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observed for Pt-CO complexes.’® The SEDOR
data therefore are consistent with the viewpoint
that the bonding of CO to the Pt surface is very
much like the bonding in carbonyls. The bond is
thought to involve the Pt 5d orbitals and the CO
50 and 27* orbitals.'®'”
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Resonantly Stimulated Desorption of Pyridine from Silver Surfaces
by Polarized Infrared Laser Radiation
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Resonantly excited desorption of pyridine molecules adsorbed on silver surfaces at 95
K has been observed. The strong dependence of the laser-induced desorption on the laser
wavelength and the polarization of the incident radiation clearly show that molecular vi-
brational activation plays a major role in the observed desorption phenomenon. The de-
sorption yields per laser pulse are also determined from the thermal desorption spectra
and the x-ray photoemission-spectroscopy intensity analyses.

PACS numbers: 68.30.+z, 33.90.+h, 78.90.+t, 82.65.Nz

The subject of laser-stimulated desorption has
recently attracted considerable theoretical as
well as experimental attention.™® In the experi-
ment reported by Heidberg et al.,* it was shown
that CH,F molecules adsorbed on a NaCl surface
could be desorbed by resonant vibrational excita-
tion of the molecules with an infrared laser. A
similar experiment by Chuang® also showed that
CO, laser pulses could excite the asymmetric

ring-mode vibration of pyridine molecules and
induce the adsorbed species to desorb from the
surface of a KC1 crystal which is optically trans-
parent in the CO, laser wavelength region. In this
Letter, we report the first study of resonantly
stimulated desorption of pyridine from metallic
silver surfaces excited by polarized CO, laser
radiation. It is well known that the extent of in-
frared absorption by a molecular monolayer ad-
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sorbed on a metal surface depends strongly on the
angle of incidence and the state of polarization of
the incident light.®*” At near-grazing angle of in-
cidence, the absorption factor for infrared radia-
tion polarized parallel (P) to the plane of inci-
dence should be much greater than that for the
radiation polarized perpendicular (S) to the plane
of incidence. Therefore, it is expected that the
P-polarized light should be more effective than
the S-polarized light in vibrationally activated
desorption. This expectation is confirmed in the
present study.

The experimental apparatus consists of a pulsed
CO, laser and a UHV chamber equipped with an
ESCA/Auger spectrometer, an ion gun, a quadru-
pole mass spectrometer, and an rf induction
heater.® The laser is line tunable between 9 and
11 um and can provide 1.0-J pulse energy with
about 100-nsec pulse duration. The unfocused
laser beam can be attenuated with optical filters
and is directed onto the sample at 75° from the
surface normal. A half-wave plate outside the
vacuum chamber is used to rotate the polarization
of the laser light. For multiple-pulse operation,
the laser pulse rate is fixed at 1 pulse per 3 sec.
The mass spectrometer in the line-of-sight ar-
rangement along the surface normal is located
about 1.5 cm from the sample. The silver island
film, prepared on a quartz substrate, has an
average thickness of 120 A. The grain size of
the metal film ranges from several hundred to a
thousand angstroms.® The sample (12 X 12 mm?)
held with a copper disc on a manipulator can be
cleaned by brief Ar *-ion bombardment and heated
by the rf heater. Pyridine vapor is dosed through
a small copper tube directly facing the Ag sur-
face which is cooled to 95 K with liquid N,. The
amount of surface coverage is determined from
the x-ray photoemission-spectroscopy (XPS) in-
tensities of the adsorbate and the adsorbent as
well as from the thermal desorption spectrum.
Relative desorption yields per laser pulse are
obtained by the mass spectrometer with a high-
speed recorder.

The experiments involve mainly the laser exci-
tation of the asymmetric v; ring-mode vibration
of pyridine molecules.’ The vibrational spectrum
of the adsorbed molecules on Ag surfaces as de-
termined by surface-enhanced Raman scattering
(SERS)*!* 2 shows the band centered around 1032
cm”™! with a bandwidth of about 8 cm ™', As a first
step in the experiment, the CO, laser is tuned to
1033.5 cm ™!, When the laser with P polarization
is incident at 75° onto the Ag surfaces with about

two monolayers of pyridine, molecular desorp-
tion is readily detected by the mass spectrometer.
The desorption yield per pulse strongly depends
on the laser frequency. As shown in Fig. 1,
major desorption occurs in the laser frequency
region between 1025 and 1042 cm™'. The full
width at half maximum of the desorption spec-
trum is about 8 cm ™, very similar to the vibra-
tional spectrum obtained by SERS. For the ad-
sorbed pyridine excited at 1033.5 cm ™, the
threshold for desorption is about 0.01 J/cm?,
i.e., ~0.1 MW/cm? or 5X 10'" photons/cm?2 The
desorption yield increases nonlinearly with the
laser intensity (Fig. 2, curve @). When the laser
is tuned off resonance from the pyridine vibra-
tional bands, hardly any desorption is detected
for laser intensity / = 0.05 J/cm? per pulse (Fig.
2, curve b). If the laser intensity at v =1085.8
cm™!is increased to 0.12 J/em? or higher, sub-
stantial desorption occurs even though the laser
photons are not directly absorbed by the pyridine
overlayer. Clearly, if the laser intensity is too
high, thermal heating due to the absorption of the
laser light by the silver film and the underlying
SiO, can cause sufficient temperature increase
in the laser-irradiated area to thermally desorb
pyridine molecules. This nonresonantly laser-
induced desorption is the same as the earlier
thermal desorption studies by other researchers
using different lasers for different gas-metal
systems.’* At v=1033.5 cm™!, the observed
desorption is due to both the resonant vibrational
excitation of pyridine molecules and the substrate
laser heating effect. The relative contribution of
the substrate heating to the observed desorption
is small at low laser intensity, but it increases
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FIG. 1. CO, laser-stimulated pyridine desorption
yield measured with a mass spectrometer as a function
of the laser frequency. The laser is P polarized and
incident at 75°. The laser intensity on the sample is
0.03 J/cm? per pulse. Each datum point is an average
of the mass peak heights due to 10 laser pulses.
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FIG. 2. The laser-stimulated desorption yield as a
function of the laser intensity. The laser frequencies
are fixed, respectively, at 1033.5 cm™! (curve @) and
1085.8 cm™ (curve ) both P polarized at 75° angle of
incidence.

rather rapidly with the laser intensity. For ex-
ample, at /=0,03 J/cm? the relative desorption
yield between v =1033.5 cm ™! (on resonance with
pyridine v, vibration) and v =1085.8 cm ! (off
resonance) is 15:1 (Fig. 2). This ratio decreases
to 9:1 at 7=0.06 J/em? and to about 2:1 at /=0.12
J/cm? At much higher laser intensity, it is ex-
pected that substrate heating by the laser pulse
can become the dominant factor in determining
the desorption behavior,

The observed effect of the polarization of the in-
cident laser light on the desorption yield is sum-
marized in Table I. Evidently, when the laser
photons are in resonance with the pyridine vibra-
tion, the P-polarized photons can cause much
more desorption than the S-polarized light. When
the laser is tuned off resonance, the difference in
the desorption yields between the two polariza-
tions is very small, The slightly larger desorp-
tion yield by the P-polarized light at 1085.8 cm™*
is most likely due to the fact that the reflectivity
of the P-polarized light on Ag surface is slightly
smaller than that of S-polarized light at 75° inci-
dence. Therefore, a greater amount of laser
light is absorbed by the substrate when it is P
polarized. Consequently, at a given laser inten-
sity, the P-polarized photons can cause greater
thermal desorption. The observed ratio of the
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TABLE I. Observed desorption peak heights meas-
ured with the mass spectrometer at two different laser
frequencies with either P or S polarization at 75° angle
of incidence. About 2 monolayers of pyridine adsorbed
on Ag island film at 95 K for each experiment. Every
number is an average signal due to 10 laser pulses.

Laser v=1033.5cm™1, v=1085.8 cm™ !,
polarization I1=0.04 3/cm?® I1=0.12 J/cm?
p 8.0+1.7 12.2+2.8
S 1.2+ 0.3 10.1+2.3
P/s 6.7 1.2

desorption yields between the P- and S-polarized
light at 1033.5 cm ™, i.e., 6.7 in Table I, is not
as large as the calculated ratio of the ir absorp-
tion factors between the two polarizations for an
oscillating dipole adsorbed on a flat silver sur-
face according to the formalism developed by
Greenler.® This is not surprising because reso-
nant ir absorption is only one of the many steps
involved in the laser-stimulated desorption proc-
esses. Laser thermal heating of the silver and
SiO, substrate obviously is also an important
factor. Furthermore, the silver island film on
the molecular scale has a less well-defined sur-
face normal than an ideally flat surface. In any
event, both the laser frequency dependence and
the laser polarization dependence of the desorp-
tion yield clearly show that direct ir absorption
by the adsorbed molecules resulting in molecular
vibrational excitation plays a major role in the
observed desorption phenomenon.

In order to understand better the desorption be-
havior, we have also performed ordinary ther-
mal desorption studies on the pyridine-Ag system
with an rf induction heater. Figure 3 shows the
thermal desorption spectra of pyridine from Ag
surfaces with and without irradiation by CO,
laser pulses. The surface coverage for the ex-
periment is about two molecular layers as es-
timated from the x-ray photoemission spectra of
pyridine C(1s) and Ag(3d). From Fig. 3, curve
a, it is clear that the physisorbed pyridine in the
top monolayer adsorbed on the underlying chemi-
sorbed layer can be readily desorbed around 140
K. In contrast, the chemisorbed pyridine in di-
rect contact with the metal surface desorbs at a
higher temperature ranging from 160 to 300 K
with the broad peak at 195 K. When the Ag sur-
face with two molecular layers is irradiated by
100 P-polarized laser pulses at 1033.5 ecm ™! with
0.06 J/cm? intensity, we observe a substantial
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FIG. 3. Thermal desorption spectra of pyridine from
Ag surfaces without (curve a) and with (curve ) the
CO, laser irradiation. The surface coverage is about
2 monolayers in each case and the heating rate is 4 K/
sec. For curve b, 100 laser pulses P polarized at
1033.5 cm™! with I = 0.06 J/cm? are irradiated onto the
sample surface at 75° incidence.

decrease in the C(1s) XPS intensity. Also the
subsequent thermal desorption spectrum (Fig. 3,
curve b) shows a sharp decrease in the intensity
of the physisorbed peak, while the broad chemi-
sorbed peak remains essentially unchanged.

When an even larger number of laser pulses is ir-
radiated on the sample, the physisorbed peak de-
creases further before the chemisorbed peak is
also affected. It is therefore clear that the major
effect of the laser excitation is to induce the more
weakly bound molecules in the top layer to desorb.
From the decrease of the physisorbed peak in the
thermal desorption spectrum and the decrease of
the XPS C(1s) intensity, we can estimate the ac-
tual desorption yield per laser pulse. Using the
pyridine density’® to be 3 x 10 cm? we deter-
mine that about 1 X 102 molecules are desorbed
per pulse under the present experimental condi-
tions with the laser v=1033.5 cm™, I=0.06 J/
cm? P polarized and incident at 75° from the
surface normal.

In summary, the phenomenon that we observed
with the pyridine adsorbed on silver island films
irradiated by CO, laser pulses can be described
as resonantly stimulated desorption in which the
laser light coincident with the pyridine v, vibra-
tion is absorbed by the molecules causing some
of the excited molecules to desorb. The desorp-
tion yield dependence on both the laser frequency
and the polarization of the incident radiation
clearly shows the major role played by the vibra-
tional activation in the photon-stimulated desorp-
tion processes. The substrate heating effect is
also important, particularly when the laser inten-
gity is high. While the details, in particular the

dynamics of molecular vibrational excitation re-
sulting in the breaking of bonds between molecules
and between molecules and metal surfaces, re-
main to be further elucidated, it appears certain
that some degree of thermalization of the initially
absorbed laser energy has occurred within the
pyridine molecule, the pyridine layer, and the
silver substrate. In laser-stimulated desorption,
it is expected that when a particular vibrational
mode is resonantly excited, intramolecular vi-
brational equilibration to other vibrational modes
can occur rapidly. In this process, the vibration-
al modes involving the molecule-surface bonds
are excited and weakened and consequently de-
sorption can happen. On the other hand, the ex-
citation energy can simultaneously be efficiently
transferred via the surface potential to the sur-
face phonons and create localized heating which
can also cause the molecules to desorb. Obvious-
ly more experiments are needed to distinguish
these two processes. In our experiment, the en-
ergies of the pyridine-pyridine bond (physisorbed
state) and the pyridine-silver bond (chemisorbed
state) are greater than a single CO, laser photon
energy,; it is therefore very likely that the ob-
served desorption is due to multiple photon ab-
sorption and/or multiple excitation of pyridine
molecules via ultrafast intermolecular energy
transfer from the neighboring excited species. In
this context, it is even possible that the desorbed
molecules which are clearly from the top surface
layer may not necessarily be the molecules that
are originally excited by the laser photons. It
should be further noted that resonantly laser -
stimulated desorption is also observed for pyri-
dine adsorbed on Ag(110) crystal surfaces. The
desorption yields per laser pulse are, however,
quite different because of the different thermal
properties of the substrates. Detailed compari-
son of the two gas-solid systems will be discussed
elsewhere.
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M. T. Hutchings
Matevials Physics Division, Atomic Enevgy Reseavch Establishment Harwell,
Didcot, Oxon OX11 ORA, United Kingdom

and

H. Ikeda
Depavitment of Physics, Ochanomizu University, Tokyo 112, Japan

and

E. Janke®
Inovganic Chemistyvy Labovatory, Oxford, OXI 3QR, United Kingdom
(Received 6 April 1982)

The dynamical behavior of the two-dimensional Ising-like antiferromagnet Rb,CoF,,
which is expected to provide a real system within the » =1, d =2, universality class,
has been investigated near 7= 102.96 K with high-resolution inelastic neutron scattering.
Measurement of the characteristic frequency of the longitudinal susceptibility fluctuations
yields a dynamic critical exponent z =1.69+ 0.05. This is close to the conventional theo-

retical value z = y=1.75.

PACS numbers: 75.40.Dy

The theoretical value of the dynamic critical
exponent, z, for the two-dimensional (2D) Ising
gystem (#=1, d=2) has attracted considerable at-
tention over the past few years. The results of
various approaches to its calculation using two
models, the time-dependent Ginzburg-Landau
(TDGL) model, and the single spin-flip kinetic-
Ising (KI) or Glauber model, have recently been
reviewed by Mazenko and Valls.! In this Letter
we report the results of the first direct measure-
ment of the dynamic critical exponent for rubid-
ium cobalt fluoride, Rb,CoF,, using high-resolu-
tion neutron inelastic scattering techniques. This
compound exhibits static magnetic behavior??3
which follows very closely the prediction of On-
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sager’s exact results for the 2D Ising antiferro-
magnet,* and its dynamical behavior is expected
to fall within the n =1, d=2 dynamic universality
class.

Rb,CoF, has the K,NiF, crystal structure, 74/
mmm, in which the Co®" ions, with effective spin
$=0.5, are arranged with separation of a,=4.12
A (at 110 K) in simple planar square arrays per-
pendicular to the fourfold ¢ axis. The planes of
spins are 6,80 A apart (at 110 K) and are separ-
ated by two layers of RbF ions. The two-dimen-
sional behavior of Rb,CoF, arises both because
the intraplanar exchange interaction between the
spins is much stronger than the interplanar inter-
action, and because the interplanar interaction



