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Infrared laser-induced post-pulse dissociation of CF >HCI and CF ,Cl,
under high pressure and fluence conditions

W. Strube, J. Wollbrandt, M. Rossberg, and E. Linke
Humboldt-Universita Berlin, Institut fr Chemie, Forschungsgruppe Laser-Photochemie,
Rudower Chaussee 5, Haus 4.1, D 12484 Berlin, Germany

(Received 9 July 1996; accepted 29 August 1996

The unimolecular decomposition of the halogenated methangsl@Rone main channgland
CF,Cl, (two main channelsin the focused beam of a pulsed g@ser under high pressure and
fluence conditiongp=100 Pa—2 kPa®=5-200 J/crf) was studied by a special laser-induced
fluorescencélLIF) technique, permitting spatially resolved fragment concentration measurements in
the focal region. Considerable amounts of,@Foduct were formedfter the end of the laser pulse.

In the one-channel-dissociation case of,BEl LIF measurements of the GRyield distribution

Y(z,r) can be related to the spatial distribution of the average absorbed energy in the parent
molecules. Only part of the absorbed energy is consumed by multiphoton dissociation, while most
reactant molecules remain highly vibrationally excited in the focus volume far into the double cone.
Using the long-lived CFalso as a probe for measuring the rotational, translational, and vibrational
temperatures, the redistribution of the internal energy in the molecules and fragments involved is
monitored. The post-pulse production of OB shown to be caused by the energy poolingy
transfer mechanism, while contributions of pyrolytic and gas dynamic processes are of little
importance. ©1996 American Institute of Physids$S0021-960606)01345-1

INTRODUCTION EXPERIMENT

For a number of years ir lasers have been used as a 1N€ €xperiments involved real-timein situ laser-
versatile energy source in gas-phase chemistry for selectij@duced fluorescenceIF) detection of thex 'A; CF, pro-
reactant activatioh.Pressure and irradiation conditions cho- duced in the ir multiphoton dissociatiofiRMPD) - of
sen in practical applications, such as powder produ@tion,CFZHCI
isotope separatiohor radical generatidhusually present a CFZHCI—& CF,+HCI AH;=203 kJ/mol,
compromise between an acceptable yield and improved se-
lectivity of the chemical reactions involved. While most fun- and of CkCl
damental studies are concerned with a detailed understanding CF,Cl,—X CF,+Cl, AH;=306 kJ/mol,
of the primary photophysical and photochemical processes in
infrared multiphoton excitation and decomposition under ~ CFCl,—~CF,CI+Cl AH¢=332 kJ/mol,

collision-free and/or low fluenceless than a few J/ch  and in possible secondary reactions of the primary products
conditions? much less is known about the complex processes this latter two-channel unimolecular reaction having a flu-
occuring in the high pressure/high fluence regifpeessure  ence dependent branching ratio, which favors the,GTF
pulse length producpx 7,>2x10°> Pans, fluenceb=5  channel at high fluencés.

Jicnf), when using standard TEA lasers. This parameter The experimental technique and apparatus were de-
range is of considerable importance. While the significanscribed previously. Briefly, the halomethanes were photo-
radical yields and subsequent radical reactions in this rangized with tightly focused ir radiation of a homemade pulsed
are relevant to practical applications, the high excitation lev.CO, TEA laser operating in TEM, mode. The laser emis-
els reached there can extend the underlying theoretical mogion could be grating tuned to the respective absquption fre-
els. However, the laser-induced processes and their depefiuéncies of the halomethang8R(32) at 1085.8 cm™ for

_1 .
dence on fluence and pressure are complex and difficult t§F2HC|’ 10P(36) at 929.02 cm for CR,Cl,]. The typlc_al
SR O.-laser pulse shape consisted of a 350F4/HM) main
predict in this range.

. Ise containing approximately 50% of the energy, while the

. One of the phgnom_ena obseryed “”O_'er h'_gh_ pr‘EES’SlJrg)tJher 50% were contained in the pulse tail. In order to take
high fluence conditions is the continued dissociation of thqnto account the action of this tail, instead of a halfwidth or
irradiated gas long after the end of the ir laser pulse, an effect,, offective pulse lengththe total pulse length, =2.9 us is
which was found earlier for both substances studied in thig,geq throughout this paper. The laser beam was focused with
paper. It was assumed to be originating from some collisiongn f=8 cm lens. As a result, the Gaussian fluence field
induced energy transfefCF,HCI;® CF,Cl,). A more de-  d(z,r) in the focal region was highly inhomogenedifg.
tailed study is still missing and will be given in the present5(b)] with a confocal parameter of 5 mftwice the Rayleigh
paper. rangé and a waist diameter2=190 um (1/e? point).
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The size of the stainless steel reaction cell was fitted to
the irradiation conditions and the need to exclude wall ef-
fects(length 10 cm, diameter 3 omGas flow ratg1.3 sccm
at 800 Pa and laser repetition rat€ Hz) were adjusted to
flush the probed region between laser shots. After checking
the purity of the gases by ir absorption and gas chromatog-
raphy they were then used without further purification. Pres-
sures ranged between 100 and 2000 Pa. In some experiments

[CF, (0,0,0)]
arb. units

kPa. r(um)

The LIF technique used for determining the concentrag g, 1. ¢k, product concentration profiles obtained by radial scans at a
tion of the photolysis fragments in real time is based on dixed axial position(z=0).
frequency-doubled dye laser as prdipelse duration 5.6 ns
(FWHM), bandwidth 1.5 cm?]. After exciting with this la-
ser an absorptive transition in the species to be detected, the The principal ability of our SRF arrangement to collect
measured signal is the fluorescence out of the electronicalli@ a radial scan at a fixed axial positianall species of a
excited state, which is a measure of the concentration of thaiven sort present at a given time in a region normal to the
species in the selected rovibronic state in the electroniphotolysis laser axis offers the unique possibility of deter-
ground state. In order to monitor ¢R was usually excited mining the total amouni (t) of that species in a volume of
from the vibronic leveb”=0 of the v, bending vibration in  height h. For the given values of focal length and slit
the electronic ground stad A, to the vibronic leveb’=2  heighth this volume is approximately cylindrical in the fo-
of the same vibration in its electronically excited stateCus core region studied. We thus can write
A 'B;. Individual rotational lines of CFwere not resolved. <R
Vibrational temperatures ok CF, were determined by ex- M(t)=277hfl C(r',r’ dr’ (1)
citing it with the dye laser from the low-lying vibronic states r=0
v”=0, 2, 3 to a selected vibronic staie’ =2) in the A state, Wwith R being the cell radius. Since all parameters, such as
from which the fluorescence to theg’=1 state was mea- Vibrational temperature, rotational temperature, radiative
sured. After corrections of the LIF signals for Franck- lifetime, rates of formation, reaction and relaxation, obtain-
Condon factors and different saturation of the absorptiorble by conventional LIF can be measured now for their
transitions, the signals yield the relative population of thespatial dependence, new information on processes occurring
vibronic states and thus a vibrational temperature, provideén the photolysis zone with its strong gradients is to be
the population follows a Boltzmann distribution. The satura-gained.
tion correction factors took into account the deviation of the
LIF _signal measured for a given dye Iase_r _eneEg,yfrom RESULTS
the linear LIRE) dependence. These deviations were deter-
mined in separate measurements, giving 53%, 40%, and 840st-pulse production of CF

at the focus centre far”=0, 2, 3, respectively, and for the Delaying the probe laser pulse with respect to the ir pho-
standard dye laser energy of 2d. tolysis laser pulse yields the development in time of product

In order to improve spatial resolution and thus to probeconcentration at a fixed location. Figure 2 shows such a
regions of constant ir fluence, a collinear arrangement of the

beams of CQlaser and dye laser was chosen. Furthermore,
the dye laser was focuséé=250 mm to a diametex1/e?)

of 58 um, and the probed cylindrical volume was limited to
5.3x10 % cm?® by reducing the height of the parallel mono-

chromator slit2 mm), onto which the fluorescence from that 150 Forscn 0
volume was imaged 1:1. Employing the spatially resolved
fluorescencéSRP technique’ spatial concentration profiles
of a given species could be measured in radial and/or axial 100
scans by changing the relative focus position of the probe
laser with respect to the photolysis laser focus, i.e., to the
processing zone. Figure 1 shows typical radial SRF profiles
taken at a fixed axial position. Timing between the two lasers
was controlled with an analog delay generator at a jitter of
8.5 ns. The delay timets, given for the dye laser refer to the 0 2 40 60 80
onset of the CQlaser pulse. The fluorescence was detected o)

by a photomultiplier tubeEMI 9558 QB, integration time FIG. 2. Time-resolved fluorescence of JR the focus centefz=0, r =0).

FonStant 3#:5)1 the signal of which was fed to a boXcar yaximum at 2us by primary(photolytio CF, formation; maximum at 25
integrator with 400 ns gate. us by secondary CHormation.

200

(arb. units)

[CF2(0,0,0)]

end of

laser pulse
50 P
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FIG. 3. Time-resolved LIF of Cf(z=0, r=0). Separation of the net LIF 5 1
signal in a primary production and a post-pulse production part for the = ] 200 Pa
reactants CiCl, (a) and CEHCI (b). u
S 10t 4 ]‘
E ] end of
b laser pulse
curve for Ck in its vibrational ground state in the centre
(z=0,r=0) of the CQ laser focus. The main features of this 10° e S S——
curve are two consecutive maxima. As will be shown later, 0.1 1 10 100
the first is caused by immediate photolytical fragmentation. ty (us)

The second is treated in the following. ' _
The derivation of kinetic parameters from such measureF'C: 4. The number of C0,0,0 radicals 2rh/ [CFy(r)]rdr vs time at
h . IV not straightforward due to th z=0 shows retardation of secondary £rmation with reactant pressure
ments' OWEV(.EI‘, IS uslua y X g ’ X e(signals corrected for fluorescence quenchif@ Reactant CKCl,. (b) Re-
interference with reaction, relaxation, and diffusion of theactant CgHCI.
species out of the probed region. In the present case it was
possible to separate the contribution of diffusion, becdbse

a similar curve forX CF,(0,3,0 showed that vibrational re-

laxation is much slower than diffusion, afit) the CF, den-  nel leading directly to CF; the yield and primary formation
sity decay of the photolytically generated £#ould be fitted  rate are higher, while the initial rate secondaryCF, for-

with an expression derived in Ref. 10 mation is comparable to the GFl, case at the same pres-
C(t=0) [ro —r2 sures. This suggests a common, collision-controlled mecha-
C(r,t)zW r ex m) nism.
0 The effects of diffusion can, however, be completely
o —rr2 rr! eliminated by the integration proceduigg. (1)] given in the
X jo r' exp(m) b(ﬁ)df' dr (2)  experimental section, which permits to cover all,G&dicals

at any radial position at a given time. Integrating the radial
for the diffusion out of the probe laser beam, the diffusionconcentration profiles measured for different times yields the
constant of which was found to be only dependent on preseurves shown in Fig.@). As can be seen, the amount of CF
sure, not on fluencé, andr are the radii of the probe and produced after the end of the laser pulse reaches multiples of
photolysis laser beams, respectively; is the modified the photolytically produced GF When the pressure is in-
Bessel function of the first kind of order zgrddence, the creased, the position of the curve maximum resulting from
fraction of the photolytically generated, radially diffusing the combined action of Gk0,0,0 formation and reaction to
CF, could be subtracted from the measured signal. The resther products is shifted towards longer times. Relaxation of
sidual signa[Fig. 3(a@)] due to essentially post-pulse produc- CF, from higher vibrational states also affects the position of
tion of CF, in secondary processes then explains the seconthe maximunt! Again, the CE produced from CFHCI
maximum in Fig. 2 at about 2hks for the given pressure.  shows a qualitatively similar behavigFig. 4(b)], but the

A qualitatively similar result is obtained for GHCI effect is less pronounced. Here, the factor for the post-pulse
[Fig. 3(b)]. Here, since IRMPD proceeds via only one chan-increase of CFis independent of pressure.

J. Chem. Phys., Vol. 105, No. 21, 1 December 1996
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CO, laser beam As can be seen, the shape of the yield distribution is
essentially determined by the characteristic fluence distribu-
tion ®(z,r) shown in the equifluence line pl¢Fig. 5b)].
This distribution was calculated for the case of no absorp-
tion; it would yield a maximum fluence of 100 J/énHow-
ever, a numerical calculation starting with a reasonable
value at the entrance window and testing varioti®) de-
pendences, which would reproduce the average energy ab-
sorbed along the length of the cell, gave no significant
changes of this fluence fiel<10%). This is due to the
relatively high total transmission vale-50%) and thus the
small incremental changesE(z) of the absorbed energy, so
that®(z,r) is essentially determined by the respective beam
cross sectionqw(z)

In Fig. 5@ the small axial deviation of the yield distri-
bution from the fluence distribution is caused by absorption
of the counterpropagating G@nd dye laser beams, respec-
tively, along the length of the cell. The radial perturbation,
however, is due to outward expansion, the velocity of which
is dependent orz. Peak velocities of several hundred m/s
were observed. The decrease of the, Eéncentration to be
seen in the very focus center is assumed to be due to probe-
laser induced photolysis of the hot Chprecursor/parent
molecule® Despite these minor distortion effects the ob-
served decomposition pattern qualitatively reflects the en-
ergy absorption from the ir laser field, which is the source of
all secondary post-pulse processes. Lack of a unigde
relation prevents a quantitativéE, {z,r)) picturé? via
(Eapg =P X a(®), where(E,,g is the average absorbed en-
ergy per molecule.

beam axis z (mm)

beam axis z { mm )
o &® A M O N N O ®

N
o

04 02 0 02 04
beam radius (mm) Energy transfer processes

FIG. 5. (a) Lines of equal CK0,0,0 fragment concentratiot® measured A_S an average valueE 9 defines Only_the .“center of
values for the reactand CJHICI. The numbers refer to percent of maximum gravity,” not the width and shape of the vibrational energy

Va'uel- §|b> Focus of the C@'aSGlftf_ k;ea”(fv‘fr:hof:“ gas att’?ﬁfpftidn '—?“esl of ; distribution in the ensemble of parent molecules. Generally,
B e e 25 s of e et ot e ocuarg ere. Mhe energy distribution is determined by the dynamics of the
@. excitation processes. Hence, an explanation of the energy
absorption at high halomethane pressures must include not
only the fluenceb(t)= [l (t’)dt’, but also processes redis-
tributing the molecular energy. The excitation leEls is
given by the equilibrium of the optical pumping rate with the
Due to the fluence dependence of the absorption crosmtes of dissociation and deactivation. Under the given high
sectiono in the IRMPD of the parent molecules the inho- pressure conditions deactivation occurs essentially by colli-
mogenous irradiation of a focused laser results in a spatiallgions. At low excitation levels collisional energy transfer is
dependent energy absorption, i.e., in a spatially inhomogrelatively well understood both experimentally and
enous dissociation yield. The spatial £field distribution  theoretically*> Especially for larger polyatomics, however,
was obtained from radial LIF profiles measured at differentkknowledge in the high excitation region is still only
axial positions(for a given tim@ by connecting points of fragmentary®
equal LIF intensity. These represent lines of equaj} €h- In order to gain some insight into the energy transfer
centration in a given quantum state. Figufe)shows such processes involved here, the internal energy of thef£&d-
an isoconcentration representation for a delay ttq*e500  uct will be used as a probe, provided that—at least at some
ns after the onset of the G@aser pulse. The “altitude later time—its rotational and vibrational energies are essen-
lines” give the fractional dissociation yield in percent of the tially determined by exchange with its collision partners
maximum value, which corresponds to 20% of the total re+ather than by the partitioning of the reactant energy in the
actant concentration. This value was determined using thleRMPD process. This situation will have to be checked sepa-
method given in Ref. 12 based on benzene as an emitter ofitely for rotational and vibrational energy transfer. Espe-
known density and LIF characteristics. cially favorable conditions should exist for the-v transfer

Inhomogeneous energy absorption

J. Chem. Phys., Vol. 105, No. 21, 1 December 1996
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2500

p =800 Pa
2000

[TrR®)-Tol / {Tr(0)-To]

o

1500

s CF,Cl
© CF;HCI

o CF,HCI
« CF,Cly

Ty (K)

1000 +

0.01 +
0 10 20 30 40
ta (ps)

500 +
FIG. 6. Fit of the solutionTg(t)—Ty=(Tgr(0)—Ty)exp(—kgmt) to the
measured change of rotational temperafligét) with time (T,—room tem-
perature.

0 20 40 60) 80 100

. t S
between parent molecule and £Rince the energy defect @
AEﬁlowermg the .tr.ansfer E?te by a factér pe[ AE~300 FIG. 7. Plot of the vibrational temperature vs time of the, Foduct in the
cm 1 (f=0.1xcollision raté'’ is less than 10 cm" even for  focus centeXz=0, r =0).
cold parents and producfrg(CF,HC)=1116 cm?’ vs
1y(CF)=1112 cm?; ug(CF,Cl)=672 cm® vs 1,(CF,)
=672 cm ']. Furthermore, the)—v transfer ratek,, be-  rium, this extremely low value does not characterize the pro-
tween the freon moleculgsumber of vibrational degrees of cess of rotational relaxation in a cold buffer gas, but the slow
freedoms;=9) and CF, should be lower only by a factor of cooling process of the gas heatedbyT transfer from the
2 as compared to the transfer between parent moleculefeon molecules, which serve as a heat bath for thef€g-

since ments. At the given pressure, room temperature is reached in
S;S; about 50us.
k,,xZ S +Js (3) The vibrational temperatures of the GFproduct, how-
i

ever, show a different behavior. It was found that even for
with Z the gas kinetic collision rat® CF, is also especially the shortest delay timg;=500 ns the population follows the
suited as a probe, since it is long lived and its rotational aBoltzmann law. Such a distribution was also found in Ref.
well as vibrational energies can be monitored by LIF. 20 for nascent CFin collision free IRMPD(®=<6 J/cnf) of

A rotational temperature of GFcould only be deter- our reactants CJHCI (T,=1160 K) and CKCl, (T,=1050
mined for times=1 us, (=80 collisions atp=800 Pa, be-  K). A plot of the vibrational temperatures of the Ofroduct
cause only then a model spectrum calculated under the asgs time under our high fluence conditio(f&g. 7) shows not
sumption of a Boltzmann distribution with a rotational only that the observed maximum temperatures exceed these
temperaturél'; could be matched to the measured excitationnascent temperatures, it also shows that this maximum exci-
spectrum of a vibrational band. Extrapolation of our resultstation is only reachedfter the CQ laser pulse for the case
(Fig. 6 to shorter times gives maximum temperatures ofof CF,Cl,. Reducing the pressure by 50% vyields this delay
1070 K for CRHCI and 880 K for CECl,, respectively. also for CEHCI. Obviously the measured vibrational energy
From this maximum value the rotational excitation decays atlistribution in the CE product at the given pressure and
a ratekr=3.3x10™" cm®(mol 9 for CF,HCI and 1.2x10'*  fluence conditions must be the result of a fast and intense
cm?/(mol 9 for CF,Cl,. This rate was determined from the y—v exchange with the undissociated and highly excited
solution parent molecules. From the maximum value the vibrational
temperature decays first at a ratg®f2) < 10** cm®/(mol ),

Tr(O = To=(Tr(0) ~To)exa —kem?) @ which is about the same as the cooling rate of & tem-
of the linear differential equation perature. While the latter temperature had reached room tem-
dTs perature after about 5@0s, continued slowing down of the
T —kem(Tr—Ty), (5) v—T rate causes the establishment of thermal equilibrium,
i.e., Ty=Tg, Only after several hundred microseconds.
describing the relaxation proce¢see Fig. 8 whereT, is The radialT, profiles in Fig. 8 show that already during

room temperature anth is concentration in mol/cfa This  the final part of the ir laser pulse the region of highly excited
rate is orders of magnitude lower than the collision rate omparent molecules/products stretches across a volume exceed-
the known relaxation rate for rotation/translatikp=1.3  ing the CQ laser radius by several times. The long-lasting

x 10" cm’(mol ) in argon?® Since at the times and pres- decay of the vibrational temperature of the @ space and
sures considered tHe-T degrees of freedom are in equilib- time reflects the high energy content of the vibrational en-

J. Chem. Phys., Vol. 105, No. 21, 1 December 1996



Strube et al.: Dissociation of CF,HCI and CF,Cl, 9483

ingly high decomposition rate, which was detected as CF

1900 4 B, . 800Pa formation rate. Large quantities of vibrational energy remain
2

accumulated in the focal volume stretching far into the
double cone of the focus. The molecular energy is then re-
distributed via differenv —X channels X=v,T) during and
especially after the input of radiative energy, resulting in the
observed smearing out in time of product formation.

It was shown that —T energy transfer, despite causing
translational temperatures as high as 1000 K, plays no role in
producing significant amounts of Gproduct. Accordingly,
intermolecularv —v transfer turns out to be the main redis-
tribution route. So long as product concentrations are still
500 + low, v—v transfer involves essentially the parent molecules
themselves because of lack of other collision partners. From
“cold” molecules in the focus neighborhood the excitation
level is rising towards the focus center. Vibrational energy
transfer ofweaklyexcited molecules is relatively well under-
stood(reviewed in Ref. 2 The main mechanism

1700 +

1500 +

1300 +

1100 +

T (K)

900 F

700 +

300 t + t + t
0 0,1 0,2 0,3 0,4 0,5 06
radius r (mm )

FIG. 8. Decay in space and time of the Okbrational temperatures.
M(vqy)+M(vy)—M(vi+1)+M(vy,— 1)+ AE,
ergy reservoir with which the Ghnteracts. It is another clue
to explain the delayed dissociation behavior. is especially efficienttypically, 4-30 collisions within the
It would be interesting to check now, if the high tem- “ladder” of a respective vibration, owing to favorable reso-

peratures observed would explain the measured produg@nce conditions in this quasiharmonic potential region.
yields on the grounds of a pyrolytic dissociation mechanismUpon higher excitation, i.e., with increasing anharmonicity
For a thermal reaction the yield is only a function of tem-the efficiency of this mechanism was found to drop. Thus it
perature, not of the dynamics of reaching that temperatureéshould not play a significant role at higher excitation levels.
We thus solve for the translational temperature of 1000 K théVhether this low-energy mechanism regains its role, how-

equation ever, when the quasicontinuum of vibrational states is
drCE reached, is still a matter of discussion.
[CFa] =K [CR,HCI]— k[ CF,]2—k_4[CR,][HCI] 6) . Few s.tudies exist. S0 far on the—g energy transfgr of
dt highly excited freong(i.e., in the quasicontinuum particu-

for the thermal CF formation rate (k,=6.92x10"3 larly of CR,HCI and CECl,. The limited number of experi-
exp(—233.5 kJRT) s 12 k,=1.3x 101 (T/3001)1’2 exp(—5.0 mental observables and the marked dependence of experi-

KJRT) cm®mol 1s 122 k ) =2.14x10" exp(—50.7 kJ/ mental results on the collision partners involved makes it
RT) cm®mol1s! 23).,Sinc_e in the beginning the bimolecu- difficult to establish models of general validity. Some trends,

lar reaction terms are small with respect to the unimoleculaPoWever, .g., on the dependence of the average energy
decomposition term, this is straightforward. As a lower valugtAE) transferred per collision on the excitation level, on the
one obtains a value of 60 ms to reduce the initial concentra?Umber of atoms in the colliding molecule/collision partner,
tion of CRHCI to 50%, while the measured rafsee Fig. ©OF On temperature have been worked 8if? :

3(b), 800 P43 gives a time of 1.7us for reaching half the ('? (AE) increases with(E,yy of the e>§C|ted SPecies,
maximum concentratiorinet yield Y~0.5). Thus primary showing a dependence between quadratlc_and linear; for
CF, formation is essentially photolyti¢lRMPD). As was MOré complex moleculetC,~R, G-R) saturation was ob-
shown above, the observed decay of the translation temper€ved: _ _ .

ture within 50 us also rules out significant contributions (i) (AE) increases with the number of atoms in the

from a thermal dissociation mechanism for times longer tha/Fo!lision partner from about 5 kJ/m@C,H,Cl, with He) to
the CQ, laser pulse length, . about 50 kJ/mol(C,H,Cl, with C,Hg); for more complex

partners the differences in transfer efficiencies are not pro-
nounced. From data published for partners of comparable
complexity to the freons studied hefthe transferred ener-
The energy source responsible for the observed effects gies(AE) should be somewhat greater than 15 kJ/mol, i.e.,
the ir radiation contained in the GQaser pulse of duration they should be in the energy range of the ir laser quanta.
t,. Upon multiphoton excitation of a resonant vibration of (i) (AE) is only weakly dependent on temperature. In
the molecule and subsequent fast intramolecutay trans-  general, it decreases with rising temperature. Above a limit-
fer high internal excitation levels or even unimolecular de-ing temperature of about 1000 K, however, it increases due
composition were achieved. The latter dissociation consumes the action of the repulsive part of the potential.
part of the absorbed vibrational energy in a photolytically  (iv) v—v transfer is very efficient in establishing a Boltz-
induced unimolecular IRMPD process with a correspond-mann distribution out of an originally arbitrary distributiéh.

DISCUSSION
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Using these more or less general trends, notions can be 160
developed of those processes, which eventually result in the Par
observed high energy accumulation during the laser pulse 140 b - 400Pa 000
and to the continued dissociation by energy redistribution CFCl
after the pulse. Because of its energy dependgcfcé)] the 120 +
energy exchange increases during the multiphoton absorp- -
tion process, i.e., it is especially strong for energies close to
the dissociation threshold,. To describe schematically the
effect of the energy transfer on MPA and MPD the following

mechanisms are commonly used:

end of
laser pulse 2000

100 4

80

60

[CF2(0,0,0)] (arb. units)

A*+M* - A** + M activation,
A** — products dissociation,
A** +M—A*+M* deactivation, 20 1

40 4

where A* is the high vibrationally excited parent molecule
(E<D,), A** is the overexcited parent moleculE¥ D),
and M is any collision partnefparent molecule, product,
buffer ga3 All these mechanisms are active both durlng andFIG 9. The desactivating action of the buffer gas enhances absorption, i.e.,

after the laser pulse storage of vibrational energy, which eventually causes unimolecular decay
Deactivationshould play a major role in the course of via “energy pooling.”

the accumulation of vibrational energy in the irradiated spe-

cies, because on the one hand, it makes less absorbers vanish

by dissociation and on the other hand, it enhances absorptiggported” This W0U|d correspond to a total energy trans-

of desactivated molecules owing to their higher absorptiorferred of 23 300 crm'.

cross section. The giveactivation mechanism must be of Assuming (iv) to be fulfilled in our case, the ratio of

importance in the post-pulse vibrational relaxation processegctivating to deactivating collisions can be given using the

responsible for collision-induced dissociation. It is calleddetailed balance of the transition probabiliteg, P;; for the

“energy pooling”2® or “vibrational up-pumping”?® It  levelsE; ,E;(E;>E;)

starts from two “hot” undissociated parent molecules, the P. p(E)

separate vibrational energies of which are not sufficient for L= ' exd — (Ei—E;j)/KT]. 7)

dissociation. Energy pooling means that the stored energy is I (E )

now redistributed such that the sum of the vibrational enerAfter calculation of the vibrational state densitipE) ac-

gies of the colliding molecules and the relative kinetic en-cording to Whitten and Rabinovich, for CF,HCI a ratio

ergy along the line interconnecting their centres of gravity isp(Dg)/p(Dy—hv)=1.58 is found, wherdv is an ir quan-

exceeding the dissociation thresh@g within one molecule  tum. The normalization conditioR;; + P;;=1 then yields a

in the moment of closest approach. As a result of some ercontribution for activatingdissociative collisions of 34.9%

ergy transfer one of the partners gains a high enough enerdyr the acceptance of a quantu(dE)=|E;—E;|=1086

to decompose with the unimolecular reaction Hefg). cm™ ! (laser photop if a vibrational temperature of 1500 K
Energy pooling has been shown to occur in a number otorresponding to an average numie)=10 of absorbed

ir laser experiments at higher pressures. In Ref. 30 it wataser photons is assumed. Since the density of states ratio

found responsible for continued spontaneous fluorescence becomes more favorable for lower energies, this percentage

a product of CQ-laser irradiated Sifat pressures in the value gives a lower limit. According tGii ) the translational

range of a few Torr. In Ref. 31 the fluorescent product of thetemperature should have no marked effect.

CO,-laser-induced dissociation of CDCht 1.3 kPa was Hence, excited parent molecules of lower internal en-

identified by LIF to be CGl. Post-pulse excitation of the ergy, which were shown to make up the majority of the

electronically excited state responsible for this fluorescencenolecules in the focus neighborhood far into the double

required an energy equivalent to 17 ir laser quanta, i.e., theone, can be involved in unimolecular decay. Since this dis-

vibrational energy transferred during a collision may besociation mechanism is collision-controlled, the measured

much larger than collision-induced dipole selection rulesnet dissociation rate is orders of magnitude lower than the

would allow. While here contributions from the IRMPD IRMPD rate, as can be seen from Fig. 3. The measured decay

product GCl,, which was vibrationally hot due to absorption rate of the vibrational Cj-temperature, which was much

of ir radiation, could not be neglected, experiments withslower than the translational temperature evolution, reflects

CH,BrCH,F, where none of the products showed absorptionthe high energy content of the vibrational energy reservoir

yielded comparable results. Even for diatomics such as NQyith which it interacts.

collision-induced vibrational population of th€'=15 level The effect of an added inert buffer gas shown in Fig. 9

from thev"”=1 level excited by a cw CO laser at 12 kPa wereconfirms the picture quite impressively. At a 40-fold buffer

ta (Hs)
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