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Light-induced diffusion and desorption of alkali metals in a siloxane film:
Theory and experiment
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The light-induced desorption and diffusion of alkali-metal atoms in organic films are interesting fields of
investigation. An impressive demonstration is given by the recently observed light-induced atomic desorption
(LIAD) effect, where a huge alkali-metal atom desorption from siloxane films, previously exposed to atomic
vapors, is induced by weak and nonresonant light. In this paper, experimental data and a one-dimensional
theoretical model of the effect are presented. The model gives a good description of the vapor density dynam-
ics by taking into account both the atomic diffusion inside the coating and the surface desorption. General
equations are reported and discussed within the limits of experimental interest. The potential barrier at the
vapor-surface interface and the activation energy for Rigpwly)dimethylsiloxane have been determined.
[S1050-294{@9)01512-1

PACS numbs(s): 34.50.Dy, 79.20.La

[. INTRODUCTION ficient atomic source of rubidium controlled by light has
been realized6]. By using a resonant laser beam as a probe,
The atomic diffusion inside dielectrics and the atomicLIAD is made visible to the naked eye as the vapor density,
adsorption-desorption processes are interesting fields of irtnd hence the fluorescence intensity, may change by many
vestigation as they give useful insights into both the knowl-orders of magnitude with respect to the thermal equilibrium
edge of atom-dielectric interactions and to important practivalue. . )
cal applications. They have been recently enriched by the LIAD is a nonthermal effect and has no relation with
observation of new phenomena connected to the presence HeSe€ desorption phenomena driven by powerful laser pulses,

light. We have studied both experimentally and theoreticallyVich produce a brute local heating of the substrate and sur-

the influence of light on the diffusion and on the ad:sorption-f_ace ablation. LIAD of Rb and Cs is even produced by the
light emitted by a pocket lamp and also at very low cell

desorption rates of alkali-metal atoms in siloxane films de-,

. .~ temperature$l]. It shows a frequency threshold analogous
posited on a Pyrex substrate. We show that nonresonant Ilgbg the work function of the photoelectric effect in metfd

increases both the mobility of the atoms inside the coatmgdnd, similarly, an increasing efficiency with increasing light
and thg de;orphon “”?te- The dependence of the a.dsorb?r%quency[l,z,zl]. All these interesting features have to be
atom diffusion on the light frequency and on the light inten- . o eted by recalling that the siloxane films have been used
sity is demonstrated. Its dependence on the cell temperatutg, 4 st died in the past in optical pumpifig] and light-
has been studied as well. The_se experiments follow th_e "8hduced drift[8] experiments because of their very weak
cent and unexpgcted obse_rvat|on of a new effect_ CO”S'_S“”storption energ¥ .4 and negligible atom-surface interac-
of a huge atomic desorption from transparent silane filmgjon. As a consequence, atomic surface density assumes very
when weak and incoherent visible light shines the surfacelow values making unlikely the formation of a metallic
The effect, named LIAD.e., light-induced atomic desorp- monolayer or of clusters on the surface itself.
tion) [1], has been observed and experimentally investigated A tentative interpretation of LIAD at the microscopic
by Gozziniet al. [2] with Na atoms, by Meuccet al. with  scale has been proposed for sodium adsorbed on PDMS
Rb atomg 1], and by Mariottiet al. with Cs atomg3]. Inall  [2,4]. According to that approach, sodium atoms are solvated
these experiments the film, which coats the inner surface gh the siloxane compound and the NRDMS and
the resonance cells, was made from an ether solution eithéla," PDMS™ complexes are formed. The light induces a re-
of a polymer, namely thépoly)-dimethylsiloxane(PDMS)  verse mechanism which brings back atoms and molecules in
[1,2], or of a crown molecule, namely the octamethylcy-the vapor phase. This approach explains the observed thresh-
clotetrasiloxane(OCT) [3]. Photodesorption of Namol-  old in the excitation light spectrum but it leaves unsolved a
ecules has also been obsenjdd The analysis of the de- number of important questions such as, for example, the in-
sorption dynamics gives important information on LIAD and fluence of the coating molecular struct(igd, and the depen-
it has been studied with Rb adsorbed on PDM$ An ef-  dence on the temperature and on the buffer gas pressure. In
disagreement with our experimental evidence, LIAD is
strictly correlated to the specific chemical properties of silox-
*Permanent address: Institute of Automation and Electrometryanes. Moreover, LIAD is confined to the surface effect cat-

Novosibirsk 90, Russia. egory while we show that diffusion inside the coating plays a
"Permanent address: Institutrfléngewandte Physik, Wegeler- major role.
strasse 8, Bonn, Germany. We report experimental data and we show that a self-
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leap component F=3 ground level of ®Rb isotopg. When
//\ Scm Scm Sem higher atomic densities are achieved causing the probe beam
to be completely absorbed in that component, the weakest
hyperfine transition from thE =1 ground level off'Rb iso-
tope is used. Experimental studies showed that no isotopic
effects are visible, allowing a free choice of the line. The
2em absorption signals are stored and processed by a digital os-
cilloscope and by a personal computer. The Rb density varia-
Rb Source tion is calculated taking into account Beer’'s exponential ab-
sorption law. This acquisition system allows us to collect
A gem data with 10 ms resolution limit over several hours and to
measure density variation of Rb vapor in a wide range. The
Il_gcm absolute Rb vapor density in equilibrium with a metal reser-
voir is estimated from the temperature of the source metal
drop, once provided a steady-state vapor concentr@@ipn
Laser  /'Probc Beam s In order to analyze the LIAD dynamics and to make a
Beam e comparison with the proposed diffusion model, several
coated Pyrex glass cells with different shapes, sizes, and
buffer gas pressures have been used. In Fig. 1, two of these
Rb Source cells are sketched and the relevant dimensions reported. The
FIG. 1. Sketch of two resonance cells used in the experimentsff "-type cell conS|§ts _Of two cylinders Connecj[ed by a cap-
Numbers express their actual size. All cells were coated with!lary- One of them is linked to the Rb reservoir, thus metal
PDMS. vapor can reach the other cylinder only through the capillary.
The “B”-type cell consists of one cylinder directly con-

consistent picture of the LIAD phenomenon needs not onlyiected to the Rb source through a capillary. These two dif-
the increase in the desorption rate at the surface, but aldgrent cell shapes realize very different path lengths of the
diffusion in the coating bulk. In fact, light increases the dif- Photodesorbed atoms to the alkali-metal reservoir giving use-
fusion in the coating bulk so that LIAD can be interpreted asful insights into the diffusion and adsorption-desorption pro-
a light-induced enhancement of atom mobility. These asC€SSES.

sumptions are also supported by the 1D model we devel- Even if the coating preparation has been described in de-
oped. We find that the diffusion dynamics inside the coating@il in previous paperésee for example, Reff1]), it might be
drives the time evolution of the rubidium density in the gashelpful to recall here the standard procedure. The organic
phase. Therefore, we get the important result that LIAD isfilm is made by rinsing the cell with an ether solution of a
mostly a bulk effect and not only a surface effect. Moreoverfew percent of PDMS compound. When the ether is evapo-
we have evidence, after some preliminary measurement§ated, the cell is placed in an oven at 200°C for several

that LIAD is not confined to the specific chemical propertieshours and then connected to a turbo pump for several days to
of the siloxanes but it is a more general effect. eliminate traces of chemical active impurities that might be

present inside of coating. It is better to warm up the cell in

order to improve and speed up this cleaning process. The cell

is then filled by a buffer gas at a chosen pressure and, by

gently warming up the cell, a melted Rb metal drop is dis-
The light-induced diffusion and desorption of Rb atomstilled in the cell reservoir. It is important to note that, in

adsorbed in PDMS is studied using, as desorbing light, therder to avoid contamination of the cell and poisoning of the

radiation from an Af laser tuned ton;=458 nm or\, effect due to unwanted chemical reactions between hot metal

=514 nm, and from a Ti-sapphire laser tuned @  drops and the organic compound, the reservoir bulb is not

=800 nm. The diameter of the laser beams is enlarged by eoated.

telescope in order to achieve a complete illumination of the

end vyindow of the ce.lls or of the Whol_e cellsee Fig. 1L lIl. THEORY: THE 1D DIFFUSION MODEL

The light power densityt, in the experiment ranges from

1x10 3 W/cn? to 30x 102 W/cn?. A diode laser, tuned We assume that Rb atoms are spreaded in the coating

to the RbD, absorption line X ppe= 780 Nm), is used to where they occupy interstitial positions. In the absence of

probe the vapor density. It crosses the cell in a directiorlight, Rb atom diffusion can be described by the Arrhenius

parallel to the cell entrance window and it is strongly attenu-elation

ated down to a few microwatts in order to avoid both pertur-

bation of the cell surface and optical pumping of atoms. The Doxe Fac/keT, (1)

laser frequency is scanned through the absorption line at

about 100 Hz rate. The evolution of the vapor density isE, is the activation energy characterizing the depth of the

obtained by measuring the fraction of the probe diode lasepotential wells where atoms are locat&d,is the Boltzmann

light transmitted through the cell. The light absorption isconstant, and is the temperature. When the desorbing light

measured by the box-car technique with the gate exactly lois on, diffusion changes and, assuming a linear dependence

cated on the maximum of the strongest Rb hyperfine linen the light intensityl, , the diffusion coefficient becomes

2em

Laser Prob
Beam

II. EXPERIMENTAL SETUP AND SILOXANE FILM
PREPARATION
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Dc=Do+D1(A,1)=Do+d(M]I, )

whereD. is the diffusion coefficient in the presence of light,
D, is the contribution from excited atoms only, ad¢\) is

a coefficient which depends on the wavelength of desorbinc
light.

Atoms close to the coating surface can leave it and get
into the cell bulk where their diffusion coefficiem g, is No
inversely proportional to the buffer gas presspreAt the
same time, atoms from the gas phase can get adsorbed aga

density

This dynamical situation can be described by considering the <> o
atom fluxes in the two directions. The flux of atoms leaving / >
the surface can be written in the form _ 0 x
Coating Surface Gas
Jt=aN, 3
whereN is the atomic density in the coating; has the di- H
mensions of a velocity and characterizes the atomic desorp-
tion rate. Similarly to Eq(2), the atom desorbing rate can FIG. 2. Sketch of the diffusion processes at the vapor-surface
be written, at a fixed temperature, as interface.J* represents the atomic flux from the coating to the gas
phaseJ~ is the flux of atoms from the gas into the coatikbis the
a=agt+ai(N, 1) =ap+k(MI, (4)  coating thicknessh is defined in the text.

whereay is the desorption rate in the dafthermal desorp- wherelL =V/S is the characteristic cell lengtV, is the vol-
tion ratg andk(\) is a function of the light wavelength only. ume of the cell, an&is its surface. The last term of E(B)
In order to complete this physical picture, the flux of ther-describes the vapor density relaxation back to the thermal
mal atoms in the opposite direction, i.e., from the vapor toequilibrium density in the dark controlled by Rb sourge;*
the coating, has to be taken into account. The flux of adis the relaxation characteristic time. For the sake of simplic-

sorbed atoms can then be expressed as follows: ity, no diffusion process in the gas phase has been taken into
account while deriving Eq(8). Therefore, this equation is
J =-pn, (5)  valid as long as the vapor density can be considered inde-

pendent of the spatial coordinates, i.e(x,t)=n(t). This
wheren is the atomic density in the vapor phagghas the means that Eq8) properly describes only processes evolv-
dimensions of a velocity and it characterizes the adsorbinghg with a characteristic time longer thag,se= |_2/Dgas_ In
rate. The ratigs/vy, wherevy is the mean thermal velocity, our experimental conditionzg,sis in the order of a fraction
gives the probability the atoms have to be adsorbed whegf g second. Fot<7gs Eq. (8) should be replaced by a
they collide on the coated wall. It is important to remark thatdiffusion equation.
in our experiment the frequency of the desorbing light is  On the other hand, the spatial concentration gradient in-
always far away from the Rb resonance absorption lines igide the coating cannot be neglected because the diffusion
the vapor phase. Therefore, we can assumeghdbes not  coefficient is much smaller than in the gas phigisl. As the
depend on light intensity and frequency. The total flux ofilluminated surface is much larger than the coating thickness
atoms through the surface is then given by H, the atomic density evolution inside the coating can be
described by the one-dimensional diffusion equation
J=J"+J"=aN-p4n. (6)
oN N
In the absence of the desorbing light, the sum of these two ot De—- 9)
fluxes must be equal to zero, i.=0. Hence, when the 2
equilibrium in the dark is considered, the atomic concentra-

tions Ng, in the coating, andhy, in the gas phase, have to The boundary conditions

satisfy the following condition: oN
5 ~De_(0)=J (10
No=—nq. (7 ,
o at the vapor-surface interface<0)
Experimental evidence shows thég>n, [1,2], as quali- N
tatively sketched in Fig. 2, and hen@e ay,. D (-H)=0 (13)

When the desorbing light is switched on, the vapor den-
sity dynamics can be described by the following equation: at the coating-substrate interface={(—H) hold. This last
assumption is valid, at a given temperature, if we assume
that the cell is old enough that the pyrex substrate is satu-
rated by Rb atoms. The opposite situation would be that

dn J
EZE_Y(n_no), (8)
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atoms are continuously lost in the glass where they are irre- 1.2
versibly adsorbed. Even if any intermediate situation is plau-  f,g(z)
sible, as this boundary condition has a small effect on our 19
description and only when very long time scale dynamics is 08
considered, we do not stress this point here any further.
We show that this model is correct and it is able to repro- 0.6
duce the main features of the LIAD effect. Let us therefore b)
consider two opposite cases which allow us to obtain an 04+
analytical solution of the equations. They correspond to the 02
low and the high desorbing light intensity limits, respec- ’ a)
tively. 0 | | | |

A. Weak desorbing light intensity )
FIG. 3. Plots of(a) f(z) and(b) g(z) functions.

The light intensityl | is assumed weak enough to induce a
negligible change of the atomic densiy near the coating Using this equation, the boundary condititi0) may be
surface. This condition allows us to impose tiNtx=0) written in the form
=N,, whereN, is the atomic density inside the coating in
the absence of light and at the thermal equilibrium. Equation

JN
(8) then becomes ~De7 (0)=ym[aN(0)— Bno]. (16)

dn aNg n n B 12 The solution of Eq(9) for n(t) with the boundary condi-
at L e lyrg)n 12 fion (16) and for r;<t<74=H?%/D., Wherery is the char-
acteristic diffusion time inside the coating, can be obtained
and its solution is after applying the Laplace transformation,
Oenog 2o et 13 weak [t D.
n(t)=ng ,8+')’L[ e 1. (13 n(t) —Ng=Ang.« 7_—2 , Tzzm, a7

It is clear from this solution that, by switching on the \where
desorbing light, the atomic densityincreases linearly with
time and attains its maximu ‘;?(kvalue, which corresponds f(z)=e*erfq \/E). (18
to a new steady-state regime, roughly after the characteristic

time 7, given by The functionf(z) is shown in Fig. 8a). f(z) decreases

with z and, wherzs>1, goes a$(z)~1/\z.
Whent> 74, not only the coating surface but the whole

TIl: y+ L coating gives its contribution as a sole atomic source, and
instead of Eq.(9), the following balance equation can be
The maximum density deviatioAn!*3 is used:
N
Anpgge g no= L No=2 Skl (19 "ar —ITymlaN= Ao 9

. . . , . This equation gives the asymptotic behaviomgf),
Equation(13) is valid only for a short time intervalt

after the desorbing light has been switched on. Upon these _y H 1

assumptions LIAD is driven only by the gas dynamics as the n(t)—ngxe "%,  73=— g (20)
coating is negligibly affected by light. In fact, only a small !

fraction of the atoms confined within a thickneds To summarize, we have shown that upon weak light illu-

=D.7; is expected to be desorbed. The vapor density inmination, LIAD presents three different regimés: imme-
crease then depends on the relaxation time of the vapor dediately after the light has been switched ap increases
sity back to the thermal equilibrium: it is longer this time the linearly; (i) then An reaches a maximum and starts slowly
larger the number of atoms accumulated in the gas phase.decreasing. The density decay is governed byf{z® func-
Whent>7;, the slow decreasing of the atomic density tion until t=r; (iii) for longer time,n(t) decreases expo-
close to the inner coating surface<$x<0) has to be taken nentially back to the equilibrium value,.
into account. By considering that the desorption process, for An important issue is to determine when the limit of weak
t>7,, is very small and almost stationary, it is allowed to light intensity becomes not valid. This approximation is not
impose in Eq(8) the conditiondn/dt=0. With the help of  correct when, fot<r,, the atomic density variatioAN in
Eq. (6), n as a function oN(0,t) can be found, the coating layer close to the surface and of thickness
=./D.7; becomes comparable td,. This density variation
AN gives rise to the atomic density chanfya, .« in the gas
phase equal to

B aN(Ot)+yLng

n=—"5771 (19



PRA 60

hAN:LAnmaX: alTlNO‘ (21)

LIGHT-INDUCED DIFFUSION AND DESORPTION @ . ..

4697

limited by the diffusion of fresh atoms from the bulk to the
surface of the coating. This model has been developed by

From this condition it can be derived that the weak inten-assuming that the whole cell surface is illuminated by the

sity approximation(i.e., AN<Ny) is correct if

D¢
a1<a'S= 7'_1’

(22

desorbing light. When, however, in the experiment only a
part of the cell is illuminated and a large fraction remains in
the dark, we assume that this last can adsorb the excess of
atoms desorbed by the illuminated one. In this case,(&q.

has to be modified as

where ag can be considered as the saturation parameter of

a4. Itis important to remark that in this casg depends on

the diffusion coefficient of the atoms inside the coating.

B. High desorbing light intensity
When the desorbing light intensity is so high that all

dn S(ill) ) S(dark)
— _J(I") + T\](dark)_ )/(I’l— no),

dt Vv (30)

whereSt" ands(9@®) are the illuminated and not illuminated
surfaces, respectively, and

atoms in the region close to the surface are instantaneously

desorbed into the cell volume, it holds that

N(Ot)=0, t>0. (23

Equation(9) with the new boundary conditio(23) gives
the flux of atoms from the coating

D
J:NO E

and, by using Eqs(8) and (24), n(t) as a function of time

(29)

becomes
n(t)—no:&\/gg()’t), (25
L Vay
where the functiorg(z) is
26!
g(Z)=e‘ZLEd£- (26)

A plot of g(z) is shown in Fig. 8b). From Eqgs.(25) and
(26) it results thatAn(t) increases, for &t<y™ !, as

2Ny /Dyt
It gets its maximum
- Ng /D¢
Anmggzr Ty (28)

att=+"1 and then it starts slowly decreasing for y~*
according to

(29

An(t)z& Ri:iAnhigh_
CNm B e

J(i”)=aN(i")(0)—Bn, J(dark):aON(darkv(o)_ﬁn
are the fluxes from the illuminated and not illuminated parts,
respectively.

The solution of Eq(9) for both illuminated and not illu-
minated parts has to be found and this can be done with
numerical simulation. The results show no substantial
changes with respect to the simpler case previously dis-
cussed.

IV. EXPERIMENTAL RESULTS AND DISCUSSION

In order to verify the theoretical model and the role of the
atomic diffusion inside the siloxane film, a series of experi-
ments has been performed.

A. LIAD as a function of time

The cylinder of theA-type cell not connected with the
metal reservoir has been illuminated and the absorption sig-
nal has been detected. The vapor density has been evaluated
by applying Beer’s law. In order to make a comparison with
the model, the ratio between the vapor density variation and
the vapor density at the thermal equilibriumy, i.e.,
An(t)/ng, has been plotted.

Figure 4a) shows several plots @&n(t)/n, as a function
of time for different desorbing laser power. The desorbing
laser wavelength i3.;=800 nm. An(t)/ny increases with
the laser intensity and shows, as predicted by the theoretical
model, a different time dependence. At relatively weak in-
tensities and immediately after the light has been switched
on, An(t)/ng is linearly increasing with time. By further
increasing the light intensity, the linear dependencet,on
according to the model, shifts to\& dependence. The pas-
sage from low to high light intensity is observable in the
experiment.

In Fig. 4(b), the (a) and(e) signals of Fig. 4a) are shown
after their renormalization. The two dashed curves give the

Therefore the main features upon very strong light intenest fit. The signale) is fitted by a linear function oty while

sity illumination can be summarized as follows) at the

beginning An(t) increases asyt; (i) An(t) reaches the
(ii ) then the vapor den-

maximum density deviatiod nﬂig')l;
high

sity at long delay times decreases adfl/AnmaX is limited

signal(a) by a square root function df

From Fig. 4, the characteristic timg=(y+ g/L) ! can
be evaluated and its valueis=30 s. The relaxation time of
Rb density in the illuminated cylinder of th& cell is con-

by the diffusion coefficient of the atoms inside the coating.trolled by the diffusion of the atom through the capillary
This means that, at extremely high light intensity, the totaltowards the second cylinder connected to the metallic source.
number of atoms that can be desorbed from the coating i$his time is



4698 S. N. ATUTOV et al. PRA 60

12 - = 800 nm o 458 nm
e 609 nm
104 i A) 14 —
o <
8 i 124
£ 10| °
< B ) =Q L]
\: 84
£ © o
O 85 6
E) 4 Ce
1 ) e -
100 -
t(S) O- . . n
0 IP T T T T T T |
10 B 0 50 100 150 200 250 300 350
= . (a) P, (mW)
2
& 8 -~ 250
2 NG .
o 6 - ~
s 8 o o 200+
~ 7 o
5% E) g,
= 47 £ 150
] =1
& y <
g 2, N
g e 100 .
0 1 T T T T | 50
0 5 10 15 20 25 30 ©
t(s)
i . 0 T T T T T T 1
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renormalized. The broken lines give the best fit of the two curves. FIG. 5. (8) Anya/Ng as a function of the laser power for dif-

(Desorbing light wavelength =800 nm) ferent desorhing light wavelength&) (Anpa/ne)? as a function
of the laser power. The signals have been renormalized to show
_ their similar dependence . The solid line shows the best fit. A
Y leIcap/(Sca[pgas)’ M

linear dependence oR, is evident.

wherel .;,and S, are the length and the cross section of the o
capillary, andD ,sis the diffusion coefficient of Rb atoms in that could be desorbed from the surface should be limited by

the Ar buffer gas filling the cell. For 10 torr of argon pres- the diffusion of fresh atoms from the bulk to the surface in
sure,D =10 cnf/s andy ! is about 250 s. Agy~!>7, ~ Suchaway as to replace the desorbed ones. The fact that the
and 7, '=p/L it follows that B=3x10 2 cm/s for L experimental results show at high light intensity a square
=1 cm. root dependence oR, of An,./Nny demonstrates that the

It is now possible to evaluate the probability= /vy of  diffusion coefficientD, is proportional to the light intensity
Rb atoms to be adsorbed by PDMS coating in the collisiorlL - This result supports once more our model based on the
with the surfacex=10"%. This very small value confirms light-induced diffusion of Rb atoms inside the coating.
the results obtained in optical pumping and light-induced
drift experiments and makes very unlikely the hypothesis

that LIAD can only be a surface effect. C. LIAD as a function of buffer gas pressure

Two B-type cells, of the same size but filled with two
different buffer gas pressures, namely 3.5 togll I) and 35

Anpa/No as a function of the desorbing light intensity is torr (cell 11), have been illuminated by the same high-
shown in Fig. %a). At low intensity, according to Eq.14), intensity light. TheAn(t)/ny, as a function of time is re-
Anpmay/Ng is proportional to the light powdP, . By increas-  ported in Fig. 6 for the two cells. Both signals increase at the
ing P, a deviation from linearity is observed add,,,/ng beginning with the square root of time, but they reach the
shows a dependence qf°, . This is better seen in Fig(5),  maximum at different times.
where the An,,./ng)? data for the different wavelengths In the low pressure cellAn(t)("/n, gets its maximum
are renormalized and plotted verd®s. The solid line curve  value at7"=4 s. TheAn(t)("'/n, instead continues to in-
gives the linear fit. crease and gets its maximum & =50 s. This result is

According to Eg. (28), in the high-intensity limit, qualitatively in agreement with the model. In fact, the time
ANnpax/No is proportional toyD.. Therefore, if the diffusion v~ 1 needed to reach the maximum density is proportional to
coefficient would not depend on the desorbing light intensitythe buffer gas pressune and, as measured{""/7V=10.
AN/ Ng should saturate and remain constant. It means thayloreover, according to Eq28), Anya./ng is proportional
at extremely high light intensity, the total number of atomsto 1/\/y=+/p and it should be

B. LIAD as a function of the laser intensity
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remind the reader that as the experiments have been made in 0 lwe0082cce o006 o ©°
two distinct cells, the behavior cannot be exactly the same as : : : : : .
the coating thickness cannot be well controlled. (© 200 220 240 260 280 300 320
The An(t)""/n, signals presents precisely the same fea- T
tu_re§ as the theoretical C_ulrgéyt) plotted in Fig. 3b). From FIG. 7. (8 Anpa/ng as a function of the cell temperature.
this it is found yp=1.7 5"~ torr for the B-type cells. Curve (A) corresponds to the cell filled with 3.5 torr of argon and

curve (B) to that filled with 35 torr of argon, normalized to each
other. (b) is a simulation on the base of the modgd) is the ex-

o perimental behavior in the correct ratio.
The same twdB-type cells have been arranged inside a

cryostat transparent to both the desorbing and the probe lasgwards higher values of becomes evident for lower pres-
light. In Fig. 7, An{)/ny values as a function of are  sures as predicted by the model. The shift value is in quan-
reported. titative agreement with the prediction.

For weak desorbing light intensity, whenD, According to Eq.(28), at low temperatures when the
>D1(N\, 1), the diffusion of the atoms inside the coating canhigh-intensity limit is valid, Any,/ng is proportional to
be described by the Arrhenius relationstiig=e~Fact/(keD) /B 7. From this fact, two consequences follow. The first
that corresponds to the atom diffusion in the dark. Thisone is thatAn,/ny has to increase with the temperature as
means that the saturation parameteis=+D./7; e Fat/(2eT) yntil the high-intensity limit is replaced by the
~e Facl/(?k8T) [see Eq.(22)] also depends on the tempera- low-intensity limit. The second one is that, A%i,,, iS pro-
ture. Thus, at fixed light intensity and consequently at fixedportional to p, it has to be true for the two cells that
ay, by changing the temperature of the cell it is possible toAn{) = (p,/p;)*?An{). = \10An{), at the high-intensity

D. LIAD as a function of temperature

shift the experiment from the high-intensity limite(>as)  limit. Both these facts are verified in Figs(by and 7c),
at low temperatures to the low-intensity limite{<as) at  where a comparison between the model based evaluation and
relatively high temperatures. the experimental results without normalization is given. The

In Fig. 7(@), An{2)/n, curves are normalized in such a curves reproduce very well the behavior and give the correct

way that the presence of a shift of the transition temperatureatios for the density variations at a fixed temperature.
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At relatively high temperatures, when the low-intensity processes of atoms in both coating and cell volume and we
limit is valid, Any.,/Ny depends orw, only [see Eq.(14)] have made experimental tests of the model predictions. We
and does not depend on the temperature. Therefore, as it caave shown that the model not only describes the main fea-
be seen from Fig. 7, at high temperatudes,,../n, reaches tures of the effect showing good agreement with the experi-
a saturation value. mental data, but it also gives some more general insights. In

From these measurements, the activation enérgycan  fact, we infer from our data that neutral atoms and not ions
be derived and it result€£,.=(0.7+0.1) eV. We have gare diffusing inside the coating and that LIAD should be
evaluated both the activation enerfy, and the adsorption gpservable also with other completely different coatings. We
probability « of Rb atoms in PDMS. From itis possible to  have, for example, evidence of Rb atom desorption from
evaluateEcpen, i.€., the potential barrier the Rb atoms havegrfaces prepared with a liquid film of common mineral oils.
to overcome to get inside the coating, Moreover, by using buffer gas pressures higher than the at-

Eron= — KaT IN()=0.37 eV. mospheric_ one, it should be possible to detect the LIAD ef-
fect in solid bulks or detect a very weak effect at tempera-

Due to the incertitude of the atomic density value insidetures close to the absolute zero. It can be very interesting, for
the coating, it is not possible to derive from the experimentxample, to analyze systems characterized by relatively weak
the desorption energi4.s and the atomic diffusion coeffi- surface bonding energy and large diffusion, as it is for Li
cient. The characteristic diffusion timg of the atoms inside atoms solved in germaniufiQ].
the coating also remains undetermined. Rough estimates of
74 give values ranging within several decades arountisl0
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V. CONCLUSION
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