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I. INTRODUCTION

The discovery and development of gas lasers and, in particular,

chemical lasers have greatly i -nulated studies of vibrational relaxation

and energy transfer. Successful modeling of such lasers requires a knowl-

edge of vibrational deactivation rates for the vibrational levels populated by

the chemical reaction. In the HF chemical laser, the pumping reaction

F + H 2 HF(v) + H (1)

directly populates v = 1, 2, and 3. When D2 is substituted for H2 , the pump-

ing reaction produces DF(v) with v = i to 4.1 Stu-dies of upper level (v > 1)

deactivation are complicated by the difficulty of producing the upper vibra-

tional levels under conditions in which specific deactiva.tion processes can be

isolated. Several techni ues have been developed for studies of the upper

vibrational levels: selective laser pumping of v - 2-4 of HF, 3 low-pressure

combustion with spectroscopic diagnostics, 4  reactive flows in medium

pressure flow tubes,7-9 high-temperature combusfion in shock tubes, 0 and
Ilaser-induced fluorescence by sequential photon absorption.1 1-i-4

I qE __an earlier study, the latter technicue was used to study the room-

temperature deacti-ation of HF(v = 1, 2, 3) by N, H2 , 0,, E1, and CO2 .

The deactivation rates scaled approximately as k(v) = v Z - 7 + 0 -k"' for N2 ,

02, and HC1. The deactivation by HZ involves an endothermic energy

exchange, and its deactivation rate was found to decrease with v. The present

study was undertakl.: to determine if the deactivation rates for DFIv) scale

similarly for several diatomic deactivators. The results are compared with

those obtained by Poole and Smith * in a Iow-ressure comust- erient.
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U. EXPrRIhLNTAL APPARATUS AND P-ROCEDURE

The technique of laser-induced fluorescence by sequentiai photon

absorption has been used previously in this laboratory1 3 . 14 to study the I

deactivation of HF(v = i, Z, 3). In such experiments. the multi!ne output

of a pulsed Hi laser passes through a fluorescence Cell that contains HF.

A small fraction of the HF is pumped to v = i by the 1 - 0 laser transitions.

Then, a fraction of this HF(v = 1) is pumped to v = 2 and subsequently to

v = 3 by 2 -1 and 3 - 2 transitions, respectively. Because all of the pump-

ing occurs during the laser pulse (SI/ psec- deca- times as short as a few

microseconds ca. be measured. The analogous processes occur when a DF 4

laser is used to pump DF, except that DF(v = 4) can also be produced. The

experiments are more dificult to carry out for DF than for HiF because of

the smaller gain laser, smaller absorption coefficientS. weaker fluorescence.

and po rer detection capability for comparable vibraion levels. There-

fore, everail changes were made h, the apparatus to make it more adaptable

to the DF experient.,

As shown i Fi. I: the apparatus includes MND?) TEA laser.

a fluorescence cell. several- detectors, and signal reCording and averaging

equipment. The s is conntructed of 2. 54-cm-diam, Plexiglas tubing

with cal!ci~m _-uI& ndows at he Brewster ange. tes-strs (212 at

1000 0) spaced 0. &- cm apart serve as te anoc---es tg-e-rat - active

volume that is app-=n--el 1. 35 n- long. The is a 0. 32-cm-diam

bras rod positioned L25 cm from the resistor wire an nes. The SFt6. H2

(DZ) gas mixture enterd the laser tube at the t" em a an- was pumped out

at the center wi- S- CFM pump throttled such that ac g-s mixture in the

laser tube was eemnx4  
trGc evry z : ~ tfv pran-

selected for the l.-r The flow was regulated to give prial preasurtS

of abot, 2o T4Trr for D3 and about 30 Torr for M-. An energy of .6
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stored in a 10, 000-pF capacitor charged to 18,000 V was discharged through

the laser with a hydrogen thyratron ube. A silver-coated mirror of 12. 5-m

radius and a gernaniumn flat formed the optical cavity when the laser was

operated on DF. The DF laser produced about 0.03 J in pulses shorter than

0.5 jisec at a repetition rate of about i Hz.

The fluorescence cell was used previously in a study of the deactivation

of HF(v) by H atoms. 1 4 The calorimeter probe tor measuring H atoms was

removed, but no other changes were made. The Pyrex walls are protected

from HF and DF by a coating of halocarbon wax. The DF or HF is injected
into the main flow through a small Teflon tube sealed into the connecting s. s

b~hing. The cell has savphire windows that pass the DF laser pulse and the

resulting DY fluorescence. The flow rates of the test gases were measured

with rotating bal flowmeters calibrated by pressure-rise measuremets in

a standard volume. The DF flow was regulated with a calibrated vernier

needle valve. Partial pressures of the constituent gases were calculated from

the flow rate- and the totl pres-, which was maS_-ed with a Baratron

mo-del 221- Capacitance mnanometk. sn aoeem.cn ts we-r e c arri-;edon--t at DY

partial Pressures of -_n Torr. w.ach yielded a sn-icient fluorescence sig-

nal and a low seUdatiaon rate.

- F(n ' = 1) fluorescence was monitored with a Texas Insktrments

_-bb detec nr -d an interference filter that Dassed the R-branch ----- !n of
the v = I fi,--s--cence. The signal across a I X re sistotr was arr -ed

'-10 times b-y Cerry a'.9I'=ers (mode-Is 050 and 070) -- d record-d With a

cmatio 5 8-5* _ansient recorder. -- e combined --e-zs= time of 'Id~.etector ad eleetronics laS.4 -seC. herded signCls were trans-

- £... -i 4 -,
Zprre* to a ole=t sian~ 21verager t "~ ~.o SZEan

m.nt-.a-l signals- were stored and averaged b eor-_ berz rspiayed on an X-YIcorder. The detector ws mountedttr to laer excitan beam,
- -ve,-s t he d.e ectr it -en n.

and the fluoresac-ce focused nto the ac~ve element c mc Vctector wth Z-in0.

foted 11- 5 _m onca. ir- - I O ept hat a D:-; =. g _e _ nwt

wrd ith, t: s-me int-rared detec t . ;;t that L mg el ildwt



DF at 400 Torr was placed in front of the detector to rem-zve the I - 0

fluorescence. Although the gas cell did no: re ove te - or 3 - Z

fluorescences, their intensities can be expected to be n&uch smaller than

the intensity of the 2 - I fluorescence because of the snaller concentrations

pumped into v = 3 and 4. Also, the !,'-lfons of DF(v z. 3) and DF(V = 4)Mh _Te ontial decays
decayed on shorter time scales than he DF& v 2). The exponent

of the fluorescence through the gas ilter ruled out t-e nossibility that the

4 - 3 and 3 - 2 fluoresr:ences were significant contributions.

The much weaker overtone intensifies of DFlv = 4) at 0.04 pm 14-0)

DF'v = 3) at 1. 20 Pm (3 -a 0) were monitord with a photomultilier mounted
at the far end of the cell The photowier tew h te entire excited

volume and collected 5 to 10 times more .hoh__ a--- when mounted in the

transverse configuration of the infrared de it ws protected fromn the

direct DF laser pulse by a 0. 63-cm sheet of ig-. No fiuorescence

signal was measurable without DF 4orIfI -w!. -d The DF 3 - 0 over-

tone fluorescence was monitored witah se Dx r-. Tvne 691 i (S- I

response) photomultiplier with a Co-n-- C -- i- uoed to block visible

fluorescence from the laser discharge. D 4 0 nuOres.ence was a neg-

ligible contribution. The DF 4 1-0 flu c was- onitored with an RCA
TA Se..LA0-._u

L Ga~s whosesensitivity decreas a--y. pat toe 0. 91.-n. wavelength of

U. ffl~ -3 used to bok any ibc
t Lil t .. _rz~nc_ A-an a to 11O

fluorescence. A load resistor of 47 k - er ( i r amnl-

-caion) mounted directly on the end- WE o=e .- W er pro-vided a response

dine of <z gsec. The photornultUlier -=i _. e--recorded with the Bioma-

don 805 and averaged with the Nicolet 1-7-3 ni aver- .
sam-zple 3 - 0 fluorescen ce - fm 2__M

--- ..

trace.I 0Tr fD ' hw2tm
SM
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The gases included hydrogen and helium (Air Products 99.995%),
nitrogen (Air Products 99.9980), carbon dioxide (Liquid Carbonic 99.99%),
deuterium (Oak Ridge > 980/), hydrogen fluoride (Matheson 99% in liquidM_ phase), and deuterium fluoride (Ozark Mahoning 98%). The HF and DF werepurified by pur-ing at 77 K for removal of the noncondensibles before distil-
lation into passivated stainless-steel cylinders.
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HI. RESULTS

A. VIBRATIONAL RELAXATION OF DF(v = 1-4) in D,
The relaxation times if DF(v) were measured in mi-.tures of He, DF,

and D2 with the flow rates of He and DF set at 16. 5 L-Torr/sec and 0. 006

L-Torr/sec, respectively, at a total pressure of 13 Torr and higher. Partial

pressixres of D2 were calculated from the relative flw rates and the total

pressure. D 2 deactivates DF(v) by both V-V and V-R, T processes, which

can be described by

vv
k(v)

DF(v) + D?10) DF(v- i) + D?(I) + AE(v) '2)
-vv

k(vl

and

vr
k(v)

DF(v) + D2 (0) -' DF(v - I) + D.(0) + AE(v) + Z900 cmn i  (3)

We neglect the possibility of multiquantum transfers because the present

experiment cannot distinguish between thern and single-quantum transfers.

Equations describing the relaxation of the v I population are given in Ref. 115.

Because of the large concentradon of Da relative to DF, only single exponen-

tial dec.ays were observed. The reciprocal values of the exponentia decay

times are plotted in Fig. 3 as a function of the partial pressure of Dz. TheVI- vr
slopes of the data are equal to the sum of the deactivation rates (k(v) + k(v)

and are given in Table I. The deactivation rate of 2. 1 x 10 Z (t sec Torr)t I

obtained for DF(v = 1) agrees closely with previously reported values 1 5 - 17 of

0.0188 0.0020, 0.0Z02 k 0.0033, and 0.014 0.006 (tsecTorr)- .
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I Table 1. Vibrational Deactivation Rates for DF(-.) ir, D2

Mlv), -VV -wV -V AE-(v)( se Trr- kv)/kI)klv), klv) /kit)... lie¢Tor" k~) k~) (tisec Torr)" cm I

2 . 05 x io z -2 3. 1 x i0 "z  -83.4
2 1. 8i xi0 "- 0.88 4.,3 x 1O- ?- 1.4 -i 7 5

i 3 1. 55 x woz 0.7 6 5. 6 X to-Z 1.8 -z64

i-4 1. 85 xo-1 0.90 to.× x -t 3.4 -353

N

I
I
I

3-V

V (jsecTor~ 1  kv)/1) ~ v) -vv-vv AE~),

(gse~orr 1  kv) /(1) r>
____ ___ ____ ___ ____ ___ ____ ___ ____ ___ ____ __

Z.05 1 .1 x1021 -8.4



t vv vr
The total deactivation rate k(v) = k(v) +k(v) decreases with v, in contrast

to the increases with v observed for other molecules in this study. The mea-

sured value for k(4) is 20% larger than that for k(3), and k(v) may be starting

to increase with v for v > 4. lowever, 200% is the order of the combined

experimental tucertainties in the two measurements and may not be signifi-
cant. Deactivation by D 2 by mneans of Process (Z) is endothermic (the end-

thermicity increases with v because of the anharmonicity of DF), whereas

the other molecules deactivate DF in exothermic V-V or V-R, T processes.
vr

In a previous study,1 8 k() was determined to be 5i. 0 X 10 - 4 (ftsec Torr) - 1 ,
t vr vr vrasmall contribution t- k(l). If we estimate k(v) = v k(i). k(4) is I j0% of the

total deactivation rate measured for DF(v = 4), which indicates that the V-V

energy exchange process, Procesa (2), is the dominant deactivation processI for v = 1-4. The endothermicities of these exchanges, AE(v), are given in

Table I and were used to calculate the rate coefficients in the exothermicI Vv vvdirection from the relation k(v) = k(v) exp(-AE(v)/RT). These rate coeffi-

cients (Table I) increase with v.

B. VIBRATIONAL RELAXATION OF.DF(v = 1-4) in H-, N?

The relaxation times of DF(v) were measured in mixtures of DF and H7

and DF and NZ . In both cases, the flow rate of DF was fixed at 0.006 L-Torr/

sec. and the flow rate of iH7 or N, varied to give total pressures up to about

30 Torr. The reciprocal values of the decay times are plotted in Figs. 4

and 5 for H and N2 , respectively. The deactivation rate coefficients were
determined from the slopes of the data and are given in Table II.

The value of (5. 6 + 0. 6) X 10- 4 (jisec Torr-I for the deactivation rate

of DFN = ) in H2 compares favorably with the value of (6. 6 * 0. 7) x 10- 4

("tsec Torr)- determined previously in this laboratory with different

app-aratus. t 8 A much larger value of (4.4 *0.8) X 10- 3 (psec Torr)" was

rtported in Ref. 16.

The value of (7.4 * 0. 8) x io "4 (lisec Torr) " obtained for the deactiva-

tion rate coefficient of DF(v = 1) in NZ is somewhat smaller than the value

of (9. 1 : *. 9) x 10 - 4 (gsec Torr) " obtained with different apparatus in the

_14-
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Table 11. Vibrational Deactivation Rates for DF(v) at V95 Ka

Molecule H, N~ m c 0

i i .bXlO ,4~l xS"x1t-- 0.5

2 .95xI10 3  A.37 x10 3  I.29 x10w
3.5 3 '3.0 3

8=.0

__~~ 93 4.x 10- 3  3x i~ O W

ak. basecTorrh tl

is,1



same laboratory1 8 and much smaller than the value of (20 * 5) X 10- 4

(jsec Torr)- I reported in Ref. 16.

Only V-R, T relaxation processes are possible for single-quantwtt

deactivation of DF(v) by HI. N2, houever, can deactivate DF(v) by both

V-V and V-R, T processes.

C. VIBRATIONAL RELAXATION OF DFjy = I-3) in CO,

The relaxation times of DF(v) were measured in mixtures of DF and

helium with small amounts of CG,. The flow rates of DF and basic helium

diluent were maintained at 0.006 L-Torr/sec and 16. 5 L-Torr/sec. respec-

tively. and a gas mixture of 10% CO3 in helium wa. added to the flow through

a calibrated Matheson 610 flowmeter. The total pressure increased from

1 13 to about 14 Torr at the maximuni flow rate of the CO. mixture. The

reciprocal relaxation times are plotted in Fig. 6 as a function of the calcu-

lated CO2 partial pressure. The deactivation rates obtained front the slopes

of the data are given in Table 11. The value of 0. 154 ± 0. 015 (lisec Torr)

- for DF(v = 1) a-grees favorably -with previously published values.4, 1219120

D. VIBRATIONAL RELAXATION OF DF(v = 1-3) in lIF

Tize relaxation times of DF(v) were measured in tixtures of DF. HF.

r.nd helium at a total pressure of about 13 Torr. The calibration of the IP

flow rate through the vernier needle valve was not as accurate as the cali-
br - ns of the flowmeters. Therefore, the DF(v - 1) fluorescence decay was

recorded along with each DF(v - ) and 3Ev 3) fluorescence trace. The

reciprocal decay tmes for DFIv = 2) awl DF(v - 3) are plotted in Fig. 7

versus those for DF(v ). The measured slopes of the data in Fig. 7 and

a value2 0 ," of 3. 5 X I0 1 (2sec Torr)-I for the deactivation rate of DF-v 1)

by HF were used to calc-late the rate coefficients for DFiv = 2) and DF(v = 3)

-given in Table II.

=18-
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IV. DSC USSION

The deactivation rates of DF(v) by H-, N 2 , HF, and CO, a alotted in

ca : merints, the deactivation rates scale as vn where n = 1. to 2.0. This

v dependence is not as steep as the v" 7±0. dependence obtained for the

deactivation of HFF by several diatornic m-Aecules, but it is steeper than the
linear v dependence predicted for harmonic oscillators with no energy

defect. 2 The v dependence appears to be the same for deactivation rates with

V-V contributions as for purely V-R, T deactivation rates. For example,

DF(1) relaxes in H2 and HF only by V-R, T processes because V-V energy

exchange is much too endothermic to be significant. On the other hand, DF(1)

relaxes in CO2 and N2 by both V-V and V-R, T processes. The V-V exchange

between DF and CO Z is the basis of the jF-CO2 chemical transfer laser. 2 3 ' 2 4

and C have estimated that 'r- energy exchange accounts for as

much as two-thirds of the total rate of deactivation of DF(1) by CO 2 . The

relative V-V aad V-R, T contributions to the total deactivation rate for DF(i)

in N2 have not been established. Howeveer, the values of 5.6 x 10 4 ( usecTorrf -

(Ref. 18), :5 1. 0 x 10 - 1 (jisec Tr - (Ref. 18), and < 3 x 10 - 5 ( "t e c Torr)- I

(Ref. 16) .or the V-R, T relaxation of DF(1) by H7, D 2 , and argon indicate thai.

the V-R, T rate may not be a large contribution to the total deactivation rate

of DF(1) in N 2 , which is 7.4 x i0- 4 (Isec Torr)ri
.

Part of the increase of the deactivation rates with v can be attributed

to the decrease with v of the energy defect AE(v). HF and DF are anharmonic-

the upper vibrational levels are more closely spaced than the lower ones.

Therefore, in both exothermic V-V and V-R, T deactivation processes, a

smaller amount of energy must be absorbed by rotational and translational

degrees of freedom when DF(4) is deactivated to DF(3) than when DF(i) is

deactivated to DF(0). The changes in the energy defect are larger by a factor of

1. 85 for HF(v) than for DF(v), which is qualitatively consistent with the faster

scaling with v of the measured HF(v) deactivation rates.

:--1
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The rnolecul-.r and spectroscopic properties of the collision partner do

not affect the v depr-ndence of the deactivatiun rates, although they may

affect the rate coefficients for DF(v = 1). Molecules with similar Snectr-

scopic properties, however, may have deactivat -i rates with smilar v

dependencies. HCI/v) and DF(v) have very similar spectroscon'-: conctants,Sexcept that DF(v) has a larger radiative transiton prctabiliry. Although

the deactivation rstes for HCI(1)-CO2 and DF(I)-CC 2 der by a far

of 1. 7, A4 _activataon rates for vibratio-nal levels 1, R, and 3 sc_- very

simailarly. 2 5 Macdonald and Mocre 2 6 found the rate for s-C.(2) deactivation

by 0 atoms to be four "-i-as faster than that for HCI(J }; the tot-al remo-a

rate of hCl(Z) was more than four times faster bh-a included the contributon

of chemical reaction. Ln another study. 2 7 HC0(z) was removed sx times

faster than HCl(i) in the -resence of Br atoms, but the contributins of

chemical reaction and V-E were not ascertained. It appears that deactivation

rates for 1C1 andi DY scale with r- in n similar manner.

In a study of. HCI and DCI relaxation, Chen and Moore 2 8 -concluded

that the d'ominant process for the deactivation of HC1(1 by H' was te con-

version of the vibrational energy to rotatonal energy of the imtially excited

molecule. For such a deactivation mechanism, the scaling wi1th v coud be

exnected to depend on the anharmonicity of the excited molecule and its

rotational spacing and not on the properties of the collision partner. This is

in- basic agreement with the -r-tr-inental results for z- and LYE.

Poolp and Smith5 ' 6 have measured deac--ra'on rates for HFZ< v SI)

and DF(3 S v :5 5) for a n:-nber of coliision partners by obse ving th e

quenching of the steady-state infrared chemilu-nine3cence of th. iw. ar'

DF(v) formed in a low-pressure chemical reaction. Their measure,-nent
were a continuation of the upper-level deactivation studies of HI natei by I
Airey and Smith. 4 Comparisons of the -r data and the data otthain-ed with the

laser-induced fluorescence technique in the present study oa DFV) n aI

previous study of .HF(v)! 3 are given in Figs. 9 and 10. The data obtained by I
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Poole and Smith have been multiplied by the factors necessary to bring them

into agreement with the deactivation rates for v = Z and 3 of the present study.

in five of seven cases, the Poole and Smith deactivation rates had to be

- multiplied by factors of 1. 6 to Z. 8. However, the v dependencies of the data

are in very good agreement within the uncertainties of the experiments and

the multiplicative factors applied to the data. We have not plotted thei' data

for HF(v 2,3,4)deactivation by H2, but those data are also a factor of 2 lower
than the data of Ref. 13. The rates of Airey and Smith for DF(v = t,Z)-HF
and those of Poole and Smith for DF(v = 3,4,5)-HF have been increased by

the same factor of 1. 65. These data fall along a smooth curve but not a

straight line, in contrast to the other data. Poole and Smith 5 , 6 tabulated

their deactivation data for HF(Z < v < 7) and DF(3 _< v < 5) and other pub-

lished data for HF(v = 1) and DF(v 1). Comparison of their upper-level

deactivation rates to the v = I deactivation rates of others does not indicate

as strong a v dependence as indicated in Figs. 9 and 10.

Kwok and Wilkins 17 have measured the deactivation rates for DF(v 1-4)
in HF in a medium-pressure. large-diameter flow tube. They obtdined rates
that increased with v up to v = 3; the rate for DF(v = 4). however, was slower

than that for DF(v = 2). They observed substantial V-V coupling effects at

higher IX7) DF concentrations, and it is possible that some V-V exchanges

among the DF vibrational levels served to pump v 4, giving it a slower

apparent decay rate.

The deactivation rates of DF(v) in D- obtained in this stud" and listed

in Table I decrease with v. The deactivation rates for i!F(v)-H2 also decrease

with v up to v = 3 and increase thereafter.? The deactivation of DF(v) by D?

by the V-V energy exchange process (-) is endothermic. Because this endo-

thermicity increases with v, the V-V exchange rate coefficients decrease

with v. Through the use of state - specific equilibrium constants, we have
-vv

calculated the exchange rates 1:(v) for the reverse exothermic exchange

(Table I). They increase with v. but do not increase as fast as the v 2 depend-

ence obtained for the other DF(v) deactivation processes in this study. The

:---



other DF(v) deactivation processes, however, have energy defects that

decrease with v, whereas DF(v)-D 2 and HF(v)-H 2 have eneigy defects that

increase with v. The total observed deactivation rate is the sum of the rates
vv vr

for processes (Z) and (3), k(v) + k(v). At some v, the total deactivation rate
vr

can be expected to increase as a result of the increasing contribution of k(v),

which, on the basis of this study, can be expected to scale as v2 . Poole

and Smith observtd that this increase occurred for HF(v)-HZ deactivation

at v = 4.

Dillon and StephensonL9 calculated exchange rates for HF(v)-CO2 ,

DF(v)-COZ, and HCl(v)-CO Z. They performed semiclassical calculations

with the use of curved classical trajectories. Excellent agreement with the

measured exchange rates was obtainea for H1Cl(: = i)-CO2 between Z98 and

5140 K. Measured rate coefficients of the CO 2 exchanges with DFjv) of the

present study, HF(v), 13 and HCl(v), 2 6 however, have steeper v dependencies

than the calculated rate coefficients.

Shin 30 performed semiclassical calculations of the energy-exch nge

rates for DF(v) + DF(0). The molecules were considered to undergo hindered

rotational motion and back-and-forth translational motion. The hindered

rotational motion was described quantum mechanically, whereas the trans-

lational motion was analyzed in terms of classical dynamics. The model is a

3implified one, but contains the essential features of hydrogen-bonded systems

near the equilibrium configuration. Shin calculated exchange rates for

DF(v = 2) through DF(v = 5) colliding with DF(0) that increase approximately

as vL- 53 at 300 K. His calculations included the contributions of a nonrigid

din-er model and a rotational model. The rotational model contributes

more to the v dependence than the nonrigid model calculation. The present

results are in qualitative agreement with his prediction of rate coefficients

that increase faster than v, but would be in better agreement if the rotational

model contribution were slightly increased. His calculations for

DF(v 2)-DF(0) are in reasonable agreemert witb experimental data between

Z95 and 740 K.

_ -7M



Wilkins has performed three-dimensional classical trajectory

calculations 3 1,*3Z of the collision dynamics of HF(vJ -colliding with HF(0) and
31 vv

DF(O). He found that the V-V rate coefficients kMv) for the exothermic

exchange

vv
k(v)

scale approximately as v. This exchange has not been studied with the pre-

sent technique. The limited experimental data for HF(v) and DF~v) deactiva-

tion, however, indicate that the rate coefficients for exchange (4) increase

more rapidly with v than those obtainfed with the trajectory calculations.

Ytecent measurements of HF'3) and FIF(4) relaxation rates in HF can

be ei~ried ith~Z 7 ±0. 2 dependence with respect to data for HF(I).

Although HF(3) and f{F%14) relax in HF by endothermic V-V processes as well

as exothermnic V-R, T processes, the scaling of the rate coefficients is the

same as for I'-F(v =1-3) relaxation in N2, 02* and HCI.

In summary, the results of this study and apre-vious study of HFfv)

deactivation 1 3 indicate that the deactivation rates scale as v2- 0 1 0. 1 for

DF(v =1-4) and VZ_ 7 - 0. 2- for WF(v = 1-3) when the deactivator is a

diatomic molecule. The exceptions are the rates for DF(v)-D2 and HF(v)-H 2 ,

which involve endothermic energy exchange rather than the exothermic V-V

or V-R, T energy transfer of the other deactivators studied. The deactivation

rates for H-F(v = 1-3)-GO-i and DF(v = 1. -3)-CO? were also found to scale as

V The v dependence is the same for sevrlcliinprnrcntee

fore, is qualitatively consistent with a V-R mnechanism in which the vibrational

energy (or excess vibrational energy in a V-V transfer) is taken up in the11 rotation of the initially excited molecule.
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