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We consider the singularities of vibrational relaxation in liquids and molecular crystals. We discuss the role
of collective interactions. We estimate the characteristic times of the vibrational processes. On this basis, we
analyze the possibility of obtaining inverted population and amplification of radiation via interamolecular
vibrational transitions in liquids and in molecular crystals. It is shown that intense electron beams can be
used to develop effective lasers. The possibilities are considered of using a liquid medium in laser
chemistry, when the chemical reactions at low translational temperature are initiated by high-power

infrared radiation.
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Much attention has been paid recently to the develop-
ment of high-power gas lasers on vibration-rotation
transitions of molecules with large (~1—20 atm) pres-
sure of the working gas.[*”?) An important advantage of
such systems is the feasibility, in principle, of obtain-
ing large concentrations of active molecules by simul-.
taneously increasing the gas pressure and the pump in-
tensity. It is clear that from this point of view liquids
and molecular crystals offer promise as active laser
media.

Compared with gases of moderate density (~20 atm
at 300°K), liquids and molecular gases of a number of
obvious advantages: they have much higher (by approx-
imately two orders of magnitude) density and at the
same time require no special containment means. In
addition, the widths of their vibrational bands remain
essentially the same as in gases of moderate density
(Av ~ 5to 20 cm™, which is of no little importance
when it comes to considering the question of amplifying
the radiation. For molecular crystals, compared with
ultradense gases and liquids, an important advantage is
also (as will be shown by the subsequent exposition) the
slowing down of the rate of vibration-translation relaxa-
tion, which greatly facilitates the attainment of the
necessary population inversion and gain.

Besides the problem of developing liquid lasers,
there is undisputed interest in the stimulation of chemi-
cal reactions that occur in liquids via selective buildup
of the oscillations by infrared laser radiation. This
type of research was restricted heretofore to the gas
phase 7]

1t is clear, however, that to consider the possibilities
.of using liquids in laser chemistry, and also liquids and
molecular crystals for the development of IR lasers
operating on vibrational transitions of molecules, it is
necessary to analyze the vibrational kinetics in these
media and primarily to estimate the characteristic
times for the vibration-translation and vibration-vibra-
tion energy exchange (VT and VV processes). The dif-
ficulties of the investigation are connected here with the
need for taking into account the collective interactions.
Owing to the important role of these interactions, the
vibrational relaxation in liquids, and particularly in
molecular crystals, can differ substantially from re-
laxation in a gas.,

To describe the collective effects, following!®®], we
consider the interaction of a molecule with N partner
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molecules, located on the surface of a spherical cell of
radius a, and will describe the action on a molecule
situated at the center of the cell by a sum of Lennard-
Jones potentials. If the molecule is deflected by a dis-
tance R <« a, then after expanding the summary inter-
action potential V in powers of R/a we have

V=ZAi(R/a)‘, i=0,2,4,..., 1)
where the expansion coefficients Aj are
1 2 (i+10)![ _5-91(i+4)! ]
B* 5 91(i+1)! 2.31(i+10)1" 1"
a*=MN/4np, B={(a/rs)"

A=eN @)

Here ¢ and r, are the constants in the Lennard-Jones
potential for a substance with an individual-molecule
mass M and density p. Following!®, we shall hence-
forth put N =12,

In expression (1), the term with i = 0 determines the
binding energy. In first-order approximation (i = 2) the
molecule executes harmonic oscillations about the
center of the cell, with frequency v = vp/V2, where vp
is the Debye frequency: :

- 10.4 5
vo[sec™] = 3 ;—[(1—%5). ®)

The next anharmonic terms (i = 4) in (1) describe the
interaction of the intermolecular vibrations with the
intramolecular ones. We calculated for this interaction,
in general form, the probabilities of the intramolecular
vibrational transitions in a polyatomic molecule. We
consider the transition of one quantum of a vibrational
mode with frequency y, into m quanta of another mode
of frequency vz with participation of n phonons.
Recognizing that R = R¢ + b, X, + bzX,, where R is the
coordinate of the mass center of the molecule while x,,
Xz and by, bz are the intramolecular coordinates and
direction cosines, we represent (1) in the form of a
series in powers of Rg, x;, and x,. For simplicity in
the calculation of the matrix elements we shall use the
wave functions of harmonic oscillators (for both the
intramolecular and intermolecular vibrations). In this
case, from among the anharmonic terms in (1), the
term responsible for the transition in question is

(m+n+1)! Aminga

a‘"+n+l

R byxy (boza)™

mln!

Then, using ordinary perturbation theory, we get
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Expression (4) is the probability that the transition

1 —0 and 0 — m will take place in the molecule in the
intramolecular modes v, and v., and that the transi-
tions vj — vj+ 1 will take place among n phonons. To
obtain the total probability Qm of the intramolecular
transition with participation of n phonons it is neces-
sary to sum (4) over all the possible transitions vj

— vj £ 1 with allowance for the Boltzmann distribution
of the phonons over the vibrational levels v (with a
temperature equal to the temperature T of the medium)
and to integrate over the entire spectrum of the phonon
frequencies from 0 to yp. These operations can be car-
ried out for the case of high temperatures (kT > hyp)
and for a Debye frequency distribution function D(v)

= 3v%/v}). Using the explicit form of the matrix ele-
ments, we obtain ultimately for the probability QO™ of
the process occurring in the exothermal direction

(V1 - mvz> 0)
+ ! Mmendi 2 :
Qu""[sec!]= (mntd)! Ay ] hb,
m!n! hvp ZM,M(IZ 5
[ 3kT ] v—mv, 1*' Vo ( )
8n*Mvyla? [Sn’M,v,a ] [ ] (n—1)'m!’

Here M, and M. are the masses of the oscillators for
the normal modes v, and v.. The number n of the pho-
nons participating in the vibrational transition is an in-
teger in the interval

(vi—=mv2) /v <n< (vi—mvs) /v, 12

(6)

which satisfies the condition that n +m+1=ibean
even number. The probability QI} 0 of the inverse pro-
cess is determmed from the deta1led balancing princi-
ple: QX0 - Q0M exp{_(hv, - mhy)/KT}.

Expression (5 ) is quite general and can describe,
besides the VV' process, also other relaxatlon channels.
Thus, at m =1, v, = vz, M; = M, and b3 = b3 = /s we
obtain from (5 ), taking (2) and (6) into account, an ex-
pression for the probability of the resonant VV process

nisec-]—24.10-¢ (V2 | (FL | U—BA43)" 7
Qu"[sec!]=21-10 (W ) ( e ) (1—B/4,4)* i
In analogy with (7), we can easily write down expres-
sions also for the probabilities of single-quantum ex-
change (both resonant and nonresonant) between highly-
excited states. Such probabilities for an anharmonic
oscillator were calculated by a somewhat different
method by Ovchinnikov.['®) At m = 0, expression (5)
represents the probability P,, of the VT transition

1 — 0 with participation of n phonons:

(ntH1)* fAar \* R 3kT » vy "t
(n—1)! ( hvp ) 6M,v,a? ( Sn‘Mvp‘az) (n—TD) vo-

(®)
In the particular case n = 3, the quantity P,, was cal-
culated in!®], where, however, an inaccurate integration
was carried out over the phonon spectrum, so that the
result was an incorrect dependence of P,, on v, and
vD.

Since in a liquid there is also disordered motion of
the particles besides the collective motion, the vibra-

B*vp.

by[sec-t]=
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tional relaxation can be strongly influenced also by
ordinary binary collisions that cause this random mo-
tion. To assess the contribution of the binary collisions
to the probability of the vibrational transitions, one can
use in the estimate of these probabilities the usual
Herzfeld-Schwartz-Slavsky procedure. Table I lists for
several liquids the probabilities P,, and Q,o calcu-
lated from expressions (7) and (8) (PSOU and QCOL),
and from the Herzfeld -Schwartz-Slavsky formulas

PPN ang QPIN (see, e.g.,[%™]). The calculation was
carried out for a normal vibration with the lowest fre-
quency for the given molecule, inasmuch as usually it
is precisely this normal vibration which determines on
the whole the character of the VT processes.

Table I lists also the experimental values P$XP
taken from!(®*?], It is seen that at room temperatures
the experimental probabilities PEXP agree better with
the theoretical ones calculated under the assumption of
binary collisions. The conclusion that the dominant role
is played by binary collisions for VT processes in
weakly-associated liquids was drawn earlier.[®*?], It is
clear, however, that owing to the different dependences
of P¢°11 and P"m on the frequency y, of the intramolec-
ular v1brat1ons and on the temperature T, this conclu-
sion cannot be generalized to include a wide range of tem-
peratures and all the liquids. With decreasing T and
at low frequencies y, < 3vp the principal role for VT
process can be played by collective effects, when the
decay of the intramolecular vibration is only into three
phonons.

An important conclusion of the calculations of the
times of the vibrational relaxation is also the fact that
in liquids, just as in single-component molecular gases,
the VT and VV processes occur with different times,
and 7yV ~ 1/Qio < TVT ~ 1/Pjo. This makes it possi-
ble to apply certain results of vibrational kinetics in a
gas to a liquid, and in particular, to characterize the
degree of excitation of various types of intramolecular
vibrations in a liquid by vibrational temperatures, for
owing to the smallness 7yV there will be established
within each vibrational mode a quasistationary distribu-
tion (a Boltzmann distribution for the harmonic model).

Besides the VT and VV processes, an important
role can be played for vibrational modes of a poly-
atomic molecule also by VV' processes, i.e., exchange
of energy between different modes. In many cases (this
is confirmed by calculation with even only binary colli-
sions taken into account, as well as by experiments!'*]),
the times of these processes are shorter for liquids than
the vibration-translation relaxation times of the mode

TABLE I
~ on-. " bi pEXP, | gbin _ |4 coll zbin
Liquid | T,X | Vi00% | 0| a | P 0 0| P 1o"f- T v I “10-u,
sec™! sec™ sec” | gect | sec | sect | se¢

CeHs 303 12 410 3 1.8-10% 6-10% 3.7 4 16 60
CS, 298 11.9 31 5 1.3-10¢ 10° 04 6 28 10
CCl¢ 293 6.51 2.90 3 2.2.10* 2.10° | 84 4 1.3 4
CH,0 276 165 4.94 5 494 3.4-107 0.7 23 08 7
CHCl; 300 33 345 3 5.3.10° 2-10t | 6.6 | 30 11 5
CH,Cl, 300 8.55 5.60 3 5.2-10% 6-10° | 1.5 9 23 8

Notes: 1) n is the number of phonons participating in the VT process; 2) in
the calculation of POa" and Qs we assumed the value a = S A™ for the parameter
of the potential of the intermolecular interaction ~exp(—ar); 3) the frequencies of
the binary collisions Z°'" were calculated by linear interpolation into the region of
large particle densities (corresponding to liquids) of the values of these frequencies
for gases.
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with the lowest frequency, and the relaxation of the
vibrational energy of the molecules is characterized by
only one time of the VT process, which is usually meas-
ured in experiment for liquids by an acoustic method.(!?]
To use liquids as active media for lasers operating on
vibrational transitions, however, a more favorable (al-
though not obligatory) situation is one in which the re-
laxation of the energy from some vibrational mode (or
group of modes) is slower than from other modes, and
consequently the relaxation of the vibrational energy on
the whole is characterized not by one but by several
times. The presence of several times of vibrational
relaxation in a number of liquids is evidenced by ex-
periments performed by acoustic methods.!*#]

All the foregoing results, and in particular formulas
(1)—(18), concerning the influence of collective interac-
tions on the vibrational relaxation in liquids, pertain
equally well to molecular crystals. The decisive role
for the latter is played in the vibrational relaxation by
the collective interactions, while the binary interactions
are inessential. By way of illustration, Table II gives
the probabilities of certain vibrational processes, cal-
culated from formulas (2)—(8) at T = 170°K for the
molecular crystal CO.,. An important conclusion of the
analysis of (5) and (8) and of the concrete calculations
is the fact that the VT processes in molecular crystals
can be much slower than in liquids and in compressed
gases, especially if the crystal temperature is low and
the lowest of the frequencies of the intramolecular
vibrations greatly exceeds the Debye frequency vp, so
that the VT relaxation takes place with participation of
a large number of phonons.

We turn now to consideration of the possibility of
using a liquid as an active medium for a laser operating
on vibrational transitions. Of great importance here is
the choice of a pumping method that would make it pos-
sible to excite oscillations in a relatively large volume
of matter to obtain the gains needed for lasing. We
shall show that these conditions can be realized by us-
ing contemporary high-power electron beams.

The depth of penetration § (cm) of an electron beam
into a substance can be estimated from Feather’s well
known formulal*®!

6=(0.546E.—0.16) /p,

where Eg is the energy of the electron in the beam (in
MeV), and p is the density of the liquid in g/cm®. At
Ee ~ 2 MeV and p ~ 0.9 g/cm® the value of 5 is ~1 cm,
and consequently when beams with transverse dimen-
sions ~1 x 10 cm are used, their energy can be pumped
into an appreciable volume of liquid.

It is known that the beam energy is lost mainly to
ionization. One act of ionization usually consumes an
energy Ej ~ 30 eV. Nonetheless, it is possible also to
excite effectively molecule vibrations. Indeed, there
are at least two channels through which the energy can
be converted into vibrational degrees of freedom:

1) direct excitation of the vibrations by secondary
ionization electrons having an initial energy E;j/2

~ 15 eV; 2) pumping via recombination processes. The
efficiency of the first pumping channel is determined
by the ratio of the cross sections for the excitation of
the oscillations by the electrons to the cross sections
of the remaining processes in the secondary-electron
energy region from 15 eV down.

The second pumping mechanism is effected in the
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TABLEII

: ¢ .| Pz, | T
T |G| Sl % W o (TS
Molecular | 170 feg0e] 14100 Jos10r| 12 | 14408 20.107
crystal
Gas(p=latm) | 300 8510 | 2.0.108

Note. Qid(1), Qid(2), Qid(3), and Py(2) are the probabilities of the VV and
VT processes respectively in the symmetrical, deformation, and asymmetrical
modes; Q'(3 > 1, 2) is the probability of the VV' transition of a lower quantum
of an asymmetric mode into lower quanta of a symmetric and deformation
mode. Q'(1 = 2) is the probability of a VV' transition of a lower quantum
of a symmetric mode into two lower quanta of a deformation mode.

following manner. After a certain cooling of the sec-
ondary electrons, electron-ion dissociative recombina-
tion sets in. The neutral particles produced as a result
of this reaction then recombine and form molecules at
high vibrational levels, thereby ensuring pumping of
energy into the vibrational degrees of freedom. The
use of the chemical reaction of atom recombination to
produce lasers operating on vibrational transitions in
molecular gases was discussed int'%!7],

Let us examine the possibility of using high-power
electron beams to pump a liquid laser on vibrational
transitions, using as a concrete example a beam with
the following parameters: current density j~ 500
A/cm? electron energy in the beam Eg ~ 2 MeV, beam
pulse duration Theam ~ 5 X 10 sec. These are per-
fectly feasible parameters!'®) and correspond to a beam
power 19° W/cm?and to an energy ~55 J/cm? The
chosen liquid is carbonyl sulfide COS at a temperature
150°K (density p = 1.24 g/cm®, molecular weight
M = 60 at. un., molecule concentration Njjq = 1.24
x 102 ¢m™®), A calculation based on binary collisions
yields for this liquid a relaxationtime 7 = 2 x 10°® sec
of two modes with frequencies v, = 862 cm™ and v,
= 516 cm™, while the mode with frequency .ys = 2050
cm ' has 7~ 2 x 107 sec.l*"]

Let us estimate now the vibrational-level inverted
population that can be expected by pumping the oscilla-
tions with an electron beam. We consider first the re-
combination pumping mechanism. The cooling time
Tcool of the secondary electrons from an energy
~Ej/2 ~ 15 eV to thermal energies is short and at the
typical cross section gj ~ 107'" cm? of inelastic scatter-
ing by molecules it amounts to 7¢oo1 & 1/{0V ) Njig
<< Tbeam- The time dependence of the volume concen-
tration Ng of these cooled electrons is approximately
described by the equation dN¢/dt =J — krNZ and is
equal to

J

n.o=()

% 1—exp {—2(k.J) "t}
1+exp{—2(k.J) "t} '

®

where kr is the dissociative recombination rate con-
stant, J is the volume rate of ionization by the electron
beam: :
E, j
E e’

J= (10)

and e is the electron charge. For the electron-beam
and liquid parameters indicated above we have

5 ~0.75 cm, J ~2.6 x 10?® cm™ sec™’. At these ioniza-
tion rates and at the typical value kr ~ 10”7 cm%/ sec,
the quasistationary value is Ne = vJ/ky = 5 x 10® cm™®,
and the time of establishment of the quasistationary
regime is Test ~ /2VKpd ~ 107" sec. Since Test

<< Theam in our example, it can be assumed that during
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the entire time of bombardment of the liquid by the fast
beam electrons the recombination flux kyN3, which en-
sures in final analysis the energy pumping into the
vibrational degrees of freedom, is equal to the volume
ionization rate J. The total recombination energy flux
is consequently EjJ/2, but it is clear that only a frac-
tion 5 of this flux enters in the vibrational degrees of
freedom. If the molecules are produced upon recom-
bination on vibrational levels close to the dissociation
limit with energy De, then pnmax ~ 2De/Ej can be of
the order of unity. In the estimates that follow we shall
use the value 5 ~ 0.2, assuming thus that only 20% of
the recombination energy flux (or 10% of the total flux
E;jJ) goes to the vibrational degrees of freedom.

Upon direct excitation of the vibrations by the sec-
ondary electrons in the quasistationary regime, it can
also be assumed that the rate of energy pumping into
the oscillations is nEiJ/2, where 5 is determined by
the ratio of the cross section for the excitation of the
oscillations by the electrons to the total cross section
of their inelastic scattering and by the average value of
the energy converted into the oscillations in one act of
excitation,

To determine the populations of the individual vibra-
tional levels it is also necessary to know, besides the
total energy flux that goes into oscillations of the poly-
atomic molecules, also how the various oscillation
modes are excited. The most favorable for the popula-
tion inversion is the situation wherein the modes with
large relaxation times are predominantly excited.

(This is precisely the case realized in the CO. gas
laser with electric pumping.) Since, however, the rela-
tive rates of energy pumping into various modes are
unknown, we shall henceforth take them to be equal.
Assuming now that in a liquid of polyatomic molecules
with m normal intramolecular oscillations there are
two groups of modes n and k (n + k = m), we obtain for
the nonequilibrium energy reserve Eyip(n) and Eyjp(k)
in each of the groups of modes towards the end of the
action of the pulse®

E
2

n i 0 k Ei 0
Eyip(n)= m n Jt(n)+Eyy(n), Eym(k)= —’;:7] —JTveamTEyip (k)

2
(11)

where Eyip are the equilibrium (at temperature T)
reserves of vibrational energy. Estimating £yijp and
recognizing that in each of the groups of modes n and
k, owing to the fast exchange of energies between the
modes, there is established a Treanor quasi-equili-
brium ratio,!*!] we can easily determine the populations
of the different levels. Thus, for the considered exam-
ple in COS we have n =2 and k = 1, and the populations
of the lower levels N;(n) and N,(k) of the modes with
the smallest quanta, v, = 516 cm™ and pg = 2050 cm™
from the groups n and k will be respectively equal to
2 x 10%° and 5 x 10*® ¢cm™. The population inversion
sets in then between the 001 level and the 100 level
from the group n = 2 of the rapidly relaxing modes v,
and p», and amounts to ~4 x 10" cm™. We note that it
is precisely with this transition (wavelength x = 8.4 u)
that inverted population and lasing were obtained for
gaseous COS with electric pumping.!?°]

Assuming for the line width and for the probability
of the spontaneous radiative transition the typical
values ~10 cm™ and 1 sec™, we find that for the indi-
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cated transition the gain is a~5x 102cm™}, i.e., it is
fully sufficient for lasing. We note also that at these -
values of o the time required for lasing to develop,
Toen ~ 40(ac)™ (c is the speed of light),*? amounts to
3.3 x 10°® sec and is shorter than the pulse duration.

An important factor influencing the operation of the
liquid laser (as well, incidentally, of an electro-ioniza-
tion gas laser), is the heating of the medium. In liquids,
however, owing to the much larger specific heat per
unit volume, this heating can be small even at rela-
tively large energy inputs. Thus, in the case considered
here, the maximum heating of the liquid following ab-
sorption of the energy of one electron-beam pulse
(~75 J/cm®) does not exceed ~50°.

From the particle flux to the upper vibrational laser
level with energy nvs we can also estimate roughly the
expected power Wrad and energy Erad in one radiation
pulse:

vad k E ’
= —1]—‘], E ,4SWradTbeam.

W,
Msv, m 2

For the example considered we have Wraq < 2 x 107
W/cm® and Eraq £ 0.9 J/cm®. These estimates show
that in the case when liquid lasers are produced on
vibrational transitions, they can compete successfully
with respect to their energy characteristics with
modern electro-ionization lasers.["»?] To be sure, when
pumping with an electron beam, owing to the predomi-
nant beam energy loss to ionization, the efficiency of
such liquid lasers is low in comparison with electro-
ionization gas lasers. However this efficiency can ap-
parently be increased, and by the same token one can
improve additionally the energy characteristics of the
laser, by using a combined excitation method that em-
ploys both an electron beam-and an external electric
field that heats the secondary electrons. Thus, simple
estimates show that if the cross section for the excita-
tion of the oscillations by electrons is ~107** cm® in
the region of epithermal energies ~1—3 eV the concen-
tration Ne of the secondary electrons (in our example
5 x 10*® cm™®) is sufficient to obtain a concentration

5 x 10%* cm™® of vibrationally-excited molecules. Ana-
logous calculations yield for liquid CSz at T = 195°K

an inverted population on the order of 6 x 10*° cm™

and the value for furane (C4H40) is of the order of

10*® ¢cm™® following excitation with epithermal electrons
of energy 2 eV.

’

With decreasing temperature, owing to the increase
of the vibration-relaxation times the efficiency of liquid
laser increases. It is of interest from this point of view
to use molecular crystals as active laser media. In
molecular crystals; unlike in liquids, only the collective
interactions play an important role. As seen from the
estimates given above for the probabilities, the rates
of the VT processes in collective interactions are
usually lower than in binary interactions. Particularly
small values P$Oll are obtained for molecular crystals
with ymin/vD > 3, where consequently the intramolecu-
lar vibrational excitations decay into five or more
Debye quanta. For these cases the resonant or close to
resonant collective VV process, which calls for partici-
pation of only two Debye quanta (see (7)), is much
faster, i.e., the relation 7yv << 7yT between the char-
acteristic times of the VV and VT processes remains
satisfied. Therefore in such molecular crystals, just
as in single-component gases and crystals, a quasi-
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s_tationary distribution is established among the modes.
This circumstance was used in??1 to obtain a Treanor
distribution in a system of anharmonic oscillators.

Energy exchange between different modes (the VV’
process) in molecular crystals can proceed at various
rates, but it is clear that for multiquantum exchange
with an appreciable energy defect, which calls for par-
ticipation of several Debye modes in the process, these
rates can be relatively small, so that on the whole the
vibrational relaxation will be characterized by several
relaxation times. Thus, the use of molecular crystals
as an active medium for lasers employing vibrational
transitions between levels of various intramolecular
modes offers some promise and makes it possible, in
principle, to obtain large inverted populations and
gains. It is quite interesting to use for this purpose
solid carbon dioxide, since the spectroscopic parame-
ters and the cross sections for excitation by electron
impact are well known for CO.. The pumping, as for
liquids, can be by means of high-power electron beams.
Estimates carried out for a beam with the parameters
cited above and based on the probabilities of Table II
have shown that at the end of the action of the pumping
pulse the inversion on the vibrational transition 00°1
— 10° amounts to 2 x 10*® cm™, corresponding to a
stored energy 0.4 J/cm®,

We now discuss briefly the question of stimulation of
chemical reactions in the liquid phase by heating indi-
vidual intramolecular modes with IR laser radiation. It
is known!®*7) that when energy is dissipated from a
mode as a consequence of a VT or VV’' process, with
probability P,,, to obtain a vibrational mode tempera-
ture equal to the characteristic temperature of this
vibration, the laser radiation must ensure an optical-
pumping probability W,, ~ P,,. In this case, taking into
account the connection between the pumping intensity I
and the probability W,,, we have for I

Viad Av
qAy

I=~1.5-10-" P,

where I is given in W/cm?; yraq and Av are the fre-
quency of the absorbed radiation and the width of the
absorption line (in cm™); q is the fraction of the mole-
cules participating in the absorption, while the radiative
and collision probabilities A;, and Pm are expressed
in sec™!. At typical values P,, = 10° sec” Am ~ 10
sec’!, q~ 0.15,Av ~ 10 cm™, and yrad  10° cm™ (the
CO:-laser emission frequency) we have I ~ 10° W/cm?

and the vibrational temperature of the mode is ~1400°K.

To obtain a vibrational temperature 2.3 times smaller
(~610°K), the power required is ~10" W/cm? These
powers, although much larger than in the case of stimu-
lation of laser-chemical reactions in gases at low pres-
sures (~1—100 Torr), are nonetheless attainable with
modern pulsed IR lasers.

An important feature of laser-chemical reactions in
the liquid phase is also their local character, due to the

high concentration of the radiation-absorbing molecules.

Thus, in the indicated example, the radiation absorption
cross section is ~2 x 107*® cm®, which corresponds,

at a liquid-molecule density ~10% cm™, to a radiation
penetration depth 5 ~ 5 x 107 cm. Using radiation of a
frequency that is a multiple of the oscillation frequency,
for which the absorption cross section is appreciably
smaller (by an approximate factor 10% and more) than
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for the resonant frequency, it is possible to increase
considerably the volume in which the reaction takes
place.

We note that an interesting communication was re-
cently published concerning!®] first experiments on the
realization of biochemical reactions in the liquid phase
under the influence of IR laser radiation. To be sure,
the employed radiation powers were not high, which
seems to indicate either anomalously low probabilities
of the deactivation of the excitation energy, or a thermal
character of the course of the biochemical processes
in this experiment. We note also that the estimates
given above pertained to ordinary chemical reactions.
They can be used for biochemical reactions only with
great caution, since the rates of these reactions can be
extremely sensitive to the translational temperature,
the change of which is inevitable when a laser acts ona
substance.

On the whole, the results obtained in this study point
to the feasibility of effecting laser-chemical reactions
in liquids, and to the favorable prospects of using
liquids and molecular crystals as active media for
lasers operating on intramolecular vibrational transi-

tions.

DIn the considered example, for the group of mode n we have 7(n)
< Tpheam- 1-€., @ quasistationary relaxation regime is established. On
the other hand for the group of modes k we have 7(k) > Tpeam-
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