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Experimental studies are reported of light-induced drift of CH;F molecules in helium, hydrogen,
and another isotopic modification of CH,F molecules. The '*C-enrichment that has been
achieved was about 70%. The magnitude of the effect was measured as a function of the laser
radiation frequency, homogeneous transition width, and absorbed power density. The observed
relationships were compared with theoretical predictions. The relative change in the frequency of
Maxwellizing collisions of the CH,F molecule after its vibrational excitation has been measured.

PACS numbers: 33.80. — b, 28.60. + s, 42.60.He

In 1979, Gel’mukhanov and Shalagin' predicted theor-
etically an interesting phenomenon, namely, light-induced
drift (LID) of particles in the field of a traveling electromag-
netic wave. This effect gives rise to a macroscopic current of
atoms (or molecules) that interact resonantly with the radi-
ation, but the current appears only in the presence of a buffer
gas. Its direction is parallel to the direction of the light beam,
and is opposite to the current of the buffer particles. This
presents us with the possibility of spatial separation of parti-
cles with different absorption spectra, including atoms, mol-
ecules, their isotopic or spin modifications, and so on. The
scope of possible practical applications of the effect is still
not clear, but it is already possible to exploit the pheno-
menon in physical investigations, for example, in studies of
molecular (atomic) collisions.

Theory predicts that the effect should be a maximum in
atoms.”> However, most of the research performed so far
has been concerned with the LID of molecules. This has been
due to a number of factors that make experiments with mole-
cules much simpler and more readily accessible. Such ex-
periments are concerned with the LID effect based on vibra-
tional-rotational transitions in molecules. The LID effect
based on electronic transitions in molecules is, of course,
interesting, and is at present even more complicated than the
study of LID in atoms. The relative simplicity of molecular
LID is due, as was correctly noted in Ref. 4, to the availabil-
ity of powerful infrared lasers whose radiation is at reso-
nance with strong absorption lines of many molecular gases.

At present, the bibliography of experimental work on
LID can be summarized as follows. The atomic effect has
been investigated in sodium® and neon.® The list of papers
concerned with molecules is substantially greater. Experi-
ments with SF¢ have been reported,”'° but it must be con-
cluded that the effect has not, in fact, been detected in this
material.®'? On the other hand, a pronounced LID effect has
been recorded for CH,F molecules.'""!?

The present paper is devoted to light-induced drift of
CH,F. The main objective was quantitative verification of
the theory of the effect.
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1. GENERAL DESCRIPTION OF THE PHENOMENON

We shall consider the interaction between a traveling
electromagnetic wave and moving two-level particles pres-
ent with low relative concentration in a buffer gas, so that
collisions between the absorbing particles can be neglected.
We now introduce velocity distributions for particles in the
excited [ p,, (v)] and unexcited [ p,, (v)] states. The laser radi-
ation that is in resonance with the transition is assumed to be
monochromatic. As a result of the Doppler effect, particles
with velocity components in the direction of the wave vector
(k) of the radiation that are close to v, = £ /k will interact
with the radiation, where 2 = v — w,,, is the detuning of
the radiation frequency from the center of the line emitted as
a result of the transition. Let N be the concentration of ab-
sorbing particles and p the probability per unit time that
they will be excited. In steady state, the number of excited
molecules with velocity components close tov, = £ /k, will
exceed the Maxwell number by Np/v.,, where v/, is the fre-
quency of collisions involving excited molecules that remove
them from the particular velocity interval. In the lower state,
there is a deficiency Np/v, in the same velocity interval,
where v;, is the corresponding collision frequency for the
state . These are the well-known Bennett peak and dip. The
difference between the distributions p,, (v) and p,, (v), on the
one hand, and the equilibrium distributions, on the other,
leads to the appearance of currents of excited and unexcited
molecules. It is readily seen that these currents are, respec-
tively, equal to Nps2 /kv,, and — Np2 /kv,,. The resultant
current of absorbing molecules is thus
(Ve — v )NpR2 /kv,v,, and is nonzero only for v, #v,.

Even these very qualitative considerations exhibit an
important feature of the phenomenon, namely, the antisym-
metric dependence of the direction of the current on frequen-
cy £2. The effect is absent at the center of the absorption line
(12 = 0). Without going into the many other properties of the
effect that follow from the foregoing qualitative consider-
ations, we must now proceed to a quantitative description of
the phenomenon.
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2. THEORY OF LIGHT-INDUCED DRIFT OF MOLECULES

LID is relatively simple to describe in terms of the
strong collision model.’® Applications of this model to the
LID problem can be found in the literature.*'* In accor-
dance with the assumptions of the strong collision model, we
introduce the frequencies of rotational (v,,z,v,z ) and trans-
lational (v,,,7,v,, ) relaxation in states m and . Since the rate
of departure of the CH,F molecules to neighboring rota-
tional levels (which determines the homogeneous width of
the transition) in their own gas is much greater than the rate
of translational relaxation, we assume that rotational relaxa-
tion is not accompanied by a change in the translational ve-
locity of the molecules. Next, we assume that vibrational
relaxation (frequency v,,, ) is accompanied by the establish-
ment of equilibrium distributions over velocities and rota-
tional states.

Under stationary conditions, the equations for the dis-
tributions of the molecules over the velocities and the rota-
tional levels in the upper ( p,, ,(v)) and lower ( p,,(v)) states
are as follows:

VV0ms (V) +mpms (v) =Np(v) 8570t Vmapm (V) Wy (J)

+'VmTme(v) WB (]) ) (la)
vanJ (V) +Vnpnl (V) =—NP (V) GJJo’__{_Vanﬂ (V) WB (J)
FVa20aW () Wy (1) FVmop W (v) W (J), (1b)
2|GlT
Np(v)= m [Pns (V) —pmse(V) 1, (Ic)

where G=Edy/2#, v,, =V,r +Vmr + V> Vn =Vur
+v,r, E, @, k are, respectively, the amplitude, frequency,
and wave vector of the radiation, I', d, is the homogeneous
halfwidth and the dipole moment of the transition
mJ,—nJ§, W(v)is the Maxwell velocity distribution, and
Wy (J)is the Boltzmann distribution over the rotational lev-
els. The quantities p;(v), p; (i = m,n) are given by

0i(v) = Zp.-,(v); o= fomav  G=mn). ()

We now give the expressions for the currents of excited
(i) and unexcited (j,, ) particles. From (1a) and (1b) we have,
after summation over J,

J¥INp ) ~vVpu(v) 1av,

in= [ vom(V)dv =~
@)

mT T Vmo

j,.=J' von(v)dv=— 1 jv[Np (v) +vVp.(v) ]dv.
Var

In steady state, and under the conditions of our experiment,
the resultant current of absorbing molecules is j,, + j,, = O.
When this is used in conjunction with (3), we obtain

——AvN.f P (V)VaAV— (Vimr+Vmy) 5 v(vVN(v))dv
+Av j v(vVpm(v))dv=0,
(4)

where Av=v,r +v,, —v,r and N(v) = p,,, (V) + p.(v).
For the CH;F molecules with which we are concerned
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here, the difference between the frequencies of Maxwellizing

collisions v,, + v,,, and v, in the two vibrational states is

small. The spatial derivatives are therefore also small, as can

be seen from (4). We shall solve (4) assuming that the func-

tions p(v), N(v), and p,, (v) satisfy approximately Egs. (1a)-

(1c) without the terms containing the spatial derivatives.
Solving (1) in this approximation, we obtain

_ A'VNp (V) Avp
N(V) T (VMT+'V"W)VHT + NW (V) [1 + (VmT+Vmu) VnT]
_ Np(v) 1 _ 1
on (V)= Vi va+ Nw V)P [vm vmr+vm] 5)
. . We(J,)Y(RQ) . _ .
p_j.p(v)dv_1:,[1+1/x+Y(Q)1:2/n] 3 x=2(Gl/T
p(v) = Lot W(v) [We(J,")—p7.].

T (1) [T 2+ (Q—kv)?]

The function Y (2 ), which depends on the frequency {2 and
the homogeneous halfwidth of the transition
I'y =I'(1 4 x)'?, is given by

Y(Q)=y'n" Re [w(z) ]; z=2'+iy"; vo=(2kT/M)",

2_ z
w(z)=e‘”[ 1+ e dt] ; 2'=Q/kvy;  y'=Ts/kv..
ﬂ 2
’ (6)
The times 7, and 7, are given by the following expressions:
1 1 1 1
T=—t—+ W, () [ -
Vn Vm Var Vn
1 1
+W, (o) [ —-——1
VmrTVmy  Vm (7)
1 1

]+WB(J.,)[L— ! ]

Vmo VmT+va

T.=Wp Js") [

my Var

Substituting N (v) and p,, (v) from (5) in (4), and neglecting
small terms containing both 4v/v and the spatial deriva-
tives, we obtain

—ﬂNJ.p(v)vdv=j.v(vVNW(v))dv, (8)
v

where v = v, =V,,7 + Vmy- In the one-dimensional case,
we find that for the function W (v) that is independent of
position,

L o)

2 dx

where x is the position coordinate along the axis of the cylin-
drical cell (and increases in the direction of the beam). The
integral on the left-hand side of this equation can be ex-
pressed'* in terms of p and the function w(z) [see (5) and (6)]:

| p(v2) v2 dv.=pvs Rel20(2) 1/Relw (2) 1=pvup (Q).

A
—‘VNJ. P (V) U dv, =
v

Since the product zwNp determines the power absorbed by
the gas per unit volume, integration of (9) with respect to x
gives [assuming that ¢(f2 ) is independent of x]
Av 2AS
?(Q),

AN = —
v hov,

(10)
where AN and A4S is the drop in concentration and power
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FIG. 1. Sections of the absorption spectra of '*CH,F and
13CH,F molecules near the P (20) and P (32) generation lines in
the 9.6-um band of the CO, laser."’
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density absorbed by the gas along the length of the cell, re-
spectively. Equation (10) was first obtained in Ref. 14 and
provides us with a simple way of determining the relative
change in the frequencies of Maxwellizing collisions during
molecular excitation from the experimental conditions.

3. PARAMETERS OF THE CH;F MOLECULE

Precision measurements of the molecular constants of
CH,F were reported in Ref. 15 which was devoted to the
Stark spectroscopy of the molecule. These data enable us to
calculate with sufficient precision the frequencies of the vi-
brational-rotational transitions. The relative intensities of
the absorption lines are found from well-known formulas for
the absorption coefficients of symmetric-top molecules. !¢

There are two strong resonances in the spectrum of the
CH,F molecule and the CO, laser radiation. The laser radi-
ation generated by the P (32) transition in the 9.6-um band is
absorbed by the R (4,3) transition of the v, vibration in the
“CH,F molecule (absorption coefficient ~0.3 cm~!/Torr
and £2 = 25.8 MHz). This resonance produces absorption in
the orthomodification of the molecule.

In the second resonance, radiation from the P (20) tran-
sition in the 9.6-um CO, band is absorbed by two lines of the
'2CH,F molecules, namely, Q (12,2) and Q (12,1) of the V5 vi-
bration. These two absorption lines belong to the paramodi-
fication of the molecule. The frequency deviations of the
centers of the absorption lines from the center of the P (20)
line of CO, are 44.2 MHz [Q (12,2)] and 28.4 MHz [Q (12,1)].

Figure 1 shows the sections of interest of the absorption
spectra'” of *CH,F and '>CH,F molecules. The Doppler
profiles correspond to 300 K (kv,~39 MHz). Their relative
intensities were calculated on the assumption of an equilibri-
um distribution of molecules over the vibrational levels.

To calculate the magnitude of the effect from (10), we
must have information on the saturation parameter (x), the
times 7, and 7,, and the collisional broadening. Let us first

TABLE I. Collisional broadening of transitions in the CH,F molecule

I

consider data on the homogeneous halfwidth I". This quanti-
ty has frequently been measured both for rotational'® and
vibrational-rotational'® transitions in CH,;F. These data are
listed in Table I for '>)CH,F in its own gas. The table also
gives our measurements of the broadening of the R (4,3) line
belonging to the v, vibration of '*CH,F in a gas of buffer
2CH,F molecules. The somewhat lower broadening (18.3
MHz/Torr) that we have obtained may have been due to a
deterioration of resonance during collisions between
3CH,F and '’CH,F as compared with the collisions
between '*CH,F and '?CH,F molecules. Henceforth we
shall use the broadening 18.3 MHz/Torr in our calculations
of the LID effect in mixture of the isotopic molecules
BCH,F and '’CH,F. The transfer of vibrational energy
between the molecules '*CH,F, '>’CH,F and their ortho-
paramodifications have been investigated by double infrared
resonance.'” These measurements showed that the frequen-
Cy v,,, describing the transfer of a vibrational quantum in
collisions between '*CH;F and '>CH,F is about 5Xx 10°
s~ '/Torr and depends little on the orthoparamodification of
the colliding particles. We shall assume, in accord with the
model with three relaxation constants, that assume that
I'=(v, +v,)/2.Since v,, =v, =V, we have v=TI. Using
the observed absorption coefficient [according to our mea-
surements, 0.45 cm~'/Torr at the center of the R (4,3) line]
to determine the transition dipole moment, we can readily
calculate the parameter x for all three transitions in CH,F
that are in resonance with the CO,-laser radiation. At 1 Torr
(CH,F) and at a radiation power density 1 W/cm?, we find
that (R (4,3)) =0.53.1072, x(Q(12,1)) =9.6-10~>, and
#(Q(12,2)) = 3.8-10*. According to (7), the times 7, and 7,
are 7,~1.7.10~® s and 7,/7, ~0.87.

4. EXPERIMENTAL METHOD

Since the LID effect results in the spatial separation of
the components of a gas mixture, the most convenient meth-

Transition Perturbing Broadening,
Molecule (Vs . K, M) < (v3,0", K", M) molecule MHz/T orf Reference

12CH,3;F (2,3,1,—1)«(0,1,1,—1) 12CH,F 21.05=0.5 [19]
He 3.15+0.15 [19]

12CH,F (2,3,1,-3)«(0,1,1,—-1) 12CH;3F 20.35+0.5 [19]
He 3.00+0.15 [19]

12CH;F (0,1,0,M) «(0,0,0.M") 12CH,F 20 [18]

3CH3F (1,5,3,M) « (0,4,3,M") 12CH,;F 18.3 *

*Qur measurements.
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FIG. 2. Experimental arrangement: 1—lens, 2—NaCl end windows, 3—
cylindrical cell, 4—batching valve, 5—ballast volume.

od of investigating it is mass spectroscopy of the gas. In con-
trast to determination of the size of the effect by measuring
the concentration of a particular component of the gas mix-
ture (for example, by optical methods), the mass-spectro-
scopic approach practically excludes effects connected with
the heating of the sample cell by the laser radiation.

A block diagram of the apparatus is shown in Fig. 2.
The gas was excited by continuous radiation from a low-
pressure CO, laser, using a diffraction grating as a rota-
tional-line selector. The laser was operated in the single-
mode regime, using lines belonging to the 9.6-um vibrational
band (00°1 — 02°0 transition in CO,). The laser radiation
was plane-polarized (power up to 15 W) and was focused by a
lens (focal length 50 cm) into a cylindrical specimen cell. The
cell length was 1 m and its internal diameter was 4 mm (cop-
per) or 1 mm (glass). NaCl end windows were inserted into
the copper cell almost at right angles to the tube axis, where-
as, in the glass cell, they were mounted at the Brewster angle.
Radiation losses in the absence of the absorbing gas in the
copper and glass cells were 20% and 50%, respectively. The
gas composition was analyzed in a large number of experi-
ments at entry (relative to the beam) to the cell. A gas sample
(0.2-1 cm?) was leaked into the mass spectrometer after the
stationary state had been reached in the system. The exit end
of the cell was connected to a ballast volume. The cell was in
thermal contact with a radiator along its entire length. These
two cells enabled us to investigate the effect in the laser pow-
er-density range between about 10 W/cm? and about 10’
W/cm?

The measurement of the effect of the laser radiation on
gas composition consisted of repeated comparisons of the
mass spectra of the gas with and without the incident radi-
ation. A small amount of a reference gas (argon) was added in
a number of these experiments, for example, in the case of
CH,F drift in helium or hydrogen, to increase the precision
of the measurements. This enabled us to observe variations
smaller than 1% in the component concentration ratios.
Special steps were taken to verify that thermal effects had no
influence on the gas composition. For example, heating of
the cells to 50-60 °C (even nonuniform heating) produced no
appreciable change in the composition of the gas in a test
volume.

5. MANIFESTATIONS OF THE EFFECT UNDER OPTIMUM
CONDITIONS

It was convenient in our experiments to measure the
ratio of the concentration of the absorbing isotopic compo-
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FIG. 3. Theoretical dependence of the enrichment coefficient () on the
saturation parameter (x) for a number of buffer-gas pressures (*>*CH;F and
2CH,F mixture).

nent (V) to that of the buffer component with (K;;; ) and with-
out (K') the incident radiation. We introduce the enrichment
coefficient B =K, /(K — 1). If the total concentration of
the gas particles can be assumed to be constant along the cell,
we have

~—]'1(1+K)/( 1—%71\’—K).

To determine the optimum conditions for the observa-
tion of isotopic enrichment, we must turn to (9). The drop in
the concentration of the absorbing component along the
length / of the cell is given by

AN=N0—N,=N,[exp(j Av 2”“’(9) ) 1] (12)

(11)

The enrichment coefficient S can readily be found from
(11) and (12) at low concentrations of the absorbing compo-
nent (K—0), when p and @(£2 ) are independent of position.
The dependence of 5 on the saturation parameter x is shown
in Fig. 3 for several buffer-gas (CH,F) pressures. In our cal-
culations, we used the value 4v/v = 1.04.10~2 which fol-
lows from measurements of the frequency dependence of the
effect, described below.

Figure 4 shows an example of the gas mass spectra be-
fore and after irradiation. The intensity (minus the mass-
spectrum background) of the M /e = 35 line, recorded with
higher sensitivity, is proportional to the '*CH,F concentra-
tion. The intensities of the M /e = 33 and 34 lines are largely
determined by the '?CH,F concentration (the contribution
of >*CH,,F to these lines is, respectively, 5.7 and 0.5%). Thus,
the change in the ratio of the peak heights in Fig. 4 clearly
shows the change in the gas composition as a result of LID.
The '3C enrichment in this particular experiment was
69 + 0.9%.

The procedure used to determine the parameter » and
the absorbed power density AS from the experimental data
requires some explanation. Let W be the radiation power,
AW the radiation power absorbed by the gas, and s the cross
section of the cell. Good agreement between calculation and
measurement is achieved for AS = A W /s. The values of the
parameter x, determined for power density S = W /s, had to
be increased by a factor of two. This correction factor is
evidently due to the nonuniform distribution of the field over
the cross section of the cell and to the approximate nature of
the estimate v~1".
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FIG. 4. Light-induced change in the isotopic composition of the mixture
3CH,F :'"*)CH,F = 1:15. Pressure 1 Torr. ?CH,F molecules are excited
(a—before illumination; b—after illumination).

6. DEPENDENCE OF THE MAGNITUDE OF THE EFFECT ON
FREQUENCY

The first derivative of the frequency dependence of the
emitted laser power was used to stabilize the laser frequency,
both at the center of the line and at the shifted value. The
frequency shift was determined, in final analysis, by the
change in the cavity length. Pulling effects could convenient-
ly be taken into account by introducing a small (18%) linear
stretching of the frequency scale. The observed frequency
difference between the center of the P (32) line of the CO,
laser and the center of the R (4,3) absorption line of the
13CH,F molecule was then found to be in agreement with
precision measurements.'?

Equations (10) and (11) give the enrichment as a func-
tion of the frequency difference. In our particular experi-
ment, AS was a complicated function of {2 because of the

frequency dependence of the laser power and the absorption
coefficient. The enrichment normalized to the absorbed
power density 3 /AS should repeat the frequency depen-
dence @({2 ) for small values of K. Measurements of the spe-
cific enrichment 3 /AS are shown in Fig. 5 together with the
corresponding theoretical curve. The figure also shows our
measurements of the linear absorption coefficient as a func-
tion of frequency. It is clear that the measured values of
B /AS and of the absorption coefficient are in good agree-
ment both with the theoretical B /A4S curves and with the
previously known spectroscopic data (Fig. 1). As predicted
by the theory, the effect vanishes at the center of the absorp-
tion line, although the absorbed power is not at all small and
exceeds the corresponding value at 2 = 50 MHz by a factor
of about three.

Our laser could be tuned over a range of about 50 MHz.
Frequency scanning within this range turned out to be insuf-
ficient to produce reversal of the sign of the effect which,
according to theory, should occur when the sign of {2 is re-
versed. However, the reversal was observed upon excitation
of the other isotopic molecule (*>*CH,F). The position of its
absorption lines relative to the center of the P (20) line of the
CO, laser is shown in Fig. 1.

Two types of experiment with the '>CH,F molecules
were performed. They differed by whether the buffer parti-
cles promoted the resonance transfer of excitation ('>*CH,F)
ordid not doso (He, H,). Measurements of enrichment in the
2CH,F:'*CH,F = 1:4 mixture (the '>CH,F molecules were
excited) yielded the following results. At gas pressures of
0.68 Torr and absorbed power density 45 = 19 W/cm?, the
'2C enrichment was = — (5.6 + 0.7)%. The sign of the
effect was in accordance with spectroscopic data (Fig. 1), and
is discussed below. In experiments of the second type, we
again observed effects of different sign: B = 19 + 1% for the
mixture "*CH,F + H,and 8 = ( — 4.5 + 0.5)% for the mix-
ture '>’CH,F + H,. These data are discussed in detail in Sec.
8.

The data of Fig. 5a are satisfactorily approximated by
the theoretical curve (solid line) calculated for
Av/v = 1.04-10~ 2 (this value will be used below). The calcu-
lations were performed without taking field broadening into
account since, in this experiment, the saturation parameter
was small (» $0.1), but collisional broadening, which was
large for the CH,F transitions, was taken into account. We
note that the approximate expression @(2)={2 /kv,, ob-
tained on the assumption that I"<kv,, was employed in Ref.
12.

FIG. 5. Dependence of the LID effect and the ab-
sorption coefficient on frequency: a—1.6 Torr, sol-
id line—calculation for 4v/v = 1.04X10~2, b—
0.7 Torr, broadening 18.3 MHz/Torr.
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Let us now calculate the factor Av/v from data on the
drift of the '2)CH,F molecules in the medium of the *CH,F
buffer particles. The CO,-laser radiation is absorbed in this
case as a result of two transitions in the '>*CH,F molecule,
namely, Q(12,1) and Q (12,2), where the corresponding de-
tunings from the center of the P (20) line of CO, are, respec-
tively, + 28.4 and — 44.2 MHz. Since the dipole moments
of these transitions are sufficiently small, they were not field-
saturated in this experiment. The absorbed power ratio for
these transitions with p given by (5) is

r=WB(JM,)Y(Ql)“i/WB(JOZI)Y(QZ)KZ’ (13)

where subscripts 1 and 2 identify quantities referring to the
Q(12,1) and Q(12,2) transitions, respectively. In our case,
r=~0.42. Since the signs of effects observed for these absorp-
tion lines are opposite, the resulting concentration drop is
given by

Av 2AS

AN="2Y [ (14)

ro () _ @ ()
1+r 1+r ] '
It is then readily shown that the enrichment ( — 5.6 + 0.7)%
recorded in this experiment corresponds to 4v/v = (1.16
+ 0.15)-102. This value agrees to within experimental er-
ror withAv/v = 1.04.10~2, determined for the R (4,3) transi-
tion in the '>*CH,F molecule.

Allowance for other absorption lines in the Q branch of
12CH,F has little effect on the factor Av/v. Calculations per-
formed for the three absorption lines Q(12,1), ¢ (12,2), and
Q(12,3) yield Av/v = (1.09 + 0.14)x 10~ 2.

7. COLLISIONAL AND FIELD BROADENING

We now turn again to (10) which gives the concentra-
tion drop AN. The effect of collisional and field broadening
on AN /AS is determined by the dependence of the function
@) on the homogeneous transition  width
Iy =I'(14 x)"% It is therefore convenient to consider
these two effects together and classify the experimental con-
ditions according to values of I . Figure 6 shows measure-
ments and calculations based on (10) and (11). Once again,
we have good agreement between theory and experiment.
This is, in fact, a convincing illustration of the important
advantage'® of (10), namely, all relaxation processes in the
molecular gas are included in the absorbed power, which is
readily measured. On the other hand, it is very difficult to

(10"

1 L L L
1 V4 J

¥
I /ku,

FIG. 6. Specific concentration drop as a function of the homogeneous
width of the transition (solid line—calculation for Av/v = 1.04X 107?).
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FIG. 7. Magnitude of the LID effect as a function of absorbed power
density. Solid line—calculated for 4v/v = 1.04 X 1072

calculate its value with sufficient accuracy from molecular
constants.

Let us now investigate the dependence of the effect on
the absorbed power density AS. Theory predicts that this
relationship should be linear at constant values of the other
parameters, namely, %, Iz, {2. In the experiment, changes in
AS are due to changes in gas pressure or incident power, and
are accompanied by changes in » and I'p. It is therefore
naturaltocomparethequantityd N /g (£2 )withthemeasured
values, since this ratio depends only on 4S. The measure-
ment and calculation results are shown in Fig. 7.

8. DRIFT MOTION OF CH;F IN HELIUM AND HYDROGEN

The role of the buffer particles in the LID effect is large-
ly determined by two factors. First, the parameter 4v/v,
which is important for the LID effect, depends on the species
of the buffer particle, since it is specific to the colliding pair.
Second, the absorption probability and, in the final analysis,
the absorbed power density 45, depend on the type of buffer
particle.

We have investigated the drift of >*CH,F and '*CH,F
molecules in He and H,. These results are listed in Table I.
We shall confine our attention to the estimation of 4v/v for
the pair '>*CH,F and He. Consider experiment No. 2 in Table
II. The collisional broadening of CH,F transitions in heli-
um'® is about 3 MHz/Torr. The resulting collisional half-
width (with allowance for broadening in its own gas) is about
7.2 MHz, and the saturation parameter is x ~3.4-10~2S (Sis
in units of W/cm?). In this experiment, vibrational relaxa-
tion is largely determined by vibrational relaxation of the
molecules in their own gas and by the diffusion of excitation
to the cell walls, since bulk relaxation on helium?® is only
0.65x 10° s~ ! Torr—'. Estimates show that v,,, ~2-10°s™,
7,~4.4.1078 s, and 7,/7, =~ 1.8. If we use these parameters,
we find that experimental data yield Av/v~4.5-107>.

9. EFFECT OF OTHER FACTORS

The effect of radiation on the translational motion of
atoms and molecules has been investigated for a consider-
able time, and several of the physical factors controlling the
motion of gas particles are now known. We must now esti-
mate the effect of these factors on the above measured quan-
tities. We begin with light pressure. The current of absorbing
particles due to light pressure is given by?' J,, =Npfik/vM.
Thecurrentratio(J ;5 /J . )isequalto(4v/v)p(2 )Mv,/fik.
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TABLE II. Collisional broadening of transitions in the CH,;F molecule

Absorbed
i . Total power Enrich-
N Composition of mixture pressure, dentity, ment, %
Torr W/cm?
1 13CH3F : Ar: Hy=1:0.44: 30,6 3.2 17 19+1
2 13CHsF : Ar: He=1:0.44:16,5 1.8 8 10
3 12CHsF : Ar: Ho=1:0.44:178 1.7 5.6 —4.5+0.5

In our case, AvMvy/v#ik =3-10° and light pressure can be
neglected. This conclusion is confirmed by the observed de-
pendence of the effect on frequency (£2).

Strictional forces likewise provide a small contribution
to the observed current. The ratio of currents due to LID and
striction effects is approximately determined by the factor®
g = AvMu,L /v, where L is the characteristic length over
which the field changes. In our case, g~2 X 10°. The radi-
ation intensity gradient along the beam varied from about
0.1 to about 10 W/cm? in our experiments. Analysis then
shows that the observed concentration drops are due entirely
to the LID effect. The contribution of striction forces is ab-
sent to within experimental uncertainty.

Illumination of the gas by the laser beam has practically
no heating effect on the cell walls. The heating of the gas
itself is determined by vibrational relaxation of the absorb-
ing molecules within the sample. Estimates show that, in our
experiments, no less than 90% of the vibrationally excited
molecules relaxed on the walls, and the vibrational relaxa-
tion within the sample corresponded to the release of less
than 0.01 W/cm within the cell. This can raise the tempera-
ture of the gas (CH;F) at the center of the cell by not more
than 4 K. As noted in Sec. 4, an increase in the temperature
by an amount ten times greater than this figure produced no
appreciable effects.

10. CONCLUSIONS

Thus, studies of light-induced drift of CH;F molecules
demonstrate good agreement between experiment and the
theory of the LID effect. This applies, in particular, to the
dependence of the magnitude of the effect on collisional and
field broadening, absorbed power density, and frequency de-
tuning. Our experimental conditions and the method used to
record and observe the effect in the isotopic mixture pre-
clude other factors from contributing to the effect. The fac-
tors include laser thermodiffusion, light pressure, striction
forces, nonuniform heating, and convective and thermal
currents.

The values of Av/v given above are quoted with random
measurement uncertainties and are valid only to within a
certain factor because of possible systematic uncertainties.
Our estimates show that this factor may differ from unity by
not more than 30%. This must be taken into account when
the values of Av/v reported here are compared with theoreti-
cal calculations or measurements performed by other meth-
ods.
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In conclusion, the authors wish to express their grati-
tude to S. G. Rautian and A. M. Shalagin for useful discus-
sions of the problems examined above.
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