF

HF(v=2) + §Hy » AF(v=1) + st V-V & V=T 1.8 x 10710 3789 295 FR 147 Poole and Smith 1977
HF(v=3) + NHj + HP(v=2) + NH;7 V-V & v-T 1.9 x 10730 3822 295 FR 147 Poole and Smith 1977
HF(v=4) + NHy » HF(v=3) + Nyt V-V & v-T 2.3 x 10710 3459 295 FR 147 Poole and Smith 1977
HF(v=5) + NH3 » HF(v=4) + NH ! V-V & v-T 4.0 x 10710 3299 295 FR 147 Poole and Smith 1977
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Table 1, Rate coefficients Eor vibrational energy transfer {(continued)

Reference Number, Author

Process Type Rate Constant Error sE(cr™l) Temp Methed or First and Last Author
{cm3/moleculesrs) (%) {+=exo) (K) Year of Publication
HP(v=6) + NHy + HE(v=5) + Koyt V-V & V-T 2.8 x 10710 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 & V-T 4.0 x 10713 +50 1630 294 LE 94 Hancock and Green 1972
3.9 = 10715 *50 1630 294 LF 95 Hancock and Green 1972
4.7 ~» 10”15 110 1630 295 ‘i 37 DBott and Cohen 1973

May contain large V-T contribution

4.5 x 10715 £15 1630 295 Le 31 Bott 1376

4.3 » 10715 +15 1630 295 LF 44 Bott and Heidner 1980
6.2 x 10715 £10 1630 200 LF 44 Bott and Heidner 1980

<1.2 x 1014 1630 350 LF 2 Airey and Fried 1971
6.2 x 10715 +50 1630 350 LF 89 Fried...Taylor 1973
6.2 x 10715 210 1630 450~ LF-ST 37 Bott and Cohen 1973
9.1 x 10714 1700

€.3 ~ 10-14 1630 1500~ or 24 Bote and Cohon 1971
4.3 x 10713 3200

9.5 x 10°14 =60 1630 1400- ST 19 Blauer...Owens 1972
2.2 % 10713 3200

HF (v=2) + Np{v=0) + HF(v=1) + Ny(v=1) V-V & V-T 2.5 x 10714 =15 1462 295 LF 31 Bott 1976

Sequential absorption to HF{v=2)
~1.1 x 10714 1462 295 FR 147 Poole and Smith 1977

HF(v=3) + Np{v=0) + HF{v=2) + Np{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 10714 1295 295 FR 147 Poole and Smith 1977

7.1 x 10714 1295 295 F 163 Smith and Vrigley 1980
Deactivation of laser initiated reaction product

HF{v=4} + N,(v=0)} » HF(v=3) + Ny(v=l1} V-V & V-T 6.1 x 10714 1128 295 FR 147 Poole and Smith 1277

3.5 x 10713 £10 1128 295 LF 162 Smith and Wrialey 1981
Deactivation of laser initiated reaction product

HE(v=5) + Ny(v=0) » HF(v=4) + Ny{v=1} V-V & V-T 2.5 x 10713 967 295 FR 147 Poole and Smith 1977

HF(v=6) + Np(v=0) + HF(v=5) + Ny(v=l) V-V & V-T 7.0 x 10-13 809 295 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=1) V-V & V-7 1.4 x 10-12 654 295 . FR 147 poole 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-1 1.6 x 10712 10 3962 295 P 39 Bott and Cohen 1974
3.8 x 10713 £30 3962 298 119 Kwok and Cohen 1974

HE(v=2) + Nj0 + HF(v=l) + Ny0f V-V & v-7 6.8 x 10713 +50 3789 298 FT 119 Kwok and Cohen 1974
1.0 x 10711 3789 295 FR 147 Poole and Smith 1977

HF(v=3) + N0 » HF(v=2) + Ny0' V-V & V-T 2.5 x 10711 3622 295 FR 147 Poole and Smith 1977
1.4 x 10711 +10 3622 296 93 163 Smith ané Wrigley 1980

Deactivation of laser initiated reaction product

HF(v=4) + Ny0 + HF(v=3) + Nyo! V-V & V-7 3.0 x 10731 3459 295 FR 147 Poole and Smith 1977
5.9 x 10711 =15 295 LF 162 Smith and Wrigley 1981
Deactivation of laser initiated reaction product
BF(v=5) + Ny0 + HF(v=4) + Npo! 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 Dzelzkalns and Kaufman 1982

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



Table 1.
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Rote coefficients for vibrational energy transfer {continued)

Rate Constant Error 1

Temp

.
Process Type AE(em ™) Method or First and Last Author,
(em? fmoleculess) (%) {+=exo} K Year of Publication
HF(v=6) + No0 + HF(v=5) + Ny0! V-V & V-T 7.4 x 10711 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 x 10710 +30 3143 298 FT 81 Dzelzkalns and Kaufman 1982
HF(v=7) + N;0 + HF(v=6) + Ny0' V-V & V-T 3.1 x 10710 £30 2088 208 FT 81 Dzelzkalns and Kaufman 1982
HF + N,0, see also K,0 + HF
#F({v=1) + NO(v=0) + HF(v=0) + NO(v=1) V-V & V-T 1.9 = 10713 :20  2083(v=1)} 295 P 37 Bott and Cohen 1973
235(v=2)
1.9 x 10713 £20  2083(v=1)} 295 LF 92 Green and Hancock 1973
235(v=2)
3.4 x 10713 2083{v=l)  1060- ST 20 Blauer...Owens 1972
1.5 x (p~12 235{v=2) 2680
HF + NO, see also NC + HF
dF{v=1) + O » HF(v=0) + O v-T 3.1 x 1012 +20 3962 295 LP 149 Quigley and Wolga 1974
3.1 x 10712 +20 3962 295 LF 151 Quigley and Wolga 1975
1.1 x 10711 3962 1400~ ST 18 Blauer and Solomon 1973
2.5 x 10712 2500
HF(v=1) + 0,(v=0) + HF(vaD) + O,(v=1) V-V & V-T 1.4 x 10715 £15  2403(v=1} 295 134 37 Bott and Cohen 1973
871(v=2)
V-T contribution may be large
1.1 x 10714 +10  2403(v=1) 295 LF 37 Hancock and Green 1973
871(v=2)
1.4 x 10715 $10  2403(v=1) 295~ LF-ST 37 Bott and Cohen 1973
1.3 x 10734 871(va2) 900
4.1 x 10714 =50 2403(v=1) 1400~ ST 19 Blauer...Owens 1972
1.7 x 10713 871(v=2) 3000
2.0 x 10714 2403 (v=1) 1200~ ST 169 Vasil'ev...Papin 1975
2.2 x 10713 871(v=2) 3500
HF(v=2) + 0,(v=0) + HF(v=1) + O,(v=1) V-V & V-T  <1.4 x 10714 2233(v=1) 295 FR 147 Poole and Smith 1977
HF(v=3) + 0;{v=0) + HF(v=2) + 0,(v=1) V-V & V=T 2.3 x 10-14 £15  2066{v=1) 295 LF 31 Bott 1976
Sequential absorption to HP{v=3}
3.4 x 10714 2066{v=1) 295 FR 147 Poole and Smith 1977
02(1A) presuned to be unimportant
1.9 x 10714 +35  2066{v=l1) 296 LF . 163 Smith and Wrigley 1980
Deactivation of laser initiated reaction product
HF(ve=4) + 05(v=0) + HF(v=3) + 0,(v=1) 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=1) 295 LF 162 Smith and Wrigley 1981
Deactivation of laser initated reaction product
HF(v=5) + 0p(v=0)} + HF(v=4) + Oy(v=1) V-V & V=T 2.1 x 10713 1741(v=1) 295 FR 147 Poole and Smith 1977
HF(v=6) + O(v=0) + HF(v=5) + 02(v=1) V-V & V=T 4.7 x 10°13 1584(v=1) 295 FR 147 Poole and Smith 1977
2.7 x 10713 +40  1584(v=1) 295 LF 162 Smith and Wrigley 1981
HF(v=7) + 05{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) + Prg' V-V & V-T 2.3 x 10713 £15 3962 295 LF 39 Bott and Cohen 1974
HF(v=1) + SFg » HF{v=0) + sF.¥ V-V & V-7 2.8 x 10715 +85 3962 295 LF 89 Fried...Taylor 1973
<1.5 x 1015 3962 295 LF 39 Bott and Cohen 1974
HF{v=2) + SFg » HF(v=1) + sFg! V-V & V-T <5 x 10-15 3789 298 FT 119 Kwok and Cohen 1974
~6 x 10715 3789 295 FR 147 Poole and Smith 1977
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Table 1.

Rate coefficients for vibrational energy transfer (continued)

993

e emames

Rate Conotant Brror

Tomp

Reference Number, Autho

T

Process Type aE(em 1) Method or First and Last Author,
(cm3/moleculess) (%) (+=exo0) (K) Year of Publication
HF{v=3) + SFg » HF(v=2) + SFg' V-V & V-T 2.8 x 10-14 £50 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) + sF¢t V-V & V-T 3.6 x 10714 3459 295 FR 147 Poole and Smith 1977
HF(v=5) + SFg » HF{v=4) + SFg' V-V & V-T 7.0 x 10714 3299 295 FR 147 pPoole and Smith 1377
HF(v=6) + SFg » HF{v=5) + sF;! V-V & V-T 1.5 x 10713 3143 295 FR 147 Poole and Smith 1977
HF(v=7) + SFg » HF(v=6) + SP¢' V-V & V-T 3.5 x 10713 2988 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) + SiF, » HF(v=0) + SiF v-v & V-T 1.0 x 10714 =15 3962 295 LF 39 Bott and Cohen 1974
HF(v=1) + SO, » HF{v=0) + 50,1 V-V & V-T 7.4 x 10713 +15 3962 295 LF 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
Hp(val) + DBr{v=0) » H,(v=0) + DBr(v=1) V-V & V-T 6.5 x 10715 $20  2321(v=l) 298 LF 137,138 Miller and Hancock
527(v=2) 1976,1977
Laser Raman excitation of Hjy
Hp(v=1) + DC2(v=0} » Hp{v=0) + DC&{v=1) V-V & V-T 2.13 x 10 * £5  2069(v=l)  29b% LF 137,138 Miller and Hancock
34(v=2) 1976,1977
Hy{v=1) + HBr(v=0) » Hy(v=0) + HBr{v=1) V-V & V-T 6.9 x 10715 £10 1604 296 LF 137,138 Miller and Hancock
' 1976, 1977
Hp(v=l) + HCZ(v=0) » H,(v=0) + HCL{v=1) 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 ané Cool 1976
4.6 x 10714 448
3.7 x 10712 +50 1274 800~ st 155 Rosen...Taylor 1979
1.6 x 10712 2000
Hy(v=l) + HF(v=0) » H,(v=0) + HF{v=1) v-v 1.9 x 10712 +15 201 294 LF 94 Hancock and Green 1972
1.94 x 10712 %S 201 294 LF 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 +25 201 295 LF 100 Hinchen 1973
1.3 x 10712 201 295 LF 142 Osgood, private
communication in Ref. 37
1.5 x 10712 5 201 295 LF 88 Fried, private
communication in Ref. 37
1.2 x 10712 £10 201 295 LF 31 Bott 1976
Le32 % 10_12 10 201 295 LY 44 Bott anc helaner 1ysC
9.27 x 10713 £10 201 200 LF 44 Bott and Heidner 1980
1.3 x 10712 +5 201 450~ LF-ST 37 Bott and Cohen 1973
1.6 x 10712 1100
Hy(v=1) + #F(v=l) » Hp(v=0)} + HF(v=2} Vv 7.8 x 10712 367 320 FT 6 Anlauf...Herman 1973
2.2 x 10712 £10 367 295 LF 31 Bott 1976
Hy(v=1) + HF(v=0) » Hp{v=0) + HF(v=0) vt 5.1 x 10714 +30 4160 295 uF 37 Bott and Cohen 1973
9.0 x 1p-13 +65 4160 295 LF 100 Hinchen 1973
1.2 x 10714 £30 4160 295 LF 27 Bott 1974
Value given is k“F_HZ v 0.37¢ kHz_m.
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 Number, Author

Process Type AE(em™)) Method or First and Last Author,
(em3/moleculess) (%) {+=exo0) {K) Year of Publicaticn
Hp{v=1) + HF(v=0) » H,(v=0) + HF(v=0) 3.1 x 10-14 230 4160 457~ LE-ST 27 Bott 1974
(cont'd.) 3.1 x 10734 611
HI{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 10713 2000
HI(v=1) + C02{000) + HI{v=0) + CO,f{nmO) v-T <4.1 x 10714 2230 295 LF 167 Stephenson...Moore 1972
HI{v=2) + HF(v-0) » HI(V=0) =+ HF(v=1) V=V 6.0 x 10 %2 15 418 300 LF 1 Ahl and Cool 1973
Deactivation of HF(v=2) appears to occur via double quantum transfer to HI
4.5 x 10-13 a18 350 LF 1 Ahl and Cool 1973
HI{v=1) + HT{v=l) + BT{u=3) + HI(v=0) v-v 2.2 » 10°13 120 81 300 LF 1 ANl and Cool 1973
1.2 x 10712 +30 81 350 LF 1 Ahl and Cool 1973
HI(v=1) + HI{v=0)} + HEI(v=0) + HI(v=0) y-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 ~ 10713 1800
~1 x 10713 2230 1400- sT 66 Chow...Greene 1965
2300
Some data for v = 2,3 also
HI + N, see N, + HI
NaF(v) + HF(v=0) » NaF(v-n) + HF(v') v-v ~1.4 » 10710 CcB 82 Engelke 1979
Crossed beam riuorescence, results also for MgF(v)
Np(v=1) + DC2{v=0) + Ny(v=0) + DCA(v=1) v-v 5.2 x 10714 £15 240 295 LF 177 zittel and Moore 1973
V-T contribution is less than 1%
Np{v=1) + DI(v=0) » Nn(v=0) + DI(v=1) v-v 1.6 x 1n-14 £10 730 1200 sT 50 Dreshears and Dird 1971
3.9 x 10714 2000
Na(v=1) + HBr{v=0) + N,{(v=0) + HBr{v=0) v-T <1.1 x 10713 2330 296 LF 61 Chen 1971
Np(v=1) + HI(v=0) » Np(v=0) + HI(v=1) Vv 1.7 x 10713 15 100 1000- ST 50 Breshears and Bird 1971
1.8 x 10713 2700
N20(C01) + HC(v=0) » N,O{nmd) + HC2{v=0) v-T 3.9 x 10713 2224 300- LF 80 Doyennette...Henry 1978
6.4 x 10713 700
NU{001) + HE(VSU) » HyU(nmu) + HF(v=0) v-T 2.2 x 10712 £10 2224 295 LF 39 Bott and Cohen 1974
NO(v=1) + HF(v=0} + NO(v=0) + HF{v=0) v-T 9.3 = 10-14 +35 1876 295 Lr 37 Bott and Cohen 1973
0Cs(001) + HBr(v=0) »+ 0CS{nm0) + HBr{v=0} V-1 1.0 x 10713 £10 2062 296 L 103 Hopkins and Chen 1973
03(001) + HCA(v=0) » O5(nm0) + HCL(v=0) v-T 1.6 x 10712 +30 1740 173 PT 90 Gordon...Moy 1978
1.2 x 10712 419
TF(v=1) + CO,(000) » TF({v=0) + CO,(001) <5.2 x 10”11 95 139 Nikitin and Oraevskii 1976
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