Fizika Nizkikh Temperatur, 2000, v. 26, Nos. 9/10, p. 972-980

Experimental analysis of 13CO, infrared stimulated
emissions in solid argon

H. Chabbi, P. R. Dahoo1, H. Dubost2, B. Gauthier-Roy, A.-M. Vasserot,
and L. Abouaf-Marguin

Laboratoire de Physique Moleculaire et Applications du CNRS, associe a I’ Universite Pierre et Marie Curie,
Tour 13, boite 76, 4 place Jussieu, 75252 Paris Cedex 05, France
E-mail: la@ccr.jussieu.fr

Received March 10, 2000

Vibrational stimulated emissions of CO, trapped in low temperature argon matrices have been found

experimentally not only in the 16 um region (v, manifold) but also at 10 um (v, - v, transition) in the

double trapping site of concentrated samples. A detailed experimental description of these emissions is

reported, including spectral analysis, time-resolved studies, laser energy dependence, and concentration

and temperature effects. The characteristics of the emissions are discussed, giving some insight into the

nonradiative intramolecular V-V transfers from the laser excited level vy =1 towards the v, manifold,

and inside this manifold.

PACS: 78.45.+h, 78.30.—j, 34.30.+h

Introduction

Recently [1-3] we have shown that low-tem-
perature matrices offer favorable conditions for the
observation of vibrational stimulated emission. Ex-
citation by an infrared laser pulse leads to large
population inversions among the vibrational levels
of the guest molecules so that the matrix becomes
an amplifying medium at the corresponding fre-
quencies. Spontaneously emitted photons are then
amplified on their passage through the sample, a
phenomenon usually called amplified spontaneous
emission [4,5] (ASE). When it originates from a
vibrational transition, the process is also referred to
as IRSE (infrared stimulated emission) or VSE
(vibrational stimulated emission). This phenome-
non only happens if the population of excited mole-
cules exceeds a threshold, which discriminates be-
tween stimulated and spontaneous processes. When
compared to spontaneous emission, a VSE signal
appears amplified and shortened by a factor which
can reach several orders of magnitude, depending on
numerous factors such as the linewidth and line

strength of the transition, density of excited mole-
cules, thickness of the sample, and temperature.
The amplified pulse should be followed by the
spontaneous fluorescence of the molecules, whose
population inversion has decreased to under thres-
hold. This has been observed, for example, in the
case of CO trapped in a mercury doped nitrogen
matrix [6]. The stimulated peak is about 150 times
larger than the maximum of the remaining long
fluorescence, and it is only observed in a narrow
temperature interval (17-22 K). In most experi-
ments [1=3], on the contrary, we detect a giant
pulse without any longer spontaneous signal, this
fluorescence being obviously too weak for the sensi-
tivity of our detection. Among the three triatomic
molecules recently studied, 0[31] , COEZ] , and
N2O[3], CO, provides the reachest system due to
the rather long time scale of the 16 pum emissions.
Moreover, these emissions arise from different vi-
brational levels in the v, manifold.

The aim of the present paper is to complete the
preliminary results [2] by a thorough experimental
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study involving spectroscopic details, time analysis,
and concentration and temperature effects. Besides,
a new result has been obtained: we have found
stimulated emission also in the 10 pum region.

Experimental setup

Details about the apparatus and experimental
procedures can be found in Refs. 1 and 7. We
briefly recall here the main features. Solid argon
samples are obtained by deposition of a gaseous
mixture onto a gold plated copper mirror held at 18
K in a liquid helium cryostat. The sample thickness
is known from the amount of gaseous mixture used
during the deposition. A calibration of the thickness
vs. the deposited He—He laser recorded during
growth of the sample. The sample is then cooled to
5 K. Carbon and platinum resistors measure the
temperature, which can be varied between 5 and 30 K.
The concentration of the CO, /Ar mixture is chosen
in the range 1,7200—1,710000. The infrared excita-
tion pulse is obtained by frequency difference be-
tween a dye laser (pumped by a frequency doubled
YAG laser) and the YAG residual. The system,
purchased from Quantel (France), generates pulses
of 200 pJ maximum energy, 5 ns time width, and
0.8 cm ! spectral width. The repetition rate is 20 Hz.
The laser, focused on an area of 21072 cm?, im-
pinges normally on the sample mirror. The detec-
tion angle, usually 45°, can be varied by % 8°.
Signals are detected using an MCT detector (Belov
Technology) and accumulated in a digital oscillo-
scope (Tektronix TDS 540). A high-pass filter
(A, =8 pm) is used to get rid of the scattered laser
light. Absorption spectra of the sample are recorded
using a Bruker IFS 113V FTIR spectrometer with a
maximum resolution of 0.03 cm™'. Emissions are
spectrally analyzed by means of filters, or through
a Perkin-Elmer monochromator equipped with a
16 um blazed grating (60 lines,/mm). The effective
resolution is a few cm !,

Experimental results

1. Spectral analysis

1a) Absorption spectroscopy. It is now well
known from experimental work [8] and from calcu-
lations [9] that argon matrices offer two different
trapping sites to the CO, molecule. The more stable
one is unambiguously assigned to a single substitu-
tional site, where the molecular axis coincides with
the C, symmetry axis of the site. The other site is
«unstable», which means that the absorption by
molecules in this site decreases irreversibly upon
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Fig. 1. FTIR absorption spectrum of 13CO2 in solid argon at
16 pum (COz/Ar =1,/2300, T =5 K, thickness = 13 pm, resolu-
tion = 0.03 cm™).

annealing. Tt is described as a more or less distorted
double substitutional site, where the molecule is
placed asymmetrically, which results in the lifting
of the v, mode degeneracy. For a quantitative study
of stimulated effects, we need linewidth values for
CO, in our experimental conditions, namely after
deposition at 18 K, a temperature chosen a little
lower than usual in order to favor the double site,
so that the same detection conditions can be used
for the two sites. Then at 5 K we recorded, with our
best resolution, the absorption spectra of unan-
nealed samples similar to those studied in emission
experiments. The v, region is displayed in Fig. 1:
the low-frequency line (FWHM =920073 cm™)
belongs to the single site. The high-frequency doub-
let (FWHM = 3801073 and 3001073 ¢cm™!) is assigned
to the double site. Two very narrow extra lines,
which do not decrease upon annealing, cannot be
confused with the double site monomer absorption,
and we tentatively assign them to a dimer. These
assigments rest upon irreversible annealing effects:
heating the sample up to 32 K, during a few
minutes, results in an increase of the two small lines
at 644.6 and 644.8 cm ™! (dimer ?), whereas the
643.2 isolated line decreases by 5% (monomer, sta-
ble site) and the 644.5-645.0 c¢cm~! doublet de-
creases by 23% (monomer, unstable site). The
measured linewidths are consistent with those ob-
tained [10] with a resolution of 0.010 em ! for
2C0, in argon deposited at 20 K (FWHM =
= 750073, 2900073, and 250073 cm™, respectively,
at 5 K). In the v, region, which will be used for
excitation, we measure linewidths of 0.36 and
0.12 em™!, respectively, for the single and double
sites.
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Fig. 2. Spectral analysis of the excitation for laser energies 50
(*) and 77 wJ/pulse ( O) (CO,/Ar= 1,2000, T =5 K,
thickness = 90 pm). Transmission spectrum of the laser, at inci-
dence 45° (a); excitation spectrum of the 16 um emission, de-
tected at incidence 07 (b).

1b) Absorption of the exciting laser by the v,
mode. Specific experiments have been performed to
get the number of photons absorbed from the laser,
tuned through the v, region: the laser is presently
incident at i =45° and the transmitted energy is
collected after reflection on the sample mirror, so
that the absorption length is equal to the thickness
of the sample multiplied by 2 V2. As the v, transi-
tion of CO, is very intensive, saturation of the
absorption may occur, especially for dilute samples,
which can be checked by comparing the «laser
transmission spectrums» recorded point by point, for
different laser energies. We emphasize that by this
procedure the laser width and the molecular
linewidth are automatically taken into account.
Moreover, an additional detector is placed at i = 0°
in order to monitor the emission, thus providing the
corresponding excitation spectrum. This has been
done at the concentration of 1,/2000 for different
sample thicknesses. Figure 2 displays the results for
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a 90 pm thick sample and clearly shows saturation
effects, which means that, at least in the first
layers, at high energy, the percentage of excited
molecules approaches 50%. This had been predicted
in Ref. 2 and is now quantitatively established.
Doubling the thickness decreases the saturation
effect appearing on the spectrum, which only gives
a mean value of the excited population, as the
excitation is not homogeneous all over the sample.
The perfect correlation between the emission and
the absorption is clearly established for the two
sites.

Besides, this experiment allows an additional
observation concerning the absence of directionality
of the emission. As a matter of fact, the detector,
without a lens and remaining at a constant distance
from the sample, sees a constant signal (largest
deviation = 16%) when the direction of observation
is moved between 0 and = 10°. Going back to the
usual geometry, with the laser beam coming in
normally to the mirror, and moving the detection to
45+ 8°, also gives an equal signal within the same
precision. As the absorption length is now reduced
by a factor of V2, there is a little, if any, increase of
the emission efficiency when the observation angle
is increased.

1c) Emissions in the 10 and 16 pm regions. In
the N,O case [3] the v, — v, transition, originating
from the laser-excited v, = 1 level, is the only
transition observed, i.e., amplified by stimulated
emission. It was not observed for CO,/Ar samples
of similar concentration (1,2000) and similar
thickness (90 to 260 pm). It was searched for, and
found, at higher concentrations (1,500 and
1,,200) but coming only from molecules in the
double site. With the 60 lines,/mm grating, we
cannot observe 10 pm radiation through the mono-
chromator. We then characterize the 10 um emis-
sion by CaF, or BaF, plates absorbing at 16 pm. A
5 mm thick CaF, plate decreases the emission by a
factor of 1,3. The emission is highly unstable,
which makes its detection tricky. Only single shots
are meaningful. Even when optimization is
achieved, and for large laser shots, the emission
intensity is random. Figure 3,a displays a particu-
larly strong single shot signal detected through a
BaF, window. Replacing the BaF, by a high-pass
filter (A, = 13 um) allows the detection of the 16 um
emission already described in Ref. 2, which is
shown in Fig. 3,b. Figure 3,c displays the total
signal, only through an 8 pum high pass filter to
eliminate the scattered laser light. The trace pre-
sented in Fig. 3,b is shown in heavy shading in
Fig. 3,c to recall its contribution to the total signal.
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Fig. 3. Discrimination between 10 pm and 16 pm emissions by means of filters (CO2/Ar =1,/525, T =5 K , thickness = 40 pm).
Detection through a BaF, plate (a); detection through a A =13 pm high-pass filter (); detection without filter (c). In each case,
except to record the laser, a A_ =8 pm high-pass filter eliminates the scattered laser light.

Using the BaF, plate, we checked the lack of
directionality of the 10 pm emission, and found that
it is not polarized, just as was found for the 16 pm
emission. The 16 um emission, analyzed through the
Perkin-Elmer monochromator, exhibits three lines
for each site, shifted by 1 cm™ in wavenumber from
one site to the other. The measured wavenumbers
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Fig. 4. Vibrational energy levels of 13CO2 up to 2300 cm™. 1,
2, 3: 16 pm emissions (—) and 10 um emission (- - -).
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(626, 613, and 595 cm™!) allow their unambiguous
assignment to combination bands inside the v,
manifold as is shown in Fig. 4. The lines at 626 and
595 em ! are identified with the 1110(2) - 10°0(2)
and 11'0(2) - 0220(1) transitions, whereas the 613
em™! emission comes from the 10°0(2) — 01'0(1)
transition. The fundamental v, transition at 644
em ! has been searched for without success.

2. Time analysis

2a) 10 wm emission. Short-time measurements
are limited by the characteristics of the detection.
The apparent half-width of the 5 ns laser pulse,
reaching about 400 ns, is shown in Fig. 3,a, where
the laser is recorded in the absence of absorption
and without any filter. The 10 pm emission appears
with a delay too small to be measured. Both decays,
identical, reflect the time constant of the system.

2b) 16 um emissions. On the contrary, a measur-
able delay is found for the onset of the 16 pm
emissions. Their time shape is clearly different from
the laser one, as detected through the monochroma-
tor in the fourth order of the grating (Fig. 5). This
time analysis of the dispersed emission reveals that
the three lines of the two sites have different time
behaviors. The onset and the signal maximum are
reached faster in the single site than in the double
one. Moreover, for a given site, the three lines
exhibit a different time delay, and they have been
numbered according to this delay. Last but not
least, the 613 cm™! emission (line 3) of the double
site shows a peculiar, rather intricate, time beha-
vior. An intense peak, on a short time scale similar
to that for the other two lines, is followed by a
much weaker and longer component, covering a few
tens of microseconds.
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Fig. 5. Time and frequency resolved 16 pm emissions
(COZ/Ar =1,2000, T =5 K, thickness = 360 pm): single site
(a) and double site (b).

3. Threshold measurements

The dependence of the emission amplitude on
laser energy is shown for each transition in Figs. 6
(single site) and 7 (double site).These data corre-
spond to 360 pum thick samples at concentrations of
1,/2000 and 1,500 for the 16 and 10 um emissions,
respectively. Below a sharp energy threshold, de-
pending on the transition, no signal is usually
detected. Above the threshold the dependence seems
approximately linear in the studied range, as was
observed in the O4[1] and N,O [3] cases. The
existence of such a threshold gives direct evidence
of the stimulated character of the process, in addi-
tion to the large amplification and shortening ef-
fects relative to spontaneous fluorescence.

The 2\)8—\)% transition at 613 cm ! (line 3)
behaves peculiarly in the two sites. In the double
site, the short component exhibits a sharp threshold
at 115 pJ, whereas the longer one, with a much
weaker amplitude, shows a slower decrease. Fi-
nally, it disappears into noise, and it is impossible
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to measure a precise threshold different from zero.
The stimulated or spontaneous character of this
component is then not established. For the single
site, Fig. 5 does not show two distinct time compo-
nents for this transition. However, at high laser
energy, the delay of this emission is smaller and its
width (FWHM) is broader, as if a short component
of similar amplitude was added at the beginning of
the signal. This observation may be used to discuss
the two regimes appearing in Fig. 6,c. A high
threshold of 100 pJ is assigned to the additional
short part, the global threshold being lower, at
40 pJ.

The threshold value measured for each compo-
nent is an essential parameter for any quantitative
discussion, provided that the laser absorption is
known. To sum up, the present results are the
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Fig. 6. Dependence of the emission amplitude on the laser
pulse energy (T =5 K, sample thickness = 360 um, single site),
16 pum emissions, CO,/Ar = 1,/2000, line f (0); line 2 (+);
line 3, short and long components (A and 4, respectively).
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following: threshold values of 65, 97, 100 (and
40) WJ are found for lines 7, 2, and 3, respectively,
in the single site, which absorbs about 86% of the
laser energy. The corresponding values for the dou-
ble site (Fig. 7) are 80, 110, and 115 pJ, with an
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absorption around 50%. Figure 7,d yields a thres-
hold of 120 pJ for the 10 um emission from a sample
of similar thickness, but with a concentration in-
creased by a factor of 4, resulting in an evaluated
absorption of the order of 94%.

4. Concentration and temperature effects

The most important concentration effect is the
appearance of the 10 pm emission of the double site
for concentrations higher than 1,1000. On the
contrary, in this case, the 16 um emission is weaker
than for the concentrations of 1,71000 and 1,/2000.
In this range the 16 pm signals are maximum, if one
compares samples of approximately equal optical
density, i.e., keeping constant the product of the
concentration by the thickness. Of course, a concen-
tration decrease from 1,72000 to 1,/10000 also de-
creases the signals, since we cannot grow samples
thick enough to keep the optical density constant.
We focus our attention on the concentration de-
pendence of the long component of line 3 in the
double site, because it could be assigned to sponta-
neous emission from its time behavior and its
threshold uncertainty. We unsuccessfully tried ex-
ponential fits of its decay. However, a time con-
stant extracted from its last part shows an unusual
concentration dependence, as it clearly decreases
with increasing dilution.

Another way to characterize the time behavior of
this component is to decrease the laser energy below
the threshold of the short component. We thus
observe an onset, a maximum and a decay, and an
approximate value of the time during which the
signal remains higher than the noise. Once again,
this time clearly decreases with increasing dilution.

Temperature effects can be studied up to 30 K
only for the single site, since the density of double
sites decreases irreversibly upon annealing. For the
single site, increasing the temperature from 5 to
17 K results in an increase of line 7 by about 35%,
including a very little increase in duration, meas-
ured by its full width at half maximum (FWHM).
Between 17 and 21 K this line remains approxi-
mately constant. Tt disappears at 28 K. On the
contrary, lines 2 and 3 keep on decreasing from 5 to
21 K. Their amplitude and width decrease together,
and they disappear at 22 K (line 3) and 23 K (line
2). At 5 K, after this temperature cycling, the
emissions of the three lines are increased by about
40% (line 1) and more than 60% (lines 2 and 3).
This effect may be explained by a narrowing of the
lines due to annealing.

For the double site, the temperature dependence
studied up to T = 21 K is approximately similar.
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Lines 2 and 3 decrease and disappear at 20 and
19 K, respectively, whereas line 1 is nearly con-
stant. Moreover, such a mild temperature cycling
also produces an overall increase of the emissions at
T =5 K, very likely related to a line narrowing.

Discussion

1. Inversion population thresholds for ASE

ASE is considered to start as soon as one sponta-
neous photon produces a stimulated photon on its
passage through the sample. Defining a mean path
length s the mean distance from any point to the
boundaries of the excited volume, this condition can
be written as

o, AN, O 1, (1)

where 0, [cm?] is the cross section for stimulated
emission from upper level u to lower level [, and
AN, [em™] is the population inversion between
these two levels. Equivalently, one can define a loss
coefficient o, =1/M0and write

o,MN, -0, 20. 2)

The threshold condition for the population inver-

sion AN ZZ is then
T _
o,MN =0, (3)
with
9 2
5 8V Vi g |21Dz +20 W
O——0:
ul Bh yl lu n g 3 0
0,, mainly depends on molecular parameters, such
as the squared transition moment |Rl [, the

wavenumber v, , and the linewidth y,, of the
transition. It is also related to the nature of the
matrix by its refractive index n, but does not
depend on the geometry of the sample. On the
contrary, a; is essentially related to the thickness
of the sample and the diameter of the laser-excited
spot. Consequently, we can compare threshold po-
pulation inversions ANZI for different transitions
provided that the matrix and the geometry of the
sample are not changed. This can be performed at
a semi-quantitative level, taking the next gas
phase values [11-13] for |Rl [?:1.770073, 0.670073,
50.601073, 20.30073, and 21. 9@0—3 Debye [2] for
the transitions vg—v} , -2, , 3V2 2v
SVé - ZV% , and 2vy -V, , respectively. The |Rlu
values of the 10 pum transitions are one or two
orders of magnitude smaller than the 16 pm ones,

|2
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which explains why detection of 10 um emission
requires higher concentrations, although the emit-
ting level is directly laser excited.

For the linewidths y;,, , which cannot be meas-
ured at the solid argon temperature for combination
or hot bands, we tentatively use the values meas-
ured in the present study for the corresponding
fundamentals. The measured thresholds displayed in
Fig. 6 for the emissions of the double site can be
analyzed within this approximation. First, consider-
ing the 10 pm emission, we can safely assign it to
the v, —v, transition on the basis of the |R,*
values, which makes the v, — 2v, threshold higher
by a factor of 2.6. A calculated value of
6400719 ¢m? is found for the cross section g, of the
V5 =V, emission. Using the threshold energy, and
the estimated absorption of 94%, we get the 1nver—
sion population threshold ANT 00.370019 cm™
We then obtain a; 024 cm -1 for the loss coeffl—
cient. This value is somewhat too high for a 360 um
thick sample, when compared to the value of
26 cm™! determined using the 10 pm emission of
N,O [3] in a 180 pm thick sample. Taking into
account how Odepends on the thickness, if one
neglects light scattering, we would have predicted
a, 018 em™!. Nevertheless the order of magnitude
is correct. More interesting is the comparison with
the other em15510ns in similar samples. The value

a, =24 cm” ! allows a prediction of ANT equal to
9.50016, 250006, and 2300'¢ ecm™ for “lines 1, 2
and 3, respectively. Let us compare these values
with the experimental threshold values of the v, = 1
level population, 11001016, 180106, and 1801016 cm 3
respectively. This shows that only about 10% of the
molecules have relaxed from the v; = 1 level to-
wards the 3v, one, when ASE starts in the v,
manifold. Using the delay of line 7 (170 ns) we get
an order of magnitude value k= 3007 s for this
intramolecular V-V transfer rate in the double site.

2. Low directionality of the emissions

In the experimental Section, we established that
the emissions exhibit low directionality. This obser-
vation is in contradiction with the high directional-
ity predicted for ASE in the gas phase [4,5], where
the length of the amplifying medium is a crucial
parameter. In the present experiment, the excited
part of the sample is a disk about 200 pm thick and
1.5 mm in diameter, so that the preferential emis-
sion direction should be in the plane of the disk.
However, in the matrix case, light scattering by the
polycrystalline material, for both excitation and
emission, provides random propagation directions as
well as random optical path lengths. The low direc-
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tionality of the emission, which is proven here, can
then be understood.

3. Time behavior of the emissions and
relaxation scheme

The 10 pum emission reproduces almost exactly
the laser pulse, within the response time of the
detection. This is not surprising, since this emission
comes from the level v4 = 1 directly excited by the
laser and was observed also in the N,O case. This
does not provide any information on the lifetime of
this level, since ASE itself decreases the population
below threshold.

For the 16 pm emissions, it is surprising that two
signals (lines 7/ and 2) exhibit such different time
behaviors even though they come from a common
level (3\’;)’ which is populated via intramolecular
V=V transfer from the v;= 1 level. One easily
understands that the threshold for ASE is reached
faster for the transition with the higher transition
moment (line 7). But we have to explain why the
onset of line 2 coincides with the decay of line 7,
although the emitting population is the same for the
two lines. Moreover, in the double site, line 7 is the
more intense, while in the single site the reverse is
true. Let us consider the level scheme displayed in
Fig. 4. ASE operating on line 7 tends to equalize
instantaneously the populations of the upper and
lower levels, resulting in saturation of the gain. If
the relaxation of the lower level is not fast, both
populations increase as the transfer v, - 3v% goes
on. Such a process has been described by Apkarian
[14] using a kinetic model for a two-level system.
The emitted signal exhibits oscillations on a very
short time scale, corresponding to a step-by-step
increase of the lower level population. When the
3V§ population reaches the threshold for ASE on
line 2, the dominant process changes. Indeed, a well
known «energy gap laws [15] for multiphonon
vibrational relaxation in matrices states that the
nonradiative rates decrease exponentially with the
number of phonons to be created for energy conser-
vation. One can then safely assume that the lower
level of line 2 (ZV%) relaxes faster than that of line
1 (2v)) because of the small energy difference
between these two levels as compared to the gap of
613 cm ! between 2v8 and vé . Consequently, the
gain of the amplifying medium on line 2 does not
saturate, since there is no equilibration of the popu-
lations. Moreover, ASE on line 2 contributes to the
population of the lower level of line 7, which
qualitatively explains why, when line 2 is on, line 7
is off. The relative intensities of lines 7 and 2, going
from one site to the other, is probably explained by
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differences between the nonradiative rates popula-
ting 3vé . In the double site, where the molecule has
a wider space, it is probably less coupled to the
phonon bath, so that all rates are smaller. This is
consistent with the longer delay before the onset of
the three lines. This effect may be different for the
different nonradiative transfer rates. A clue con-
firming this interpretation is provided by the tem-
perature effect. When heating the matrix, the V-V
nonradiative transfer rates generally increase. Satu-
ration of the gain on line 7 is decreased by the faster
relaxation of the lower level 2v(2) . Line 7 is then
favored. Moreover the nonradiative relaxation of
level BV% is also faster. The two channels (radiative
and nonradiative) that depopulate 3V% are then
increasing. This explains the decrease of line 2,
until finally its threshold cannot be overcome. The
delay observed for the onset of line 3 reflects the
time necessary for the different transfers (radiative
and nonradiative) to provide the threshold popula-
tion inversion of line 3. A quantitative rationaliza-
tion of the time evolution of the emissions would
imply a complete kinetic model, inspired by that of
Apkarian [12] but taking into account the whole
v, manifold instead of a two-level system, and
including the nonradiative V-V transfers between
all the involved levels. This model may allow an
estimation of the transfer rates.

4. Concentration behavior of line 3 in the double
site: stimulated or spontaneous emission?

When recording spontaneous emission, one has a
direct access to the lifetime of the emitting level. In
matrices, due to possible intermolecular V-V trans-
fers towards impurities or dimers, occurring at high
concentration, it is generally observed [16] that the
lifetimes increase with increasing dilution, up to a
limit where the molecules can be considered as

%o:oozi / "W‘
T T

0 10 20 30 40 50
Time, us

Fig. 8. Single-shot record of line 3, just below the threshold of
its short component (T'= 5 K, COZ/Ar = 1,/2000, sample
thickness = 260 um, double site).
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perfectly isolated in the lattice. One then gets the
intrinsic lifetime of the level, as governed by the
interaction of the molecule with the lattice. The
concentration dependence observed for line 3 and
abovementioned does not fit in with such a scheme.
This unusual dependence proves that the signal does
not yield the 2v(2) lifetime. There must remain some
stimulated effect, even under threshold, spoiling
the lifetime measurements. Indeed, a single-shot
record of this long component, around the thresh-
old, exhibits random bursts of stimulated emission
(Fig. 8), which closely resembles the spiking often
encountered in solid state lasers [17].

Nevertheless, the duration of line 3 emission
proves that the ZV(Z) level remains populated after
20 us (Fig. 5,b), which sets a higher limit
(010° s1) for the intramolecular vibrational re-
laxation rates inside the v, manifold. The kinetic
model suggested in the preceding discussion should
be able to shed more light on this question. It is
presently in progress at L. P. M. A.

Conclusion

Vibrational emissions of 13CO2 trapped in argon
matrices have been studied in the 10 pm and 16 pm
regions. They all behave like stimulated emission,
even in the case of the long component of the
2v(2) - V% transition, which lasts over some tens of
microseconds. An order of magnitude value of
30107 s™! can be set for the nonradiative V-V trans-
fer rate from the excited v, level to the 3v5 level.
Other intramolecular V-V transfers inside the v,
manifold have been discussed qualitatively. A quan-
titative estimate of these rates might be extracted
from a kinetic model including spontaneous and
stimulated emission and nonradiative transfers.
Simulations based on this model are presently in
progress.
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