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Abstract
The deposition and growth of C on the (앀3×앀3)R30° Sn/Pt(111) surface alloy is compared with that on the
60
Pt(111) surface at submonolayer, monolayer and multilayer coverages. We find that alloying Pt(111) with Sn arrests
the charge transfer from Pt to adsorbed C , as seen from the absence of a shift in the T (1) vibrational levels of
60
1u
C probed by high resolution electron energy loss spectroscopy (HREELS ). From low energy electron diffraction
60
(LEED) observations it is determined that whereas ordering and graphitization of C on Pt(111) take place at 900 K,
60
graphitization of C is inhibited by Sn alloyed into Pt(111). The rotated hexagonal LEED pattern of the ordered
60
C monolayer is stabilized by the presence of Sn on Pt(111) until 1100 K, which is close to the fragmentation
60
temperature of solid C . Upon heating C films on the (앀3×앀3)R30° Sn/Pt(111) surface alloy, Sn is dealloyed at
60
60
about 500 K, and this dealloyed Sn reacts with C at 450–700 K, possibly resulting in polymerization. Auger electron
60
spectroscopy annealing studies and the rise in intensity of the unpolarized Raman-active A (2) mode at 1467 cm−1
g
support this conclusion. High temperature fragmentation of C in the presence of Sn leads to HREELS peaks at 250
60
and 740 cm−1, prior to the formation of graphite. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction
The growth of ordered C films by modification
60
of the substrate surface has been the objective of
many recent studies [1–5]. Ordered C films have
60
enhanced conductivity and stable electrical properties [6 ]. This is of importance particularly in the
light of the interesting electrical properties of C
60
[7], doped fullerides [8], and superfullerides [9],
which may find applications in electrical devices
[10]. Charge transfer interactions between C and
60
* Corresponding author. Fax: +1-213-740-3972.
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metal [11–13] and semiconductor substrates [14]
have been of great interest in light of understanding
adsorbate–substrate bonding, and also in explaining the anomalous conductivity of C on some
60
metal surfaces [15,16 ]. On Pt(111), C grows as
60
a disordered film at 300 K because of strong
chemisorption [17] that leads to low adsorbate
mobility on the surface [5]. It has been proposed
that annealing to 900 K enhances the adsorbate
mobility and results in an ordered C film, as seen
60
by the appearance of C domains in low energy
60
electron diffraction (LEED) of C /Pt(111)
60
[17,18]. However, since Pt(111) catalyzes the
graphitization of C at 900 K, graphite domains
60
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appear along with C domains in the LEED
60
results [17], and the integrity of C in these films
60
is uncertain.
In previous studies it was found that the alloying
of Pt(111) with Sn to form the (앀3×앀3)R30°
Sn/Pt(111) surface alloy [19] (henceforth called
the 앀3 alloy), chemically deactivates Pt(111) [20].
The main objective of this work was to chemically
modify the Pt–C interface by alloying Pt(111)
60
with Sn, and study the deposition and growth of
ordered C films on this less reactive alloy surface.
60
We find that Sn arrests the charge transfer from
Pt(111) to C on deposition at 300 K. Upon
60
annealing C on the 앀3 alloy to higher temper60
atures, we find that Sn inhibits graphitization of
C on Pt(111) in the 900–1100 K temperature
60
range, such that ordering of C occurs on this
60
alloy surface without decomposition. To date, no
studies of C growth on bimetallic alloy surfaces
60
have been reported and hence this work provides
a useful reference for future studies in this field.
The interaction of Sn with C is also of interest.
60
Superconductivity up to 37 K of Sn-doped C has
60
been reported [21]. Vibrational studies of this compound have identified features in the spectra that
differ distinctly from that of pristine C [22].
60
Further, the resistivity of C films is known to drop
60
sharply in the presence of an Sn layer [23]. Whereas
photoemission spectroscopy results [24] suggest no
charge transfer interactions between Sn and C ,
60
both absorption and luminescence studies [25] show
absorption band broadening and new bands of the
C film attributed to Sn intercalation. The structure
60
and properties of the Sn-doped C phase have not
60
been studied. It has been suggested that the reaction
of Sn with C is slow and limited by diffusion of
60
Sn into the C lattice [24]. In previous studies, the
60
Sn-doped phase was usually present with an excess
amount of pristine C , and this complicated inter60
pretation of results. This is especially true when
using surface-sensitive probes, such as photoemission for fulleride films [26 ]. A related objective of
the work reported herein was to study the interaction
of only a few monolayers of C with Sn from the
60
앀3 surface alloy, in order to minimize the effects of
unreacted C on the results.
60
Homogenous decomposition of C molecules
60

in the gas phase [27] and solid phase [28,29] at
high temperatures has been studied. Isolated C
60
molecules fragment at 1700 K and this is lowered
to about 1200 K for solid C [28,29]. Although
60
the onset temperature for fragmentation of 1 ML
C on various metal surfaces is difficult to ascer60
tain, extensive decomposition of C clearly occurs
60
by 900 K on Pt(111) [17] and 850 K on Ni(110)
[18] and Rh(111) [13]. No intermediates were
identified in the vibrational spectra of the conversion of C to graphite on Pt(111), Ni(110) or
60
Rh(111). In the current study, Sn on Pt(111)
stabilizes the ordered C monolayer until 1100 K,
60
and graphitic domains appear in LEED only at
1200 K. In order to characterize any intermediates
in the decomposition of C to graphite, this work
60
presents vibrational spectra of C films annealed
60
to 1200 K on the 앀3 alloy surface.

2. Experimental methods
The experiments were conducted in a three-level
ultrahigh-vacuum chamber with a base pressure
of 2×10−10 Torr, as has been described previously
[17]. The top level was equipped with a doublepass cylindrical mirror analyzer (CMA) which was
used for Auger electron spectroscopy (AES ),
X-ray photoelectron spectroscopy ( XPS) and
ultraviolet photoelectron spectroscopy ( UPS ). The
middle level was equipped with LEED optics and
a quadrupole mass spectrometer (QMS ) for temperature-programmed desorption ( TPD) studies.
The bottom level contained an LK2000 spectrometer for high resolution electron energy loss spectroscopy (HREELS). The Pt(111) crystal was
mounted on two vertical Ta rods which were
imbedded in liquid-nitrogen-cooled copper blocks
at the bottom of a differentially pumped XYZmanipulator. A chromel–alumel thermocouple was
spot-welded directly to the edge of the crystal, and
accuracy of the temperature measured was within
5 K, as checked by TPD of CO/Pt(111) for temperatures below 600 K and by an optical pyrometer
for temperatures above 800 K. The sample could
be cooled to 90 K or resistively heated to 1200 K.
The Pt(111) sample was cleaned by a standard
combination of Ar+ ion sputtering at P =
Ar
5×10−5 Torr with a beam voltage of 800 V, annea-
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ling to 800 K in 5×10−8 Torr O and flashing to
2
1200 K in vacuum. Sample cleanliness was checked
with AES, LEED and HREELS.
AES data were obtained using an incident beam
energy of E =3 keV and at a resolution of 0.6%
p
of the kinetic energy, with the incident electron
beam current reduced to 1 mA to minimize electron
beam damage of C . XPS data were obtained
60
using Mg Ka X-rays (1253.6 eV ) with the CMA
operated at 25 eV pass energy (resolution:
400 meV ) to give an FWHM of 1.5 eV for the Pt
(4f ) peak. All binding energies (BEs) were refer7/2
enced to that of the Pt(4f ) level at 71.2 eV BE.
7/2
The HREELS spectra were recorded in the specular direction at an angle of 60° from the surface
normal and a primary beam energy of 4.5 eV.
The overall energy resolution of the spectrometer was about 50 cm−1, and the count rates at the
elastic peak were about 100 kHz for clean Pt(111).
The spectra were normalized to the intensity of
the elastic peak.
C (99.9% purity, MER Corp.) was evaporated
60
from a Ta boat on to the Pt(111) or the
(앀3×앀3)R30° Sn/Pt(111) surface alloy at 300 K.
The absence of substantial hydrocarbon impurities
from C deposition was confirmed by the absence
60
of any detectable C–H stretching peak in
HREELS. The (앀3×앀3)R30° Sn/Pt(111) surface
alloy [19] was prepared by Sn deposition on
Pt(111) at 300 K such that the AES signal intensity
ratio for Pt(237 eV )/Sn(430 eV ) was about 0.1,
followed by a 950 K anneal for 30 s resulting
in a clear (앀3×앀3)R30° LEED pattern and
Pt(237 eV )/Sn(430 eV )=0.4. The amount of C
60
dosed to the surface was determined by assigning
the deposition time required to form 1 ML C
60
from the first ‘break’ in the AES uptake curve of
C [17] on the various substrate surfaces. An
60
upper limit for the C coverage in the monolayer
60
on Pt(111) would be given by an hcp monolayer
with 1.15×1014 molecules/cm2 or 7(C )=0.1 rela60
tive to the Pt(111) surface atom density.

Figs. 1 and 2 respectively. Multilayer C films
60
(5 ML) on Pt(111) in Fig. 1 showed dipole-active
peaks at 533 cm−1 [ T (1)], 1215 cm−1 [ T (3)]
1u
1u
and 1467 cm−1 [ T (4)], whereas the dipole
1u
inactive H (4) mode appeared at 756 cm−1 [30–
g
32]. The peak for the T (1) mode shifted from
1u
511 cm−1 at 7(C )=0.3 ML to 533 cm−1 at
60
7(C )=5 ML. The shift of this vibrational mode
60
has been correlated in theoretical [30] and experimental studies [31,32] to adsorbate–surface charge
transfer interactions, with an attribution that the
T (1) mode exhibits a roughly linear shift of
1u
−1.25 meV (−10 cm−1) per electron transferred
to C [31]. The spectra in Fig. 1 indicate, on this
60
basis, that about two electrons are transferred per
C molecule at 7(C )=0.3 ML and that one
60
60
electron is transferred per C
molecule at
60
7(C )=1 ML. This charge transfer interaction
60
accompanies strong chemisorption bonding of
C to the surface and leads to the growth of a
60
disordered C
film [5,17]. Arresting charge
60

3. Results
3.1. Adsorbate–surface charge transfer interactions
HREELS spectra for adsorption of C on
60
Pt(111) and the 앀3 alloy at 300 K are shown in

Fig. 1. HREELS spectra of C

60

deposited on Pt(111) at 300 K.
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(a)

(b)

Fig. 2. HREELS spectra of C deposited on (앀3×앀3)R30°
60
Sn/Pt(111) surface alloy at 300 K.

transfer from the surface to the C molecule
60
weakens the chemisorption bond and leads to
enhanced adsorbate mobility that results in ordering of the C film [5]. The results in Fig. 2 for
60
the growth of C on the 앀3 alloy surface showed
60
that the T (1) mode exhibited no discernible shift
1u
from submonolayer to multilayer coverages. This
demonstrates that alloying Pt(111) with Sn arrests
charge transfer from the surface to the C
60
molecule.

(c)

3.2. Growth of ordered C films
60
The growth of ordered C films on Pt(111)
60
may be accomplished by annealing multilayer C
60
films to temperatures between 900 and 1000 K.
The resulting LEED pattern corresponds to two
hexagonal domains rotated by 29±3°, as reported
and discussed previously [18]. Fig. 3a and b shows
our LEED observations after annealing multilayer
C films (5 ML) on Pt(111) in this temperature
60

Fig. 3. LEED observations for C films deposited on Pt(111)
60
at 300 K, after heating to (a) 900 K, (b) 1000 K; (c) schematic
explanation of the LEED [18]. All images are at E =65 eV.
p
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range. Fig. 3c shows a schematic drawing of the
C and Pt spots in the LEED patterns. The
60
rotated hexagonal patterns appear in the images
after heating to 900 K, and they merge into the
diffuse background following heating to 1000 K.
It is quite clear in the LEED images of Fig. 3 that
a graphitic ‘ring’ appears around the (1×1) spots
after the 900 K anneal, and this is the sole LEED
feature after the 1000 K anneal. Our interpretation
of these observations is that Pt(111) catalyzes the
graphitization of C beginning at temperatures as
60
low as 900 K.
Fig. 4 shows the LEED patterns seen after a
multilayer C film (4 ML) was deposited and
60
annealed on the 앀3 alloy surface in the same
manner as described above for Pt(111). The two
rotated hexagonal domains also appeared here
after heating to 900 K, but without a graphitic
ring around the (1×1) spots. Furthermore, this
LEED pattern persisted even after heating to
1100 K. Upon annealing to 1200 K, the graphitic
ring does appear along with very weak C
60
domains. These results demonstrate that Sn deactivates Pt(111) for the graphitization of C and
60
stabilizes the ordered C monolayer until 1100 K,
60
which is close to the fragmentation temperature of
solid C [28].
60

(a)

(b)

3.3. Interaction of Sn with C
60
The interaction of Sn with C was studied by
60
heating 4 ML C films deposited on the 앀3 alloy
60
surface (7 =0.33 ML) at 300 K, to various temSn
peratures up to 1200 K for 1 min. These films were
then probed with AES, HREELS and XPS at
300 K. The results of the AES annealing studies
are shown in Fig. 5. In the absence of C , the
60
앀3 alloy is stable until 1000 K, with Sn desorption
and diffusion into the bulk occurring at higher
temperatures, and causing a loss of the
(앀3×앀3)R30° LEED pattern. At T≥1100 K,
excess Sn in the bulk segregates to the surface.
Fig. 4. LEED observations for C films deposited on the
60
(앀3×앀3)R30° Sn/Pt(111) surface alloy at 300 K, after heating
to 900 K. The LEED spectra were obtained at an E of (a)
p
25 eV, (b) 35 eV and (c) 65 eV. No change in the pattern occurs
after heating up to 1100 K.

(c)
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Fig. 5. AES studies of multilayer C films (4 ML) following
60
annealing on the (앀3×앀3)R30° surface alloy in the 300–
1200 K temperature range. LEED observations are given in the
top panel, followed by corresponding AES intensities of the
C(271 eV ), Sn(430 eV ) and Pt(167 eV ) signals.

Multilayers of C desorb at 600 K [13], but the
60
C monolayer either desorbs at 800 K, as on
60
Au(110) [12], or graphitizes at 850 K, as on
Ni(110) [18] and on Rh(111) [13]. For C on
60
Pt(111), heating C multilayers above 600 K pro60
duces C coverages in excess of the monolayer
60
value and graphitization of C begins at 900 K
60
[17].
For C multilayers on the 앀3 alloy, as shown
60
in Fig. 5, the C(271 eV ) signal rapidly dropped
between 450 and 600 K as a result of desorption
of the C multilayer. Strong interactions with Sn
60
from the 앀3 alloy arrest this drop and the
C(271 eV ) signal does not reach the C monolayer
60
value [17] at the sublimation temperature of 600 K.
After heating to 950 K, the C(271 eV ) signal
dropped to the monolayer value and remained at
this value even after heating to 1200 K. The
Sn(430 eV ) AES signal intensity increases significantly after annealing at temperatures of 450–

600 K, and reached a nearly constant value
between 600 and 800 K. Upon heating to 900 K,
a big drop in the Sn(430 eV ) signal was seen,
concomitant with the steep drop of the C(271 eV )
signal to the C monolayer value at 900–950 K.
60
From 950 to 1100 K the Sn(430 eV ) signal was
constant, but increased again after the 1200 K
anneal (probably because of diffusion of Sn from
the bulk of the Pt crystal to the surface). The
Pt(167 eV ) AES signal intensity rose between 500
and 600 K, because of desorption of the C multi60
layer and was more or less constant after 600 K;
it then falls after heating to 1100 K, most likely
because of diffusion of Sn to the surface. In the
region between 450 and 600 K, desorption of the
C multilayer and Sn diffusion to the surface take
60
place, as seen by the decrease in the C(271 eV )/
Pt(167 eV ) ratio from 11.0 to 8.0 and the increase
in the Sn(430 eV )/Pt(167 eV ) ratio from 4.2 to
4.9. Between 600 and 800 K the C(271 eV )/
Pt(167 eV ) and Sn(430 eV )/Pt(167 eV ) ratios
were constant; however, between 800 and 950 K
both Sn and C are lost from the surface, as seen
60
by falls in the C(271 eV )/Pt(167 eV ) ratio from
8.0 to 6.0 and the Sn(430 eV )/Pt(167 eV ) ratio
from 4.8 to 1.4. The C(271 eV )/Pt(167 eV ) ratio
was constant at 6.0 between 950 and 1200 K,
indicating about 1 ML C surface coverage. The
60
Sn(430 eV )/Pt(167 eV ) ratio was constant at
about 1.4 between 950 and 1100 K, and increased
to 2.2 after heating to 1200 K, due to diffusion of
excess Sn to the surface.
The LEED pattern over this temperature range,
obtained under the same conditions as the AES
data, is also indicated along the top panel of Fig. 5.
At 300 K, the C multilayer is disordered and
60
only the 앀3 alloy spots were observed. The 앀3
spots disappeared and only the (1×1) Pt spots
were visible in the 500–800 K temperature range.
This indicates that the 앀3 ordered surface alloy is
destroyed in this temperature range in the presence
of C on the surface and that no other ordered
60
Sn/Pt(111) structure is formed. After annealing to
900 K, rotated hexagonal spots appeared, as
described in Section 3.2, and these persisted until
the 1100 K anneal. After annealing to 1200 K, a
faint graphitic ring appeared around the (1×1) Pt
spots with a large diffuse background.
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One explanation of these results is that the
doping of C with Sn begins at 450 K via inter60
diffusion of Sn and C . This explains the loss of
60
the 앀3 Sn/Pt(111) spots with the rise of the
Sn(430 eV ) signal and fall of the C(271 eV ) signal
seen in Fig. 5 in the 450–600 K temperature range.
This Sn-doped phase desorbs/decomposes near
900 K, leaving a 1 ML C film on a Pt(111)
60
surface with reduced Sn concentration [compared
with the 앀3 Sn/Pt(111) surface alloy]. The presence of Sn at the Pt(111) surface preserves the
ordered C monolayer film, inhibiting graphitiza60
tion until 1200 K.
The HREELS warm-up studies shown in Fig. 6
support this explanation. The dipole-active
T (1), T (3) and T (4) modes of C appear at
1u
1u
1u
60
540 cm−1, 1222 cm−1 and 1489 cm−1 respectively
for multilayer C films on the 앀3 alloy at 300 K.
60
Annealing to 450 and 700 K increased the intensity
of a new peak at 1467 cm−1. We believe that this
peak does not arise from the softening of the

Fig. 6. HREELS spectra for 4 ML C
deposited on
60
(앀3×앀3)R30° Sn/Pt(111) surface alloy at 300 K, following
sequential annealing to temperatures up to 900 K.
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T (4) mode, since it does not obey the expected
1u
intensity ratio of T (1):T (2):T (3):T (4)=
1u
1u
1u
1u
100:29:6:5, characteristic of the icosahedral symmetry of C [33]. This indicates that the icosa60
hedral symmetry of the C molecule is destroyed
60
in the presence of Sn on Pt(111) at 450–700 K.
This 1467 cm−1 peak is similar to the peak at
1451 cm−1 in the FTIR spectrum after vapor
deposition of Sn on C films, which was attributed
60
to a Sn-doped C phase [22]. After a 900 K
60
anneal, the peak in Fig. 6 at 1467 cm−1 is diminished and the characteristic vibrational features of
C are regained. This indicates desorption and/or
60
decomposition of the Sn–C phase. It is also seen
60
that the peak for the T (1) mode, which is sensi1u
tive to charge transfer [1,2], shifted down from
540 cm−1 at 300 K to 533 cm−1 after heating to
450 and 700 K, but it regained its original value
of 540 cm−1 after heating to 900 K. This shift
indicates only a small charge transfer to the C
60
molecule after heating to 450 and 700 K on the
앀3 surface alloy.
XPS was used to study the shift of the C(1s)
and Sn(3d ) levels. Fig. 7 compares spectra after
deposition of a 4 ML C film on the 앀3 alloy
60
surface at 300 K with those obtained by heating
the film to 700 K where the surface coverage of
C is decreased. In the spectra of Fig. 7a, the
60
main C(1s) peak is fitted along with the expected
satellite peak at 1.9 eV higher BE for the on-site
molecular excitation across the HOMO–LUMO
gap [34]. A downward shift of 0.30 eV was seen
for the C(1s) level upon heating to 700 K.
This decrease in BE has been identified with
charge transfer to C for 1 ML C /Cu(100) [35]
60
60
and K-doped fullerides [36 ]. In the latter case,
shifts in the K(2p) levels were also seen. Fig. 7b
compares the Sn(3d ) levels for a thick Sn film
[10 ML Sn/Pt(111)] with those obtained after
heating 4 ML C on the 앀3 alloy to 700 K (the
60
Sn(3d) levels of the 앀3 alloy have the same BE
as those of a thick Sn film [37]). Upon heating
C films on the 앀3 alloy to 700 K, the Sn(3d )
60
5/2
level is shifted to higher BE by 0.1 eV, and the
splitting between the Sn(3d ) levels increased from
8.4 to 8.7 eV. Both the Sn(3d ) and Sn(3d )
5/2
3/2
levels were broadened and the Sn(3d ) peaks could

148

N. Swami et al. / Surface Science 425 (1999) 141–151

charge transfer interactions between Sn and C ,
60
and suggested that clathrate compounds are
formed. This was based on the lack of changes in
the photoemission spectra of pristine C in com60
parison with that of Sn on C films annealed to
60
573 K. We will return to discussion on this topic
in Section 4.
3.4. High temperature annealing studies

(a)

The ordered C monolayer is maintained until
60
1100 K on the Sn/Pt(111) surface, and graphite
domains only appeared in LEED after heating to
1200 K. HREELS studies after heating the
ordered C monolayer on Sn/Pt(111) to 900–
60
1200 K were performed in order to characterize
intermediates leading to graphite. These spectra
are shown in Fig. 8. The vibrational structure of
the ordered C monolayer obtained after the
60

(b)

Fig. 7. XPS spectra of (a) C(1s) (b) Sn(3d) core levels, for
4 ML C deposited on (앀3×앀3)R30° Sn/Pt(111) surface alloy
60
at 300 K, after annealing this film to 700 K. The C(1s) level
shows a 0.3 eV chemical shift to lower BE. In comparison with
thick Sn films, the Sn(3d) levels show some broadening, which
causes small increases in BE and in the splitting of the levels.

be fit well by using two peaks of 1.5 eV FWHM.
The high BE component shows a shift of 1.2 eV
in both the Sn(3d ) and Sn(3d ) levels. This
5/2
3/2
can be compared with a shift of 1.75 eV of the
Sn(3d ) levels on forming SnO [38]. The propor2
tion of this oxidized Sn species is quite small
(about 15% of the total Sn). Because there are two
forms of Sn present, it is difficult to determine the
extent of charge transfer interactions between Sn
and C . Covalent bonding of Sn and C could
60
60
lead to a rearrangement of bonds in the compound
that breaks the original icosahedral symmetry of
the C molecule. Junzhou et al. [24] ruled out
60

Fig. 8. HREELS spectra after high temperature annealing of
the ordered C monolayer, produced by heating multilayer
60
C films on the 앀3 Sn/Pt(111) surface alloy to 900 K.
60
Extensive fragmentation of C occurs at T≥1100 K, and is
60
nearly complete by 1200 K.
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1100 K anneal is dramatically altered from that
after the 900 K anneal. C features are still seen
60
in the spectrum (consistent with the persistence of
the rotated hexagonal LEED pattern), but large
intensity changes start to take place in the spectra
and new features appeared at 237, 740 and
1467 cm−1. After a 1200 K anneal the C peaks
60
are almost totally eliminated and only a shoulder
was observed at 540 cm−1. The new HREELS
peaks shift to 252 and 740 cm−1. We currently
have no assignments of these new features. The
above results may be contrasted with those
obtained on heating C films on Pt(111) to 900–
60
1200 K [17]. An ordered C adlayer with graphite
60
domains was produced at 900 K, the ordered C
60
domains were lost after 1000 K and graphitization
was complete by 1050 K. Hence the new peaks in
the HREELS of C films on the 앀3 alloy heated
60
to 1100–1200 K are associated with the presence
of Sn on Pt(111), and these peaks are enhanced
at 1200 K because of Sn diffusion to the surface
at these temperatures, as was shown by AES
results.

4. Discussion
The alloying of Pt(111) with Sn to form the
(앀3×앀3)R30° structure results in comparatively
small electronic changes in the Pt valence band
[37], and thus the influence of Sn on the chemistry
of Pt(111) has been attributed mostly to site
blocking effects that deactivate the surface for
reaction with many organic molecules [39].
However, some electronic effect of alloyed Sn at
the Pt(111) surface was also seen, for example in
NO chemisorption studies on the 앀3 Sn/Pt(111)
alloy [40]. In studies of ethylene chemisorption on
the 앀3 alloy [39], backbonding interactions are
reduced in comparison with that on clean Pt(111),
and ethylene rehybridization towards sp3 and di-s
bonding is also reduced. This is particularly relevant to the current study, where we propose that
charge transfer from Pt(111) to C is inhibited
60
by alloying Sn with Pt(111). The stabilization of
the ordered C monolayer and the arresting of
60
graphitization of C up to 1100 K, by deactivation
60
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of Pt(111) via alloying with Sn, is consistent with
the chemistry observed for small organic molecules
on this surface alloy.
From an analysis of the intercalation energies
of various transition metals, alkaline earth metals
and alkali metals in the C lattice, it was suggested
60
[41] that most transition metals, including Sn,
were unlikely to form intercalation compounds
with C owing to their large cohesive energies.
60
Yet, Zhao et al. [22] concluded that intercalation
compounds of Sn and C are formed. The two
60
chief observations concerning the interaction of
Sn and C described in earlier work [21–25] were
60
the development of new peaks in the
1450–1470 cm−1 region of the vibrational spectra
and a drop in resistivity of C after interaction
60
with Sn. The high electronegativity of Sn [42]
compared with that of alkali and alkaline earth
metals, with which C readily forms compounds,
60
and the small amount of oxidized Sn observed in
XPS are consistent with only a small charge
transfer per C molecule from Sn. Covalent bond60
ing between Sn and C would lead to rearrange60
ment of bonds in C that break the original
60
icosahedral symmetry of the molecule. Further, it
is possible that Sn induces polymerization of C ,
60
as has been suggested to result from interaction
of C with Pd [43], Ti [44] and Pt [17]. Peaks at
60
1450–1470 cm−1 in the FTIR spectrum were
assigned previously [45,46 ] to the unpolarized
Raman-active A (2) mode of polymerized C .
g
60
Our HREELS results are quite similar to this.
Polymerization of C would also explain the air
60
sensitivity of the 1451 cm−1 mode seen by Zhao
et al. [22], since Eklund et al. [46 ] observed that
oxygen intercalation into the C lattice reduced
60
polymerization. Furthermore, polymerization
shifts the valence band levels of C towards the
60
Fermi energy [47], leading to increased emission
at E . This latter effect may explain the drop in
F
resistivity of C upon interaction with Sn.
60
Although the interaction of C with the 앀3
60
alloy surface at 300 K is weaker than on Pt(111),
as seen by the lack of any adsorbate–surface
charge transfer interactions, the interaction of
C with dealloyed Sn is quite strong, as seen by
60
the significant changes in the AES, LEED and
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HREELS results for heating 4 ML C films on
60
the 앀3 alloy to temperatures above 300 K. In the
presence of C , dealloying of the 앀3 Sn–Pt alloy
60
takes place at about 500 K, as seen by the disappearance of the 앀3 spots and the presence of only
weak (1×1) Pt spots in LEED. Upon heating to
450–700 K, it is possible that dealloyed Sn induces
polymerization of C . This would be consistent
60
with the behavior of the A (2) mode in HREELS
g
and the concomitant Sn diffusion to the surface
seen in AES. This would also explain the AES
results, which indicate that the C coverage is
60
stabilized at about 2 ML after heating a thicker
film to 500–800 K and which then decreases to
1 ML C after heating to 900 K. Following heat60
ing to 900 K, the intensity of the A (2) peak is
g
diminished in HREELS, and Sn(430 eV ) and
C(271 eV ) signals in AES drop to the respective
values for 1 ML C , indicating the decomposition
60
or desorption of the Sn-polymerized C phase.
60
After heating to 900–1100 K the surface is composed of an ordered C monolayer film, as
60
deduced by LEED and AES. Upon heating to
1100 K, new peaks appear in the HREELS spectra
alongside the C features, and after the 1200 K
60
anneal these new peaks at 252 and 740 cm−1
dominate the spectra. C fragmentation begins at
60
1200 K, as characterized by the loss of C features
60
in the HREELS spectra and the appearance of a
graphitic ring in LEED.

5. Conclusions
The major conclusions of this work can be
stated as follows.
(1) Vibrational spectra from HREELS show
strong interactions between C and Pt(111) that
60
lead to charge transfer from Pt of about two
electrons per C molecule for 7(C )=0.3 ML,
60
60
and one electron per C molecule for 7(C )=
60
60
1.0 ML. These charge transfer interactions are
inhibited by alloying of Pt(111) with Sn to form
the (앀3×앀3)R30° Sn/Pt(111) surface alloy.
(2) Ordered structures of C can be formed on
60
Pt(111) by annealing multilayer C films to 900 K.
60
However, Pt(111) catalyzes the graphitization of

C beginning at 900 K, and so LEED reveals a
60
large background intensity and a graphitic ring in
addition to the ordered C domains. On Pt(111),
60
complete graphitization of C occurs after annea60
ling to 1000 K, but this is arrested on the 앀3
Sn/Pt(111) alloy at 900 K. Sn is dealloyed at high
temperatures and stabilizes the ordered C mono60
layer until 1100 K, close to the fragmentation
temperature of solid C .
60
(3) C chemically reacts with dealloyed Sn at
60
450–700 K, but the charge transfer per C mole60
cule from Sn is small. The C(1s) core level in XPS
shows a 0.3 eV shift to lower BE and about 15%
of surface Sn shows a shift in the Sn(3d) levels of
1.2 eV to higher BE. Reaction causes a rise in
intensity of the unpolarized Raman-active A (2)
g
mode in HREELS, and this arises from reducing
the icosahedral symmetry of the C molecule
60
because of Sn–C bonding.
60
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