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Postannealing of coldly condensed Ag films: Influence of pyridine preadsorption
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Scanning tunneling microscopy is used to demonstrate that pyridine adsorption at low temperature on
coldly condensed Ag films results in trenchlike features after annealing to room temperature. These
features are tentatively assigned to reshaped intercrystallite channels present before annealing.

The structure of thick silver films condensed onto a cold
substrate (7 < 150 K) under ultrahigh vacuum (UHV) con-
ditions has attracted much experimental attention in recent
years. The motivation was to explain the numerous optical
and electronic properties of these films that are irreversibly
lost upon annealing to room temperature.!”’ Surface-
enhanced Raman scattering (SERS) from adsorbed
molecules is probably the most extensively studied of these
properties. However, controversies still exist on its inter-
pretation, particularly on the relative importance of elec-
tromagnetic versus chemical models of the enhancement,
since the microscopic and atomic-scale roughness have not
been quantified on these coldly condensed films.?

As all investigations have to be performed at low tem-
perature, in situ measurements of the surface roughness by
electron-microscopy techniques are difficult and have not
yet been reported.

Fortunately, indirect information on the local surface
structure has been gained using well-established sur-
face techniques: ultraviolet photoemission spectroscopy
(UPS),* 13 thermal desorption spectroscopy (TDS),!%!* and
Raman experiments.!>!® The porosity of coldly deposited
Ag films has thus been recently established by Albano and
co-workers!®!! from a detailed study of xenon adsorption.
This conclusion was corroborated independently!? and sup-
ported by previous TDS experiments of adsorbed pyridine.!*

To explain their observations, Albano and co-workers!%!1
propose the following structure for coldly condensed Ag
films kept at low temperature (7 < 250 K): The films con-
sist of columnar crystals of size 5-15 nm, separated by deep
(~ 15 nm) intercrystallite gaps (pores) about 0.5-1.5 nm in
width. Moreover, they assign the loss of SERS activity
upon annealing to room temperature (RT) to the ‘‘annihila-
tion of the pores in the range 170 K=< 7 <250 K.”!%11 p
a recent coadsorption experiment'® of Xe and pyridine on
coldly condensed silver films, it could be shown that Xe
prevents pyridine from entering the SERS active pores.

In a previous experiment,!” we applied the novel tech-
nique of scanning-tunneling microscopy (STM)!® to mea-
sure in real space and with subnanometer resolution the to-
pography of room-temperature-condensed and coldly con-
densed postannealed Ag films prepared under UHV condi-
tions. Taking advantage of the resolution of the STM, we
have observed that annealing to RT of a coldly condensed
Ag film (T ~ 90 K) on which pyridine was adsorbed at low
temperature, results in a surface topography which can be
related to the model proposed by Albano and co-
workers!®!! for SERS-active surfaces, despite the fact that
annealing causes a loss in SERS activity.>~¢

In this Rapid Communication, we investigate in more de-
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tail the role played by pyridine preadsorption, and show that
it preserves features characteristic of SERS-active surfaces
after annealing to RT.

All the samples investigated are thick ( > 100 nm) Ag
films condensed on polished Cu substrates in a UHV system
built for inverse photoemission.!” Just prior to the rapid
transfer of films through the air into the STM system, they
are covered at RT with a thick layer of pyridine at an am-
bient pressure of nitrogen to minimize contamination. Sub-
sequent Auger electron spectroscopy confirms only sub-
monolayer contamination by C, S, O, and Cl. The STM pic-
tures are recorded at RT in a vacuum of 10~ mbar, which
results in complete desorption of the pyridine.

Polycrystalline tungsten tips at voltages V;= +0.3 to 0.6
V and tunnel currents ;=1 to 10 nA are used for the tun-
neling experiments. The images presented in Figs. 1-3
below were obtained direct on an X-Y recorder. Distortion
owing to thermal and other drifts was checked and proved
to be of insignificant importance. These images are
representative of the different samples studied, and were
selected from records taken on different areas of the same
film and for different warmly and coldly condensed Ag
films.

Figure 1 shows a typical STM picture for a film con-
densed at 100 K on which a thick layer of pyridine was ad-
sorbed at low temperature prior to annealing at RT under
UHV conditions. Columnar structures 5-15 nm in lateral
extension, separated by trenchlike channels 1-3 nm in
width, are clearly resolved. As discussed in our previous pa-
per,!” the STM picture of the channels represents a convo-

FIG. 1. An STM picture of a coldly condensed pyridine-treated
Ag surface after annealing to 300 K. Division on the axes corre-
spond to S nm, after Ref. 17.
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FIG. 2. An STM picture of a clean coldly condensed Ag surface
after annealing to 300 K. Divisions on the axes correspond to 5
nm.

lution of the channel and tip structure. The V-shaped
features reflect predominantly the tip structure, and
penetration of the tip into those sites is limited by tip
geometry. In contrast, the bottom of some larger channels
appear to be relatively flat, indicating that here the tip tun-
nels at the bottom of these channel sites. Consequently, an
estimated lower limit of the channel depth lies between 3
and > 4.5 nm. Apart from the channel sites, the overall to-
pography in Fig. 1 would be flat on the scale of the resolu-
tion limit of most scanning electron microscopes.

The absence of pyridine preadsorption results in an almost
complete annihilation of the original intercrystallite chan-
nels, although occasionally isolated channels are observed:
Figure 2 shows a typical STM picture for such a film con-
densed at 100 K and postannealed in UHV to RT. Postan-
nealing of the film gives rise to compact grain boundaries
and crystallites of about 5-20 nm in size. Comparison with
Fig. 1 gives direct evidence for the role of pyridine pread-
sorption on channel retention during the annealing process.

Figure 3 shows a typical STM picture for a film con-

FIG. 3. An STM picture of an Ag surface condensed at 300 K.
Divisions on the axes correspond to 5 nm.

densed at RT. Compact grain boundaries are observed that
connect crystallites of larger size (few hundred angstroms).
Comparison with Fig. 2 shows that even in the absence of
pyridine preadsorption, coldly condensed postannealed Ag
films retain some memory of their previous porous struc-
ture. ‘

Our results are consistent with photoemission data of ad-
sorbed xenon reported by Albano and co-workers:!%!! The
porous structure characteristic of coldly deposited thick Ag
films almost disappears upon annealing to RT if these films
are clean. However, our results demonstrate that pyridine
preadsorption at low temperatures results in trenchlike
features after annealing to RT. We tentatively assign these
features to reshaped intercrystallite channels present before
annealing. )
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