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Kinetic energy distributions of alkali-metal atoms(sodium and rubidium) desorbed from poly-
dimethylsiloxane coated glasses via visibles532 nmd and near-infrareds1064 nmd laser irradiation are deter-
mined. In each case the time-of-flight spectra show a single desorption peak. In the case of sodium the mean
kinetic energy of the desorbing atoms depends on the photon energy and linearly on the laser fluence.
Evanescent-wave desorption measurements show that the origin of the desorbed atoms is within the bulk of the
thin organic film. The results are discussed in terms of electronic excitation and resonant heating, providing
values of barrier heights for desorption from PDMS. The observed small barrier heights explain the weak light
intensity necessary for light-induced atomic desorption from such systems.
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I. INTRODUCTION

The light-induced desorption of alkali atoms adsorbed on
or in dielectric substrates as either isolated atoms, aggre-
gates, or films is of large interest from both applied and
fundamental points of view since it resembles a rather un-
usual form of laser ablation or desorption. Among other pe-
culiarities we mention surface-plasmon-assisted laser desorp-
tion [1], the origin of alkali-metal atoms in extraterrestrial
atmospheres[2,3], or the light-induced atomic desorption
(LIAD ) process[4–7].

Astrophysical interest in photon-stimulated alkali-metal
desorption stems from the observation of significant amounts
of neutral alkali-metal atoms(sodium and potassium) in the
atmospheres of the Moon, Mercury, or the Jovian satellite
Europa. Since these atmospheres are nonpermanent, it has
been suggested that the alkali-metal atoms are resupplied via
photon-stimulated desorption processes. Experiments on
amorphous silica as well as lunar basalt samples, decorated
with submonolayer coverages of alkali metals, support this
suggestion[2,3]. UV photons with energies higher than 4 eV
s310 nmd result in neutral atom desorption with mean kinetic
energies of 100 meV. This is believed to be due to a transfer
of hot electrons from the substrate to the unoccupied states
of the ionic bound alkali metals with subsequent neutraliza-
tion and repulsion[8]. The same desorption induced by elec-
tronic transitions(DIET) mechanism is probably responsible
for UV-laser-induced desorption of isolated potassium atoms
from epitaxial layers of Cr2O3s0001d, where mean kinetic
energies of 650 meV were found at very low coverage, de-
creasing to 260 meV at saturation coverage[9]. These ki-
netic energies were found to be independent of photon ener-
gies (3.5 eV, 5 eV, and 6.4 eV— i.e., 351 nm, 248 nm, and
193 nm) and the velocity distributions could not be fitted by
Boltzmann distributions. Upon alkali-metal aggregate forma-
tion decreased translational energies of 160 meV were found
and interpreted via quenching of the electronically excited
states by the metal electrons.

The investigation of the simplest form of desorption of
alkali-metal atoms from rough alkali-metal films on dielec-

trics has a rather long history. Beginning with investigations
of laser-induced desorption of sodium atoms from Na films
adsorbed on multicrystalline sapphire and quartz surfaces
[10], systematic studies have been performed for rough
alkali-metal films adsorbed on lithium fluoride[11] and mica
surfaces[12]. In fact, under most circumstances Na forms
clusters upon adsorption on dielectrics. The clusters exhibit
pronounced multipole resonances. Optical excitation on
these resonances results in a collective electronic excitation
(surface plasmon excitation), which is accompanied by a
strong electromagnetic field enhancement on the surface of
the clusters. In turn, this leads to nonthermal desorption of
atoms from the alkali-metal surface.

Systematic measurements have revealed subthermal dis-
tributions of the desorbing atoms with kinetic energies of
20 meV [1]. The full velocity distributions could be repro-
duced by a quantum-mechanical multiphonon scattering
model. In the framework of this model it has been argued
that the shallow well(a few hundred meV) of the binding
potential skews the energy distribution of desorbed particles
since only the low-energy part of the distribution of imping-
ing particles will stick and only the trapped particles will be
observed in laser-induced desorption(microscopic reversibil-
ity). In fact, the laser excitation will eventually result in a
distribution of low-kinetic-energy neutral atoms in the vicin-
ity of the surface, which will exchange energy with the sur-
face via multiphonon excitation-deexcitation processes pro-
vided that(i) the particles have large mass,(ii ) their masses
equal the mass of the surface atoms, and(iii ) the surface
temperature is high compared to the Debye temperature.
These conditions are well fulfilled for alkali-metal desorption
from rough alkali-metal films on dielectrics.

Alternatively to the above desorption model it has been
suggested that the interaction of light with rough alkali-metal
films and the concomitant excitation of surface plasmons
could also lead directly to the creation of antibonding pairs at
defect sites and thus desorption. This mechanism would ex-
plain several experimentally observed characteristics of
laser-induced alkali-metal desorption from alkali-metal lay-
ers on dielectrics too[11], but it cannot explain the observed
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independence of kinetic energies on desorption wavelength
[12], which in turn means that the initial excitation is decou-
pled from the final desorption process.

The problem of light-induced alkali-metal desorption be-
comes more sophisticated if the alkali metal resides in an
inert but complex polymeric mesh—i.e., a three-
dimensional, flexible dielectric reservoir. Some time ago
[4,13] it has been observed that PDMS(poly-
dimethylsiloxane) thin films on dielectrics fulfill the main
conditions for such a reservoir, being an inert environment
that can be filled with alkali metals and emptied by shining
nonresonant, low-power light on it. The effect has been
called LIAD. Applied to glass containers coated with PDMS
it results in a reproducible and high-vacuum compatible way
of storing and releasing alkali-metal atoms for, e.g., filling
magnetooptical traps[14]. Since its first observation, the
LIAD effect has been reported also for OCT(octamethylcy-
clotetrasiloxane) and for paraffine[7]. The repeating unit of
PDMS is -SisCH3d2-O-, and the typical number of repeat
units used in the present experiment is 500.

Since the coils of PDMS are highly flexible[15], it is the
most highly compressible among the long-chain polymers.
As a result of this flexibility, PDMS is amorphous with a
glass transition temperature of 144 K and a melting tempera-
ture of 232 K. In all experiments reported here the surfaces
have been above those temperatures and thus PDMS has al-
ways been in its rubbery state.

In this paper we determine the kinetic energy distributions
of Na and rubidium atoms desorbed from PDMS thin films
via pulsed laser-induced desorption with the desorption laser
hitting the films both via the evanescent wave and via normal
incidence illumination. From the kinetic energy distributions
we determine barrier heights of the potentials relevant for
desorption from PDMS.

II. EXPERIMENT

The experimental setup for Na atom desorption is
sketched in Fig. 1. More details are given in[16]. The setup

consisted of a PDMS-coated glass prism, which was
mounted in a high-vacuum chambersp0.10−7 torrd on a
translationally movable, rotatable, and coolable manipulator
sTi =260–300 Kd. Surface temperaturesTi were measured
with a Ni-NiCr thermocouple on the manipulator, which was
calibrated with the help of a second thermocouple firmly
glued with thermoconducting paste onto the glass surface.
Sodium was deposited onto the hypotenuse of the prism by
running a current of about 7 A through a Na dispenser
(SAES getters). Optical extinction measurements have
shown that Na cluster formation on top of or in the PDMS
film is negligible under our conditions.

Na atoms were desorbed from the prisms hypotenuse by
focusing the beam of a Nd-YAG laser(continuum powerlite
8000, 10 Hz) on it from either the front side or through the
prism short side. The latter geometry resulted in an evanes-
cent wave on either the plain prisms hypotenuse or the sur-
face of the PDMS-coated hypotenuse. The penetration depth
of the evanescent wave depends on the refractive indices of
prism and PDMS and the wavelength of the desorption laser
(1064 nm or 532 nm) as well as the angle of incidence onto
the hypotenuse. For the present experiments it ranged be-
tween 100 nm and 1.5mm.

A shutter inside the vacuum chamber in front of the en-
trance window for the desorption laser was closed during
sodium atom adsorption in order to keep the window free of
sodium atoms. Hence laser-induced desorption of sodium at-
oms from that window did not congest the measurements. A
beam dump was added at the output side of the prism so as to
suppress desorption from the chamber walls and exit win-
dows.

For the investigation of Rb atom desorption we have used
PDMS-coated glass slides, which were loaded in a separate
vacuum chamber with Rb and afterwards transferred in a
desorption chamber. For loading at a background pressure of
5310−7 mbar a reservoir with a natural mixture of Rb atoms
was heated to about 330 K and the sample was exposed to
the Rb vapor for a few hours to days. The background pres-
sure in the desorption chamber was of the order of
10−9 mbar. By separating deposition and desorption process

FIG. 1. Experimental geometry. The counter-
propagating detection lasers generate UV photons
from the desorbed Na atoms, which are sampled
by a photomultiplier (PMT). The pulsed laser
(532 nm or 1064 nm) desorbs atoms either from
the front side of a PDMS-coated prism or from
the evanescent wave.
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we have avoided problems with a Rb coverage of the walls
in the desorption chamber and also were able to mimic the
PDMS filling process in a glass cell environment.

Rb atoms were desorbed solely from the front side of the
glass slides by illumination with a 7-ns, 5-Hz Nd:YAG la-
ser.

Na atoms were detected after desorption by exciting them
with two photons in the focal point of two counterpropagat-
ing lasers, tuned onto resonance transitions from the ground
state s3S1/2→3P3/2d and from the excited states3P3/2

→5S1/2d (TPLIF, two-photon laser-induced fluorescence).
The lasers were a tunable single-mode ring dye laser at fre-
quencies around 16 973.35 cm−1 s3S1/2→3P3/2d and a tun-
able linear dye laser at frequencies around 16 227.31 cm−1

s3P3/2→5S1/2d, both pumped by an argon-ion laser. Follow-
ing the resonant two-photon transition the 330-nm photons
from the 4P→3S transition were collected by a photomulti-
plier behind an interference filtersDl=10 nmd.

For detection of the desorbed Rb atoms we have used
diode-laser-induced one-photon fluorescence following light
absorption via the 794.5 nm RbD1 line. Two interference
filters were placed in front of the photomultiplier in order to
decrease the background signal intensity.

Time-of-flight (TOF) measurements were performed us-
ing a multichannel analyzer with box sizes from 10 to 80 ns,
which was triggered by the desorption laser pulse(8 ns du-
ration) and the arrival time of the desorbed atoms within the
focus of the two continuous-wave detection lasers. Typical
distances between desorption laser spot on the hypotenuse(a
few millimeters diameter) and detection focal point(0.5 mm
diameter) were Dx=9–40 mm. Thetemporal resolution for
thermal atoms was of the order of 1ms due to the finite
detection lasers diameter.

Two background contributions had to be taken care of
while analyzing the TOF data. First, the desorption-laser
s532 nmd induced luminescence in the PDMS film at flu-
ences higher than 330 mJ/cm2 and it showed incubation be-
havior; i.e., the signal intensity changed with number of ir-
radiating pulses due to a photophysical and photochemical
modification of the PDMS film[17]. For 1064 nm light de-
sorption this effect was not visible since the PDMS is essen-
tially transparent for these low-energy photons[16,18]. In
addition, scattered photons from the desorption laser were
detected by the photomultiplier, which has been taken into
account as a single decay curve for finally fitting the TOF
distributions.

III. RESULTS

Figure 2 shows a TOF measurement for desorption of
sodium together with a fit curve being the sum of two theo-
retical plots—namely, the signal from the atoms desorbed
from the prism, assuming a Maxwell-Boltzmann distribution,

Istd ~ t−4 expF−
mDx2

2t2kBT
G s1d

and a second signal due to scattered photons.
In Eq. (1), m is the mass of the alkali-metal atoms,Dx the

TOF distance,kB Boltzmann’s constant,t the time, andT the

temperature of the flux-corrected Maxwellian distribution. In
the following we will characterize the observed signals in
terms ofT, remembering that the most probable kinetic en-
ergy of the desorbed atoms is given byEmp=kBT.

The data collected in Fig. 2 have been taken with the
desorption laser incident atQi =48° and those in Fig. 3 under
front-side irradiation. TOF measurements were performed
with different desorption laser intensities(90–311 mJ/cm2

for 1064 nm light and 50–300 mJ/cm2 for 532 nm light)
from the front side and at two different angles of incidence
(48° and 66°) in the evanescent-wave configuration. A plot
of temperatures versusFL (Fig. 4) for Na shows a linear
dependence of the kinetic energies of the desorbed atoms on
FL, not depending on the angle of incidence. The fluence has
been corrected for the change in area in the prism hypotenuse
resulting from different angles of incidence. However, it has

FIG. 2. Typical evanescent-wave desorption spectrums532 nmd
for Na desorption from PDMS atQi =48°. FL=180 mJ/cm2, Dx
=28 mm, andTi =295 K. The dashed line is the Maxwellian TOF
distribution, the dotted line is a background contribution, and the
solid line is the sum of the dashed and dotted line.T=3000 K.

FIG. 3. TOF spectrum obtained following 1064 nm desorption
of Rb from PDMS using normal incidence irradiation.FL

=311 mJ/cm2, Dx=9 mm, andTi =295 K. The smooth line is a
Maxwellian TOF distribution.
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not been corrected for possible changes due to the depen-
dence of the intensity of the evanescent wave on the angle of
incidence.

Figure 5 shows a plot of the velocity-corrected maximum
desorption rateYmax as a function ofFL for desorption in the
evanescent wave. The data are based on measurements made
by depositing sodium for 5 min each on the cooled sample
before performing the next desorption measurement.

The measured temperatures as a function ofFL both fors-
andp-polarized 532 nm light are shown in Fig. 6. As in the
case of the 1064 nm desorption light there is a linear depen-
dence betweenT and FL. This dependence was not influ-
enced by the time interval between the measurements. Hence
it is not due to chemical changes in the PDMS following
irradiation with the desorption laser.

Note that the fluences of the desorption laser in Fig. 6
have not been corrected for the dependence of the intensity
of the evanescent wave on the polarization. SinceT depends
on FL and since the intensity ofp-polarized light on the
surface is about a factor of 2 larger than that ofs-polarized
light, one would expect to see different curvesTsFLd for p-
ands-polarized desorption. This is obviously not the case.

TOF measurements made using front-side excitation
showed the same dependence ofT on FL.

Figure 3 shows for comparison the best Maxwellian fit for
a TOF spectrum obtained for desorbed Rb atoms. A signifi-
cant disagreement between measurement and fitting is ob-
served, indicating that the desorbing flux does not follow a

Maxwellian distribution. Figure 7 shows a plot of the most
probable kinetic energies of the desorbed Rb atoms, deter-
mined from the maxima of the time-of-flight distributions, as
a function of fluence. We find an average value ofEmp
=200±70 meV or an equivalent temperature ofT
=2300±800 K, which does not depend on the fluence.

IV. DISCUSSION AND CONCLUSIONS

The kinetic energies of the desorbed Na atoms were found
to depend on the desorption laser fluence both with desorp-
tion by 1064 nm and 532 nm light. No dependence of the
kinetic energies on the polarization or on the angle of inci-
dence was found, other than that from the change in area of
the desorption laser. Hence the laser interaction(heating) oc-
curs not in the evanescent-wave regime but in the bulk of the
film. Note that the largest TPLIF intensities were obtained by
depositing sodium on a cooled sample and then allowing it to
warm up. Longer deposition times did not result in larger
TPLIF intensities but allowed more measurements to be
made before the film was depleted of sodium. For Rb desorp-

FIG. 4. Evanescent wave-desorptions1064 nmd of Na from
PDMS. Gray data:Qi =48° Black data:Qi =66°. Ti =260 K. The
line is a linear regression to the data.

FIG. 5. Maximum desorption rate for evanescent-wave desorp-
tion s1064 nmd of Na from PDMS.Qi =48°, Ti =260 K, andDx
=30 mm.

FIG. 6. Evanescent-wave desorption(532 nm) of Na from
PDMS.Qi =48° andTi =260 K. Gray data:p-polarized light. Black
data:s-polarized light. The different symbols are for measurements
done on different days.

FIG. 7. The most probable kinetic energy of Rb atoms desorbed
from PDMS using normal incidence irradiations1064 nmd. Ti

=295 K. The line is a linear regression to the data.
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tion the signal decreased during illumination, but turning off
the illumination resulted in an afterwards increased intensity.
This points towards a desorption process influenced by dif-
fusion of atoms in the bulk of the PDMS film.

Extrapolating the kinetic energies of the desorbed atoms
as a function of the desorption laser fluence to low fluences
we find markedly different values for different photon ener-
gies. These values are determined by the potential barriers
below which atoms cannot be desorbed. This means that de-
sorption runs along different pathways when induced by
1064 nm vs 532 nm light. However, in both cases the most
probable kinetic energy of the desorbed atoms is linearly
increasing with laser fluence, suggesting that desorption
starts from thermally equilibrated states and that the corre-
sponding temperature is proportional to the laser fluence.

The energy diagram shown in Fig. 8 describes that behav-
ior semiquantitatively. We assume that the ground state of
the adsorbed species is the charge transfer complexS−Na+,
whereS denotes the PDMS substrate[19]. This complex can
have two or more excited electronic statessS−Na+d* and
sS−Na+d** . Besides that, there are two electronic states corre-
sponding to physical adsorption of a neutral Na atom in the
ground state 3S and in the excited state 3P. The illumination
of the adsorbate complex by 1064 nm and 532 nm light leads
to the excitation of different electronic states. It is reasonable
to assume that a wavelength of 1064 nm falls in the absorp-
tion band for the transitionS−Na+→ sS−Na+d* whereas a
wavelength of 532 nm corresponds to the absorption band
S−Na+→ sS−Na+d** . The electronic excitation is followed by
a fast vibrational relaxation due to the coupling of the com-
plex vibrations to the phonon bath of the PDMS film. The
typical time of such thermalization(subpicoseconds) is much
shorter than both the relaxation time to the ground electronic
state and the adsorption time. This means that the equilib-
rium (Boltzmann) populations of the vibrational levels in the

excited electronic term are established prior to desorption.
Hence desorption occurs in thermal equilibrium with respect
to the nuclear subsystem.

The potential barriers originating from the crossings of
the electronic termssS−Na+d* and S+Nas3Sd as well as
sS−Na+d** and S+Nas3Pd determine the desorption dynam-
ics. If the charge transfer complex lies energetically on vi-
brational levels above the crossing points, this might result in
ground-state or electronically excited neutral sodium atoms,
respectively, having the same total energy.

The probability for such a process can be calculated using
the Landau-Zener formula provided that the parameters of
both terms are known[20]. The most probable kinetic energy
of desorbed atoms is then determined asEmp=EA+kBTs with
EA the height of the barrier with respect to the energy of an
atom far from the surface andTs the surface temperature. For
small laser fluences the surface temperature remains on its
initial valueTi and hence the value ofEmp obtained by linear
extrapolation of the measured dependence toFL=0 equals
EA+kBTi. This finding allows one to deduce from the mea-
sured valuesEA=s160±30d meV for desorption of Na in the
state 3S and EA

* =s70±20d meV for desorption in the state
3P.

It should be noted that in the picture suggested above the
desorption is induced by wavelengths which are within the
absorption bands corresponding to the transitionsS−Na+

→ sS−Na+d* , sS−Na+d** . In Ref. [19] the frequency threshold
for desorption of Na atoms from PDMS was found to be
9500 cm−1. The wavelength 1064 nm corresponds to
9398 cm−1— i.e., 102 cm−1 below this threshold. The latter
quantity has a magnitude typical for vibrational excitations.
This finding means either that the absorption leading to de-
sorption starts from an excited vibrational level or that
PDMS phonons participate in this process.

Note that the temperature which characterizes the desorp-
tion process is high although the PDMS film is transparent in
the spectral range under consideration. This might be ex-
plained by “resonant heating,” suggested for the photodes-
orption of molecules by resonant infrared radiation[21],
where resonant laser-molecular vibrational coupling can lead
to a strong surface heating through transfer of the laser en-
ergy that has been absorbed in the internal vibration of the
adsorbed molecule into substrate phonons. In the case of the
present electronic excitation, the energy level in the excited
electronic term is degenerate with an excited vibrational
level of the ground-state electronic term. If the two terms
cross each other, the transfer from the excited- to the ground-
state term can be very efficient when passing above the
crossing point in the course of vibrational motion[22]. In
that case the charge transfer complex appears in a highly
excited vibrational state. In turn, the vibrational excitation
can be effectively removed by means of generation of the
film phonons—i.e., heating of the film.

The increase in surface temperature can be estimated from
the following simple model. The sodium atoms distributed in
the PDMS film resonantly absorb laser radiation, resulting in
a heating of the film. The corresponding temperature field
Tsz,td obeys the heat conduction equation

FIG. 8. Proposed scheme of terms explaining the photodesorp-
tion process. The excitation of the charge transfer complex being in
the ground electronic state stateS−Na+ either by 1064 nm or 532
nm light leads to a transition to the excited statesS−Na+d* or
sS−Na+d** , respectively. A fast thermalization results in a Boltzmann
distribution over the vibrational levels within each term. The sub-
sequent desorption runs from the vibrational levels which are above
the potential barriersEA or EA

* , depending on which term was ini-
tially excited.
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]2T

] z2 +
gsz,td

k
=

1

x

] T

] t
, s2d

wherek is the thermal conductivity,x is the thermal diffu-
sivity, and g is the volumetric heat generation rate. We as-
sume that the latter quantity can be approximated by

gsz,td =
Edstd, − Dzø zø 0,

0, zø − Dz,
s3d

with E the total energy input per unit volume for a pulse and
Dz the mean depth of sodium penetration into the film. In
such a case Eq.(2) has the solution

DTsz,td = Tsz,td − Ti =
xE

2kFerfSz+ Dz
Î4xt

D − erfSz− Dz
Î4xt

DG ,

s4d

where erfsxd is the error function. Now the surface tempera-
ture increaseDTs which is relevant to the desorption process
is obtained as

DTsstd = DTs0,td =
xE

k
erfS Dz

Î4xt
D . s5d

Its maximum value

DTsm=
xE

k
s6d

is reached during the pulse att=0. Thed function in Eq.(3)
implies that the laser pulse duration is much shorter than the
characteristic time of the problem,t=sDzd2/4x. Taking Dz
,1 mm and x,10−3 cm2/s we obtain t,2.5 ms—i.e.,
much longer than the duration of the desorption laser pulse
of 8 ns. That confirms the validity of this approximation.

The quantityE can be estimated as follows. The energy
absorbed in a unit volume during the pulse can be found as
Eab=aFL with a the absorption coefficient of sodium atoms
distributed in the film. We assume that the energy of the
electronic state excited by light can be transferred into the
film phonon modes with probabilityp. Then we come to the
relationE=paFL. Its substitution into Eq.(7) gives a linear
dependence of the surface temperature on the laser fluence.
Since we do not have data fora, we derive conclusions from
previous measurements on the LIAD effect for sodium at-
oms. For that we note thata=sN with s the absorption cross
section for a sodium atom in the film andN the volume
number density of sodium atoms. It was reported[19] that
the increase in the gas-phase Na atom density following ir-
radiation of a Na-filled and PDMS-coated cell is typically
five orders of magnitude greater than the normal room-
temperature vapor pressure of the Na metal. Taking the latter
quantity to be 10−8 Pa, we obtain for the LIAD effect a pres-
sure of sodium atoms of 10−3 Pa. This pressure corresponds
at room temperature to an atom number density of 2.3
31011 cm−3. Assuming that the linear dimensions of the gas
cell are of the order of a few cm, we conclude that the total
amount of sodium atoms contained in the PDMS film per

cm2 is about 1012. Taking the thickness of the film to be of
the order of 1mm we estimateN,1016 cm−3.

The quantitiesp ands are unknown and we have to esti-
mate them also. We believe that the absorption cross section
should be comparable with the value of 3310−16 cm2 ob-
tained for Na atoms adsorbed on sapphire which is transpar-
ent in the visible range[23]. For effective Landau-Zener
transitions one can takep,1. The thermal parameters of
PDMS are x=1.08310−3 cm2/s [24] and k=1.7
310−3 W/cm K [25]. As a result we obtain, for the slope of
the dependenceT versusFL, DTsm/FL,2 cm2 K/mJ. This
value is of the same order of magnitude as the slopes deter-
mined from the measured dependences of 4.0 cm2 K/mJ for
1064 nm and of 9.3 cm2 K/mJ for 532 nm.

Once we know the relation between the laser fluence and
the surface temperature given by the linear fits in Figs. 4 and
6, we can deduce some additional information on the desorp-
tion dynamics from the dependence of the desorption rate
versus the laser fluence(Fig. 5). Assuming that the surface
number density of sodium atoms does not change strongly
during the laser pulse, we expect that the desorption yieldY
is proportional to the desorption rate

wsTsd = n expS−
ED

kBTs
D , s7d

where n is the frequency of vibrations in the state from
which the desorption occurs andED is the potential barrier
for desorption counted from the potential well bottom. Re-
calculating the surface temperature from the linear fit given
in Fig. 5, we plot in Fig. 9 the logarithm of the desorption
yield versusTs

−1. From the linear fit of this dependence we
obtain ED=s65±8d meV. TakingTi =260 K and as an esti-
mate n=1012 s−1, we get for the time of adsorption in the
statesS−Na+d* ta=w−1=18 ps. This verifies the assumption
about thermally equilibrium desorption from this state.

The small value forED is consistent with the fact that
there is a frequency threshold of 9500 cm−1 s1052 nmd for

FIG. 9. Logarithm of the photodesorption yield plotted vs the
inverse surface temperature determined from the linear fit of the
dependenceT vs laser fluence. Its slope gives the value of the
potential barrier for desorption.
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the sodium desorption[19]. In fact, if the absorption band
sS−Na+d→ sS−Na+d* begins from the wavelengths
1064–1052 nm, then in this range an effective desorption
over the barrier can be induced even at room temperature
with weak light intensities, which is a characteristic of the
LIAD effect.

In the case of Rb desorption a qualitatively different situ-
ation is observed. We assume that for Rb atoms in the PDMS
film a system of terms similar to the one shown in Fig. 8 is
relevant, but with different parameters. From the results
shown in Fig. 3 and 7, we conclude that 1064 nm light leads
to excitation of the charge transfer complexS−Rb+ to a vi-
brational level of the termsS−Rb+d* wxchich lies above the
crossing point of the termssS−Rb+d* and S+Rbs3Sd. Then
direct desorption by means of the Landau-Zener transition
occurs and the characteristic time of this process is deter-
mined by the period of vibrations in thesS−Rb+d* term which
can be comparable with the time of thermalization. This pic-
ture suggests that the equilibrium populations of the vibra-
tional levels had not been established prior to desorption and
the desorbing flux is non-Maxwellian. In such a case the
quantity Emp is determined by the excess of total energy
which the charge transfer complex acquires on excitation

above the energy level of the compoundS+Rbs3Sd when an
Rb atom is far from the surface.

In summary, we conclude that the dynamics of photodes-
orption of alkali-metal atoms from a PDMS substrate is ruled
by the relative position of the energy level which is initially
populated by photoexcitation. If this level lies below the
crossing point between the excited term of the charge trans-
fer complex and the term for physically adsorbed atoms, then
desorption occurs after thermalization. The resulting desorp-
tion flux is Maxwellian with the temperature determined by
“resonant heating.” If this level lies above the crossing point,
the direct desorption runs from a thermally nonequilibrium
state. In such a case the most probable kinetic energy of the
desorbed atoms is determined by the light quantum of en-
ergy.
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