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Light-induced evaporation and condensation growth of aerosol particles
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The nonisothermal evaporation and condensation of a particle suspended in a vapor-gas mixture under the
effect of resonant optical radiation is studied. A traveling light wave is absorbed by the aerosol particle and
velocity selectively by vapor molecules. The dependence of the evaporation or condensation rate on optical and
thermophysical properties of the particle and gaseous molecules is studied. The free-molecule regime is
examined.
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I. INTRODUCTION The dependence of the probability of condensation at col-
lisions of molecules with the particle surface on their quan-

The study of phenomena related to the effect of opticatum state is another reason of violation of phase equilibrium.
radiation on submicrometer particles is of fundamental imf the condensation coefficient of the molecules that have
portance in astrophysics and are of interest in connectiogbsorbed radiation is increased, condensation processes are
with laser monitoring of the atmosphere. In particular, thedominant and the particle grows. In the opposite case, in
evaporation of aerosols in the field of optical radiation is onevhich the probability of condensation of the excited mol-
of the main processes determining the time it takes for acules is lower than that of the unexcited molecules, the
aerodispersion system to clear up. particle evaporates.

A fine macroscopic particle suspended in a mixture con- The kinetic theory of isothermal evaporation and conden-
sisting of its own vapor and a noncondensing gas is considsation growth of an aerosol nonabsorbing particle in a field
ered. When the particle is irradiated by optical radiation, itof resonant optical radiation has been presented in [Béf.
heats up, thus destroying the phase equilibrium, and beginkhe model ignored a change of the particle temperature. But
to evaporate. The kinetic theory of radiative evaporation ofgenerally, the temperature of the particle differs from the
an aerosol particle absorbing radiation has been presented, guilibrium temperature of a gas, a fact that can be explained
particular, in Ref[1]. either by the absorption of the light by the particle or by

Velocity-selective excitation of vapor molecules can beremoval of the latent heat of evaporation.
one more cause of the evaporation or condensation growth of In this paper the nonisothermal evaporation and conden-
aerosol particles. Let the radiation be a traveling light wavesation growth of an absorbing particle suspended in a vapor-
whose frequency is close to that of an electronic orgas mixture, in which the vapor molecules are velocity se-
vibrational-rotational transition of a vapor molecule. Due tolectively excited by resonant optical radiation, is studied.
the Doppler effect, velocity-selective absorption of radiation
takes place. The effective resonant velocity inter&al is
determined by the condition th&t Av~1I", wherek is the
wave vector, and’ is the homogeneous linewidth of the  Let us consider a spherical particle suspended in a mix-
transition. The molecules that absorb radiation become exure consisting of the vapor of this particle and a noncon-
cited and change their transport properties, in particular, théensing gas. The radiug, of the particle is much greater
kinetic cross sections. If excited and unexcited vapor molthan the radius of a critical nucleation center. The system is
ecules interact differently with the molecules of the bufferin thermodynamic equilibrium at temperatufg.
(nonabsorbing and noncondensirggs, the Maxwell veloc- We irradiate the system with monochromatic light. A trav-
ity distribution of the vapor molecules is distortg2]. As a  eling light wave is propagating along the axi$Fig. 1). Let
result, the temperature of the vapor can be higher or lowethe radiation be absorbed by the vapor molecules in an elec-
than the equilibrium temperature of the systg8]. In the  tronic or vibrational-rotational transition from the ground
first case the aerosol particle evaporates, and in the secondsitaten to the first excited state. The radiation frequency
grows due to the condensation of the vapor. is slightly detuned from the center of the absorption line at

Another possible reason for the breakdown of the phase,,,, i.e., Q=w—wn,, (|Q|<w,0n).
equilibrium is the dependence of the collision rate on the

Il. STATEMENT OF THE PROBLEM

guantum state of the molecules. The change of the kinetic particle
cross sectiongor the mean free pattof the molecules that k,® T
absorb radiation leads to modification of the Knudsen layer - I, 0
structure. The effective thickness of the Knudsen layer for ) 7
the exited and unexcited molecules is different. As a result, - U

the dynamic equilibrium between evaporation and condensa-
tion will be broken. The aerosol particle will be evaporating FIG. 1. Geometry of the problenk; is the wave vectorp is the
or growing depending on specific conditions. frequency of radiation.
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Molecules that have absorbed radiation become excitednolecules, d,,, is the dipole matrix element of tha-ntran-

This alters their transport characteristics and their probabilitys;sion, E, is the amplitude of the electric field of the light
of being captured by the interphase plane. Thus, the gaseoygye,G,, ,is the Rabi frequency; are Boltzmann collision
p_hqse can be mtgrpreted as a t'hree—component mixture COftegrals for molecules of thith andjth species, and is
sisting of the excited and unexcited components of the vapop|anck’s constant.
and the bufferlnonabsorbing a_nd noncondensirgas. The To specify the boundary conditions for Eqd)—(6) we
components of the vapor consist of molecules of equal masg, st fix the distribution functions for molecules emitted
my but different effective diameters,#dp,. As a result of o the particle surface. Generally, the temperafligeof
stimulated transitions and the radiative decay of the excite¢he surface differs from the equilibrium temperatdrg, a
level, these components are constantly swapping moleculeg,ct that can be explained either by the absorption of light by
Resonant interaction between light and vapor destroys thg,e narticle or by removal of the latent heat of evaporation.
state of phase equilibrium, and evaporation or condensationat ;s assume that the patt, (i=m,n) of the vapor mol-
growth of the.a}erosol begins. Obviously, thﬁ decre@se  oqjes in theth state is evaporated in an equilibrium manner
creasg in particle mass per unit time, 1.e., the E“’aporat'onaccording to the Maxwell distribution functiof{ with the
(conden_satlohrate, is determined by the mass vapor flux atsurface temperatur®, and with the corresponding number
the particle’s surface, density of saturated vapar,s, and the part (+ «;) is re-
d/a flected without having been condensed on collision with the
m<§wrgp0) = —2wr§(n-J), (1) particle. The velocities of the reflected vapor molecules are
distributed according to Maxwell’s lad{ . It is assumed that

: r
wherep, is the density of the particley is the outer normal the functionf; depends on the surface temperatliceand
to the surface of the particld, is the vector of vapor mass Unknown number density,. . Then ignoring inelastic colli-
flow, the bracketg: --) indicate the integration over the angle Sions with the surface, for vapor molecules we have

0 (Fig. 1) 5 (ro.v) = oS+ (1— o) f'; ®

(n.‘]>=fof‘],sin6d6. (2 i=m,n; (v-n)>0,

If the velocity distribution functions of the excitefg, and ~ Where
nonexcitedf, vapor molecules are known, the quantity

32 2
can be calculated as £S5, my « mv )
b0 20kg T 2kg T/
= mlf Or(fntTm)dv. ) kg is the Boltzmann constant.

We assume that molecules of the buffer gas are diffusely
When the absorbing molecules are approximated by &cattered by the surface, with their energy being completely
two-level model, the velocity distribution functions for the accommodated and their velocity distribution function being
vapor moleculest,, andf,, and the molecules of the buffer Maxwellian
gasf,, satisfy the following kinetic equatiori8]:

3/2 m 2
of f+(ro,v)=n2,(—2 ) exp( 20 ) (v-n)>0,
vV =T, k(W) (F— )+ Tnf mt Sy () 2 27kgTs 2KgTs
ot (10
I m N wheren,, is the number density of the buffer-gas molecules
WJFV'me: 2Pk (fn=f) =TafmtSn. O reflected from the surfacem, is the mass of a buffer-gas
molecule.
of, Note that all macroscopic quantities in E¢8) and (10)
- TV V=S, (6)  depend on the polar angke
We assume that only unexcited molecules evaporate from
Here the surface. Then in the boundary conditi@& we must put
nms=0, while n,¢ is the equilibrium densityg of saturated
S=Sm+Sn+S,, i=mn,?2, (7)  vapor corresponding to surface temperaflige
In expression(9), the unknown number densities, of
4|Gpl?T drmnEo the excited {(=m) and unexcited i(=n) vapor molecules
k(V)= T [T2+(Q—k-v)?]’ Gmn= 2% reflected from the surface of the aerosol particle can be found

from the balance relations for the mass vapor fluxes at the

whereT,, is the rate of radiative decay of the excited level, interphase boundary
k(V) is the probability of absorption per unit time for mol- N . s .
ecules with a given velocity (the absorption rate for such Ni"=(1—a) Ny [+ N7, i=mn. (11)
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Here
pVo= E mif vf;dv.
i=m,n,2
Nf"szj v, f7%(rg,v)dv. (12
(v-m>0 p=n;m;+n,m,, nN;=n,+n,. (19
|N_—|:f o[£ (ro,v)dv, NS =0 The radial mass vapor flux at the particle surface taking
! vm<o RO oo into account Eqs(3), (11) and(12) can be calculated as
where the superscripts, —, and s refer, respectively, to < B
flows determined by the emitted, incident, and evaporated Jr:mli;nn ai(NP= [N ]). (19
molecules. o
The distribution functions for the emitteld” and evapo- We examine the case of small values«ffv), which is

ratedf? vapor molecules are given by Ed8) and(9), and  common for vibrational-rotational transitions, while for elec-
for the incident molecule$; can be found by solving the tronic transitions this case is realized at low light intensities.
Egs.(4) and(5). In this case the state of the system is close to equilibrium and

In the boundary conditiofil0), the unknown number den- the distribution functions of molecular velocities can be writ-
sity n,, of reflected buffer-gas molecules can be found fromten as perturbed Maxwellian distributions
the nonpercolation condition

fi(v)=fiol1+hi(v)], (20)
Nz =[Nz |. (13

o m |32 mv?
The kinetic boundary conditiori®)—(10) include the un- 0=Miol 5 T TP 2kgT,)”
known temperaturd. The temperature distribution inside
the particleT, and on its surfac&,=Ty(r,) is described by ~where h;(v) are the disturbance functions for excited (
a nonuniform heat-conductivity equati¢] =m), ground statei(=n) and buffer-gasi(=2) molecules,
_ Nn;q is the equilibrium number density of molecules of species
—ApAT=WI(r,0), (14) i, and T, is the equilibrium temperature of the vapor-gas

where \, is the particle heat-conductivity coefficient. The mixture. - .
volumetric energy generation rate in the case of the plane The component te_mperatures differ little from the equilib-
monochromatic wave of, length according to the Lorenz- "UM temperaturdo, i.e.,
Mie theory has the fornp6]
47 |E(r,0)|? . .
W(r,6)=-—n,IB(r,0), B(r,0)=——5—. (15 where7; is the unknown temperature perturbation of itie
Ao Eo component. The equilibrium vapor molecule densitigd )
ndn,o(Ty) are also slightly different from one another, i.e.,

Ti:TO(1+Ti)1 |’T||<1 (21)

, . . a
Heren and y are, respectively, the refractive and absorptive

indexes(N=n+iy is the complex refraction indexE(r, 6) Ng—N1o

is the local value of the electric field intensity inside the Ys= T h . |Ind<1.

particle, andl is the intensity of radiationB(r,0) has been 10

averaged over the azimuthal angle Then the linearized Clapeyron-Clausius equafiéhhas

The boundary conditions to the heat-conductivity equathe form
tion (14) require the temperature limit at the particle center

and continuity of radial heat flux on the surface Ts—To L
VS:(B_]-)TSI Ts—= T ’ B: KaTos" (22)
0 B'O

aT
—| =0, (16) o .
a )., It follows from the linearity of the theory that the particle

° evolution can be described independently from the light-
whereq, is the radial heat flux in a gaseous phase, langl  induced drift[2] and photophoresif7,8]. The slow motion
the latent heat of phase transition per condensed phase maif the particle(in linear approximation on the Mach number,
ecule. The second term in E(L.6) represents the phase tran- i.e., M<1) does not influence evaporation rate of this par-
sition heat ablation during evaporation, the third one the raticle.
dial heat flux inside the particle due to the heat conductivity. Consider a quasistationary approximation when the char-

The radial heat flux in gaseous phase at the surface of thacteristic time of evaporation or growth is much more than
particle can be calculated as the characteristic diffusiofand heat-conductivipytime [1].
L In this case the distribution functions do not depend on the
B time. Then in the kinetic equatiori4)—(6) we can ignore the
qr_i:;,n,z Emif (Vr=vo) (V= Vo) *fi(ro,v)dv. (17) time derivatives of the distribution function.
We consider the free-molecule regime, in which the mean
Herev, is the mass-average velocity free path of molecules is much greater than the radius of

L
qr+ m—l\]r‘f')\
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particles. In this case we can ignore the perturbation of the , 16 mj 11
distribution function for the molecules incident upon a par- .(J) 3 m, nJQi<j Y m;; =
ticle due to collisions with emitted molecules. Therefore, the

distribution functions of incident molecules are the same a
though the particle was absent. If we assume that the inte
sity of the light is independent of the position and the trans-
verse size of the light beam is much greater than the mean
free path of the molecules, the distribution functidns of
the incident molecules are spatially homogeneous Then in

mimj
m;+m;’

?Nhere«yIJ is the effective frequency of collisions between the
"Molecules ofith and jth species, (" is the Chapman-
Cowling integral[10].

At a distance from the particle, the number density and
.the temperature disturbancesiadpecies are calculated as

Egs. (4)—(6), which the functionsf;” must satisfy, we can n“—nig
ignore spatial derivatives. Note that the full distribution func- y=— = 77‘3’2J h”exp—c?)dc,  (30)
tions depend on coordinates. Mio

We assume that the influence of the “shadow” that the S )
aerosol partlc_le will cast is negligible in the case of the froe_— = [ 0_ W,g,zf “2-1lp= exp(—ciz)dci .
molecule regime because only a small part of molecules is in To 3

“shaded” area.
Under these assumptions, the linearized variants of Egs. Note that generally the expression &y in Eq. (29) in-
(4)—(6) for the disturbance functions;” at a distance from corporates terms containing the macroscopic velocities of the

the particle(for the incident moleculgsassume the form vapor and the buffer gas, partial heat fluxes, and components
of the stress tensor. However, these terms give a contribution

1 Nno o only in a local vapor flow and do not give a contribution to a
Erm"(v)( Nmo ) ~Im(1+hp) +Lamt Lnnt Lma=0, vapor flow averaged over the surface of the particle.
(23 After linearization of boundary condition&)—(10) we
obtain the disturbance functions for excited and unexcited
1 vapor molecules and buffer-gas molecules emitted from the
— 5 lmk(v) 1_n_nO +—nF m(1+hm)+LomtLantlnz  syrface of the particle
=0, (24 , 3
=(1—ap)| vmt Cl_i Ts|»
L2m+ L2n+ L22:0. (25)
We consider only elastic collisions between molecules, h' =@yt (1— ay) vt Cg_% ,
and for the linearized collision integrals; we make ap- nooones nienr 12)'s

proximations[9] that ensure accurate values for the first 13

moments ofL;; . Obviously, in an approximation linear in N

x(Vv) we can assume that,<<n,. Then the solution of Egs. hy = vy +
(23)—(25) takes the form

3 nl_n'o
c3- 5) oo wE— (8D
|

Here it is taken into account that only unexcited mol-

h* = I m (2 k(V)—1+ IZ’m v+ ? , (26)  ecules evaporate from the surface. The unknown parameters
Nmo m m v, can be found from the Eq$11)—(13).
r 1 A Thus, on the surface of the particle for the disturbance
w Ym mo o Tm functions we have
= —X| = >k v + — | 1+v,+—
™ Tt Ym ¥n W) Nno ™ Ym }
A h"(ro,v) (v-n)>0
o hi(rg,v)=13 , ., 32
+vn+7—”, (27) (oY) h*(ro,v) (v-n)<O. 32
n
he n Az (29) Ill. RADIAL VAPOR FLUX
2=vat
2. In an approximation linear ik(bfv) we haven,<n,,

Here the following designations have been used: i.e.,no~n;. Then Eqs(26) and(30) yield

v o [2kgTo\Y?
A= > A, C==, vi=|——| , (29 Np=Nmo(1+vp)= _lﬁKoa (33
j=m,n,2 Uj m;,
A _ 2 3 0 2m|J 0 o0 (1) Toc nlo FmKZ
=G TS| YT T Fi(ﬂ —T)vij’ | m a0 T 05 2,0 mim,’
')’i:'}’im+7in+7i2! (i:m,n,Z), Where
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sation growth(or evaporatiojp of the aerosol particle due to
Ko= f xk(v)exp(—cf)dey, light-induced coolinglor heating of the vapor.
For calculation the quantityrs) in Eq.(36) it is necessary
to determine the radial heat flux. From E@G7) integrating
Kzzf (c2—2)k(v)exp(—c3)dc;. (34  over the angled we obtain

(09r)=QA7) +(0,)- (41)

Both «y and x,, which depend on the parametexs
=Q/(kv,) andy=TI/(kv,), have a simple form for both 4.
inhomogeneous y(<1) and homogeneousy®¥1) line
broadening. For intermediate valuesypfa numerical calcu- (B—1) a Noo [ My 32

e . . . —n. ~12 14 N4 200 L
lation is carried out in the Appendix. Q=P e+ 7 I+ 5+l ,

The relative light-induced coolingpr heating of the va- 1002 (42)
por and heatingor cooling of the buffer gas at a distance

from the particle are, respectively, Ay
(0 (9,)= plvl(QsAa+Qc +QT7'1)1 (43
o M0 Nmo . ( Q4 )
NigtNzo N1g Q(l g where
N2oT3 = — N1y - (35 0= I . Ko
S Tyt ym\ 7 232

Taking into account Eq92), (12), (19), (20), (26), (27),
(312), (33), and(35) for the mass vapor flux integrated over m,—m; ,432) Ko )

angle 0 we obtain
9 My+my T+ vE+2(myp/my) vl 67%2

<Jr>:Gr<Ts>+<‘]K>v (36) (44)
where a v Ky o YU,
Qc= T+ 042 / D 232 T 1
p1U1 Ay " an (Myp/My) v, 27 m™ ¥Ym
(J,)= 212 GAa+G—+G7y |, (37 1 _
n K1 Ko Ko K3
B X (1—C¥n)< = 5,32 Tans 3pt 5
G = p1U1 1 G @y
T Ao IR\ PT 5 T o0 (45)
— (1) . 1 ml
G m Ko Im  [Ki  NmPmp M—M, Qr= 5> —1—ay|, (46)
STt Ym 2792 Tt ym 2n L m+m, M) M2
(39) L
- ng—f sin 0d0f c2,|cy | X k(v)exp(—c3)dc; ;
_ anrm Ko Kq Ko 39 2 0 1r<0
e e e 4
1 p, is the vapor pressure at the equilibrium temperaiiye
KI:—f sinedej |clr|f<(v)exp(—ci)dc1, the quantity_xg is given as a function of parametexsy in
2 Cir the Appendix.

The solution of heat-conductivity equatigth4) together
Aa=ag—ay,, Ay=v,—Ym, p1=Mn;. (400  with boundary conditior(16) gives[11]

The quantityx; is given as a function of parametersy -V 1

in the Appendix. (7= Q + LG, Po=121Ka, (48)
In Eq. (36), the kinetic coefficientG, characterizes the

radiative evaporation of an aerosol particle. In E3j)) the Wo=(q,)+L{J,),

coefficientG¢ characterizes the surface mechanism of evapo-

ration (or growth, which is related to the difference in the 1
evaporation-condensation coefficients for the excited and un- Ka 4PonXJ’ sin ﬁdﬁf B(s,0)ds,
excited vapor molecules. The kinetic coeffici€ht charac-

terizes the contribution related to the difference in rates of

collisions of the excited and unexcited vapor molecules. Fi- s= r pozzmo_
nally, the third term in Eq(37) describes the rate of conden- Mo’ Ao
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FIG. 2. Kinetic coefficientR% [Eq. (52)] as a function of the FIG. 3. Kinetic cogﬁcienRé‘ (q.(52) as a functio_n of detun-
detuning parametex=Q/(ku;) and homogeneous broadening pa- ing paraLnetex:Q/(kv 1) and homogeneous broadening parameter
rametery=TI"/(kv;); y=0.1(curve 3, 0.2 (curve 3, 0.5(curve 3, y=T/(kv,); y=0.1(curve D, 0.2(curve 2, 0.5(curve 3, 1 (curve
1 (curve 4, and 2(curve 5. 4), and 2(curve 9.

Here functionB(s, 6) is given in Eq.(15), p, is the diffrac- « ImkvipB 52
tion parameter. The calculation of efficiency fackoy of the s 8G3,
radiation absorption by the particle on the basis of Lorenz-
Mie theory has been given in RdfL2]. (T y) K018
Thus Eq.(36) is transformed into the following form: R* :$ ..
mn
m pP1v1 Ay o
(I)=Rr~Po+ 7.1 Rla+t Rc?"’ Ry |, If we choose effective rates of collisions of thg in the

(49  form y;= vi(jl’ and assume that the interacting molecules are
hard elastic spheres and that the effective interaction radii of

where excitedd,, and ground state,, vapor molecules with the
buffer-gas molecules are commensurate, i.€d,,
LG, m, Q. —dl/d2<<1, the expressiod9) for the mass-average flux
Rfm, n= m (50 of the vapor becomes
1/2 m; Plv_l Ad)
J)=R—®y+ —p| RAa+Ry—]. 53
Re=7Gy— 7/; (1-7)Qx, k=s,c,T. () =R Pot 57 ( SSETRG 53
L - . Here
The kinetic coefficient§, , Q, are given by Eqs(37)—(39),
(42), and (44)—(46).
Thus there are four mechanisms of evolution of the aero- dij= %<di+di>’ Ad=dn,—dmp, (54)

sol particle: radiative evaporatid®, , surfaceRg, collisional
R., and temperatur®y evolution.
In the case of pure vapom{=0) for typical condition 0 1

B>1 we obtain 8 /%/// 2
6

R-1 R Ko R 2 Ty (&1 k3 /\é(//ii
b Ry RS TET iy w2 . 4
+(1+an)3—;2377 . (51) 2 / &\

In pure vapor the temperature mechanism is absent because

77=0 (the light-induced cooling or heating of the vapor A 4 2 0 2 4 6
takes place only in the presence of the buffer)gas X

The modified kinetic coefficients and_R’é for pure va- FIG. 4. I, as a function of detuning parameterfor various
por as a function of the paramete+ (}/(kv,) are shown in  values of homogeneous broadening paramgte®.1 (curve 1, 0.2
Figs. 2 and 3. With the preceding notation we have (curve 2, 0.5(curve 3, 1 (curve 4, and 2(curve 5.
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FIG. 5. 1, as a function of detuning parameterfor various
values of homogeneous broadening paramgted.1 (curve 1), 0.2
(curve 2, 0.5(curve 3, 1 (curve 4, and 2(curve 5.

Ry—2r7 om0 1120 p 4 oer
d=2Tmy = Rt ,
Ny Nyt Ny ¢

112 12, 2
(M1/2) "N 1odndnp+mMizNogdy,
2 2 A7 42
(mM1/2)7 Ny di+ myznody,

The coefficientsR, andR; are the same as in E(G0).
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FIG. 6. 1, as a function of detuning parameterfor various
values of homogeneous broadening paramgted.1 (curve 3, 0.2
(curve 2, 0.5(curve 3, 1 (curve 4, and 2(curve 5.

<0, the third term in square brackets on the right-hand side
of the Eq.(37) for the radial vapor flux describes evaporation
of a particle if Q<Q,,, and condensation growth if)
>Qinv-

The kinetic coefficientRg is always positive. Therefore,
the surface mechanism gives evaporation of the particle at
A a>0 and condensation growth Atx<<0. As to coefficient

The second term in parentheses in E5B) characterizes Ra» it can be both positive and negative depending on con-
the bulk mechanism of evaporatidar growth of the par- crete requirements. If the concentrations of the vapor and
ticle, a mechanism related to the transport properties of thBUffér gas are approximately identicah g~nz) or the

excited and unexcited vapor molecules. buffer gas missesn,,=0), the kinetic coefficienRy is plus.
In case of small concentration of the vapar,{<n,g the

coefficientRy changes the sign at the inversion value of de-
tuning, Q=Q;,,. Thus atn;g<n,y the bulk mechanism
The kinetic coefficientsRy and Ry, which characterize gives evaporation or condensation growth of the particle de-
the surface and bulk evaporatigar condensation growih —pending on the signs afd and 2 —Q;,,).
mechanisms of an aerosol particle, are proportional to the We now make some numerical estimates for a specific
radiation intensity and depend on the ratio of the rate oSystem under typical experimental conditions. We take a so-
radiative decay of an excited levEl, to the intermolecular dium particle whose radius, is 1 um and immerse it in a
collision ratey,,. The value ofl’,,/y,,, which depends on mixture of sodium vapor and the inert gas argon at tempera-
gas pressure, has a stronger effect on the bulk component tfre To equal to 700 K. The saturated vapor pressure is 306
the radial vapor flux. Pa. The effect of surface curvature can be neglected. Con-
The rate of particle evaporation or growth is strongly de-sider the equimolar mixturen;o=n,~3x10°?> m 3. The
pendent on the magnitude of the detunidgf the radiation ~molecular characteristics are
frequency from the center of the absorption line of vapor

IV. DISCUSSION

molecules. In contrast to the phenomenon of light-induced 0 = —
drift, [2] the direction of the radial vapor flux is independent ~ ° ;] —
of the sign of(), i.e., the kinetic coefficient®; and R, are \\\\ %//
even functions of). Here the evaporatiofor growth rate 2
peaks at exact resonande=0. 3 \\ /
The magnitude of the detunin@ determines the light- \ 4 //
induced cooling or heating of the vapor, i.e., the sign of 4 \ 3//
relative variation of the vapor temperatur§. From Egs. 5
(35) and(33) we see that the sign of] is determined by the \ %/
signs of Ad and k,. Suppose that the effective diameter of ° 1
molecules that have absorbed light increaged<€0). Then -7
as Fig. 6 shows, for small values 6f the vapor heats up, 6 4 2 i 2 4 6

while for large values of) it cools off. Thus, there exists an
inversion value Q;,, that depends on the parametgr
=I'/(kv;). For inhomogeneous broadening<(1), Qi,,
~7.5I", while for y=2 we have(;,,~0.751. WhenAd

FIG. 7. 13 as a function of detuning parameterfor various
values of homogeneous broadening paramegted.1 (curve 3, 0.2
(curve 2, 0.5(curve 3, 1 (curve 4, and 2(curve 5.
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1 o2 : REC-005 of the U.S. Civilian Research and Development

The source of light is a tunable dye laser emitting in theFoundation for the Independent States of the Former Soviet
vicinity in the D, and D, lines of sodium(wave length\, Union (CRDP and the Russian Foundation for Basic Re-

~600nm). The radiated power is about 10 mW and theS€arch(Grant No. 99-01-00143
beam diameter is about 1 mm. At this intensity the Rabi

frequencyG,, [see Eq.7)] is of order 16 Hz. The radia- APPENDIX
tive decay ratd’,,~6x 10" Hz [13]. Finally, the parameter
y=0.01 corresponds to inhomogeneous line broadening. I%
can be shown that the refractive, and absorptivey, in- t
dexes of the particle are equal to 0.00 and 2.62, respectivel
Then an efficiency factoK, of the radiation absorption by 2 G2
the particle is equal to 0.00, i.e., the temperatiigeof the Ko= o | o(XY), Kl =m—1i(xy), (Al
surface differs from the equilibrium temperatufg, a fact I'mkvy I'mkvy

that can be explained only by the latent heat of phase tran-

Here we find the dependence of, «; , kK, and x5 on
e parameters={/(kv;) andy=I/(kv;). It is conve-
y_ient to write

sition. 4G2, - 2

The calculation gives that the Knudsen numkin) is Kzzmlz(x,w: K3 :mla(xﬂ)-
approximately 100, which corresponds to the free-molecule
regime, ang3=17.1,7;=1.98< 10" *. For the kinetic coef- The results of numerical calculation for various values of
ficients we obtain the parameters andy are plotted in Figs. 4-7.

For inhomogeneous broadening<€1) with x<1 we
Rs~0.007, R.~0.004, R;=~0.11. have

If we assume thatha=0.01 andAd/d,,=0.01, then 32 2 32
(3,)~3%x107° kgm 2571, i.e., the particle loses approxi- lo=m2, L= = 1= (A2)
mately 4x10 ®kgs!. As the mass of particle is ’ 3" 2"’ 2

4x10 15 kg, the evaporation time is approximately 10 s. _ _

In conclusion, we note that experimental study of thisFOr homogeneous broadening>1) with (x<y) we have,
problem at a variety of buffer-gas pressures and valugs of to Within terms of ordey ™+,
might become a source of accurate information about
evaporation-condensation coefficients and transport charac- | L= 120 J.=—1T (A3)
teristics of excited molecules. Oy Tty T2 3y
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