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Energy Relaxation Dynamics of Photofragments Measured by Probe Beam Deflection
Technique: Photodissociation of CEl at 266 nm
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Energy relaxation dynamics of photofragments produced from photodissociation of trifluoromethyl iodide
(CRl) in argon at 266 nm was studied by means of a time-resolved probe beam deflection (PBD) technique.

It was found that the PBD transients observed in Ar environment consist of two heat-releasing (via collisional
relaxation) processes that can be assigned to translational-to-translatiofalafTd vibrational-to-translational

(V—T) energy transfers of photofragments. From the relaxation times and the fractions of the two processes,
15% of the excess energy from photodissociation was found to be partitioned into vibrational modgs of CF
radicals while the remaining 85% goes to translation. In additon, the intermolectiareviergy-transfer

rate constant between ¢Bnd Ar was determined to be8.0 x 1(? s* Torr %, Electronic to translational

(E—T) energy transfer from the spirorbit excited iodine fragment, 12P;,,), to the medium was not observed

in the time domain employed in this study, unless oxygen, a well-known I* quencher, was added to facilitate
the transfer process. An excellent agreement between the obtained results and previously reported photofragment
translational spectroscopy results indicates that the energy relaxation processes of photofragments as well as
energy partitioning of excess energy can be studied by the PBD method presented in this study.

Introduction thermal methods monitor the transient heat deposition to the
medium that gives rise to the time-dependent change in the
refractive index of the medium. Therefore, photothermal

ethods can be applied to the systems where the optical transient

onitoring is not feasible because of the inherent nature of the
molecules of interest. Processes with a wide range of relaxation
time, from microseconds to milliseconds, can be studied simply
by adjusting experimental parameters such as excitation beam
parameter and/or concentrations of chemical species involved
in the process. Despite the wide applicability of photothermal
methods, only a few energy relaxation processes of radicals have
" been studied by using the methods. The Wenergy-transfer
process of a stable radical N@vas studied with the thermal
lensing techniqué.Also very recently, we reported the-\T
energy-transfer process of a phenyl radical produced from
photodissociation of iodobenzene by using the same method
with an improved time resolutioH.

In the present study, the relaxation dynamics of photofrag-
ments produced from photodissociation of trifluoromethyl iodide
| (CRl) at 266 nm was studied by means of a probe beam
deflection method. Cff was selected because the UV photo-
dissociation of CE has been well characterized by photofrag-
ment translational spectroscopy (PTS) studfe3? Upon ex-
citation in its first UV absorption band, GFundergoes a prompt
C—1 bond dissociation via one of two energetically distinct
reaction channels:

The dynamics of energy transfer during and after photodis-
sociation plays important roles in photochemical and photo-
physical processes. Consequently, it has been a subject of man
studiest—® When photodissociation is taking place, the excess
energy over the bond dissociation energy is distributed into
translational, rotational, vibrational, and electronic modes of
photofragments. The energy partitioning into those modes
depends on the nature of potential energy surfaces invél¥ed.
Following the photodissociation, energies deposited into dif-
ferent modes of photofragments equilibrate with the medium
i.e., surrounding molecules or atoms, via intermolecular colli-
sions. This results in an increase of the translational energy,
i.e., temperature, of the medium. Depending on the nature of
photofragment energy levels, the energy transfer from photo-
fragments to the medium occurs on different time scales; for
example, rotational-to-translational{H’) and translational-to-
translational (F-T) energy transfers happen much faster than
vibrational-to-translational (¥T) and electronic-to-translational
(E—T) energy transfers. Therefore, studies of the collisiona
relaxation dynamics of photofragments can provide information
on various intermolecular energy-transfer processes of photo-
fragments as well as the energy partitioning during photodis-
sociation.

To study intermolecular energy transfers, various time-
resolved methods have been utilized to monitor the energy-
transfer processes in the time domain. Among the methods,
photothermal techniques such as thermal lensing and probe beam
deflection have been applied for numerous energy-transfer w2
studies successful.1 In contrast to optical methods such as CRl +hw — CR; + I*("Pyp) 2)
transient absorptidfi and time-resolved emissigttechniques,
which monitor the fate of relaxing molecules directly, photo-

CFyl + hv — CF; + 1(°Py)) 1)

In a recent PTS study of GFat 248 nm?? Felder reported that
the branching ratio of channel 1 to channel 2 is 0.11:0.89,

* To whom correspondence should be addressed. Phone: 82-2-961-029gindicating a preferential production of spiorbit excited iodine
Fax: 82-2-966-3701. E-mail: hjhwang@nms.kyunghee.ac.kr. atoms, I*€P;,,). In addition to the branching ratio, partitioning
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of excess energy into translational and internal energies of the ~ Digital Oscilloscope
photofragments was also well characterized. Generally, when ﬁﬁﬁiﬁgt;a' T~
the relaxation dynamics of photofragments are monitored, the

high reactivity of photofragments could complicate the photo- teoco
thermal measurement by releasing thermal energies upon
chemical reactions, such as radical recombinations. However,

the radical recombination reactions of {£Lphotofragments are
knowr?3to be much slower than the collisional energy relaxation  gicey
processes we are interested in. Therefore, the energy relaxation Photodiode gggggiﬁzl Lens
processes observed in @photodissociation can be readily

interpreted in terms of relaxation dynamics of photofragments. z
In this paper, a probe beam deflection (PBD) method with a
modified crossed-laser-beam geometry was utilized in order to Excitation Beam Y
investigate the relaxation process of photofragments produced /' (pulsed 266 nm) x
from photodissociation of GF at 266 nm. By analyzing the  rjgyre 1. Experimental setup for photothermal beam deflection studies.
time-resolved PBD signals, we determined the excess energyThe probe beam crosses the excitation beam inside the stainless steel
partitioning between various modes of photofragments as well sample cell equipped with quartz windows, which is omitted for clarity.
as their relaxation rates. The results were compared with the
energy partitioning of C& photofragments measured by the along the probe beam propagating direction. Combination of a
PTS metho# and VT and E-T transfer rates of chemical spherical converging lens & 250 mm) and a cylindrical
species reported previoush#*25Apart from its simplicity, the diverging lens{= —75 mm) was used to shape the pump beam
PBD method provided results similar to the ones measured byinto a line of~140um x 30 mm at the region where the probe
highly sophisticated methods such as PTS, inferring its ap- beam crossed the pump beam. In this optical arrangement, the
plicability to the study of the dynamics of energy transfer during intensity distribution of the pump laser along the and
and after the photodissociation. y-directions can be assumed to be nearly uniform compared to
that along the-direction. The vertical intensity distribution of
the pump beam along the-axis is described byl = Ig
exp—2z2wg?) wherewy is 1/& Gaussian beam radius. The value
of wp was 70+ 5 um under typical experimental conditions.
Trifluoromethy! iodide, 99% purity, was purchased from For the probe beam deflection measurements, the probe beam
Aldrich Chemical Co., Inc. (M”Waukee, W|) and used without was positioned at =40+ 5,um with respect to the center of
further purification. High-purity oxygen (99.99%) and argon  the line-focused pump beam. The probe beam deflection signal,
(99.9999%) were purchased from Dongjin Jonghab Gas Co. caused by the time-dependent change of the refractive index in
(Seoul, Korea). Argon was used after passing through an oxygenthe pump-probe interaction region, was monitored by a bicell
scrubber from J&W SCientiﬁC, Inc. (Folsom, CA) in order to photodiode detector (UDT model SPOT_gDi\/”) equipped with
remove trace oxygen. a z-discrimination slit with an 80Qum opening. The bicell
The whole gas-sampling apparatus, including the sample cell, detector was located at a distance of 140 cm from the pump
gas inlet lines, connectors, and valves, was made of stainlessyrobe interaction region, and the probe beam was refocused to
steel to avoid possible corrosion by photofragment radicals. The ~4 mm diameter at the detector by using a 250 mm focal length
sample cell equipped with quartz windows was a 304 stainless spherical lens. By use of thediscrimination slit, the effective
steel block (58 mmx 58 mmx 140 mm) that had two through-  peam radius of the probe beam can be reduced, and therefore,
holes perpendicular to each other for irradiation of pump and 3 slight enhancement of sensitivity and time resolution can be
probe laser beams (a 30 mm ixl.140 mm hole for the pump  achieved. The PBD signal was amplified with a home-built
beam and a 18 mm i.dx 58 mm hole for the probe beam). ifferential amplifier (<100 gain, 20 MHz bandwidth) and
The sample cell and the gas lines were flushed with Ar gas at recorded by a digital oscilloscope (LeCroy model 9460). The
least three times before introducing new sample gases. Absolutepyerall detector response time measured wittbans laser pulse

pressures of the sample gases were measured by a capacitanggas~40 ns. The digitized signals were transferred to a personal
manometer (MKS model 122AA-01000AD). All experiments  computer for further analysis.

were performed at ambient temperature {23.

The optical setup for monitoring probe beam deflection
signals is schematically depicted in Figure 1. The pump beam
was a 266 nm pulsed laser that was the fourth harmonic of a A brief description of the theory and the resulting equations
Q-switched Nd:YAG laser (Spectra Physics, GCR-150) with describing time-dependent PBD signals will be given here. We
~5 ns pulse width and9 mm beam diameter. The pulse energy followed the treatment given by Ta¥!3 and its detailed
of the pump laser beam was kept low enough (80pulse) to discussions can be found in references therein. Suppose an
avoid complications due to multiphoton absorption processes. excitation beam and a probe beam are propagating along the
The probe beam was a 632.8 nm CW-H¥e laser (Uniphase  andx-directions, respectively (see Figure 1). The excitation beam
model 1125P) with~1 mm beam diameter and 5 mW output that is focused by a spherical focusing lens with a focal length
power. As shown in Figure 1, the excitation pump beam and f to have a Gaussian beam waistis expanded to a lengthin
the probe beam were aligned to be crossed at the center of thehe x-direction by a cylindrical diverging lens. Sintandf are
sample cell (not shown) with a perpendicular geometry. A much greater thanv,, we can assume that the intensity
spherical converging len$ £ 100 mm) was used to focus the distribution of the excitation light in thedirection is Gaussian
probe beam to the center of the sample cell. To enhance thewith a beam parameten, while those in thex- andy-directions
interaction length of the two beams, the pump beam was line- are uniform. Therefore, heat flows te andy-directions can
focused into the sample cell so that its long axis was aligned be neglected compared to that along gdirection.

Power-meter
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f— 9
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When a weakly absorbing sample is exposed to a short
excitation pulse, the temperature rise due to a pulsed heat source
Q is described by

T = fidt [7 dZ GZzt-t)QZL)  (3)

PBD signal, a.u.

where Green’s functio®(Z,z,tt') is

exp[—(z — 2)%(4D(t — t'))]

G(Z,zt+t) = 4) ' y Y ' ,
0 10 20 30 40 50 60
24aD(t —t")
Time, pus
and heat source ten@(z,t) is Figure 2. Theoretical PBD curves calculated by approximating the
probe beam as a single ray (solid line) and as a beam with a finite
expt'ir) volume (dotted line)wo, Wy, andz are set to 6(&m, 60um, and 1Qus,

Q(Z.t)=N(z t) hv - respectively.

/208, exp[-22%/(W,” + 8D,{)] -4 ©
= exp——
pCVry/Wy” + 8D, t

Here,N(Z,t') is the concentration of the excited moleculBs.
is the thermal diffusivity of the mediunDy, is the molecular
diffusivity, Eg is the pump beam energy, andis the optical
absorption coefficientw is the excitation photon energy,is

the densityC, is the specific heat at constant pressure, aisd
the thermal relaxation time. In eq 5, it is assumed that the heat- -15
releasing process can be described by a single relaxation time

7. Integrating eq 3 yields

PBD signal, a.u.

—

-200 -100 0 100 200

Beam separation z;, pm

Figure 3. Typical plot of peak intensities of the PBD signals at various
pump and probe beam separations. Open circles represent experimental

T(zt) = \/EaEO eXp(= t'/7) F{_ 27 ) dt  (6) data, and the solid line is the nonlinear least-squares fitting result using
\/;pCp‘L' 0 ALY At,t) Z?n.lo at a constant time. From this cuwgyis estimated to be 841
where expression given as eq 8 results in the average deflection as
shown by Bialkowski and H&?
A(tt) = wy” + 8D,t' + 8D(t — t')
. t,2,) = N2 e t —2(@z— 7)) d
In a crossed-beam setup, the time-dependent probe beant®(tZ) W\/Ef_md’( 2) expl-2(z — z)"/w,’] dz
deflection in thez-direction ¢ is described by p
Lo ot _ 1.on (“80E)) [1 — exp(-t7)]
o(t2) = s e dx @) naT  mpC, (\,\,app2 + 8Dt)**°
2z
wheren is the refractive index. When the relaxation of the exg——— 9)
excited molecule is faster than the thermal and mass diffusion, Wypp t+ 8Dt

or elseDy, ~ D, which is the case for most gas-phase systems,
the time-dependent probe beam deflection can be solved bywherez, is the separation between the centers of the pump and

substituting eq 6 into eq 7: probe lasers anilyy, is the combined beam waist, which is
equal to w? + wp?)'? for Gaussian shaped pump and probe
o(t,2) = beams. Note that the maximum deflection occurgat (Y

2)Wapp The time dependence of the PBD signal described in eq
(8) 9 is quite different from eq 8 as shown in Figure 2. The dotted

curve in Figure 2 is simulated on the basis of eq 9, and the

solid curve is based on eq 8 wheg = w, = 60 um andr =
wherezis the probe beam position with respect to the center of 10 us. When two curves are compared, the PBD decay of a
the excitation beam. finite volume probe beam is more diffused than the PBD decay

It should be noted that the eq 8 is valid only if the probe based on ray approximation. This suggests that the combined

beam is much narrower than the pump beam, since the probebeam waistvsp, must be measured in situ as done in this work
beam is approximated to a single ray. When the probe beamby directly measuring the dependence of the PBD signal (see
has a beam waisty,, that is comparable to that of the excitation ~Figure 3).
beam,wp, the observed probe beam deflection becomes the If two heat-releasing processes are involved and furthermore
average deflection of each ray consisting of the probe beam.if they are well separated in time, i.e., one process relaxes much
Spatial integration of the probe beam intensity profile over the faster than the other, the time-dependent PBD signal can be

1 on (—80EZ)) [1 — exp(t/7)] oxd - 22
naT V2mpC, (wy”+ 8DY)*° w,’ + 8Dt




8368 J. Phys. Chem. A, Vol. 103, No. 42, 1999 Suh et al.

T T T T T T T T T LI | T T LI B B N B

-
o

PBD signal, a.u.

Thermal Diffusivity, 10-°m2/s

Time, us

1 I 1 1 1 1 1 1.1 1 I
Figure 4. PBD transients for Cff and Ar mixtures at various total 1
pressures. The solid and dotted lines represent the fitting results and 100 1000
experimental data, respectively. The partial pressure gf @&s 0.40 Pressure, torr
Torr, and the total pressures (in Torr) are indicated with curves. The Figyre 5. Thermal diffusivity values for various total pressures. Open
inset displays early time behavior where a slow heat-releasing processircles are determined by fitting experimental data. Solid line represents
is clearly observed as a plateau when total pressure reaches 500 TOrfyne calculated values. The error bars represenalues obtained from

. . . . multiple measurements. For calculations, only the contribution from
described with two relaxation times: argon gas was considered.

[B(t,z) 0= 1on « 9 and 10 described in the previous section. When the argon
' naT pressure was relatively lows400 Torr, the transient PBD
(—8aEyzyl) [1 — ry exp(—t/Ty) — (1 —r,) expt/Ty)] signals were fitted very well with a single rise time @R asz.
] X However, when the argon pressure was00 Torr, the fitting
PGy (Wappz + 8Dt)l ’ attempt with a single rise time failed. Instead, the given
2202 experimental PBD transient was fitted successfully with two
exq— —————| (10) heat release components: 0.20 and 25 for 71 and 7,
Wapp 1 8Dt respectively. As shown in Figure 4, there is excellent agreement
. . . between the PBD signal and the derived equations. The thermal
71 andr; are the relaxation time and the fraction of the fast diffusivity, D, as well ag andr were obtained from the fitting.
process, respectively, whike andr, are the ones for the slow It should be noted that the value, 0.2us, was chosen on
process. the basis of the time resolution of our experimental setup. In

To determine the relaxation times and the fractions of the yonera; the time resolution of the PBD experiment is governed
two relaxation processes by fitting the experimental PBD . the acoustic transit timer, of the initial photothermal

transient with the derived equation, it is important to measure o ,stic wave across the pump beamis described as, =

the Wapp andz valueg accuratgly. In the present sturywas . Wols, wherew is the beam parameter of the pump laser and
determined by reading a micrometer attached to a vertical g ihe gpeed of sound in the medium. With our typical optical
translational stage on which the excitation beam assembly IS arrangement, the, value was~0.20us. Since the acoustic rise
mounted. Determination cn‘.iwas guided by the fact that the e \was~0.1,s and the detector response time measured with
PBD signal vanishes a = 0 according to egs 9 and 10. a short laser pulse was 40 ns, the time resolution of our

Uncertainties inzo was estimated to be a few micrometers in oy herimental system was limited by the acoustic transit time.
the present setup. The apparent beam parameter al@Rg,  /ariousy; values from 10 ns to 0.3@s were tried for the fitting
Wapp Was determined by monitoring the PBD signal intensity o4 showed no appreciable difference in the fitting results. We,

as g fEnctior(; c;lfzo Figure 3| SEOWS hovyhthe intensityhof t?e' therefore, chose 0.20s as ther; value for our convenience.
probe beam deflection signal changes with respect to the relative g thermal diffusivity values estimated from the fitting were

position of the probe bearg. Thewappvalue was determined o5 nareqd with the theoretical values calculated by using
by a nonlinear fitting _of the peak |ntensmgs of PBD signals M(pCp), wherel is the heat conductivityp is the density, and
with eq 10. From the fittingwappwas determinedtobe 881 ¢ Nig'the specific heat at constant pressure. In Figure 5, the
pm. S|nce_ th? pump beam parameters are crmcal for obtaining e mg| diffusivity values from the measured experimental PBD
reliable kinetic information, they were monitored constantly gjonais (open circles) are plotted with the calculated ones (solid
throughout the experiments. line) at various total pressures. An excellent agreement between
the experimental results and the theoretical values strongly
indicates that the derived equations describe the observed time-
The PBD signals at various total pressures are depicted inresolved PBD signals correctly.
Figure 4. After the photodissociation of gFthe resulting The PBD transient signals obtained for photodissociation of
thermal energy released to the medium by intermolecular energyCFsl in 500 Torr of Ar at various excitation laser powers are
transfer decays mainly by thermal diffusion. As the argon shown in Figure 6. Normalized signals are completely indis-
pressure increases, the signal decay slows, since the thermdinguishable at the excitation power range we tested. As
diffusivity is inversely proportional to the pressure. As the mentioned in Figure 4, the PBD signals at 500 Torr of Ar fit
pressure reaches500 Torr, a slower heat release process well with two heat-release processes with the relaxation times
becomes distinct, as shown by the small plateau at early times0.20us and 2.5+ 0.8 us. We also changed the partial pressure
(see Figure 4 inset). The observed signals were fitted with eqsof CFsl up to 1 Torr and found the same results. The fractional

Results
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' ' T ' T which is proportional to the total heat released. In addition, the
Aori value is proportional to the amount of heat released from
the fast relaxation process whigr, is proportional to that from
the slow relaxation process. Whég values are compared in
the presence and in the absence gf tBe Agr; value remains
constant whileAqr, increases 7.4 times upon the addition of
0O,. The additional relaxation process that contributes to the
increase inAgr, can be attributed mostly to I* quenching by
oxygen molecules. The PBD signals depending on the excitation
laser power are plotted in Figure 8. For both cases, the slope of
the log—log plot is 1.1+ 0.1, indicating that the heat relaxation
g . . . . . processes result from one-photon absorption ofl Okhich
0 10 20 30 40 50 60 leads to a prompt breakage of the-Cbond.

Time, ps
Figure 6. PBD transients for Cffand Ar mixture at various excitation Discussion
laser powers. The solid lines correspond to the best fits (see Table 1

for fitting parameters). All curves were normalized, and their baselines [N the present study, we found that 15% of the available
were displaced for clarity. The excitation powers fid/pulse) are energy is partitioned into vibrational energy during photodis-
indicated with the curves. GFpressure was 0.40 Torr, and the total  sociation of CKl at 266 nm while the remaining 85% is
pressure was adjusted to 500 Torr with Ar. partitioned into translation. This vibrational energy can be
contribution of the slow component was determined to be 0.15 compared with the average internal energy of photofragments
+ 0.02 (see Table 1 for the fitting summary). Possible thermal- determined by photofragment translational spectroscopy (PTS).
energy-releasing processes after the photodissociation $f CF Although no PTS study of GF photodissociated at 266 nm
are =T, V=T, R—T, and E-T energy transfers and recom- has been carried out, we can estimate the energy partitioning at
bination reactions of photofragments. In the present study, 266 nm by using the PTS results at Z4&nd 275 nn#? It was
concentrations of photofragment radicalsz@Rd I, were kept suggested by both thedf?3 and experimentd34 that the
low (<4 x 1073 Torr) in order to suppress the radical internal energy of Ckdecreases almost linearly as excitation
combination reactions. With the given radical concentrations, photon energy decreases for both | and I* channels. We,
it is estimated that the recombination reactions among them taketherefore, estimated energy partitioning at 266 nm by assuming
place on the millisecond time sca#®2” which is too slow to a linear dependence of the @Rternal excitation on the photon
be detected in the present experimental setup. For gas-phas€nergy between 248 and 275 nm and assuming that the I*
species (at atmospheric pressure and at room temperatu®), T quantum yield at 266 nm is the same as that measured at 248
and R-T energy transfers as well as-W and R-R energy nm (@* = 0.89). As summarized in Table 2, the average
transfers are known to occur on a time scale of molecular translational, internal, and electronic energies oglGfRotof-
collisions?829ca. 1081019, which is much faster than the ragments at 266 nm are estimated to be 26.2, 6.7, and 19.3 kcal/
acoustic transit time of 0.2@s. On the other hand, VT transfer mol, respectively. From this estimatiof(E; [is calculated
falls into the microsecond time scale for most polyatomic to be 0.80:0.20, which indicates that 20% of available energy
molecules in the gas phase under similar experimental condi-is distributed as internal energy during photodissociation at 266
tions 2830 Therefore, it is reasonable to attribute the observed nm. This estimated internal energy fraction agrees well with
fast energy-releasing process teTand R-T energy transfers  the vibrational energy of photofragments obtained by the present
and the slow one with a 2 &s relaxation time to T energy PBD method (15% of the available energy). The small difference
transfer of Ck. Note that E-T transfer of the spirorbit excited is likely due to the fact that the value & [Jestimated from
I*(2Py2) atoms is known to occur on a much longer time scale the PTS results contains a small contribution from the rotational
under the given experimental conditiolisThe r, value was energy of Ck. It is also possible that a part of the-M energy
determined to be 0.1% 0.02, indicating that about 15% of the transfer from high vibrational states, whose relaxation time is
available energy of photofragments is distributed to the vibra- shorter than the acoustic transit time, is excluded from the
tional energy of CE Since the \-T transfer rate will depend  average vibrational energy obtained by the present PBD method.
on the vibrational energy, the observed relaxation time must However, the small difference as estimated above suggests that
be considered as an average relaxation time from different most of the VT energy transfer of Cfradicals takes place
vibrational states. on a time scale that is longer than the acoustic transit time.
lodine atoms at a spinorbit excited I*@Py;) state was The observed ¥ T energy-transfer process seems to occur
reported to undergo radiationless electronic transition on a between Ckradicals and argon atoms, since we observed that
microsecond time scale in the presence of a small amount ofz, depended on argon pressures but not on eithgr @Essure
effective I* quenchers (say, for example, less than 1 Torr of or photodissociation laser powers. Unfortunately, the reliable
0,).31 To investigate the contribution from the electronic energy argon pressure dependencerptould not be measured in this
of I*, a well-known I* quencher @ (0.5 Torr) was added to  study, since at higher argon pressures the relaxation times fall
the CRl systems and their PBD signals were monitored (see too close to the acoustic transit time. Nevertheless, from the
Figure 7). Again, the normalized curves are identical to each observed relaxation time, 245 measured at 500 Torr of argon,
other regardless of the laser power, indicating lack of depen- the average VT energy-transfer rate constant from{Z&dicals
dence on the excitation laser power. The PBD transient curvesto Ar atoms was approximated to be 8&01L0? s~ Torr L. It is
fit well with two relaxation times, and the fitting results are worthwhile to note that the observed-\I' energy transfer is
summarized in Table 1. By addition of,@0 a CRKl and Ar from well-defined vibrational states of GFThe vibrational
mixture, the contribution of the slow heat-releasing process excitation of Ck during the photodissociation of @GRn the A
increased from 15% to 56%, and its relaxation time slowed to band is known to be confined almost exclusively in thé&y,'")
10.6 £ 1.7 us. An interesting fitting parameter is tiAg value, umbrella bending mode (703 c).22 The average vibrational

PBD signal, a.u.
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TABLE 1: Summary of Fitting Results?

sample composition (Torr) n - Ao
CRlP 0, Ar r ra (us) (us) (AV)
0.40 0 500 0.85(0.02) 0.15(0.02) 0.20 2.5(0.8) 1.00(0.13)
0.40 0.50 500 0.44(0.04) 0.56(0.04) 0.20 10.6(1.7) 1.99(0.23)

a Equation 10 was used for the fitting to determimer,, 72, andAo. Note thatA, is proportional to the total thermal energy released, and it is
equal to (1) (an/aT)[—8aEezol/(7rpCp)] in eq 10. The values ofippandz, (84 £ 5 um and 40+ 5 um, respectively) were obtained from experimental
measurements, and the value of the thermal diffusibit{B.2 x 10-°> m? s%) was calculated from the equati@n= 1/(pCy). The value ofr; was
taken to be the acoustic transit time. Varying theralue from 50 to 300 ns had no significant effect on the fitting results. Numbers in parentheses
are v values of the fitting results obtained from multiple measureménige also attained the same fitting results when the partial pressure of
CFKsl was 0.70 and 1.0 Torr.

— T T TABLE 2: Energy Partitioning (in kcal/mol) in the
i T Photodissociation of Ckl?2
CF, + O, R
07tor 05 torr ] wavelength [0 &0 E
(nm) (kcal/mol) (kcal/mol) (kcal/mol) ¢* note

248 31.0 11.4 19.3 0.89 ref22
275 26.5 4.3 19.9 0.917 ref32
266 26.2 6.7 19.3 0.89 estimabed
266 28.0 4.9 this work

r 102 7 2 The energy partitioning values are weighted-average values of the
1(?P312) and 1*(2Py;) channels by using the quantum yield of *(.
1 The bond dissociation energy is taken to be the revised value of Felder
=" (Do? = 55.2 kcal/mol@® b Estimated by using the PTS data at 238
- 4 and 275 nr? assuming that internal excitation of @Rdicals depends
- L L L L — linearly on the excitation photon energy for each of the | and I*
0 10 20 30 40 50 60 channels. The* value is assumed to be the same as that at 248 nm.
Time, us ¢ Calculated by using the, value observed in the absence of &d

) ) . . assumingp* = 0.89. In the absence of O, [corresponds to 15%
Figure 7. PBD transients for Cff and Ar mixture in the presence of  4f the sum of(E,Jand [, ,[J See text for details.
oxygen molecules at various excitation laser powers. The solid lines '
correspond to the best fits (see Table 1 for fitting parameters). All curves Tor—1 js similar to the ones of several molecules excited to
were normalized, and their baselines were displaced for clarity. The low vibrational levels. For example, the\T rate constant of
excitation powers (imJ/pulse) are indicated with the curves.;C&nd H Ar wh HI ;:i to th 9492 1
O, pressures were 0.70 and 0.50 Torr, respectively. Total pressure WasC_2 4 to Ar when GH, was pumped to 3:71( 1 zim )
adjusted to 500 Torr with Ar. vibrational mode was reported as 4<710? s~ Torr1,24 and

that of CCLF, excited to thevs (922 cnTl) mode was 8.6x

' ' ' 10°s 1 Torr L.39 Also, the VT transfer rate constant of a stable
radical NG to argon, in which N@is in the (010) state, was
reported as 1.8& 10° s Torr~1.7 This similarity in the V=T
energy-transfer rate constants is consistent with the finding that

PBD signal, a.u.

09

;j'  stope=1.1 the observed slow heat-releasing process in the present PBD
© study results from VT energy transfer.
< The average energy transferred per collisiokEL) for the
o observed VT transfer of Ck to argon can be estimated by
- the following relationship:
1— —1

ZernT

2.0 22 2.4
Log [Laser power, nJ/pulse] wherer is the observed ¥T relaxation time[E,is the total
) ' . . vibrational energy, andg,[{1 — e™1) is the vibrational energy
Figure 8. Amount of total released heat observed in PBD transient, transferred during the time period Zcg, ar is the collision

Ao, as a function of excitation laser powers. Open squares and circles 1
representA, values in the presence and in the absence ef O frequency between Gfand 500 Torr of Ar[E,[is 1700 cnt,

respectively. CH and O, pressures were 0.40 and 0.50 Torr, respec- andt is 2.5us. ASSL_lmingchafAr is similar tOZCFalen 49 X
tively. Total pressure was adjusted to 500 Torr with Ar. 1(° s71,36 [AELIs estimated to be-0.090 cnr?. This inefficient

energy transfer is typical for ¥T transfer processes of small
energy of Ciradicals at 266 nm, which is estimated from 15% molecules at low vibrational levels in the gas phase. For
of the available energy, is 4.9 kcal/mot{700 cnr?). This example,[AEOfor the V—T transfer of NQ (010) to Ar is
average vibrational energy corresponds-®.5 quanta of the estimated to be-0.077 cnT! according to eq 11 Also, on the
umbrella bending vibration on average. basis of the result reported previoudly[AEOfor the V-T
Since the VT energy transfer rate depends on the vibrational transfer of OCS(001) to Ar is estimated a6.046 cnTl.

state of the chemical species, it would be relevant to compare In the presence of oxygen molecules, the slow energy-
the V=T rate constant of Gfto Ar obtained in the present releasing process became dominated by I* quenching by oxygen
study with those of the molecules excited to low-lying vibra- molecules. Consequently, the total energy released as thermal
tional levels. We found that the observed-V transfer rate energy in the presence of oxygen molecules was twice the one
constant of Ckto Ar obtained in the PBD study, 80 1(0?s™! in the absence of oxygen mainly because of the additional



Photodissociation of G J. Phys. Chem. A, Vol. 103, No. 42, 1998371

energy contribution from I* quenching. Our PBD finding the energy-transfer rate provides a unique opportunity to study
indicates that 56% of the energy transfer in a thermal form collisional vibrational relaxation of radical species with well-
originated from the slow energy-releasing processes. The energydefined vibrational energies.

released from this slow process in the presence pt@re-
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