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Spontaneous Raman spectra of highly excited tiBlecules in the vicinity of the mode, are studied. The

spectra measured are interpreted within the framework of the model suggested, which presumes the dominant
role of statistical inhomogeneous broadening in the formation of transition spectra in the vibrational
quasicontinuum. A good agreement is obtained between the theoretical and experimental spectya of UF
molecules heated td,j, = 1320 K. The relationships are found between the vibrational energy of the UF
molecule and the main parameters of its Raman transitions in the neighborhood of the frequency of the mode
v1, such as the intensity, width, and maximum positions of their profiles.

1. Introduction therein). The objects of our studies were gtype molecules.
In our work reported in ref 8, we developed an approach

The object of study in the traditional vibrational spectroscopy allowing the main parameters, such as the intensity, shape, and

?II mbolstculesfltshu_suallty trt1_e||r waratmn%otz(ajﬂon? State? nfelar maximum positions of QG—~ QC transition profiles, to be
€ botlom ot their potential surtace. The development o1 1aser ., 1ated on the basis of the values of the fundamental

spectroscopy techniqges made it possible to launch stud_ies intOfrequenciewi and anharmonicity constantgin the approxima-
highly excited states in polyatomic molecules, at energies up tion where the dominant part was played by the SIB effect.

t(.) th‘?" dissoci_ation_ limit, in_the region_ of _the s_o-called Using this approximation, we calculated in ref 8 the above
vibrational quasicontinuum (QQC). Int'erest |n_th|s_ region of the parameters for transitions in the vicinity of the frequencies of
energy spectrum is largely associated with intramolecular the modes’; andvs in SFs, as well as for the modes in WFe

dynamlcs_ Investigations (for references, see, e.g., reﬁ;)zlas We also demonstrated that SIB resulted in the transition profiles
well a? \;]wtl:jthe dt_evel(?prr:lent_ Ofl Iaser_g;ghogs t|(()j rt:lomtordand acquiring a Gaussian shape. The correctness of this approach
tct?;ttrsoué':ct 3{26};2]'35 ci)n c;hemlcq riact:( e shou 3 n(t)t(;: was verified in ref 9 by comparing experimental and theoretical

) y € majorily of cases greund state Raman spectra near the frequency of the medef highly

g(i%tglns'rtgf)g?' 'Ig\orre\\//;er\i/(\;l?sf ﬁggzgr\]’\éog(; Z?irr]n t()aentfglu(;]i(fjfilcnulrt?és excited Sk molecules. The conclusion was drawn in this work
: + €XP that, in the case of the mode in Sk, it was exactly SIB that

included, transitionsetween guasicontinuum sta(@C — QC mainly contributed to the formation of the Q€ QC transition

:Laegselt\llsgr?s zgxebgigl?nstil:]drlg%r?,l;\(t:?hleezz;n(?tibmrtleefitriiveli\z/avct(l)f spectrum, the contribution from homogeneous broadening being
’ ’ y considerably less. This conclusion as to the dominant role of

the QC— QC wansitions that prove to be decisive in many ihe SIB effect in SEwas also shown to hold true for the mode
cases, such as the IR fluorescence and Raman spectra of h|ghl)63 in refs 10 and 11 where subject to study was the IR MP
excited molecules, and also the IR absorption of molecules, absorption spectrum of this molecule. Moreover, by comparing

mcIudmg their mult|ple-photo_n excitation (MPE)' experimental and theoretical IR MP spectra, we managed to
This work continues the series of our publicatibriddevoted determine the half-widtty, of the homogeneous Lorentzian

to our investigations of QE~ QC transitions. The profile shape profile in a wide range of vibrational energies. Note also that

and width of \_/ikl)rational trﬁnsitions fbetwe(?n quasicontinuum e methoq developed for calculating the parameters ofQC
states are mainly governed by two factors: tienogeneous QC transitions allowed the authors of ref 12 to reconstruct, on

broa(jeningand statistica}l in'homoge;neous. broadeni(IB). the basis of experimentally measured Raman spectra, the form
The first type of broadening is associated with the IVR processes u¢ 16 yibrational distribution function formed as a result of
occurring in the molecule. The second type is due to the the IR MPE of SE

dispersion of the transition frequencies from a given mixed
vibrational state which is contributed to by a large number of
harmonic states with various combinations of the occupation
numbers in the modes. The anharmonic transition frequency
shift of any such combination being different from those of the
other combinations leads to a statistical inhomogeneous broad
ening of the spectrum (for details, see ref 8 and references

The present work is devoted to studies into the spectra of
highly excited Ul molecules. Like the other Xgftype mol-
ecules, Uk features two very strong vibrations, namelyand
v3, active in Raman scattering and IR absorption, respectively.
In our experiments, Ufmolecules were “heated” to various
vibrational temperatures by way of their IR MP excitation via
thewv; vibration. Thereafter their spontaneous Raman scattering

T Part of the special issue “C. Bradley Moore Festschrift”. (SRS) Spectra in the VICIn.It.y (.)f the. frequency. Of.the. moge .
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isan.troitsk.ru. tions. The Raman spectra thus obtained were compared with
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——————— R The pressure of the U gas in the sample cell usually came
IR light sources to 0.5 Torr, which provided for practically collision-free IR MP
s TEA CO» laser \ excitation conditions at the IR pulse duration used.
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i | In view of the high chemical activity of Uf- a number of
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|
|
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P measures were taken prior to and during the course of the
_ experiment to prevent any uncontrolled changes in the gas
! timing _(]]4% concentration in the sample cell. First of all, the cell was

CF. laser

\ 4

____________________ ! system

preliminarily passivated by exposing it to k&t a pressure of
around 20 Torr for 3640 min. As shown by our measurements
of the SRS signal after passivation, the rate of reduction of the
UFs gas concentration in the cell amounted to some 7% per
hour. Proceeding from this result, the substance under study in
the cell was changed every-3@0 min in the course of regular
measurements. Besides, the IR radiation fluedge did not,

as a rule, exceed the IR MP dissociation threshold.

2.2. Measurement ResultsAs already noted, we chose for
spectral measurement purposes the strongest Raman-active mode
vy (667.2 cml) of UFe, for which it is only the Q-branch
transitions that are allowed by the selection rules. In this work,
we present the results of measuring the “equilibrium” spectra
of the excited molecules in the vicinity of the frequency of this
A/D converter mode. These were obtained in conditions where a Boltzmann
vibrational distribution must have been established after the
Figure 1. Schematic diagram of the experimental setup. passage of the IR pulse. As in the case of,SFe choice of

their theoretical counterparts calculated on the basis of the modeithe “equilibrium” spectra was dictated by the fact that to

approach developed. The results obtained are presented be|ov\go_rrectly compare between experimental and theoretical spectra,
it is necessary to know the exact form of the population

2. Experiment distribution function. The Boltzmann distribution characterizes

2.1. Measurement Method.The measurement procedure the populatl_o.n _at equilibrium.
used in this work was in many ways similar to the one used  The “equilibrium” spectra were usually measured at one of
earlier in the experimertsvith SF. The experimental setup is o values of the delay time between the pump and probe pulses,
shown schematically in Figure 1. The kJRolecules in this  €itherza =2 us orzg= 4 us, so that the parameterq amounted
experiment were excited by means of a pulsed; @Ber 0 1usTorr or 2us-Torr, respectively. According to ref 14,
optically pumped by a TEA C@Qaser!3 The output frequency the ch_aracte_nstlc time it takes for V|_b_rat|or_1al equilibrium to be
of the latter laser was stabilized with a cw €faser. The used ~ established in UFas a result of collisions ipr(UFs—UFg) =
radiation frequency of the GHaser,w = 615.3 cnt?, falls O._Sys-Torr. We, thgrgfore_, bel_leve that a Botltzmann distribution
within the absorption band of the; vibration (627.7 cm?) in with a characterls'.uc vibrational temperature ®fi, must .
UFs. The duration of the IR pulsesump Was around 80 ns  assuredly be established by the moment the probe pulse arrives,
(fwhm) and no more than 1800 ns (full width). The CF at least .at the Ipngest of the delay times selected. This
laser radiation was focused by means of a cylindrical KBr lens @ssumption was indirectly shown to be true by the fact that the
into the cell containing the molecular gas under study. The waist Shape of the spectra corresponding to one and the sapme
width amounted to some 0.4 mm (fwhm). The IR radiation Vvalues remained unchanged when the delay timeas varied
fluence @k in the waist could reach 1 J/@&nThe Raman over the above limits. At the same time, as distinct from the
probing of the molecules under study was effected by meansmeasurements taken earlier with the ¢Sfolecule;® the
of the second-harmonic radiation from aNtYAG laser @probe spectrum-integrated SRS signal diminished with variation of
= 7 ns, Epuise = 30 mJ). The probe pulse passed through the d perceptlb!y. Simple estimates show that the redgctl_on (_)f the
waist of the Cy|indrica| lens at nght ang|es to the propagation Slgnal mentioned above cannot be due to the redistribution of
direction of the IR pulse (and parallel with the entrance slit of energy from the mode; being observed in this molecule into
a polychromator) some timey after the latter. The radiation  its other modes on account of the-¥' relaxation process. It
scattered from the waist of the probe beam was collected byis our opinion that this effect is mainly associated with the
means of a suitable optical system and focused onto the entrancéhange of the number of particles in the volume being probed.
slit of a triple polychromator. The radiation at the exit from the Estimates show that at tipeq values selected there can already
polychromator was detected with a multichannel optical detector. ©ccur a noticeable diffusion of the particles from the excitation
The detector consisted of a vidicon TV camera and an image egion. What is more, as follows from ref 14, the-V/R
intensifier gated in step with the probe pulse. All spectral relaxation process in Wproceed much faster than in Swhich
measurements were taken in the photon Counting mode. may addltlonally contribute to the rate of "depal’ture”of the

We measured not only the Raman signal, but also the energiegParticles.
of the IR and probe pulses. This allowed us to sort out the Figure 2 presents “equilibrium” Stokes spectra in the region
spectral signals, i.e., to add together the images registered byof the frequency of the mode in UFs. The spectrum of Figure
the vidicon camera after each laser shot in an appropriate2a was obtained prior to the passage of the pump pulse and
computer memory array (up to 6 arrays) and also to sum up thecorresponded to room temperatufe 299 K). The somewhat
laser shots and the laser pulse energy values for each array. asymmetric shape of the spectrum is due to the presence of a

The repetition rate of the laser pulses and of the entire datalarge number of hot bands, only around 0.4% of the molecules
acquisition cycle amounted to 6.25 Hz. being in their ground state at room temperature. Even a relatively
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Figure 2. Stokes Raman spectra in the vicinity of the frequency of 2
the modev; in UFs at Ty, = 299 K (a) andT,ip, = 500 K (b).7q = 2 T 100
us,p = 0.5 Torr. T

low heating of the molecules as a result of their IR MP excitation
causes a substantial modification of the spectrum: it shifts 400
toward the “red” side and broadens. This can clearly be seenin
Figure 2b which presents the Raman spectrum of &tH.;, =

500 K. (Note that the “jagged” character of the spectrum is
mainly associated with the photon counting statistics in the
different channels of the multichannel detector.)

The subsequent and more thorough measurements gf UF
spectra were taken in the anti-Stokes region because the parasitic
noise level here is much lower. The spectra were measured at 0
various values of the GHaser fluenceb, which were selected
so as to cover the maximum possible variation range of the
vibrational temperaturd,j, and avoid at the same time the
dissociation of the UgFmolecules. Some of the “equilibrium”
spectra thus obtained are shown in Figure 3. For the reasons
discussed above, it proved impossible in the case of tdF
determineTy, on the basis of the spectrum-integrated Raman
signal as in the case of $for details, see ref 9). Therefore,
the Tyip values indicated on the spectra presented in Figure 3
were obtained on the basis of spectral measurements (see below). 0
The results of Figure 3 show that even when theg Wi6lecules 40 20 0
are heated to a fairly high temperature Ttp = 1320 K), their
Raman spectra remain quite localized in the neighborhood of
the frequency of the mode,. At the same time, as one might  Figure 3. Anti-Stokes Raman spectra of excited dJfolecules at
expect, the spectra of the excited states of the molecules getvarious vibrational temperatures, = 2 us,p = 0.5 Torr. The smooth
shifted toward the |0ng_Wave|ength reg|on because of the solid curves— model calculations. Fluen@m: (a) 0.0 \]/Cr& (b) 0.12
anharmonicity of their vibrations, this shift increasing with the /¢ (¢) 0.21 J/erfy (d) 0.31 Jier# (e) = 0.44 J/crf.
increasing temperatur&;,. Simultaneously there takes place
the broadening of the spectra. The theoretical analysis of the
results obtained is presented below.
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for Sk in refs 8, 16, 21. The main principles at the root of the
model developed are most fully described in ref 21. Here we
will restrict ourselves only to the principal points necessary for
the exposition of the essence of the problem.

It has been demonstrated in ref 16 that to adequately describe
the SRS spectrum of an ensemble of highly excited molecules
When processing the SRS spectra obtained, we generallyit is quite sufficient to take into consideration a limited sample

adhered to the approach that we developed and used successfullgf states equidistant iR, with due regard for their statistical

3. Comparison between Experimental and Theoretical
Spectra
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properties. In that case, the expression for the model spectrumTABLE 1: UF ¢ Vibrational Frequencies and Anharmonic
may be written in the form (the sig® here stands for a  Constants Used to Calculate the Transition Profiles of

convolution of functions) Figure 4

mode ()
MSV;T,,) = VZ FER) v, EY) 00 @0y (1) 1 2 3 4 5 6

vi(cml) 667.2 53% 6277 18% 200 144
xi(cm?d) -03 -18 -16 -02 -028% -0.12

whereV is the normalization coefficient.
In the above expressioR(E.ip) is the population distribution aTaken from ref 17° Taken from ref 18¢ Taken from ref 19.
function; proceeding from what has been said in the preceding

section, it must be a Boltzmannian: ’E 015 L
c (a)
F(Eyi) = p(Eyin) €XpEE,ip/ (KT,0)) @ = ol
where p(E,ip) is the density of vibrational state€ is the > .
rotational band shape for which one can obtain the following @ gos |-
expression: 2 i
0‘00 L 1 L | ) 1 L 1 \ ' |
D, (V) = (1 + 41) exp(— vB ‘)
0y, a T <
£ 0,15 (b)
forv < 0, and = -
o010
(I)rot(v) =0 (3) é‘. L
for v > 0, with the paramete8 = 5.567 x 102 cm ! anday § 0.05 -
= —1.2 x 1074 cm~1.17 The rotational temperatuiB in eq 3 £ I
was taken in our calculations to be equal g = 299 K. 000 b—m————L 1 ]
Actually, due to a much faste¥ — T/R rate for U, as —
compared with S§ the rotational degrees of freedom may be ' 015 -
also partially heated apry = 2 usTorr. But, the spectral § L
calculations show that this possible heating produces the minor  — g 49 L
effect even in the limiting case Gfo: = Tyip. In €q 1,Pg is the ; |
spread function of our apparatus, which was found to be the %4 005 |-
convolution of a Lorentzian and a Gaussian function with the §
parameteryss = 0.738 cnt! andoss = 0.722 cn1l, respectively. £ I
The function® (v, Eyip) describes the band profile and intensity 0,00 I
of transitions from the state with the given eneigy. 0 10 1 0
The method developed in ref 8 to calculate the shape and Frequency Shift, v=v, (cm™)

paramett('ars offtr?cg Q.C trtanslltlo?sthtqltgs ':ryeh under the Figure 4. Theoretical band profiles (solid curves) of anti-Stokes
assumption ol theé dominant role or statistical INNOMOGENEOUS y o nsitions in the vicinity of the frequency of the modgin UFs at

broadening. The subsequent measurerfielitshowed that this various initial vibrational energieB: (a) 5000 cm?; (b) 10 000 cm;
approximation was valid for SFand that the relative role of () 20 000 cm. The dashed curve is the best fit by a Gaussian function.
homogeneous broadening was indeed small, at least for one-

photon transitions. For this reason, when modeling the spectraused, the intensity of these transitions was taken to be
of highly excited molecules in this work, we also used the SIB Proportional ton;:

approximation.

The functionW(v) was calculated by the method described
below. First we determined in the harmonic approximation the
energies of altegular statesn some energy intervat AE (AE
was varied from 50 cmt at Eip = 1200 cnr to 0.5 cnt?! at
Evib = 24600 cnt?) in the vicinity of somemixed statawith a
given energyE\,ib by _directly §earching through all of the 11,0,0,0,0,0—0,0,0,0,0, 0
occupation numbers; involved:

E= zni"i E €[Ein—AE, EyiptAE]

(As shown by the analysis made in ref 9 forgSthe inclusion
of anharmonic terms into the expression for the energy of regular
states only gives rise to small corrections known to be much The values of the fundamental frequenateand anharmonicity
inferior to the experimental errors inherent in the spectra constantsg; used in these computations are listed in Table 1.
measured. Besides, the entire matrix of the anharmonicity Thereafter, we convolved the histogram thus obtained with
constantsg; is not known.) Next we found all of the possible the Gaussian component of our spread function. Figure 4
transitions from these states that involved a unit decrease ofpresents the band profilés = I,(Av) for the following three
the occupation numberm; in the moder,, i.e.,n —n — 1 values ofEyjp: 5000, 10 000, and 20 000 crh It can be seen
(anti-Stokes transitions). In accordance with the approximation that asE,j, is increased, the maximunwax of the profile shifts

las™~ Ny

Because of anharmonicity, the frequency of these transitions
must be shifted with respect to the frequencg/ of the
fundamental transition:

The magnitude of this shift was computed by the formula

Avy = 2x;y(n; — 1) + leini 4)
=
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toward the long-wavelength side and its width materially the binding of the intensities of the spectra) was the vibrational
broadens to reach sufficiently high values as a result of the SIB temperaturd;, of the molecules. As in the case of approxima-

effect. To illustrate, aE,p = 20 000 cn1! the profile half- tion of the model profiles, we also stuck to the least-squares
width (standard deviationy, amounts to 4.96 cri. tenet (having replaced the quantitidéx;{ p}) andD(x) in eq 6

On the basis of our calculations, we obtained the following by MS(v;T.i,) and ESv), respectively, the latter standing for
approximate expressions for the shift of the maximmyax the experimental spectrum), but subject to the additional

of the profile (reckoned from the position of the unexcited condition

transition frequency»‘l’) and its half-widthop as a function of

the vibrational energy,i, (in cm™2) at Eyj, = 2000 cntk: Z[Eavi) = M Tip)] =0
I

_ . -3\,
AvadEyip) = 1.67— (1.56 x 10 °)-E, which means the equality of the spectrum-integrated intensities.

The model spectra obtained as a result of this fitting procedure
are presented in Figure 3 in the form of smooth solid curves.
(The approximate value ofi} indicated in the lowermost figure
and also the intermittent character of the model envelope merely
characterize the center of gravity of the distribution of photo-
measurements for this spectrum. The exact vibrational temper-
ature is in this case difficult to determine, first, because of the
small number of the counts themselves and second, because
the given data array was not bounded above as t®th@alue
in the course of signal accumulation, and so the vibrational
distribution for this array may be additionally broadened.)

0o(E,ip) = 0.337+ (0.231x 107°)E,,

The relationship between the spectrum-integrated transition
intensity lp (in units of intensity of the transition 6> 1) and
Evir may be written in the form

lo (E,;,) = —0.15+ (0.0963x 10 %)-E,;,

It should, however, be noted that in contrast tg 8fe shape

of the band profile features a perceptible asymmetry. This is

evident from Figure 4c, which also shows the best fit of the

profile (the dashed _curve) by a Ga_ussian function. Our analys_is 4. Discussion

has shown that this asymmetry is caused by the substantial ] _ _

deviation of the values of the constamis andx;s from those Comparison between the experimental spectra and their

of the other constants (see Table 1). This difference igiSF theoretical counterparts (smooth solid curves in Figure 3) shows

much smaller (see Table 1 in ref 9), so that the resultant profile that the model quite adequately describes the spectra measured

is much more symmetric and can be well approximated by a in @ fairly wide temperature interval, up i, = 1320 K. In

Gaussian function. To describe the actual profile shape in this the latter case, the average molecular energy11 400 cnt?,

work we used the “skew” Gaussian function which approximately corresponds to half the dissociation energy
of UFs (Do(UFg) = 23 800 cm1).2° The model used by us
correctly predicts the position of the maximum, as well as the

explk, exple(v—v)]  (5) shape and width, of the Raman spectra of the maas highly
excited Uk molecules. If we take the values of the energy

whereA, g, v/, ky, andk, are variable parameterk;(< 0, k; > absorbed as a result_of thg IR MPE of éJfReasured in ref 14

0). Note that the parametevsand+' in the above expression and calgulate_ on their basis the cor.respondl'r,] values,.the .

are generally other than the half-width and the maximum of latter will be in good agreement with the values obtained in

the profile under consideration, as is the case with the “pure” this work and indicated in Figure 3. _AII of this allows us to
Gaussian, and approach their “true” values onljkas- O. conclude that the method developed in ref 8 for computing the

In finding the numerical values of all the above parameters, Parameters ?f %C_’ QC transmgns gndn based on dd]?e regard
we adhered to the so-called least-squares tenet, i.e., we tried td°" Statistical inhomogeneous broadening is good fog &

minimize the quantityy? defined in the general case by the weI_I. Recall that this method presupposes the dom‘”a’.‘t. contri-
expression g W g y bution of the SIB effect to the formation of Q€ QC transition

bands, compared to homogeneous broadening. The fact that
2 _ N . 2 good agreement exists between the experimental and theoretical
X Z[D(X') MOs{PhI ©) spectra is apparently evidence that the contribution from
homogeneous broadening in the case of the mgd¥ UFg is
where D(x) is the set of data points to be approximated, indeed not so great, as is also the case with 8Fthe same
M(xi;{ p}) is the model fitting function. In our casB(x) = I,(v) time, the actual “quality” of the spectra measured does not allow
and M(xi;{p}) = P(v; A o, V', ki, ko). Using eq 5, one can  us to make more definite, quantitative estimates of the contribu-
very well describe the band profiles obtained. To illustrate, if tion from the homogeneous broadening associated with the IVR
in the case of Figure 4c the quantjtydefined by eq 6 amounts  processes. The pulsed “heating” of the molecules used in this
to 8.06 x 102 cm? when using the pure Gaussian function for work, and also in ref 9 for S features inevitableT,,
fitting purposes, the approximation of the same set of data pointsfluctuations from pulse to pulse. Also, some uncertainty remains

W) =A ex;{(v_—V,)Z
20°

by the “skew” Gaussian function yielgd = 8.05 x 10~7 cn?. as to whether the Boltzmann population distribution has had
In the latter case the following set of parameters of eq 5 was enough time to get established completely by the moment the
obtained: A= 0.175,»' = —26.4 cnT!, 0 = 6.42 cnTl, ky = given spectral measurement is taken. Stationary heating, despite
—0.2875,k, = 0.288 1/cm™, its inherent narrower interval of possible temperatures, provides

In the final analysis, our model function was a sum of 40 for a substantially higher temperature stability. Our measure-
Boltzmann-weighted profiles (eq 5) computed in steps of 600 ments of the Raman spectra in the vicinity of the frequency of
cm1in Eyp and then convolved with rotational band profile the modev; in SF; taken under stationary heating conditi®ns
(eq 3) and the Lorentzian component of our spread function. enabled us to estimate more accurately both the magnitude of
The only fitting parameter used in approximating the spectra the homogeneous broadening itself and the ratio between the
measured (naturally apart from the quantityn eq 1 used for contributions from the two different broadening mechanisms
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to the shape of the transition band profile. To illustrate, for — QC transitions (the intensity, shape, and position of their
molecules withE,, = 10000 cnl, the ratio between the  profiles) on the basis of the standard spectroscopic information
parameters characterizing the width of the corresponding profiles— the values of the fundamental frequencigsand anhar-

is yLlog ~ 0.5. Apparently in the case of the modein UFg monicity constants;. The Raman spectra thus calculated for
the relative contribution from homogeneous broadening to the highly excited SE molecules fit well their experimental
whole width is also hardly more than some 30%. A greater counterpart8.We think that the agreement between the meas-
contribution from homogeneous broadening would make the ured and calculated spectra for §fbtained in the present paper
difference between the theoretical and experimental spectrais fairly good, too. In our view, the method developed can be
noticeable, even with such “quality” of the latter as was attained used successfully to describe the spectra of other highly excited

in this work. molecular species. Even if the contribution from homogeneous
Statistical inhomogeneous broadening causes the-QQ@C broadening is not known exactly, which is usually the case, but
transition profile to broaden and the position of its maximum there are, at least, good grounds to believe that this contribution
to shift substantially. As can be seen from Figure 4,Eqs = is smaller than that from inhomogeneous broadening, calcula-
20 000 cm? the position of the maximum of the transition tions in the SIB approximation should correctly reflect the main
profile is shifted byAvma(UFe) = —29.5 cnt! toward the “red” characteristics of the spectra of one-photon processes, such as

side from the frequency of the unperturbed Raman-active modelR fluorescence and spontaneous Raman scattering. Of course,
v1 in UFg, the width of the profile 2o(UFg) being equal to 9.91  when describing multiple-photon processes, e.g., IR MP excita-
cm1. Note that for SEat Eyi, = 20 000 cnt?, the profile width tion, which involve the absorption of many photons, one should

is approximately the sameggSFs) = 9.57 cnT?, whereas the  take account of homogeneous broadening, especially at the edges
shift is considerably greatefAvma(SFs) = —42.7 cn1.9 This of the spectrum, where the role of the Lorentzian wings may
is due to the fact that the values of all the anharmonic constantsbe decisive. One of the possible ways to find the homogeneous
x1i In Sk are substantially higher than in YFand it is exactly broadening parameters for IR transitions has been suggested in
the average value of these constants that governs the positiorref 10.

of the transition profile maximum. The profile widthog
depends on the dispersion of the anharmonic frequency shifts

of transitions from states differing in the set of occupation . t(I%r)1 LaSVEFSSPEZUO/igOPy :1; Highéy'\{it?raEtior]aII)é Elxgcétgd Molecules
. . . . etoknov, V. 5., . am nilger: ristol, england, .
numbers (see eq 4). The distributions of the produgts in (2) Quack, M.; Kutzelnigg, WBer. Bunsen-Ges. Phys. Cheb995

Sk and UK prove to be approximately the same (the lower 99 231.
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