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ABSTRACT

AT AN

The deactivation mechanism of the CH stretching funda-
mentals and bending overtones in matrix isolated CH3F has been
determined for dilute samples as a function of host and tem-

- perature using infrared laser excited vibrational fluorescence.
The decay mechanism is the same for all hosts; depopulation
of 'any of the levels near 3000 cm—1l occurs via rapid (<5 ns)
V » V transfer to the CF stretching overtone level 2v3.
Subsequent stepwise relaxaﬁion occurs from 2v3 to v3 and from
v3 to ground. Decay‘rates of 2v3 and v3 have been determined
through témpofal resolution of 1050 and 2100 cm—1 fludrescence,
'respectively.‘ These rates show a dramatic dependence on host
lattice, an increase of two orders of magnitude in going from

Xe to Ar matrices. Lifetimes depend only weakly on temperature.
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I. INTRODUCTION

Recent studies are leading to a qualitative under- =
standing of the factors governing the mechanism of vibra-
tional relaxation of diatomics isolated in monatomic hosts.
Isolated diatomic molecules may dissipate vibrational
energy either directly to the host lattice, by simulta-
neous emission of many bulk phonons, or indirectly, via
a local mode with subsequent relaxation to iaﬁtice modes.
The dominant channel of non-radiative relaxation appears to
be the one of lowest order, i.e. that requiring the smallest
- quantum number change. Hence, low moment of inertia hy-
drides, e.qg. HCll,.NHz, appear to relax via loéalized
rotational modes, whereas heaVy diatomics’023, C2'4,
probably relax via local phonon modes.

Relativelyblittle is known about the mechanisms of
vibrational relaxation of matrix isolated polyatomics,
where the additional channels of intramolecular V-V transfer
are present. Most studies to date have been conducted
on electronically excited species by observation of vibra- .
tionally unrelaxed emission. ' Inefficient mode~to-mode vi-
brational energy transfer is observed in the C1CF radical/Ar
system5, in which the gend and high frequéncy.stretch
decay independently by multiphonon processes. On the other
hand, extremely efficient intramolecular V-V processes

dominate the vibrational relaxation within the electronic-—



ally excited states of matrix isolated CNN® and NCO7,

such that deactivation of the high frequency stretch pro-
ceeds via energy transfer to the bendiné mode. The drastic-
ally different behavior can be explained by allowing effi-
cient energy transfer between levels known tb be in Fermi
resonance, as are the bending overtones and stretching
fundamentals of CNN and NCO. |

Even lesé is known about intramolecular V-V energy
transfer in the ground electronic state. The only reported
study is that of Abouaf-Marguin et al.8 where efficient
intramolecular V-V transfer (<1.6 ups) from the v3 (CF
stré£ch$.to the vg (deformation) was obse£ved~in l?CD3F>
and 13CD3F. This is attributed to the weak Coriolis cou-
pling between the two states and the modest exothermicity of
the process. The cofresponding process in CH3F is endothermic
and therefore not observed.

Existing data are still too sparse to generalize.
Outstanding questions in polyatomic relaxation are 1) the
relative importance of inter vs. intramolecular forces
during various stages in the relaxation process, 2) the role
of symmetry in intramolecular vibrational relaxation, 3) the
comparison to rélaxation rates in other media, i.e. 1liquid
and gas ?hase.

CH3F is a particularly useful molecule to study with
regard to these questions. The first quéstion'is addressed

by systematic study of V-V and V-R,P rates as a function of



host lattice. 1Initial population of symmetric(Aj) and anti-
symmetric(E) CH stretches and deformation overtones (2vp,2vs)
which can be acéomplished with a tunable infrared source in
the 3.5 y region probes the second question. Many lower lying
levels are infrared active, thus a mapping of the deactivation
path is possible by the observation of vibrational fluores-
cence. Finally, the deactivation of the lowest lying funda-
mental, vy, has been studied in ligquid solution9 as well

as in the matrix. Extensive gas phase results are a&ailable

for both Vv » T, R and V » V processes in CH3F.lO

=



II. EXPERIMENTAL
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A. Matrix preparation

Matrices were‘prepared by deposition of high pressure
pulses (50-150 torr, 12 cm3, 4 per min) of a premixed gas-
eous sample onto a CsI target mounted in an Air Products
Inc. Model CSA 202 closed cycle helium refrigérator. The
spray-on orifice consisted of 1/4 in. OD stainless steel
tubing terminated 3/4 in. from the target. The deposition

temperatures for Ar, Kr, and Xe hosts were 9, 20 and 25 K,

_ respectively. The temperature of the target could be raised

from a minimum temperature of ca. 9 K to 300 K by increasing
the effective heat load through resistive heating of a
nichrome wire wrapped around the copper block in which the
target holder was screwed. The temperature was monitored

by a KP vs. Au'0;07 at% Fe thermocouple sandwiched between
the CsI target and its holder. Temperature stability ranged
from +0.3 K at the lowest temperature to 0.1 K at 40 K.

The gases used were CH3F (Matheson, >99.0%), Ar
(Matheson Ultra-high Purity >99.995%), Kr (Airco, >99.,995%),
and Xe (Airco, >99.995%). Kr and Xe were subjected to two
freeze-pump—-thaw cycles before use. CH3F was purified by
fractional distillation ftom‘l38 K to 77 K. Pressures
were measured using a mercury triple McLeod gauge and mercury
manometer to better than 2%. Matrix concentrations were

assumed to be identical to those of the gaseous mixture.



Absorption spectra of each matrix were taken with a Nicolet
7199 FTIR in order to determine quantitatively the optical

densities for absorbing and emitting transitions.

B. Fluorescence Experiments
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The excitation source used in these experiments was a
Nd:YAG pumped optical parametric oscillator. The typical
pump pulse, produced by a Raytheon SS404 Nd:YAG oscillator
amplifier sYstem was 120-150 mJ at 9398 cm‘l, 15 ns (FWHM),
0.1 cm~1 bandwidth, 1 mrad divergence. Typical output
characteristics of the LiNbO3 parametric oscillator near
3000 cm-! were 1.5 mJ idler energy, 2.0 cm~l FWHM idler
linewidth (w/o etalon), 0.2 cm~l FWHM (w/etalon), 8 ns
(FWHM), 10 mrad divergence.

| A photoconductive Cu:Ge detector was used to monitor
infrared fluorescence in these experiments. Changing the
exte;nal load resistbr during the course of the ekperiment
allowed the two complementary configurations: fast response,
low sensitivity and slow response, high sensitivity, to be
attained without tiﬁe consuming realignment. The high
frequency time constant of each configuration was measured
as the response to 2900 cm~1 0oPO radiation (FWHM = 8 ns). The
values obtained were 15 ns and 150 ns for the fast and slow
configurations, respectively. The low frequency cut off,
measured by chopping a heat lamp and observing the deviation

from a square wave, was 2 ms. Cooled interference filters

(77 RK) were located inside the detector dewar in order to

o



elimiﬁate thé maximum aﬁéunt of 300 K background radiation.
Broadband fluorescence near 1050 cm~l was isolated with a set
of two filters having a combined average transmission of 70%,
center frequency at 980 cm~l, 10% points at 1132 cm-1l and
850 cm‘l.‘ Overtone fluorescence near 2100 cm~1l was isolated
using a set of three filtefs with a combined average trans-
mission of 59%, center frequency'at 2120 cm~1l, 10% points
of 2030 cm-l and 2220 cm-l (48% transmitting at 2064 cm~1
CH3F/Ar (2v3 » 0)). Observation of 1500 cm~1 fluorescence
through a combination of filters and LiF flats yielded ~ 20%
transmission at the (2vy,5 » vp,5) and (vp,5 > 0) transition
frequencies.

A schematic. of the experimental set up.is shown in
Fig. 1. The infrared beam was collihated with a single
2 m quartz lens to a spot size of ~ 1 cm at the sample.
A 5 cm £/1 NaCl lens focussed the fluorescence onto the
3x10 mm detector element; Both front (Fig. 1) and rear
surface excitation geometries were used in experiments.
During rear surface excitation, the infrared beam is di-
rected straight through thé sample at the detector. The
fluorescence signal was averaged at 10 Hz on a Tektronix
7912AD transient digitizer interfaced to a LSI-11/03 micro-
computer, The resultant signals weré anaiyzed by computer
as either single or double exponenéialvdecays. Uncertain-
ties in single ekponential fits were = 5% leading to an
overali scatter in data of +10%. Distortion of the signal

due to the finite bandwidth of the amplifiers is at most 5%..



III. RESULTS AND ANALYSIS
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A.  Spectroscopy

The spectroscopy of CH3F in Ar matricesll and of the
V3 region of CH3F in Rri? has been'previOUSly‘reported.
Dimeric bands were identified by diffusioﬁ énd concentration
experiments, in agreement with previous studies.10 The
centers of all observable monomeric bands as a function of
host are shown in Table I.l13: 14 A representative spectrdm
is shown in Fig. 2. The linewidths of the various bands are
dependent on the symmetry of the normal mode, és can be
seen in the figure and Table II,15 = 17 where integrated ab-
sorbances and linewidths are listed for each of the bands.
The problems in assigning absolute absorption intensities to
matrix isolatea species are twofold. First, the magnitude
of the transition dipole moment of aggregates relative to
monomer is generally unknown, thus absolute concentration
measurements are not accurate for matrices in which polymer
formation is substantial. Next, more dilute matrices suffer
vfrom problems in ﬁeasuring thickness using'the interference
method, as surfaces parallel to an infrared wavelength are
difficult to obtain for thick samples. Moreover, the den-
sity of the matrix is dependent upon the deposition tempera-
ture,18 leading to a possible systematic error in concen-
tration measurements. The absolute intensity values shown

in Table II are subject to these errors. Since the monomer

and dimer contributions to overall band intensity overlap



in some cases and not in others, matrices of high M/A are
required to obtain accurate relative intensitiés. The
relative intensities for a dilute matrix, M/A=4940, nor-
malized to the Bgpg(v3z) of Barrow and McKean, are
therefore also shown.  The relative intensities of the
"monomer" absorption bands are subject only to errors in
baseline determination and the presence of <2% dimer. The
data appear nominally consistent with that of the gas phase,
but a more reliable set of gas phase cross sections is
needed in order to determine whether or not transition
dipole moments change between gas and matrix.

The contours of the parallel.énd perpendicular bands

are roughly those expected for a cooled gas phase molecule. -

The parallel bands (AJ%O, AK=%1) exhibit a strong

Q-branch with weak shoulders to the red and blue. A\rota—
tional envelope for a perpendicular transition of CH3F

(AK= *1,AJ3=0, *1) in the gas phase at 9 K is ~ 5 cm—l

FWHM, very similar to the observed 5.2 cem™1 of the vy (E)
vibration in Ar. Therefore it is suggested that the broad
linewidth of the bands of E symmetry is due to unresolved
rotational structure. The m-sub level degeneracy is lifted
by the crystalline field of the lattice and the vibrational
degeneracy by Coriolis coupling. These two factors, combined
with line broadening by host—-guest interaction serve to obscure
the rotational line structure predicted for a cooled gas

phase molecule. Similar observations have been made in and

interpretation applied to the ammonia-chlorine complex.l?
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B. Intramolecular V-V transfer
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In Fig. 3, the energy level diagram of CH3F is shown.

The four accessible bands in the 3000 cm"l

region: vg, Vi,
2vé, 2vg are of varying symmetry, (Table I). However,
excitation of any of these levels leads to identical relaxa-
 tion behavior. Each of the four levels was éxcited in each
matrix. Fluorescence is observed only from the vz (C-F
stretch) manifold, both as fundamental and first overtone
emission. Using the 150 ns configuration, no emission was
observed from the vy, vg or vg manifolds aftér averaging 640
shots. The same number of shots produced S/N of 30 for 2v3
emission for which the Einstein A coefficient is 0.25 times
that of the vy,5 » 0 transition and 3.4 times that of vg.
This null result implies that either relaxation does not
occur through these modesvor that the product of relaxation
time and fraction of energy relaxing through vy,5 is less
than 2.5 ns, and through vg less than 17 ns.

The rate of energy transfer to the vy manifold is
monitored by the risetime of the 1050 cm~l fluorescence. This
is in all cases, Ar, Kr, and Xe hosts at 9 K, similar to
the time constant of the detection apparatus, 15 ns, as is

shown in Fig. 4. Thus for all matrices ty-y < 5 ns.

C. Deactivation of the vj manifold

The decay of emission from the v3 manifold was



monitored with the slow, high sensitivity detector confi-
guration. .Overtoﬁe-fluoreseence (2v3 + 0, 2100 cm'l) in all
samples decayed as a single exponential, as shown in Fig. 5a.
However, fundamental (1050 . cm~l) fluorescence decayed as a
double exponential, as seen in Fig. 5b. In the analysis,
it is assumed that the two components of the decay are due
to the>transitions 2v3y + v3 and vy + 0. Thus,

the rate of the fast component of the signal is fixed by
the 2v3 lifetime measured from the overtone fluorescence
signal.

Excitation on the front surface of the matrix yielded
rates identical to those obtained for exeitation on the® .
rear surface. The ratio of the amplitude of the fast to
that of the slow component of the broadband decay, Af/Ag,
decreased upon switehing from back to front surface.excita-

tion. This would be expected since optical attenuation

'0of v3 » 0 emission during passage through the matrix

would occur to a greater extent in the rear surface excita-
tion geometry, where the matrix itself serves as a filter

absorbing 1 » 0 emission.

D. Host dependence of the deactivation rates

In Fig. 6 the dependence of the v3 and 2vj3
lifetimes on host lattice is shown. The rates, plotted

as a function of the gas-matrix vibrational frequency shift,



increase almost two orders of magnitude when going from Xe
to Ar. This shows that the forces causing relaxation are
correlated to those near the equilibrium position of the CH3F

in the host lattice.

E. Temperature dependence of relaxation rates

In Fig. 7 the temperature dependence of the 2v3 de-
activation rate is shown for the various matrices. The
absence of a dramatic dependence on temperature suggests
that the relaxation does not proceed via a multiphonon
mechanism.20 In Fig. 8 the temperature dependence of
the v3 relaxation rate is shown. The trends observéd for

2v3 are also observed for vs3.

F. Concentration dependence of relaxation rates

In Fig. 9 the concentration dependence of the lifetimes
of 2v3 and v3 is shown for CH3F in Ar. The vy lifetime
is seen to increase by a factor of 2 when M/A increases
from 1000 to 9750, whereas the 2v3 lifetime remains con-

stant within experimental error.
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IV. DISCUSSION

The important features of CH3F isolated molecule vibra-
tional relaxation are as follows: 1) Relaxation from any
of the levels, vy, vi, 2vy or 2vg, procéeds through
rapid energy transfer to the v3 manifold. 2) There is a
small increase of the v3 relaxation rate as a function of
temperature. 3) There ié a dramatic effect of host lattice
on the relaxation rates of v3 and 2v3. 4) CD3F relaxes

an order of magnitude more slowly than CH3F.

The observed fluqresdence.decéys show that 2v3
decays by
k21 -1
CH3F(2\)3) +> CH3F(\)3) + AE - 16 cm . (la)
and/or

CH3F(2v3).+ CH3F(0) » 2 CH3F(v3) - 16 cm~1 (1b)

The relaxation is completed by

k1o
CH3F(v3) » CH3F(0) + AE » (2)
where AE = v3/c = 1040 cm™t in Ar.
A. Mechanism of isolated molecule relaxation
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After initial population of one of the 3000 cm~1l levels,

energy may be transferred to‘any of a number of lower lying .

levels, as seen in Fig. 3. Endothermic processes are ex-
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tremely improbable relative to exothermic ones; rates of
one phonon endothermic processes being proportional to

Alw) = [exp(—hw/kT)/(l—exp(-hw/kT5)] compared to

l+n(w) for exothermic one phonon processes. A transi-

“tion to 3v3 is in all cases endothermic; the endothermicity
ranges from ~ 50 cm"l for v, excitation to ~ 200 cm™t
for 2vy excitation. ' Thus the observed transfer into
the v3 manifold must occur via the 2v3 level. The

fluorescence signal at 2100 cm~l is due solely to the decay of

the 2v3 level and is described-by
Sy = gApgNg exp(-kpit). - (3)

The broadband fluorescence observed at 1050 cm~l is the sum of
(2v3 > v3) and (v3 » 0) emission. The broadband sig-

nal is then

Spb = 9No { [A21 - 8&A1gka1/(kz1-k1g)lexp(-k21t)

+ [sgA10k21/(k21-k10) Jexp(-kiot) } (4)

where g geometrical factor,

§ = optical density factor (varying from 0 to 1 as
the sample goes from opaque to transparent)

£ = V-V equilibration parameter (varying from 1 to 2
as the percentage of molecules decaying by
Process (la) goes from 100% to 0%)

A20,A10,A21 = Einstein A coefficients for 2 » 0,
: 1 » 0 and 2 » 1 transitions,
respectively.
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Assuming Aél = 2719 we can derive an expression for the pro-
duct 8§ which can be evaluated from measured rate and ampli-

tude ratios

¢ = 12/(As/Bg-1)1%(1-k10/k21) - (5)

For the rear surface excitation geometry § can be evaluated

- for the particular mode excited using a simple one dimen-

sional model in which non-uniform excitation and emission

according to Beer's Law is taken into account

9‘ .
[0 Ng exp(-vex(l-%x)) X exp(-yemx) dx

2
[0 No exp(-vexx) dx

where vyeyx, Yem are defined by Beer's Law, I/Ig = exp(-v2i).
Observed values for a broadband signal resulting from rear
surface excitation of the vy mode of CH3F in Ar are
kq9=3.2x10% s71, k,;=1.30x10% s71 and ag/Ag =

6.5 £+ 1.5. These numbers yield a value for §£=0.27 % Ofl.
From the absorption spectrum, the value of § is determined
from the emitting v3 band of this particular matrix to be
0.26. ‘This implies that £=1.0 * 0.4 and that (la) is domi-
nant,'i.e.' that endothermic intermolecular V-V processes
are not very probable. The lack of a dramatic concentration
dependence of t(2v3) further supports a relaxation

mechanism in which intermolecular V-V processes are unimpor-



tant in the deactivation of 2v3. 1In addifion, if (1b).
were dominant one would expect a similar temperature depen-
dence for kpj in all hosts since the endothermicity of

the V-V process is essentially equal for Ar, Kr and Xe

(AE ~ 16 cm~1l), However, this is not observed, the varia-
fion of rate with temperature being muéh greater in Xe than
in Ar. Furthermore, the predicted temperature dependence
of an endothermic 16 cm—1 process, T « nN(w), is much
greater than that observed for any host. The values reported
in Table III are isolated molecule relaxation rates for vj3
and 2v3.

The vq lifetimes are in good agreement with those of :.
Abouaf-Marguin and Gauthier—Roy8vand‘with the less airéct
measurements of Apkarian and Weitz.2l In the latter study
strong pumping of v3 v=0 » 1 led to population of higher
levels within the v3 manifold via exothermic intermole-
cular V-V processes. Overtone emission near 5 p was ob-
served frém molecules situated such that V-V transfer is
faster than kjg. 1In such a V » V coupled system CH3F(2v3)i
should, and did, relax at a rate equal to 2kjg since its
concentration is proportibnal to the square of the CH3F( v3)

concentration.21

Since 2v,5 is populated before vy in the
present study, the reported relaxation rates probe a different
population distribution within the v3 manifold and a differ-
ent set of molecules, i.e. ones for which CH3F(2v3). is iso-

lated with respect to resonant V » V transfer to CH3F(v3).22



B. Temperature dependence

A mechanism in which rotation is the dominant accepting
mode, with the excess energy being absorbed by bulk modes,
has been proposed to explain the deactivation of the vj3
level.$8 In'this model, the'vibrational energy is con-
verted to the maximum amount of rotational energy consistent
with exothermicity requirements. To minimize the quantum
number change for CH3F, rotation about the symmetry axis
is assumed. For CH3F this corresponds to a final rotational
quantum number of J=14. Perturbations of this level by
the matrix are expected to be small as an analysis of the v3
parallel band has shown that the barrier to rotation about
the symmetry axis is quite small in all hosts.8, 22 The
temperature dependence of the relaxation rate can then be
primarily attributed to the emission rate of one or two
phonons at the mismatch frequency. The calculated tempera-
ture dependence of a process which requires the emission of

one bulk phonon of frequency w isl
k « [n(w ) + 17. (7)

The calculated dependencé of rate on temperature, normalized

to 9 K, is shown in Figs. 7 and 8 for various phonon frequencies.

The temperature variation of rates can be fit quite well
with processes requiring the emission of one bulk phonon.

The phonon frequency required to fit the temperature dépen—

dence systematically decreases in the series Ar, Kr, Xe as
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does the magnitude of the 2v3 » v3 transition frequency
The trend is also present in the v3 relaxation rates. It
is not possible to correlate the absoluté magnitude of the
phonon frequency Which best fits the observed temperature
dependence with the energy mismatch between the final and
ihitial states as the spectroscopy of high J states in

matrices is unknown.

c. Host effect
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The relaxation rates of both v3 and 2v3 show a
dramatic dependence on host lattice, the rates in Ar being a.
factor of 30 greater than those in Xe. The trend of increas-

ing rate with decreasing host size is consistent with a
model in which short range repulsive forces are responsible
for inducing relaxation, similar to the gas phase descrip-
tion, where a binary collision model is used to explain the
relaxation;-

For an extrapolation between phases to be meaningful,
the relaxation probability per collision should be constant
for identical collision partners. The relaxation probability
of CH3F(v3) in liquid aAr at 77 k2 and in gas phase at 300
K10 can be compared using a cell model

for the collision frequency in the liquid phase,

Z = (8kT/mm)1/2 x [ 21/6/,51/3 - 41/2

where m = CH3F mass, p = liquid number density, o = collision
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cross section. Z at 77 K is 3 x 1012 =1, The values ob-
1i
tained for the relaxation probability are P 4 (77K)
gas ) CH3F—Ar

(300K) = 5.1 x 10=%. The larger
CH3F-Ar .

probability is certainly to be expected for the higher

= 2,6 x 107 and p

temperature. Wheﬁ kT ié less than the two-body well depth,
attractive forces influence the relaxation. For CH3F/Ar,
the well depth estimated from transport data is ~ 200 K.
Thus the gas phase 77 K probability cannot be predicted well
enough from theory to allow the effect of phase change to be
estimated. A comparison between the liquid and solid data
is more meaningful.

, | In the solid phase, the additional problem of defining
a "collision" is present. The colliéion frequency can be
estimated from the zero point motion of the guest.. The fre-
quency of this mode is estimated to be 80 cm~l by fitting

~a harmonic oscillator potential to the two-body Lennard
Jones potential near the minimum. A collision frequency

of 4.8 x 1012 s-1 is obtained after multiplying by a factor
of four to account for 2 turning points and 2 translational
modes effective in reléxation.‘ The relaxation probability
is then calculated to be 6 x 10-8 at 9 K and at 20 K for
CH3F-Ar, about four times smaller than the 77 K liquid phase'
value obtained for the calculated collision frequency of
3 x 1012 s=1, The rates in the matrix show no great depend-

on temperature, Fig. 8. 1Indeed, the temperature dependence

due to the emission of a .30 cm~l phonon results in an in-
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crease in relaxation probability of a factor of two between

9 and.77 K when a constant collision frequency is assumed.
Thus the change in phase from solid matrix to liquid changes
the relaxation probability by less than a factor of four.

It may be more sensible to compare raﬁes rather than relax-
ation probabilities derived from these crude estimates of
collision frequencies. The relaxation rates in a matrix

(3.2 x 105 s~1 at 9 R and 3.4 x 105 s~1 at 20 K) and in a
liquid (7.8 x 1Q5 s~l at 77 KR) are more nearly identical

thaﬁ the estimated relaxation probabilities. Therefofe,

the effect of solid-liquid phase change on vibrational relax-
ation rates is less than a factor of . two. The physicql models
for vibrational relaxation in liquid.and matrix should be

nearly identical.



V. SUMMARY AND CONCLUSIONS
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In this work, the mechanism of relaxation from the
CH stretching fundamentals and bend overtones in matrix
isolated CH3F has been determined as a funetibn of host
and temperature, Despite differences in symmetry and
intramolecular coupling, all levels near 3000 cm~1l relax in
less than 5 ns for all hosts and temperatures studied by
rapid intramolecular V » V transfer to the 2v3, CF stretch
overtone. The rates of subsequent steps of deactivation of
the vy manifold, CH3F(2v3) » CH3F(v3) and CH3F(\)3)V+ CH3F(0),
exhibit a dramatic variation with host and a weak dependence ,
on tempéréture. In ell'cases, the deacti&aﬁion fates measured.
are non—fadiative, the radiative lifetime of v3, 67 ms,
being roughly 500 times longer than the longest lifetime
measured.

The trend of decreasing relaxation rates with increasing
in host mass may be qualitatively explained by a model in
which hard collisions with the repulsive wall of a lattice
atom are responsible for the relaxation. This gas-1like

collision model may also be useful in the liquid phase.
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Table I. Absorption band centers of CH3F in various matrices2rP
at 9 K.
Assignment gasC Ar Kr ' Xe
v3y(A1) . 1048.2 1040.0 1035.4 1030.1
vg (E) 1195.5 1183 1180 1177
vo (A1) 1475.3
1463 1459 1455
v5(E) 1471.1
2v5(a7) 20819 2064.5 2055.5 2044.0
2v5,vo+vs (E) 2914 * 1 2909 + 1 2900 * 1
2vg (A1) | ‘
. -2861.6 2863.7 2855.9 2846.5
2vo (A7) ) _
2964.5 2968.8 ' 2959.8 2948.7
v1(A1) ' :
v4(E) 2982.2 3017.8 3009.0 2996.5

(A1), (E) denote gas phase symmetries

Frequencies of transitions of A] symmetry are accurate to
+ 0.1 cm~1l of E symmetry to ¢ 0.5 cm~

Ref. 13

Ref. 14
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Table III. Isolated molecule decay rates of 2v3 and
v3 in various hosts at 9 K.
Ar Kr Xe
3((2\)3)ms"l
This work 1200 + 120 330 + 30 33 &
k(\)3)ms_l
This work 320 £ 40 88 * 10 13 ¢
Ref. 8 330 £ 30 87 = 8 17 ¢
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FIGURE CAPTIONS

Figure 1. General experiméntal schematic shown for
front surface excitation. An interference filter (at 77
K) is located inside the detector dewar to spectrally

resolve the fluorescence.

Figure 2. Absorption spectrum of CH3F/Ar = 1/1000,
9.9 mmol, 9 K deposition; CH3F/Ar = 1/9750 (bottom-right

only). D = dimer. P = polymer.

Figure 3. Energy level diagram for matrix isolated
CH3F. Dashed levels are not observed spectroscopically.
Solid arrows indicate laser excitation. Wiggly arrows

denote levels detected in emission.

Figure 4. Risetime of 1050 em~1l fluorescence for
excitation of vyg CH3F/Ar = 1/9750, 9 K; CH3F/Kr =

1/9810, 9 K; CH3F/Xe = 1/10800, 9 K.

Figure 5. Rear surface excitation at 2959.8 cm~—1,
CH3F/Kr = 1/9810, 9 K.. Curves for 2vjy 5, v]
excitation ‘are all identical. |

(a) 2v3 » 0 fluorescence

(b) Broadband 1050 cm~1 fluorescence
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Figure 6. Variation of 2v3 and vy relaxation
rates with gas to matrix shift. Abscissa is calculated

from values given in Table I.

Figure 7. Temperature dependence of 2v3 relax-
ation rates. CH3F/Ar = 1/9800, Tdep = 9 K, 37 mmoles;
CH3F/Kr = 1/9800, Tdep = 20 R, 54 mmoies; CH3F/Xe = 1/11,000,
Tdep = 25 K, 37 mmoles. Solid lines are.calculated temperature
dependences for processes involving the emission of one phonon

of frequency v. Values of v are shown on graph.

Figure 8. . Temperature dependences of v3 relaxation rates
for the same samples as in Fig. 8. Sélid lines aré calcula-
ted temperature dependences for processes involving the
emission of one phonon of frequency v. Values of v are shown

on dgraph.

Figure 9. Concentration dependence of t(v3) = 131
and 1t(2v3) = 15 for CH3F in Ar at 9 K. Points are
are the average of between 4 and 23 decay curves with error

bars given as 95% confidence limits.
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