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tion spectra peak at lower temperatures.

in -films of Pt, vapor deposited on an oxidized Ti foil, have
been utilized as models of high surface area Pt/T10, catalysts
.which show strong metal support interactions.
coverage, the development of bulk Pt chemisorption characteristic
occurs at significantly lower coverages on the oxidized substrate
.At a given Pt coverage there is less chemisorption of both CO & H
on the reduced, as compared to the oxidized, T109 and the desorp-

As a function of P¢
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20. which the morphology of the Pt on the reduced catalysts is
significantly flatter (dominated by (111) terraces) and is
slightly modified electronically, as compared to the
oxidized sample.
2
,5
e
»
B
o
%
b ., -
A e - .
M P )
1, ] )
i . \\
i {
g

ST BT SRS, N L R
T - -’ - .,
. < » ta
4
1
\_

% i % 3 R AT o™ “dl . » - ) NS L
é‘ ¥ e Sl L R -, 2 > et " nE .'q Y '-." ..thl.i ‘!.l,l‘f,' Vb c.l St ¢ 0.~\‘w' ALNLY LY, R ‘




LA
=N

Thin Filr Models of S.:S1 Catalysts: Pt on Oxidized Titarius ' ) ]

-3

D. N. Belton, Y.-M. Sun and J. M. White
Department of Chemistry '

University of Texas

Austin, TX 78712

.’”', ,,ﬁ;s“v
Rt

%4

L

LY

a
g
B .',
by
T

&

2
El
!

&

» W ’L' - y

i)
-

H
3

O s iR
Ry s SR -
mlrw&é

e

Y. :w%l;‘m
M AR, ]

™
)

% supported in part by the Office of Naval Research.

&
124

U
\SF" RSP X g *
’_:.J.'?.'SJ -

R

{

e
e




4 R

ﬁ.L

o A

PRI

S

R
PR

} tg P e

G Tl IR

A”d" 1 ol

. . " g * el * g ™ WG &
UL & g R0 MR ik S0 i A Sy - I “ A o N Aol T e Jias it R Tt Jhgt it gt s X Lol e Jhit g, i TITITETETITITY

2

Abstract

)

utilized as models of high surface area Pt/ Tidg catalysts which suow strong

Thin films of Pt, vapor deposited on an oxidized Ti foil, have bcen

mstal-support intersctions (S::SI). Both fully oxidized(Tf{é} and partially
reduced(significant amounts of Tféé» surfaces were studicd. As & function
of Pt coverage, the development of bulk Pt chemisorption characteristics
occurs at significantly lower coverages on the oxidized substrate. In
particular, at a given Pt coverage there is less chemisorption of both CC
and H?on the reduced, as compared to the oxidized, Tiogwand the desorption
spectra peak at lower temperatures. Ko evidence for significant differences
in the chemical state of the Pt is found by XPS and AES. e propose &
model, consistent with earlier work on high surface area Pt/TiOS‘catalysts.
in which the morphology of the Pt on the reduced catalysts is'significantly
flatter (dominated by (111) terraces) and is slightly modified

electronically, as compared to the oxidized samp{j>§\
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Introduction.

\
Since the detailed report by Tauster et al.(1'2’

of stror. mctal
support interactiong (SMSI) in several systems, the cause of this
interesting effect has been an area of great activity in the surface
science-catalysis community. SMSI is characterized by the 1loss of &
supported metal's abjlity to chemisort CO anc H2. Explanations such as
metal particle morphology, surface contaminants, encapsulation of metal
particles by the support, and charge transfcr between metal anc suppert have
been proposed to explain the phenomena. Experiments conducted on metal
impregnated oxide powders, the actual catalyst, have been unable to control
unambiguously many of the system variables and thus have been unable to
determine the cause(s) for SMSI. UHV studies on models for these catalysts
have most often explored the electronic structure of the system through
electron spectroscopy. This approach has sometimes led to the conclusiocon
that electrons are transferredc from the support to the metal.(3-5) but
without the supporting chemisorption studies it is impossible to assign this
charge transfer as the cause of SMSI.

In the experiments presented here we nodel the Pt/TiO2 catalyst (both
SMSI and non-SMSI1) in VUHV. The model consists of various amounts of Pt
deposited on a thin film(~ 50A°) of TiO,.  These thin films and the
supporting oxide were characterized using X-ray photoelectron spectroscopy
(XPS) and  Auger electron spectroscopy (AES). Tnermal desorption
spectroscopy (TDS) of two cifferent adsorbates,H2 and CC, was examined and

correlated with the XPS data.

.o .'.‘ LAY .'.
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The experiments were donc with & modified PHI 548 photoelectron

3

N :
%‘ spectrometer that has been describea eleswhere.(“) Tne systen pressure was
Ti 4

1Sy _

b typically in 3x10 10 Torr. XPS spectra were taxken using & Vacuum Generators
b

dual anode (Mg and Al) x-ray source, operating the Mg anode at 240 Watts.

The eylindrical mirror analyzer (CMA) was operated in the retard mode at 25

"

- B B

- eV pass energy. Thermal desorption spectra were obtained using a
7
vE )
line-of-sight geometry with a multiplexed guadrupole mass spectrometer.
;f The titanium foil was mounted using Ta leads spotwelded to the back of

the foil, The sample was heated resistively with a programmable DC power

LR 8 i,

supply and was cooled to approximately 110K with liquid nitrogen cooling. A

chromel-alumel thermocouple, spot-welded to the titanium foil, was used for

temperature measurement. Surface impurities, such as C, Cl,and S, were

removed by combined Ar* bombardment and high temperature oxidation.

o
%g- The Ti02 film was formed by dosing 4000L of O, at 625Kf These oxidation
g? conditions 1led to an oxide film that gave the XPS spectrum shown in Figf ?f
. The observed Ti(2p) binding energies (BE) of 458.8 and 454.3 eV are
;} indicative of Ti0,.{T)  The narrow Ful: (1.9 eV) of the Ti(2p3/2) peak
gﬁ indicates that the- surface region is dominated by Ti"* species. Using an
f; electror. mean free path of 112(8) for the Ti(2p) electrons we calculate a
¥ minimum thickness of 358 for the Ti0O, film. Samples prepared in this manner
%{ . are referred to as fully oxidized anc are denoted TiOz(ox)f
;& To prepare a pa;tially reduced 'I’iO2 sample, denoted TiO,(red), the

fully oxidized sample 'was heated in vacuum at 750K for about 5 minutes.

ﬂ} Figure 1 shows the XPS spectrum of a typical Ti0,(red) sample. Tie obvious
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to a concurrent increase in the intensity of this snoulcer. An approximate
decemposition of the peak  snape  indicates wbout 2¢; of the total Ti(Zp)
signal originates from Ti3*. Tne m=thod of reduction, heating in vacuum at
relatively low temperatures, is expected to cause diffusion cf oxygen into
the Ti foil, 1leaving the surface region oxygen~deficient. witain this
framework, the bulk of the TiO2 film is more hignly reduced than the surface
suggesting that the actual surface concentration of Ti3+ is lower than 20%.
Establishing an upper limit of Ti3+ concentration was not attempted cue to
the difficulties involved in estimating the distribution of Ti3* as &
function of distance from the surfacet

Controlled amounts of Pt were vapor deposited onto the oxicized and
reduced TiO, supstrates. The Pt doser consisted of a resistively heated W
filament wrapped with a 99.99% Pt wire. The temperature of the Pt was
monitored with a W/5%Re-W/26%Re thermocouple and was typically held constant
to within 3K at about 1600K. During PL deposition, the oxidizea foil
Substrate was placed approximately 3 cm from the doser and in a position
that gave macroscopically uniform coverages over the oxide surfacef A

typical dose rate was 0.5 ML min~!

as determined by the time dependence of
the relative Auger signals of Pt anc Ti. This rate was easily varied by
changing either doser temperature or sample position. No impurities were
found by AES in the Pt overlayer. Figure 2 shows a typical AES spectrum for
multilayer Pt on Ti0,. This quality was obtainec¢ only after considerable
effort; deposition of C in the Pt overlayers was a particularly troublesome
problemf Since surface carbon is known to suppress chemisorption.(9'1oy it

is very important that the Pt overlayer be free of it. Moreover, C builéup

would lead to improper determination of tne Pt overlayer thickness.
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Figure 3 shows the bshavicr of the Ti(387) anc PL{z35) ALS sipnsls as a
function of Pt dose with the substrate held at 300K. Data for depositicn
onto both the cxidized and reduced substrates uzre included. Crowlh curves
based on an ideal (layer-by-layer) model are alsc shown. These curves are
calculated as follows: lhen the first monolayer is corplete, the Ti(387 eV)

(11)

signal will be 0.58 of its initial value au calculated using

ITi(d) = IT? exp[-d/(ATicos 6)]

In this equation d 1is the thickness of 1 monolayer (ML) of Pt (2.L1 £),

Ir;(¢) the peak-to-peak height of the Ti(367) tne initial 387 eV

wn

ignal, IT?
signal, Aq; the electron inelastic mean free path ( & R for a 337 eV
electron(8’12’13)). and ¢ the analyzer acceptance angle (50°). Tne PL(235)
signal for 1 ML of uniform coverage is calculated using a similar equation
with A, = 7 A Although the assignment of mean free patks is not
unambiguous, these values are reasonable choices for this system. Between c
and 1 ML coverage, the signals are assumed to change linearly with Pt
coverage. The same equations can be used to compute attentuation and growth
for full development of I monolayers with linear segments between. These
linear segments are shown in Fig. 3.

Examination of Fig. 3 shows the growtn mode is nearly ideal for the
first 3ML of Pt. The fact that the Ti AES points lie slightly below the
éalculated curve indicates that islanding with 3D particle formation is not

dominant in this region. The deviation is probably due to choice of

electron inelastic mean free path lengths since islanding would cause the
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. peoints to 1lie above the calculated curve. The position of th. Pt AES data

sbove the 1idecl growth curve ic also incicative of an improper ecstimate of

electron escape length for the Pt Auger electrons, since islanding would

cause the points tc lie below the culculated curve. At Pt coverages >3L

]
)

Fig.3 shows islanding to be more prominant since the Ti data points lie

above and the Pt data points are more nearly on the calculated curve,.

One might argue that ideal growth on a polycrystalline foil is not a

o

5% valid conceptf However, the data does qualitatively support ideal growth
%? behavior in the low coverage regime. Though there is certainly sone degree
K of islanding, our simple approach surely gives a close approximation for the
§§§ mean Pt thickness in the system and shows that the degrec of islanding is
Egﬁ very similar on the oxidized and reduced substrates.

TDS after exposure to 0.6L H, at 120K for various amounts of Pt

supported on TiO,(ox) is shown in Fig. 4. This exposure wac chosen to keep

the background H, levels low and to eliminate ambiguities related to

. desorption from the sample mounting 1leads. These were particularly
%E‘ troublesome in determining desorption peaks for the lowest Pt coverages. Wwe
%k observed no change in desorption peak temperature, 300K, as a function of Pt
r‘ overlayer thickness. Comparison of the H2 desorption spectrum, taken &t the
y highest Pt coverage, 6 = 3.8ML, with desorption data from a varicty of Pt
§3 surfaces shows good qualitative agreement. Desorption of H2 from sputtered
:j1 unarnealed Pt(111) gives three H, dcsorption peaks (210, 310, and
#%: 360K) ., (14) Another Pt(111) study founc H, desorption peaks at 293 and
ki‘ 230k, (15) H, TDS off polycrystalline Pt gave a broad desorption peak at
;; 330K with shoulders at 240 and 380K.(16) Tneée peak temperatures agree
}3 quite well with our multilayer Pt desorption spectré indicating satisfactory

reliability in our TDS results. We observed no further change in either
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pelal pocition or  integrates pLae arce  tor Lry up Lo Ll. Trnicce cot
indicate thot bulc Pt propertics for H, eremiscerption arc reached ot ¢ 2.8

ML on thiis fully oxidized surface.

Figure 4 also shows the TPD results of adsorption cf 0.0L H, onto the

platinized TiOa(red) substrate. 1n contrast to the TiO?(ox) sarple therce is

a large, 75K, upward shift in the peak tempcraturc as a function of Pt

coverage.

At high Pt coverages the spectra for boti tne oxicized and

reduced forms become identical.

H2 TDS peak areas as a function of Pt coverage are shown in Fig. 5 and
are normalized to desorption from the high coverage, bulk Pt, case (P9).
For both samples the relative peak area increases linearly with Pt coverage

at low Pt coverages. Kowever, the oxidized sample has significantly greater

affinity for hydrogen. For example, whereas the oxidized sample adsorbs f

: i
nzarly 707 of the bulk Pt guantity of hydrogen at ept=1.5ML, the recuced |
sample adsorbs only 22%. This tendency is also reflected in the coverage of
Pt necessary to reach P/P° = 1T The TiO,(ox) sample reaches this point at
3.5 ML of Pt but the reducec sample requires 5ML. Reproducibility is guite

satisfactory as is indicated by the results in Fig. & for two separatc

samples of Ti0,(red).

TDS experiments were also performed after the coadsorption of 0.6L H

2
followed by 1L CO at 120K (Fig. 6). Precoverage of hydrogen has no effect
on the CO desorption spectrum and H2 TDS will not be discussed further. 1In

the CO TDS from the fully oxidized sample, a high temperature desorption

peak (520K) grows as the Pt coverage increases and is saturated at Opy, =
175ML. There is also an upward shift (40K) in the low temperature, 440K,
peakt Comparing our TDS results with results obtaincd from various Pt
surfaces shows very reasonable agreement. Cco desorption from
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rolyeryst-lline Ft civer four cosorpiion peies (112, 17
507¢), (167 Sirnce  we cnly cccoles tc 1LUK WO Gic not chserve tre 114
desorption peak. There is a small peak near 150K but it is distorted by
desorption from the leads. The high temperature peals have rouchly the sgane
peak area ratios as that observed fcr polyerystalline Pt;(16) however, our
peak temperatures are shifted by about 25K to higher values. Other CO on Pt
desorption data is sinilar. Desorption peaks of 430 and 535Y were observed
for the Pt(110) surface.(17) PL(111), 6(111)x(100) and 6(111)x(111) «ll
give pesks at L20K and 530K.(18) Tnese results support our interprctaticn
of the data in terms of bulk Pt behavior at high Pt coverages.

Turning to the coadsorption of H., and CC on the partiszlly reduced
sample, a much larger coverage of Pt is necessary to acquire the high
temperature CO desorption peak. Examination ¢of Fig.6 shows that even at
ept = 2.8 ML the high temperature CC peak is rot present. Moreover, for
ePt = 4,44L, the CC desorption has not acquired the bulk PL TLS profile, as
evidenced by the ratio of the two high temperature peaks. More desorption
occurs in the 180-300K region on this reduced sample. The peak area of this
low temperature region decreases almost linearly with increasing Pt coverage
until ePt = 2 WL. For hnigher Pt coverages the peak areas in the low

temperature region are equal on the oxidized and reduced samples. Clearly,

CO uptake is suppressed on the reduced sample.
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‘:’ By measuring the peak positions of both XPS and Auger transitions in
W -
{ the X-ray excited electron spectra, Auger parameters(19'2‘) were calculated
T for Pt/TiO,(red) and Pt/TiO,(ox) and are listed in Table I. These
W
:;;, calculations are based on comparison of the data for ePt = 0.5 and 8 ML, the
latter coverage being equivalent to bulk Pt. The initial state chemical
‘gﬁ shift, AE, and final state relaxation shift, AR, are shown for the two
p .p-’.
wp :
:35 different platinized subtrates. Values were calculated using the equations:
o .
;5- A(BE) = AE - AR - A,be“,mg
u = - =
L A(KE) AE + 3AR + AEbending
o2
f.
 $: where AEbending represents the change in measured energy due to band
. bending. The validity of these equations has been the subject of much
N )
PN o
:a; debate. Recent work indicates that corrections of up to 3 eV are warranted
LS
*f‘ in some situations.(23) We will not attempt to address the accuracy of the
. simplifying assumptions from which these equations are derived. 1In spite of
™ .
'ii the difficulties of interpretation, the comparison of the two very similar
?ﬁ? systems discussed here 1is justified in the sense that differences in the
2 values of AE will reflect different Pt/TiO2 electronic structures.
2!
N As is evident from the data of Table I there is essentially no
e,
o) difference in the amount of initial state chemical shift for the two : |
; = samples. AEbending' which would reflect changes in the underlying oxide in j
'CICA .
4%} passing from 1low to hign coverages of Pt, was assumed to be equal to zero ;
M !
ii’ for both the reduced and oxidized samples based on the fact that no BE
%}. change in either the T1(2p3/2) or the valence levels (by UPS) were observed
[l
:‘a as the Pt coverage changed.
f o
24
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of error using C.1 eV as the uncertainty in the XPS and AES measurements.
Thus, we conclude that the difference in the umount of cnarge transfer in

the two systems is negligible.

Discussicn

Tne TDS experiments show that introduction of Ti3* into the TiO2

5}2 lattice has a large effect on the chemisorption properties of a Pt
Fd
N
'}3 overlayer. Hydrogen chemisorption is suppressed and peak desorption
L
N termperatures are lowered when the substrate is reduced (Ti3+ is introduced)
{Q@ prior to Pt deposition. CC desorption profiles are zlso altered upon
(N L .
[0\ substrate reduction; a new low temperature desorption state appears and the
!
il highest temperature desorption peak disappears. These results are
P
_r: characteristic of S¥SI and show that we have successfully modelled an SkSI
,$;1 catalystf
2
o Several explanations for the observed SMSI chemwisorption effects have
et
F been offered. One involves contamination of the Pt overlayer. Carbon
"] :, . .
-%E contamination can be a problem when vapor depositing Pt and small amounts of
2%
it can cause a significant change in the CO and H2 desorption spectra. 1In
a arl (24)
3; earlier work we reported neither CO nor H2 chemisorption for Pt
W
: 2 coverages of 3ML or less. With improved TDS sensitivity, these experiments
N )
ATy
— were repeated and expanded in this work, and were shown to be in error due
gl to C contamination in the Pt overlayer. Surface carbon has the dual effect
:$¢ of causing an error in the calibration of the Pt overlayer thickness and
" g B
;“ suppressing chemisorption. Contamination effects were successfully
- .
;\53 eliminated in the present experiments through a series of changes in the
AW
Myt construction of the Pt doser. Careful AES analysis indicated no carbon
}t .'ﬂ .
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contaminetic:..

Anctrer postulated explancticrnn for S8 ie tre formaticn o{ Pt-TiCx
bonc¢s andé the consequent change in chemisorption because of alteration of
the Pt atoms involved.(25) The results of Fig. » discount this zs the
¢irect and only cause. If a 1local Pt-Ti bond was responsible for the
alteration in Pt chemisorption properties then the effect should extenc over
only 1-2ML of Pt. However, fro: Fig. 5 it is clear that the SMSI effect
extends over more than 4¥L since the curves(ox. and red.) do not coincide
until coverages of at least 5ML of Pt are reached. This eliminates a local
Pt-Ti bond as the sole cause for SMSI. This conclusion is supported by
EXAFS data where no Pt-Ti or Pt-0 bond distance could be observec with a
coordination number greater than 0.5, the limit of EXAFS sensitivity.(ZG)

Another often postulated cause of SMSI is charge transfer from the

(L,24,27) We detected no significant difference in the

support to the metal.
binding energy of the Pt core level when the reduced and oxidizecd substrates
were compared and conclude that there 1is no support for a detecteble

difference in the oxidation number of Pt. This result is somewhat different

fron other work done on single cyrstal SrTiO3(3) and for Ni/TiO:
systemsf(u) Our work is in good agreemnent with Huizinga(26) who finds no
differences in reduced and oxidized Pt/TiO, powder systems by XPS. Huizinga
suggests that the conclusions drawn in the Pt/SrTiO3 and n1/7102 work
mentioned above are the result of difficulties in the interpretation of
calculated Auger parameters. It is worth noting that the extended range of
the suppressed chemisorption indicated in Fig. 5 is strong gvidence against
the charge transfer model because charge screening lengths in metallic
systems are no more than one lattice spacing.

TiO, migration and subsequent encapsulation of the Pt overlayer is a

N O o AT R N Ve s e eeree o
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fourtn poscible explanaticn  for the obuervee S0 offecte.  Tiie effect

could very well be & rajor contributor tc SHSI in powCer catzlyst sampics
which have been subjectec to long and high temperature reduction processcs.,
However, the samples investigated here are not expectea to be subjeect to
this effcect since the temperatures of Pt deposition were never higher than
300K. If encapsulation is occurring then it most likely happens as the ho:v
gas phase Pt atoms strike the surface during deposition. We expect this
would occur to about the same extent on botk the reduced and oxidized
samples since the near-surface region probably has zbout the same structure
for both samples, Modeling of the experimental Pt AES growth curve was
performed to determine the extent to which encapsulation could ciffer on the
two different substrates without being detected. Very conservatively, these
calculations indicate that the extent of migration could not exceed 0.25ML
of TiC, in any case without being detectatle. Thus, w.ile we can not
eliminate encapsulation on the reduced substrate as the cause of S!SI, it
seems unlikely under our conditions.

In audition to encapsulation, other Pt overlayer morphology differcncces
could exist. For the substrates prepared here, small cdifferences in the
anount of jslanding or the structurc of the {slands could be a msjer
contributor to SMSI. Since an oxidized polycrystalline Ti foil is used to
Support tne Pt in our experimcnts, we dc not expect long range order and/cr
ideal epitaxial growth of Pt on the substrate. Moreover, the local
Structure of the oxide surface is probably changed (both atomically and

electronically) in passing from the fully oxidized to thc partially reduced

cases, Even though t: AES growth curves (Fig. 3) show nc significant
differences in the twe . r ¢s, this is not a strong constraint and thc
detailed 1local structur: - - ue significantly ciffcrent. If we attempt to
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differences in 3L gprowth of FU particles, tnen we must conclucds that 70%
fewer Pt atoms are exposced on the reducel surface. Differencee in growth
mode of this magnitude would certainly be detectable in the ALC grovwth
curves ancd we conclude that the suppression cf chemisorption can nct be
attributed entirely to this cause.

Another difference in the Pt on tlie two supports could be the surface
structure of the Pt particles as opposed to tneir overall size or thicknessf
Using electron microscopy, Bsker et. al.(28-29) showed that Pt on rcduced
TiC, powder catalysts nas & flat pillbox morphology as opposed to

hemispherical particles on the oxidized catalyst.
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The idea of & pillbox morphology on the reduced substrate is further

*,
235

supported by FTIK work done by Tanaka and white(3°) wiic investigated CC
stretching frequencies for CO adsorbed on both reduced and cxidized Pt/TiO,
powders. Upon reduction, they observed preferential loss of a CO stretching
frequency attributed to CO bound at step sites on Pt and arguec that
reduction of the catalyst lead to a Pt morphology dominated by close-packed
(111) terrace sites. It is important to note that they also observed a
decreased intensity in other CO stretching bands indicating an overall loss
in CO uptake.

In 1light of these results, the following interpretation of our data is

7';' proposed. Pt deposited on the reduced surface tends to grow with a
E;?S close-packed geometry whereas on the oxidized surface the tendency is toward
?;j: rougher (higher Miller index) surraces: These modes are governed by small
iz:: changes in the character of the Pt/TiOé interaction at very low coverages.
’fﬁﬁ These initial interaction differences, which are assumed to control the kind
: \i of metal surface structure formed, become insignificant only after several
o
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ML of Pt Live been depositec. Lo ausane tnot Lhe nign tenferclere (DU

C0  desorption peaic cen be attributec Lo Cuscrption of CO fron cle, oitei.

Tnis assumption 1i:c besed on LEREELS anc TuS wors. by 1<Clellan enu Gland for |
|

cv adsorption on =3 PL(321) surracc.(31) Tney attribudte a hizh

7l temperature(546K) CO desorption state to desorption from step sites. Un
f_g this basis, one would expect hign temperature peaks tc be stronger on
Y

<y

oxidized than reduced samples as observec¢. As is evident from Fig. 6, more

12} tnan 3ML of Pt are required before a high temperature CO desorption state is
By
{&g - seen for the recuced TiO2 sample.
§ ) These morphology differences, by themseleves, can not zccount for zll
Zzgj the observationsf Nonstepped Pt surfaces such as Pt(111) and Pt(110) have
;§§ desorption states in the 400-550K region.(17'?8) Therefore, even if the Pt
f:j: overlayer morphology changes to the flatter structure upon reduction, it

Eg; should still show CO desorption in the high temperature regime. To account
:35 for the full 1loss of the high temperature CO desorption on the reduced

a samples, we propose that there is, particulary at 1low coverages, an
? : electronic interaction between the Pt and the reduced support that alters
;ﬁﬁ slightly the state of the Pt and lowers the strength of the Pt-CO bond. Our

) XPS data shows that this interaction cannot be explained as simple charge
;ii transfer between support and metal. Using UPS and ELS we were unable to

;;} detect any significant differences in the vaience electronic stucture of the i
i;' oxicized and reduced Pt/TiC, systems, but further work with better ‘
iy ‘
;iﬁ sensitivity and resolution is needed. The electronic effects seem to be \
4 6) . |
éfﬁ fairly short-ranged as evidenced by monitoring the peak area of the low
2.4 |
:Ei temperature CO desorption peaks. At Pt coverages of 2ML the low temperature
e . ‘
%Q§ desorption region for the reduced sample is the same as for bulk Pt (both
%

shape and area). This can be taken as a rough guide to the extent of the

Q-‘ Lo *. .1' X 0.\. TR ".‘!‘. , '.:’. .". '-"".‘.

I LYY 1 e ey

‘\l'» .- £y \‘: L fd.‘.‘




" “u i LA TRV U AT T T
interzection. Wnilie there  clectronic  enl worpaclogy  Charces ooLur

simultanecusly, further speculition about their origin and interrelatiorn ic

not warranted.

Conclusions
From the data presented here we draw the following conclusions:

1) An SMSI catalyst can be successfully modelled using low surface area thin

gg% films of oxidized Ti metal with controlled amounts of Pt vapor-deposited
£

%-% thereon.

Ped

2)  Suppression of CO and H, chemisorption on reduced, as comparec to fully
oxidized titania films with Pt overlayers, is interpreted in terms of two
factors: (a) flatter Pt particle morphology on the reduced samples and (b) 2
different electronic interaction between the Pt and T102 which, at low Pt
coverages, suppresses CC and H2 chemisorption.

3) Auger parameter measurements indicate that the electronic interaction is

not the result of a simple charge transfer.
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Substrate ABE(eV)@  AKL(eV) AE{eV) Ak {eV)
Ti0, (ox) + 0.5 - 1.4 + 0 - 0.45
Ti0,(red) + 0.4 - 1.4 - G.1 - 0.5

a. AB: and AKE are calculated by taking the

measuremcnts for ept = 8 and 0.5 ML.
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Figure Cuptions
Figure 1: XPS of Ti(2p) region for Ti0,(ox) and TiC,(rec).
Figure 2: AES of multilayer Pt deposited or. T102(ox).

Figure 3: Ti(387), open symbols, and Pt(235), closed symbols, AES signals

vs. Pt dose on Ti05(ox), triangles, and TiO,(red), circles. Calculated

ideal growth(layer-by-layer) curve is indicated by the solid curves.

Figure U E5 TDS of 0.0L H> adsorbed at 130K. Each spectrum is labeled with
coverage of Pt (ML) aeposited on the TiC, substrate prior to the desorption

experiment.

Figure 5: Relative peak areas for H2 desorption from platinized
TiO,(ox),triangles, and TiO,(red), circlesf Filled and open circles
represent 2 different experiments on TiOZ(red). Adsorption conditions were

the same as for Fig. 4.

Figure 6: CO TDS of 1L CC coadsorbed with 0.6L H2 at 130K. Each spectrunm is

labelled with the coverage of Pt deposited onto the Ti02 substrate prior to

the desorption experiment.

e W, v --‘..ﬂ';-f o ,, .. - " o, 1‘\'\. ‘ -

'.-.'.".«




oesy 045y (X114 0°L9Y 0°cLy

. v
¥ “V
] ~
q ( N .' 3,
: 8J) “ol :
| ﬁv v OOF N -!-

; m E;
: o i
x

¥

-. ~(.
. |

. 2




——— L S ”

R [} ‘F"‘{F"""-P‘k'F'r;“’F“‘l"‘ TR "> " it b IR 4 e, Y. R
W S wraa At Tat v "W-—)v’v"? — -
.

gy

4‘00 50

|
300

KE/eVv

|
200

A

L

)

.
A,

x|

a
L
ote SN

.
-

L)
A

Vi
|
10

3% np,

- -«
.-
-
* »

. LIRS - -t e aY

. R G W -.'.s}v -.‘_«."_&‘_-.;_r‘_:. (?n': ..: “-_\!‘l‘\ :.‘_:. A AN
R AP0 P L R R RN PRI R R NN

T - o * A [ WY -

Lt ety ity el e el

LS TRsX

‘z ~ N L% .'f"‘




I
4

A s
[ ]
L

RICNC

(w) ;
¢
(995)350Q .

009 0S¥ 00€ oSt 0
{ 1 Y

v ]

v-._"t?.',..'.'.“ Ve NoW VLW

LTIV T TY Y




l
430

N
5
i L}

-~

]
330

(AN

|
230

TEMPERATURE /K

lez(red)
Tioz(ox)

130

s Ve TRE LV W N,

ALISN3LNI 2 SSVYW

oA S

.

AL ST .J.....c 4o " POR i u..-.--ho-.f . ARt o [ N RA 0 14.4!-% 7
A.wu-\.-\ni F LA b e At t ~ AR AAA NS KN% . . KEARARN \.. \.- ' T ..-ﬁ 4
XAA  REIORN AR ROGRES  DEREAN SEORREINAR| | A0 R

ROZ Y I L T - 3 i



N

NN

>
Oy

"_ s ax ad
7P
A

J:v
e

o
S

F Y b f B B ]

YRR ., F I 4.:_\: 2
- = L) .
.u!:n!;’.'l. F Ve /)

195

o

1.0
0.8

0.6

0.4

0.2

I ] ] | ]

1 2 3 4 5

Pt coverage,(ML)"



630

|
630

0.5

|
430

]
330

TEMPERATURE/ K

|
230

Tloz(rod)
lez(ox)

130

&

ALISNILNI 8¢ SSVIN

L]
¥
™
FAN a o - T SN TS SRR & T O TR TR TG A 7 0 AR,







