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The relaxation of CH;3T isolated 1o mined Rr/Xe matrices has been studied as a function of composition and rempera-
turc. For a specific composition resersible changes 1 relaxation rate are observed as a funcuon of duration of uradiation
It 15 concluded that changes in rate result from a change in the molecule~cage environment

Vibrational energy transfer studies of molecules
isolated in inert-gas matnces are fauly recent [1-3}
Despite this, a vanety of theones have been developed
i an effort to understand vibrational relaxation pro-
cesses in these media. As a result, a fairly umiform pic-
ture of relaxation dynamcs has begun to emerge. It 15,
in general, agreed that for molecules with high-lying
vibrational levels and small moments of merua, relax-
atton via transfer of energy o the molecular rotations
is important A coupling to lattice phonons is invohed
as an mtegral part of this process [1,4]. Studies of the
temperature dependence of relaxation rates and the
results of 1sotopic substitution expenimenis have been
i accord wath the predictions of these theornes. How-
ever, the detailed nature of the coupling between the
nternal vibrations of the molecule and 1its rotations
1s not yet well understood.

For example, the dependence of relaxation rates
on the nature of the inert-gas matnx 1s not well ex-
plamned. The relaxation rate of HCl increases m differ-
ent mert-gas matrices in the order Ar, Kr, Xe [5]. For
CH;3F, the order 1s reversed and the deacuvation rate
in Ne 1s inbetween that of Ar and Kr [6]. Factors
that may mfluence these vanations are. the mnterac-
tion potential between the molecule and cage atoms,
the asymmetry of the cage and the translational mo-
tion of the molecular center of mass in the matnx cage.
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It 1s expected that the study of relaxation rates of
a gtven molecule as a funcuon of composition n mixed
mert-gas matrnces will shed hight on the relatve impor-
tance of the above factors affecting vibrational relax-
atton m a gven svstem Such studies have been re-
ported for NH(A 31, v=1) [7].OH(A =+, u=1)
[8], 16180, (C 12  v=2and v=1) [9] and CD;F
m mixed Ar/Kr mawmces {10] In this communication
we report on our studies of CH3F i mixed Kr/Xe ma-
trices

The overall observauon with respect 1o the depen-
dence of relaxation rate on the composition of the ma-
trix are very simular to those previously reported m
ref. [10]. However, in a particular concentration re-
gme — 1 10000 2000 CH;F Xe Ki,arevers-
tble change in the measured refaxation rate 1s observed
as a function of the duration of Q-switched laser exci-
ration. After cessation of irradiation, the recovery of
rates to their pre-cxcntauon values occurs on the time-
scale of munutes.

The expenmental apparatus has been previously
discussed [11]. Briefly, 3 of CH3F s excited by a
low-power (12 mJ, fwhm = 0.5-1 us) Q-switched
€O, laser and ermission 1s observed from 2v3. 2wy 15
populated by V-V encrgy transfer from vy [11]. The
matsix temperature 1s momtored by a thermocouple
gauge and no bulk heating 1s observed in these expen-
ments. The expenments were performed m dilute ma-
trices, MR = 12000, where A 1s the total amount of

mert gas
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Lig 1 Relanationrate of 2py ot CH3Tat 20 K ina 12000 1,
e+ Ae/CH U matny as 2 function of mole™ Ne The vertr-
cat ine shown at the 80°c Ne composttion spans the range of
ratus mivasured Jas 2 funcuon of wradiation tme

The 2r; relaxation has previously been reported
for pure Kr and Xe matnices as a funcuon of M/R ratio
and temperature where it was shown that 2wy relaves
Jt nearly twice the »3 relaxation rate due 1o the V-V
mechamsm whuch leads 1o 1ts population [11] In fig
! the dependence of the 2v; relaxation on the com-
position ol mived mert-gas matrices 1s depicted A hin-
¢ar dependence on composition would be expected
based upon sunple pairwise additive interaction con-
siderations If asymmetry of the cage dominated the
relasation process then the dependence of relanation
rate on composition would be expected to show a
curve above the hine joining the two end points Thus,
the observed dependence has to be explained as a sum
of eftects whuich include the change in cage si¢e and
varation of the overall molecule—cage interaction po-
tenual. It 1s conceivable that CH3 F could selectrvely
crystallize 1in Xe enrniched arcas or cages but this ap-
pears to be an unhkely explanauon for the observed
effect

For the 10000 . 2000 composition, the measured
rate of relaxauon vaned as a tuncuon of length of
ume of laser irradiation. This dependence 1s depicted
in fig 2. The expenimental pomnts of fig 2 were ob-
tamed by irradiating the matn for =2 h, which was
more than sufficient to guarantee constancy of ob-
served rates on further irradianion, then blocking the
laser for the length of time shown on the abscissa and
measunng the relaxation rates The measurement time
was himited to <15 s. The observed vanation of rate 15
completely reversible and reproducible in the same
sample at different times and 1n different samples of
the same composition Finally. within the expennmental
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Mg 2 The 2o relanauon rate »» plotied at different tempera-
tures as a function of dark time — the length of ime the kaser
wus blocked prior to the measurement. The ordinate 1s the log
ol the rate at time 7 munus the rate at infinite tume (sufficiently
long that the rate no longer changes) The ordinate 1s m arta-
trary loganthmic units with the zero time ongin of each tem-
perature relaxation cunve arbtrandy displaced from the cunves
of other temperatures As indicated m the text, the sample
was irradiated prior to the dark peniod for a sufficient time

for the relanation rate to reach 1ts o value

accuracy of the iecasurements, =555, tlus effect was
not observed n uny of the other composiions.

The slow process leading to a change 1n observed
rates on or following laser excitation cannot be attri-
buted to erther bulk heaung or bulk diffusion Bulk
heaung 1s elimunated based on the fact that no temper-
ature rise 1s observed. Furthermore 1if bulk heating oc-
curred, 1t would be expected to cccur 1n all compost-
tions Bulk diffusion can be elinunated based on the
fact that the process 1s reversible and can be repeated
m a given sample with excellent reproducibility of
measurement. The observations can be explamned by a
molecule—cage reonientation process. Thus model
would imply that the observed slow change in the re-
laxation rate 1s associated with a reonientation of the
molecule in 1ts ground vibrational level or a reonenta-
tion of the matnx cage. It 1s conceivable that, as part
of this process, rearrangement of the cage occurs by
diffusion of atoms from neighboring lattice sites Ina
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separate publication we werce able to succesfully mrer-
pret the expenimental spectra of v3 of CH3 F in pure
mert-gas matrices by an electrostatic model of a hin-
dered symmetric top tumbler i an octahedral field
[12] The estumated barner to tumbhng, 17, in Kr ma-
trices was of the order of 80 em—1 ora well 1o il
height of 317 of the order of 130 un—1 Insucha
model, the molecule has access to the many wells of
the potential by direct or phonon-assisted tunneling
processes. In addiuon to the well to ull height, £
tunncling rates are very sensitive to the symmetry of
the potenual [13]. Thus 11 may be possible 1o nterpret
the observed nunute timescale process J4s tunneling in
a strongly asymmetric multunwelled potential [13].
Whether the observed timescale of nunutes can be jus-
tified on the basis of such a tunneling model, or 1s
more charactenstic of local diffusion and cage rear-
rangement processes, will be the subject of further m-
vestigaton

The different relative onentations of the ground-
state molecule are associated with different relaxation
rates ol the excited-state molecule A detailed hinetic
mode] wluch will hoperully provide the actual relax-
aton rates of the excited states corresponding to dii-
ferent onentations of the ground-state molecule and
which will lead 1o a deternunation of excited-state re-
orentatton rates 1s under development and will be re-
ported on n the future. Quahtative predictions of a
simple kinetic model indicate that our observations
are compatible with the aforementioned slow reorienta-
tion of a ground-state CH3 F molecule relauve to uts
cage and a more rapid reonentation of excited-state
CH;3 F which occurs on the relanation tmescale This
latter implication would provide direct experimental
venfication of the role of rotations in the relaxanon
of CH3F. The fact that the slow reorientation 1s not
observed 1n compostiions studied other than 10000
2000 may well be due to the necessity of very specif-
ic molecule—cage interactions andfor conformations
for reonentauon to occur on the observation time-
scale. The above observations and conclusions are also
compatible with a spectroscopic study of matrix-1so-
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lated CH3 F where the spectrum can be well reproduced
by the imposition ot a high barrier 1o tumbhing for
CH;3F 1n the ground vibrational state {12]
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