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Light-induced diffusion and desorption of alkali metals in a siloxane film:
Theory and experiment

S. N. Atutov,* V. Biancalana, P. Bicchi, C. Marinelli, E. Mariotti, M. Meucci, A. Nagel,† K. A. Nasyrov,*
S. Rachini, and L. Moi

INFM and Dipartimento di Fisica dell’Universita` degli Studi di Siena, Banchi di Sotto 55, I-53100 Siena, Italy
~Received 29 October 1998; revised manuscript received 30 June 1999!

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 Rb in~poly!dimethylsiloxane have been determined.
@S1050-2947~99!01512-7#

PACS number~s!: 34.50.Dy, 79.20.La
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I. INTRODUCTION

The atomic diffusion inside dielectrics and the atom
adsorption-desorption processes are interesting fields o
vestigation as they give useful insights into both the kno
edge of atom-dielectric interactions and to important pra
cal applications. They have been recently enriched by
observation of new phenomena connected to the presen
light. We have studied both experimentally and theoretica
the influence of light on the diffusion and on the adsorptio
desorption rates of alkali-metal atoms in siloxane films
posited on a Pyrex substrate. We show that nonresonant
increases both the mobility of the atoms inside the coa
and the desorption rate. The dependence of the adso
atom diffusion on the light frequency and on the light inte
sity is demonstrated. Its dependence on the cell tempera
has been studied as well. These experiments follow the
cent and unexpected observation of a new effect consis
of a huge atomic desorption from transparent silane fi
when weak and incoherent visible light shines the surfa
The effect, named LIAD~i.e., light-induced atomic desorp
tion! @1#, has been observed and experimentally investiga
by Gozzini et al. @2# with Na atoms, by Meucciet al. with
Rb atoms@1#, and by Mariottiet al. with Cs atoms@3#. In all
these experiments the film, which coats the inner surfac
the resonance cells, was made from an ether solution e
of a polymer, namely the~poly!-dimethylsiloxane~PDMS!
@1,2#, or of a crown molecule, namely the octamethylc
clotetrasiloxane~OCT! @3#. Photodesorption of Na2 mol-
ecules has also been observed@4#. The analysis of the de
sorption dynamics gives important information on LIAD an
it has been studied with Rb adsorbed on PDMS@5#. An ef-
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ficient atomic source of rubidium controlled by light ha
been realized@6#. By using a resonant laser beam as a pro
LIAD is made visible to the naked eye as the vapor dens
and hence the fluorescence intensity, may change by m
orders of magnitude with respect to the thermal equilibriu
value.

LIAD is a nonthermal effect and has no relation wi
those desorption phenomena driven by powerful laser pul
which produce a brute local heating of the substrate and
face ablation. LIAD of Rb and Cs is even produced by t
light emitted by a pocket lamp and also at very low c
temperatures@1#. It shows a frequency threshold analogo
to the work function of the photoelectric effect in metals@2#
and, similarly, an increasing efficiency with increasing lig
frequency@1,2,4#. All these interesting features have to b
completed by recalling that the siloxane films have been u
and studied in the past in optical pumping@7# and light-
induced drift @8# experiments because of their very we
adsorption energyEads and negligible atom-surface interac
tion. As a consequence, atomic surface density assumes
low values making unlikely the formation of a metall
monolayer or of clusters on the surface itself.

A tentative interpretation of LIAD at the microscopi
scale has been proposed for sodium adsorbed on PD
@2,4#. According to that approach, sodium atoms are solva
in the siloxane compound and the Na1PDMS2 and
Na2

1PDMS2 complexes are formed. The light induces a r
verse mechanism which brings back atoms and molecule
the vapor phase. This approach explains the observed thr
old in the excitation light spectrum but it leaves unsolved
number of important questions such as, for example, the
fluence of the coating molecular structure@3#, and the depen-
dence on the temperature and on the buffer gas pressur
disagreement with our experimental evidence, LIAD
strictly correlated to the specific chemical properties of silo
anes. Moreover, LIAD is confined to the surface effect c
egory while we show that diffusion inside the coating play
major role.

We report experimental data and we show that a s

y,
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4694 PRA 60S. N. ATUTOV et al.
consistent picture of the LIAD phenomenon needs not o
the increase in the desorption rate at the surface, but
diffusion in the coating bulk. In fact, light increases the d
fusion in the coating bulk so that LIAD can be interpreted
a light-induced enhancement of atom mobility. These
sumptions are also supported by the 1D model we de
oped. We find that the diffusion dynamics inside the coat
drives the time evolution of the rubidium density in the g
phase. Therefore, we get the important result that LIAD
mostly a bulk effect and not only a surface effect. Moreov
we have evidence, after some preliminary measureme
that LIAD is not confined to the specific chemical propert
of the siloxanes but it is a more general effect.

II. EXPERIMENTAL SETUP AND SILOXANE FILM
PREPARATION

The light-induced diffusion and desorption of Rb atom
adsorbed in PDMS is studied using, as desorbing light,
radiation from an Ar1 laser tuned tol15458 nm or l2
5514 nm, and from a Ti-sapphire laser tuned tol3
5800 nm. The diameter of the laser beams is enlarged
telescope in order to achieve a complete illumination of
end window of the cells or of the whole cells~see Fig. 1!.
The light power densityI L in the experiment ranges from
131023 W/cm2 to 3031023 W/cm2. A diode laser, tuned
to the RbD2 absorption line (lprobe5780 nm), is used to
probe the vapor density. It crosses the cell in a direct
parallel to the cell entrance window and it is strongly atten
ated down to a few microwatts in order to avoid both pert
bation of the cell surface and optical pumping of atoms. T
laser frequency is scanned through the absorption line
about 100 Hz rate. The evolution of the vapor density
obtained by measuring the fraction of the probe diode la
light transmitted through the cell. The light absorption
measured by the box-car technique with the gate exactly
cated on the maximum of the strongest Rb hyperfine

FIG. 1. Sketch of two resonance cells used in the experime
Numbers express their actual size. All cells were coated w
PDMS.
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component (F53 ground level of 85Rb isotope!. When
higher atomic densities are achieved causing the probe b
to be completely absorbed in that component, the wea
hyperfine transition from theF51 ground level of87Rb iso-
tope is used. Experimental studies showed that no isoto
effects are visible, allowing a free choice of the line. T
absorption signals are stored and processed by a digita
cilloscope and by a personal computer. The Rb density va
tion is calculated taking into account Beer’s exponential
sorption law. This acquisition system allows us to colle
data with 10 ms resolution limit over several hours and
measure density variation of Rb vapor in a wide range. T
absolute Rb vapor density in equilibrium with a metal res
voir is estimated from the temperature of the source m
drop, once provided a steady-state vapor concentration@9#.

In order to analyze the LIAD dynamics and to make
comparison with the proposed diffusion model, seve
coated Pyrex glass cells with different shapes, sizes,
buffer gas pressures have been used. In Fig. 1, two of th
cells are sketched and the relevant dimensions reported.
‘‘ A’’-type cell consists of two cylinders connected by a ca
illary. One of them is linked to the Rb reservoir, thus me
vapor can reach the other cylinder only through the capilla
The ‘‘B’’-type cell consists of one cylinder directly con
nected to the Rb source through a capillary. These two
ferent cell shapes realize very different path lengths of
photodesorbed atoms to the alkali-metal reservoir giving u
ful insights into the diffusion and adsorption-desorption p
cesses.

Even if the coating preparation has been described in
tail in previous papers~see for example, Ref.@1#!, it might be
helpful to recall here the standard procedure. The orga
film is made by rinsing the cell with an ether solution of
few percent of PDMS compound. When the ether is eva
rated, the cell is placed in an oven at 200 °C for seve
hours and then connected to a turbo pump for several day
eliminate traces of chemical active impurities that might
present inside of coating. It is better to warm up the cell
order to improve and speed up this cleaning process. The
is then filled by a buffer gas at a chosen pressure and
gently warming up the cell, a melted Rb metal drop is d
tilled in the cell reservoir. It is important to note that,
order to avoid contamination of the cell and poisoning of t
effect due to unwanted chemical reactions between hot m
drops and the organic compound, the reservoir bulb is
coated.

III. THEORY: THE 1D DIFFUSION MODEL

We assume that Rb atoms are spreaded in the coa
where they occupy interstitial positions. In the absence
light, Rb atom diffusion can be described by the Arrhen
relation

D0}e2Eact/kBT. ~1!

Eact is the activation energy characterizing the depth of
potential wells where atoms are located,kB is the Boltzmann
constant, andT is the temperature. When the desorbing lig
is on, diffusion changes and, assuming a linear depende
on the light intensityI L , the diffusion coefficient becomes

s.
h
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Dc5D01D1~l,I L!5D01d~l!I L , ~2!

whereDc is the diffusion coefficient in the presence of ligh
D1 is the contribution from excited atoms only, andd(l) is
a coefficient which depends on the wavelength of desorb
light.

Atoms close to the coating surface can leave it and
into the cell bulk where their diffusion coefficientDgas is
inversely proportional to the buffer gas pressurep. At the
same time, atoms from the gas phase can get adsorbed a
This dynamical situation can be described by considering
atom fluxes in the two directions. The flux of atoms leavi
the surface can be written in the form

J15aN, ~3!

whereN is the atomic density in the coating;a has the di-
mensions of a velocity and characterizes the atomic des
tion rate. Similarly to Eq.~2!, the atom desorbing ratea can
be written, at a fixed temperature, as

a5a01a1~l,I L!5a01k~l!I L , ~4!

wherea0 is the desorption rate in the dark~thermal desorp-
tion rate! andk(l) is a function of the light wavelength only

In order to complete this physical picture, the flux of the
mal atoms in the opposite direction, i.e., from the vapor
the coating, has to be taken into account. The flux of
sorbed atoms can then be expressed as follows:

J252bn, ~5!

wheren is the atomic density in the vapor phase;b has the
dimensions of a velocity and it characterizes the adsorb
rate. The ratiob/vT , wherevT is the mean thermal velocity
gives the probability the atoms have to be adsorbed w
they collide on the coated wall. It is important to remark th
in our experiment the frequency of the desorbing light
always far away from the Rb resonance absorption line
the vapor phase. Therefore, we can assume thatb does not
depend on light intensity and frequency. The total flux
atoms through the surface is then given by

J5J11J25aN2bn. ~6!

In the absence of the desorbing light, the sum of these
fluxes must be equal to zero, i.e.,J50. Hence, when the
equilibrium in the dark is considered, the atomic concen
tions N0, in the coating, andn0, in the gas phase, have t
satisfy the following condition:

N05
b

a0
n0 . ~7!

Experimental evidence shows thatN0@n0 @1,2#, as quali-
tatively sketched in Fig. 2, and henceb@a0.

When the desorbing light is switched on, the vapor d
sity dynamics can be described by the following equation

dn

dt
5

J

L
2g~n2n0!, ~8!
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whereL5V/S is the characteristic cell length,V is the vol-
ume of the cell, andS is its surface. The last term of Eq.~8!
describes the vapor density relaxation back to the ther
equilibrium density in the dark controlled by Rb source;g21

is the relaxation characteristic time. For the sake of simp
ity, no diffusion process in the gas phase has been taken
account while deriving Eq.~8!. Therefore, this equation is
valid as long as the vapor density can be considered in
pendent of the spatial coordinates, i.e.,n(x,t)5n(t). This
means that Eq.~8! properly describes only processes evo
ing with a characteristic time longer thantgas5L2/Dgas. In
our experimental condition,tgas is in the order of a fraction
of a second. Fort,tgas, Eq. ~8! should be replaced by a
diffusion equation.

On the other hand, the spatial concentration gradient
side the coating cannot be neglected because the diffu
coefficient is much smaller than in the gas phase@10#. As the
illuminated surface is much larger than the coating thickn
H, the atomic density evolution inside the coating can
described by the one-dimensional diffusion equation

]N

]t
5Dc

]2N

]x2
. ~9!

The boundary conditions

2Dc

]N

]x
~0!5J ~10!

at the vapor-surface interface (x50)

Dc

]N

]x
~2H !50 ~11!

at the coating-substrate interface (x52H) hold. This last
assumption is valid, at a given temperature, if we assu
that the cell is old enough that the pyrex substrate is s
rated by Rb atoms. The opposite situation would be t

FIG. 2. Sketch of the diffusion processes at the vapor-surf
interface.J1 represents the atomic flux from the coating to the g
phase;J2 is the flux of atoms from the gas into the coating;H is the
coating thickness;h is defined in the text.
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4696 PRA 60S. N. ATUTOV et al.
atoms are continuously lost in the glass where they are
versibly adsorbed. Even if any intermediate situation is pl
sible, as this boundary condition has a small effect on
description and only when very long time scale dynamics
considered, we do not stress this point here any further.

We show that this model is correct and it is able to rep
duce the main features of the LIAD effect. Let us therefo
consider two opposite cases which allow us to obtain
analytical solution of the equations. They correspond to
low and the high desorbing light intensity limits, respe
tively.

A. Weak desorbing light intensity

The light intensityI L is assumed weak enough to induce
negligible change of the atomic densityN near the coating
surface. This condition allows us to impose thatN(x50)
>N0, whereN0 is the atomic density inside the coating
the absence of light and at the thermal equilibrium. Equat
~8! then becomes

dn

dt
5

aN0

L
1gn02S g1

b

L Dn ~12!

and its solution is

n~ t !5n01
a1N0

b1gL
@12e2[g1(b/L)] t#. ~13!

It is clear from this solution that, by switching on th
desorbing light, the atomic densityn increases linearly with
time and attains its maximumnmax

weakvalue, which correspond
to a new steady-state regime, roughly after the character
time t1 given by

t1
215g1

b

L
.

The maximum density deviationDnmax
weak is

Dnmax
weak5nmax

weak2n05
a1

b1gL
N05

n0

a0

b

L
t1k~l!I L . ~14!

Equation~13! is valid only for a short time intervalDt
after the desorbing light has been switched on. Upon th
assumptions LIAD is driven only by the gas dynamics as
coating is negligibly affected by light. In fact, only a sma
fraction of the atoms confined within a thicknessh
5ADct1 is expected to be desorbed. The vapor density
crease then depends on the relaxation time of the vapor
sity back to the thermal equilibrium: it is longer this time th
larger the number of atoms accumulated in the gas phas

When t@t1, the slow decreasing of the atomic dens
close to the inner coating surface (h<x<0) has to be taken
into account. By considering that the desorption process,
t@t1, is very small and almost stationary, it is allowed
impose in Eq.~8! the conditiondn/dt50. With the help of
Eq. ~6!, n as a function ofN(0,t) can be found,

n~ t !5
aN~0,t !1gLn0

b1gL
. ~15!
e-
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Using this equation, the boundary condition~10! may be
written in the form

2Dc

]N

]x
~0!5gt1@aN~0,t !2bn0#. ~16!

The solution of Eq.~9! for n(t) with the boundary condi-
tion ~16! and for t1!t,td5H2/Dc , wheretd is the char-
acteristic diffusion time inside the coating, can be obtain
after applying the Laplace transformation,

n~ t !2n05Dnmax
weakf S t

t2
D , t25

Dc

~gt1!2a2
, ~17!

where

f ~z!5ez erfc~Az!. ~18!

The function f (z) is shown in Fig. 3~a!. f (z) decreases
with z and, whenz@1, goes asf (z);1/Az.

When t@td , not only the coating surface but the who
coating gives its contribution as a sole atomic source,
instead of Eq.~9!, the following balance equation can b
used:

H
dN

dt
5J5gt1~aN2bn0!. ~19!

This equation gives the asymptotic behavior ofn(t),

n~ t !2n0}e2t/t3, t35
H

a

1

gt1
. ~20!

To summarize, we have shown that upon weak light il
mination, LIAD presents three different regimes:~i! imme-
diately after the light has been switched on,Dn increases
linearly; ~ii ! then Dn reaches a maximum and starts slow
decreasing. The density decay is governed by thef (z) func-
tion until t>td ; ~iii ! for longer time,n(t) decreases expo
nentially back to the equilibrium valuen0.

An important issue is to determine when the limit of we
light intensity becomes not valid. This approximation is n
correct when, fort<t1, the atomic density variationDN in
the coating layer close to the surface and of thicknesh
5ADct1 becomes comparable toN0. This density variation
DN gives rise to the atomic density changeDnmax in the gas
phase equal to

FIG. 3. Plots of~a! f (z) and ~b! g(z) functions.
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hDN5LDnmax5a1t1N0 . ~21!

From this condition it can be derived that the weak inte
sity approximation~i.e., DN!N0) is correct if

a1,aS5ADc

t1
, ~22!

whereaS can be considered as the saturation paramete
a1. It is important to remark that in this caseaS depends on
the diffusion coefficient of the atoms inside the coating.

B. High desorbing light intensity

When the desorbing light intensityI L is so high that all
atoms in the region close to the surface are instantaneo
desorbed into the cell volume, it holds that

N~0,t !>0, t.0. ~23!

Equation~9! with the new boundary condition~23! gives
the flux of atoms from the coating

J5N0ADc

pt
~24!

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

n~ t !2n05
N0

L
ADc

pg
g~gt !, ~25!

where the functiong(z) is

g~z!5e2zE
0

z ez

Az
dz. ~26!

A plot of g(z) is shown in Fig. 3~b!. From Eqs.~25! and
~26! it results thatDn(t) increases, for 0,t,g21, as

Dn~ t !'
2N0

L
ADct

p
. ~27!

It gets its maximum

Dnmax
high5

N0

L
ADc

pg
~28!

at t5g21 and then it starts slowly decreasing fort.g21

according to

Dn~ t !>
N0

L
A D

pg

1

Agt
5

1

Agt
Dnmax

high. ~29!

Therefore the main features upon very strong light int
sity illumination can be summarized as follows:~i! at the
beginning Dn(t) increases asAt; ~ii ! Dn(t) reaches the
maximum density deviationDnmax

high; ~iii ! then the vapor den
sity at long delay times decreases as 1/At. Dnmax

high is limited
by the diffusion coefficient of the atoms inside the coatin
This means that, at extremely high light intensity, the to
number of atoms that can be desorbed from the coatin
-

of

sly

-

.
l
is

limited by the diffusion of fresh atoms from the bulk to th
surface of the coating. This model has been developed
assuming that the whole cell surface is illuminated by
desorbing light. When, however, in the experiment only
part of the cell is illuminated and a large fraction remains
the dark, we assume that this last can adsorb the exces
atoms desorbed by the illuminated one. In this case, Eq.~8!
has to be modified as

dn

dt
5

S(ill)

V
J(ill) 1

S(dark)

V
J(dark)2g~n2n0!, ~30!

whereS(ill) andS(dark) are the illuminated and not illuminate
surfaces, respectively, and

J(ill !5aN(ill !~0!2bn, J(dark!5a0N(dark!~0!2bn

are the fluxes from the illuminated and not illuminated par
respectively.

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

IV. EXPERIMENTAL RESULTS AND DISCUSSION

In order to verify the theoretical model and the role of t
atomic diffusion inside the siloxane film, a series of expe
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
nal has been detected. The vapor density has been evalu
by applying Beer’s law. In order to make a comparison w
the model, the ratio between the vapor density variation
the vapor density at the thermal equilibriumn0, i.e.,
Dn(t)/n0, has been plotted.

Figure 4~a! shows several plots ofDn(t)/n0 as a function
of time for different desorbing laser power. The desorbi
laser wavelength isl35800 nm. Dn(t)/n0 increases with
the laser intensity and shows, as predicted by the theore
model, a different time dependence. At relatively weak
tensities and immediately after the light has been switc
on, Dn(t)/n0 is linearly increasing with timet. By further
increasing the light intensity, the linear dependence ont,
according to the model, shifts to aAt dependence. The pas
sage from low to high light intensity is observable in th
experiment.

In Fig. 4~b!, the~a! and~e! signals of Fig. 4~a! are shown
after their renormalization. The two dashed curves give
best fit. The signal~e! is fitted by a linear function ont, while
signal ~a! by a square root function oft.

From Fig. 4, the characteristic timet15(g1b/L)21 can
be evaluated and its value ist1530 s. The relaxation time o
Rb density in the illuminated cylinder of theA cell is con-
trolled by the diffusion of the atom through the capilla
towards the second cylinder connected to the metallic sou
This time is
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4698 PRA 60S. N. ATUTOV et al.
g215Vlcap/~ScapDgas!,

wherel capandScapare the length and the cross section of t
capillary, andDgasis the diffusion coefficient of Rb atoms i
the Ar buffer gas filling the cell. For 10 torr of argon pre
sure,Dgas>10 cm2/s andg21 is about 250 s. Asg21@t1

and t1
21>b/L it follows that b5331022 cm/s for L

51 cm.
It is now possible to evaluate the probabilityk5b/vT of

Rb atoms to be adsorbed by PDMS coating in the collis
with the surface,k>1026. This very small value confirms
the results obtained in optical pumping and light-induc
drift experiments and makes very unlikely the hypothe
that LIAD can only be a surface effect.

B. LIAD as a function of the laser intensity

Dnmax/n0 as a function of the desorbing light intensity
shown in Fig. 5~a!. At low intensity, according to Eq.~14!,
Dnmax/n0 is proportional to the light powerPL . By increas-
ing PL , a deviation from linearity is observed andDnmax/n0

shows a dependence onAPL. This is better seen in Fig. 5~b!,
where the (Dnmax/n0)2 data for the different wavelength
are renormalized and plotted versusPL . The solid line curve
gives the linear fit.

According to Eq. ~28!, in the high-intensity limit,
Dnmax/n0 is proportional toADc. Therefore, if the diffusion
coefficient would not depend on the desorbing light intens
Dnmax/n0 should saturate and remain constant. It means
at extremely high light intensity, the total number of atom

FIG. 4. ~a! Dn/n0 as a function of time. The curves correspo
to different laser power.I L5 ~A! 181 mW;~B! 51.7 mW;~C! 12.4
mW; ~D! 2.0 mW;~E! 0.78 mW~see text!. ~B!, ~A!, and~E! curves
renormalized. The broken lines give the best fit of the two curv
~Desorbing light wavelengthl5800 nm.!
n

d
s

,
at

that could be desorbed from the surface should be limited
the diffusion of fresh atoms from the bulk to the surface
such a way as to replace the desorbed ones. The fact tha
experimental results show at high light intensity a squ
root dependence onPL of Dnmax/n0 demonstrates that th
diffusion coefficientDc is proportional to the light intensity
I L . This result supports once more our model based on
light-induced diffusion of Rb atoms inside the coating.

C. LIAD as a function of buffer gas pressure

Two B-type cells, of the same size but filled with tw
different buffer gas pressures, namely 3.5 torr~cell I! and 35
torr ~cell II!, have been illuminated by the same hig
intensity light. TheDn(t)/n0 as a function of time is re-
ported in Fig. 6 for the two cells. Both signals increase at
beginning with the square root of time, but they reach
maximum at different times.

In the low pressure cell,Dn(t)(I) /n0 gets its maximum
value att (I)>4 s. TheDn(t)(II) /n0 instead continues to in
crease and gets its maximum att (I)>50 s. This result is
qualitatively in agreement with the model. In fact, the tim
g21 needed to reach the maximum density is proportiona
the buffer gas pressurep and, as measured,t (II) /t (I)>10.
Moreover, according to Eq.~28!, Dnmax/n0 is proportional
to 1/Ag}Ap and it should be

s. FIG. 5. ~a! Dnmax/n0 as a function of the laser power for dif
ferent desorbing light wavelengths.~b! (Dnmax/n0)2 as a function
of the laser power. The signals have been renormalized to s
their similar dependence onPL . The solid line shows the best fit. A
linear dependence onPL is evident.
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Dnmax
(II) /n0

Dnmax
(I) /n0

5Ap(II)

p(I)
,

which is in qualitative agreement with the experiment. W
remind the reader that as the experiments have been ma
two distinct cells, the behavior cannot be exactly the sam
the coating thickness cannot be well controlled.

TheDn(t)(I,II) /n0 signals presents precisely the same f
tures as the theoretical curveg(gt) plotted in Fig. 3~b!. From
this it is foundgp51.7 s21 torr for theB-type cells.

D. LIAD as a function of temperature

The same twoB-type cells have been arranged inside
cryostat transparent to both the desorbing and the probe
light. In Fig. 7, Dnmax

(I,II) /n0 values as a function ofT are
reported.

For weak desorbing light intensity, whenD0
.D1(l,I L), the diffusion of the atoms inside the coating c
be described by the Arrhenius relationshipD0}e2Eact/(kBT)

that corresponds to the atom diffusion in the dark. T
means that the saturation parameteraS5ADc /t1
;e2Eact/(2kBT) @see Eq.~22!# also depends on the temper
ture. Thus, at fixed light intensity and consequently at fix
a1, by changing the temperature of the cell it is possible
shift the experiment from the high-intensity limit (a1.aS)
at low temperatures to the low-intensity limit (a1,aS) at
relatively high temperatures.

In Fig. 7~a!, Dnmax
(I,II) /n0 curves are normalized in such

way that the presence of a shift of the transition tempera

FIG. 6. Dn/n0 as a function of time in the presence of tw
different buffer gas pressures:~a! p53.5 torr; ~b! p535 torr. Solid
curves represent the best fit according to the model.
in
as

-

ser

s

d
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re

towards higher values ofT becomes evident for lower pres
sures as predicted by the model. The shift value is in qu
titative agreement with the prediction.

According to Eq. ~28!, at low temperatures when th
high-intensity limit is valid, Dnmax/n0 is proportional to
ADc /g. From this fact, two consequences follow. The fir
one is thatDnmax/n0 has to increase with the temperature
e2Eact/(2kBT) until the high-intensity limit is replaced by th
low-intensity limit. The second one is that, asDnmax is pro-
portional to Ap, it has to be true for the two cells tha
Dnmax

(II) 5(p2 /p1)1/2Dnmax
(I) 5A10Dnmax

(I) at the high-intensity
limit. Both these facts are verified in Figs. 7~b! and 7~c!,
where a comparison between the model based evaluation
the experimental results without normalization is given. T
curves reproduce very well the behavior and give the cor
ratios for the density variations at a fixed temperature.

FIG. 7. ~a! Dnmax/n0 as a function of the cell temperature
Curve ~A! corresponds to the cell filled with 3.5 torr of argon an
curve ~B! to that filled with 35 torr of argon, normalized to eac
other. ~b! is a simulation on the base of the model;~c! is the ex-
perimental behavior in the correct ratio.
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At relatively high temperatures, when the low-intens
limit is valid, Dnmax/n0 depends ona1 only @see Eq.~14!#
and does not depend on the temperature. Therefore, as i
be seen from Fig. 7, at high temperaturesDnmax/n0 reaches
a saturation value.

From these measurements, the activation energyEact can
be derived and it resultsEact5(0.760.1) eV. We have
evaluated both the activation energyEact and the adsorption
probabilityk of Rb atoms in PDMS. Fromk it is possible to
evaluateEchem, i.e., the potential barrier the Rb atoms ha
to overcome to get inside the coating,

Echem52kBT ln~k!50.37 eV.

Due to the incertitude of the atomic density value ins
the coating, it is not possible to derive from the experim
the desorption energyEdes and the atomic diffusion coeffi
cient. The characteristic diffusion timetd of the atoms inside
the coating also remains undetermined. Rough estimate
td give values ranging within several decades around 105 s.
Because of these problems, we restrict ourselves in this w
to the investigation of LIAD in the limit of short illumination
time.

V. CONCLUSION

In conclusion, we have developed a simple model of
light-induced atomic desorption effect based on the diffus
e,

e

-

an

t

of

rk

e
n

processes of atoms in both coating and cell volume and
have made experimental tests of the model predictions.
have shown that the model not only describes the main
tures of the effect showing good agreement with the exp
mental data, but it also gives some more general insights
fact, we infer from our data that neutral atoms and not io
are diffusing inside the coating and that LIAD should
observable also with other completely different coatings. W
have, for example, evidence of Rb atom desorption fr
surfaces prepared with a liquid film of common mineral oi
Moreover, by using buffer gas pressures higher than the
mospheric one, it should be possible to detect the LIAD
fect in solid bulks or detect a very weak effect at tempe
tures close to the absolute zero. It can be very interesting
example, to analyze systems characterized by relatively w
surface bonding energy and large diffusion, as it is for
atoms solved in germanium@10#.
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