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Abstract

CO adsorption (0.01-10 Torr) on differently pretreated titania-, alumina-, and silica-supported 1 and 5% Pt catalysts was investigated by
DRIFTS at 300 K. The three band structure observed in 0.01 Torr CO on reduceq @%gPtatalysts has been connected with the presence
of monoatomic Pt (2112-2106 cm?), Pt atoms on edges (2070 ¢, and kinked Pt atoms (2050 ¢i). The increase of CO pressure
caused the disappearance of the bands due to CO adsorbed on edged and kinked Pt atoms, and at the same time a band due to CO linearly
top) adsorbed on smooth Pt facets appeared at 2058—2068 dinese features were regarded as consequences of surface Pt reconstruction.
CO adsorption on reduced 5%/Bkide catalysts did not show the presence of edged and kinked Pt atoms, as only the bands due to CO
adsorbed on monoatomic®©2105-2109 cmit) and CO linearly (on top) adsorbed on smooth Pt facets (2066—2076)arnere observed.
The intensity of the band due to CO adsorbed on monoatorflimBteased with time and CO pressure, which is probably characteristic for
the disruption of Pt crystallites into Pwith the help of CO.
0 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction no unambiguous conclusion for the oxidative disruption—

reductive agglomeration (in general, reconstruction) of Pt
Numerous papers have been devoted to the (mainly in-has appeared in the literature.

frared) spectroscopic study of the structural changes of noble ~ Most of the papers dealing with G®t systems depicted

metals supported on oxides during CO adsorption. It hasonly one band in the range of 2100-2000Tmthis band

been well documented that CO adsorption at 300 K and atwas attributed to the linear (on top) CO adsorbed on Pt atoms

lower temperatures led to the oxidative disruption of Rh surrounded by only Pt atoms (i.e., large Pt particles). The po-

[1-3], Ir [4], and Ru [5] crystallites supported on oxides sition of this band depended on the dipole—dipole interaction

resulting in the formation of metal carbonyl (MCO),) sur- increasing with the surface coverage [8] or on the reduction
face species. The effect of CO at higher temperature (abovedegree of Pt [9].
448 K) was reversed: reduction of Msites and agglom- An additional model explaining the observations made

eration of the resulting Matoms caused the formation of using infrared spectroscopy is the CO island formation
metallic crystallites (reductive agglomeration) [1,4,5]. The model [10-13]. Based on the fact that the CO stretching fre-
reconstruction of metal particles due to CO adsorption was quency over a wide range of coverage on the surface of the
further strengthened by STM studies on/RD»(100) [6] supported Pt catalysts was constant, it was concluded that
and Ir/TiO2(100) [7] surfaces. CO may exist in the form of closely packed islands on the
Despite the fact that the systems of @ide-supported  catalyst surface.
Pt and CQPt single crystal surfaces have been frequently  |n the range of 108—2 Torr CO pressure only one band at
studied by FTIR, HREELS, IRAS, and SFG, respectively, 2057 cnr! and a small shoulder at 2067 chwere detected
on the spectra of P8I0, having a mean Pt particle size
E-mail address: rasko@chem.u-szeged.hu. of 1.1 nm. These bands were attrit.)uted. to CO adsorbeq on
1 This laboratory is a part of Center for Catalysis, Surface and Material COTner Pt atoms. When the Pt particle size was greater, i.e.,
Science at the University of Szeged. 4.2 nm, three bands at 2067, 2080, and 2090 twere ob-
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served under the same circumstances, which were assigneélve to six atoms) formed during pretreatment were com-
as CO adsorbed on edges (2067 ¢ CO molecules ad-  pletely decomposed and transformed to platinum carbonyl
sorbed on edge atoms, vibrating in-phase (2080%9and clusters. The coordination parameters pointed to a structure
the vibration of islands of CO adsorbed on (111) face atoms of [Pt(linear-CO}] stabilized by the zeolite walls.
(2090 cnt1), respectively [14]. Adsorption of CO (101 Pa) at 300 K on 0.5% PZSM-5

The appearance of the bands due to symmetric and asym+educed at 573 K resulted in the appearance of two bands
metric stretchings of metal dicarbonyls during CO adsorp- at 2124 and 2091 crit. An increase of the reduction tem-
tion on corresponding oxide-supported noble metal cata- perature to 823 K led to the disappearance of both bands and
lysts has been connected with the oxidative disruption of Rh to the appearance of a band at 2082¢mOn the sample
[1-3], Ir [4], and Ru [5]. Taking into account the great sim- with higher metal loading (1% PZSM-5 reduced at 623 K)
ilarities of Pt with the above noble metals, the disruption of adsorption of CO led to the appearance of the 2082%cm
(at least small) Pt particles, i.e., the detection of Pt—carbonyl band, which shifted to lower wavenumbers and split into two
surface species, during CO adsorption has been strongly exbands (2070 and 2050 crh) upon thermodesorption up to
pected. (We note here that the same is valid for Pd.) 573 K. Atthe same time a band at 2123 chwas clearly de-

The studies of oxide-supported Pt catalysts, however, tected [22]. The thermally stable 2123 and 2092 ¢rbands
have been unsuccessful in this respect so far. This might bewere attributed to the symmetric and asymmetric stretchings
due to the fact that neutral Pt carbonyls containing only CO of P¥T—(COY species and the band at 2082 thwas as-
ligands are unknown or very unstable [15-17], and Pt¢CO) signed to CO adsorbed on the Pt cluster. As the intensity of
has only been prepared under low-temperature matrix isola-the 2123 cm! band increased with adsorption time and CO

tion conditions [18]. pressure on 1% PESM-5, this might be attributed to CO
The reductive carbonylation (400 Torr CO at 353 K) of adsorbed on monoatomic Ptin the hidden sites of the ZSM-5

Pt(NHs)42* /NaY led to the formation of [R{CO)g]%~ lo- structure.

cated in the NaY zeolite, while the exposure of PtNaY SFG studies of CO adsorption on platinum single crys-

to 550 Torr CO at 298 K resulted in the synthesis of the tal surfaces under high CO pressure and room temperature
[Pt12(COX4]2~ cluster in the NaY zeolite [19]. These di- [23-25] showed a decreasing on top peak superimposed on
anions exhibited infrared bands only due to linearly and @ broad shoulder with increasing pressure. The broad shoul-
bridge-bonded CO (2086, 1898, 1836, and 1798 trior  der around 2040-2000 cmh was suggested [24] to be as-
[Pto(CO)g]?~ and 2112, 1896, and 1841 cth for the sociated with the formation of a carbonyl binary complex
[Pt12(CO)4]%~ cluster, respectively). Taking into account ©On @ platinum surface under high CO pressure. A similar
that Pt(NH)42+ and PE™ were originally situated individu- conclusion was published on high pressure CO adsorption
ally in the appropriate crystallographic positions of the zeo- ©n polycrystalline Pt foil [25]. The revisited SFG study
lite framework, the formation of the above Pt clusters can be of @ CO/Pt(111) system, however, showed only the pres-
regarded as an agglomeration process. ence of on top CO between 10 and 500 mbar and at
The adsorption of 500 mbar CO at 300 K on 19Kt 160-400 K [26]. It has been pointed out that the disappear-
zeolite (reduced at 673 K) caused the appearance of well-ance of the on top CO peak and other SFG features was due
resolved bands at 2068, 2031, and 2008 &nwhich were 0 the gas-phase absorption [27]. _ _
connected with the formation of neutral, PO, stabilized Taking into account the (sometimes contradictory) pieces

by the oxygen atoms in the framework of the KL zeolite [20]; ©f information collected above, as a continuation of our for-
mer studies, a more detailed DRIFTS investigation on the

(Zeol-0:), — Pt,CO,.. CO-Pysupport interaction seemed to be necessary.

It should be pointed out that the formation of the above
surface species proved to be reversible: after a relatively 2. Experimental
short evacuation time (28 min) at 300 K the characteristic
bands disappeared and only a broad absorption at around The oxide-supported Pt catalysts were prepared by incip-
2000 cnt! remained in the spectrum, which was also ob- jent wetting of TiQ (Degussa, P25), AD; (Degussa), and
tained during the adsorption of 1 Torr CO on the same sam- Si0Q, (Cab—O-Sil) with an agueous solution 0fPCl x
ple and assigned to linearly bonded CO on larger Pt particles.6H,O (Reanal). For preparation triple-distilled water was
Unfortunately the accurate assignments of the bands at 2068used. The metal contents were 1 and 5 wt%. All materi-
2031, and 2008 cmt were not given. als were of analytical grade. After impregnation the samples
EXAFS study of the P&K-LTL zeolite (reduced at 573K)  were dried in air at 373 K.
before and after CO adsorption at 300 K revealed that the  The powdered catalysts were placed in the sample holder
coordination number of Pt decreased from 4.2 to 2.2 and theof a CHA-CHC DRIFTS chamber (Harrick), which was con-
Pt—Pt distance diminished from 0.274 to 0.267 nm due to nected with an all-metal vacuum and gas handling system
CO adsorption [21]. Based on these data it has been statedoutinely capable of producing s 107 Torr pressure. §
that the very small platinum metal particles (consisting of Hz, and CO were of high commercial purity (Linde).
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The pretreatments of the catalysts were performed in theat 2092 cnt!. When the sample was oxidized at 573 K, CO
DRIFTS chamber. Three different pretreatments were ap- adsorption caused the appearance of a band at 2075.cm
plied: (i) the sample was evacuated at 573 K for 2 h; (i) the This band appeared at a lower wavenumber, at 2058'¢cm
catalyst was heated (10/Kin) from 300 to 573 K in @ on the sample evacuated at 573 K. The adsorption of 0.01
(10 Torr), and kept in @for 1 h at this temperature and  Torr CO on 1% PtTiO, reduced at 573 K caused the ap-
then it was evacuated for 30 min at 573 K, and the sample pearance of the bands at 2106, 2070, and 2050 fthree
was cooled to the temperature of the adsorption; and (iii) the hand structure) and an absorption at around 1856cm
catalyst was heated (10/knin) from 300 to 573 K in H The increase of CO pressure to 10 Torr resulted in a
(10 Torr), and kept in bl for 1 h at this temperature and  shoulder at 2105 crmt and only one band between 2100
then it was evacuated for 30 min at 573 K, and the sample and 2000 cm! on samples pretreated at 573 K (Fig. 1B).
was cooled to the temperature of the adsorption. The dis-The position of the latter band depended on the pretreat-
persity of the samples was calculated on the basis of theen: it appeared at 2078 crh on the oxidized sample,
amount of chemisorbed hydrogen (determined from isother- 4; 2970 cntl on the evacuated sample, and at 2067 tm
mal H adsorption at 300 K) with a surface stoichiometry of . the reduced sample. On the reduced sample a band at

PtH=1:1. 1843 cn! was also detected. The 2184 thiband is due
DRIFT spectra were recorded at 300 K by a Genesis to CO adsorbed on Tias TH—-CO [28]

(Mattson) FTIR spectrometer with a wavenumber accuracy The three band structure (2106, 2070, and 2052%9m

_1 . .
of &4 cnr™. Any other adsorption temperature will be appeared already after 1 min adsorption of 0.01 Torr CO at

_ngt;%':sgl '2 t:;rtue:]t'vgslrcjtlilgef’g Sfﬁgsswscrt? ucrg”gfc terde._ 300 K on reduced 1% PTiO2 and could be detected even
b y P Pre" after 180 min adsorption time. While the intensities of the

treated samples, the result of which was transformed to thebands at 2070 and 2052 crhwere practically constant for

Kubelka—Munk function. The sample compartment and the . . . . .
spectrometer were purged with water- andxJ@e air pro- %ri%r?;?g tgil)ntensny of the 2106 crhband increased with

- t
duced by a Whatman purge gas generator to eliminate the
y Y pLrge 9as g m When the adsorption temperature was higher, at 543 K,

disturbing effects of HO and CQ in the infrared beam. ,
the same spectral features were registered as at 300 K.
(Spectra were taken at 543 K in this experiment.) The three

3. Results pand structure (2112, 2073, and 2044 dnformed in the
first minute of CO adsorption (0.01 Torr) and remained for
3.1 Pt/TiO; 180 min even at 543 K (Fig. 2B).

In the following experiments the effect of CO pressure
The adsorption of 0.01 Torr CO at 300 K on differently was investigated on reduced/PtO, catalysts at 300 K. In
pretreated 1% PTiO, resulted in the spectra depicted in  0.01 Torr CO the three band structure was observed on 1%
Fig. 1A. The spectrum of the sample evacuated at 300 K (not Pt/TiO2. In higher CO pressure (0.1-10 Torr), however, only
shown) displayed a sharp band at 2128 ¢érand a shoulder ~ one band appeared in the range of 2100-2000%rthe
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Fig. 1. Spectra of CO adsorbed on differently pretreated 1856i0% at 300 K. (A) 0.01 Torr CO; (B) 10 Torr CO. Adsorption time was 15 min. 1, oxidized at
573 K; 2, evacuated at 573 K; and 3, reduced at 573 K.
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Fig. 2. Spectra due to the adsorption of 0.01 Torr CO on reduced 1% Pt as a function of adsorption time: (A) at 300 K; (B) at 543 K. 1, 1 min; 2, 60 min;
3, 120 min; and 4, 180 min.
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Fig. 3. Spectral changes due to the effect of CO pressure changes at 300 K on (A) reduc¢@i0¥ ) reduced 5% BfTiO,. Adsorption time was 15 min.
1, 0.01 Torr; 2, 0.1 Torr; 3, 1 Torr; and 4, 10 Torr.

position of which depended on the CO pressure applied: it displayed in the spectrum after 1 min adsorption time. In ad-
was registered at 2058 crhin 0.1 Torr CO and shifted to  dition to this band a shoulder at 2109 chand a small band
2063 cnt (1 Torr) and to 2068 cm! (10 Torr ) (Fig. 3A). at 1845 cm! appeared at the same time. With the increase
Upon increasing the Pt content to 5%, the three band of the adsorption time the 2065 crhband shifted continu-
structure was not observable in 0.01 Torr CO; only a small ously to higher wavenumbers: after 20 h it was detected at
band at around 2050 cm could be detected. As the CO 2072 cntl. The intensities of the bands at 2109 and around
pressure increased to 0.1 Torr, two bands at 2105 and1840 cnt!increased with an increase of the adsorption time
2066 cnT appeared. The positions of these bands shifted (Fig. 4A).
to higher wavenumbers with a further increase of CO pres- The same experiment (10 Torr CO at 300 K) on reduced
sure (Fig. 3B). In 10 Torr CO they appeared at 2109 and 5% P¥TiO led to the appearance of the bands at 2109,
2076 cntl, 2074, and 1845 cm'. Their intensities increased with the
When the reduced 1% PO, sample was kept in  increase of the adsorption time; their positions, however,
10 Torr CO at 300 K, an intense band at 2065 ¢émvas proved to be stable even after 20 h adsorption (Fig. 4B).
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Fig. 4. Spectra due to the adsorption of 10 Torr CO at 300 K as a function of adsorption time on (A) reducediOs; PB) reduced 5% RfTiO». 1, 1 min;
2,60 min; 3, 180 min; and 4, 20 h.
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Fig. 5. Spectra recorded (A) on reduced 1%IRD, after adsorption of 0.01 Torr CO for 180 min and evacuation at 300 K (1) and at 543 K (2); (B) on reduced
Pt/TiO, catalysts after adsorption of 10 Torr CO for 20 h and evacuation at 300 K: 2%t (1) and 5% PtTiO» (2).

It is worth mentioning that the three band structure did (Fig. 5B). Itis interesting that the intensity of the 2062¢m
not appear in these experiments. band reduced in a greater extent on 5%TRD,, as on 1%
The three band structure remained on the spectra whenPt/TiO».
the sample (1% PRTiO,) was evacuated at the adsorp-
tion temperatures after 0.01 Torr CO adsorption at 300 and 3.2. Pt/S0, and Pt/Al,O3
543 K, respectively (Fig. 5A). It is noteworthy that the evac-
uation at both temperatures resulted in a dominant band at  The three band structure (2107, 2069, and 2045%9m
2107 cnm! (300 K) and at 2112 cm* (543 K), and small  appeared in the spectra of reduced 1%3D, due to the
bands at 2068 and 2053 crhat 300 K, and at 2076 and  adsorption of 0.01 and 0.1 Torr CO at 300 K, respectively
2036 cnT! at 543 K. (Fig. 6A). With the further increase of CO pressure the
Stable bands at 2112 and 2062 Thwere observed in 2069 cnt! band became dominant. When the sample was
the spectra of both the 1 and 5%/PiO, due to evacuation  kept in 10 Torr CO at 300 K for 20 h, only the band at
at 300 K after the adsorption of 10 Torr CO for 20 h at 300 K 2069 cnt?! could be detected, which shifted to 2058 tn
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Fig. 6. Spectral changes due to the effect of CO pressure changes at 300 K on (A) reduce®i3%, PB) reduced 5% Bt#l,03. Adsorption time was
15 min. 1, 0.01 Torr; 2, 0.1 Torr; 3, 1 Torr; and 4, 10 Torr.

and diminished on the effect of subsequent evacuation atafter 10 Torr CO adsorption, the above band shifted to lower
300 K. wavenumbers, which is also similar to the behavior of on top
The features registered on reduced 19%AP103 were CO surface species.

different from the above: the adsorption of 0.01 Torr CO The possible explanation of these infrared features, indi-
at 300 K resulted in the appearance of two bands at 2067rectly that of the formation of Pt crystallites during oxidation
and 2041 cm?. With the increase of CO pressure the inten- and evacuation at 573 K, might be based on the extended
sity of the 2067 cm® band increased and shifted to higher electron transfer from titania to platinum ions. The elec-
wavenumbers (in 10 Torr CO it appeared at 2078 &m tronic interaction between titania and metal supported by
The 2041 cm! band could not be resolved in 0.1-10 Torr titania was first supposed and demonstrated more than three
CO. A shoulder at 2117 cnt and a band at 1837 cm de- decades ago [29]. The easy electron transfer from titania
veloped in 1 and 10 Torr CO (Fig. 6B). The positions of to the supported metals has been recently demonstrated in
the 2117 and 2078 cnt bands were unchanged when the some catalytic systems [30—32]. This would result in the re-
sample was kept in 10 Torr CO at 300 K for 20 h; their inten- duction of Pt* ions to P? atoms, and then Pt atoms agglom-
sities, however, increased with increasing adsorption time. erate to Pt crystallites producing quasi-uniform adsorption
On the effect of subsequent evacuation at 300 K the inten- sites for CO adsorption. It should be noted, however, that no
sities of both bands diminished and they shifted to lower measurable badsorption (i.e., no detectable Pt dispersity)

wavenumbers (to 2116 and 2067 thy. was experienced at 300 K on oxidized or on evacuated 1%
The spectra of 5% P8I0, and 5% PtAlI,O3 samples Pt/TiOo.
displayed only one band at 2062 and 2066 énrespec- The most striking feature obtained in this work was the

tively, due to the adsorption of 0.01 Torr CO at 300 K. The detection of a three band structure (similarly to that ob-
intensity of these bands increased with increasing CO pres-served on supported Rh) in low CO pressure at 300 K on 1%
sure; no other bands, however, could be observed. Pt/TiOz reduced at 573 K (Fig. 1A). This structure remained
in 0.01 Torr CO at 300 and 543 K for longer time (Figs. 2A
and 2B). The band slightly above 2100 ch(2106 cnt! at
4. Discussion 300K, 2112 cnt at 543 K) has grown with adsorption time
at both temperatures independent of the two other bands at
The different pretreatments of the 1%/PiO, sample led 2100-2000 cm?, showing that the bands in the three band
to an unexpected result: the oxidation and the evacuation atstructure should belong to different adsorbed CO species.
573 K resulted in the appearance of one band between 2100Thus the classical assignment of the three bands observed in
and 2000 cmt, which resembles well the band assigned to the case of supported Rk 2100 and~ 2030 cnt? are due
linearly bonded (on top) CO on Pt crystallites (formed dur- to symmetric and asymmetric stretchings oftR{CO), and
ing reduction) (Fig. 1A). The shifts of this band to higher ~ 2060 cnt? is due to on top CO) [1] is not applicable to
wavenumbers with the increase of CO pressure from 0.01 tosupported Pt.
10 Torr (Fig. 1B) seems to strengthen further the above simi-  In other experiments the development of the band at
larity. When the sample was evacuated at 300 K (not shown)slightly above 2100 cm! was dependent also on the CO
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pressure (Figs. 3A and 3B) and on the Pt content (compari- positions Av =~ 20 cnT1) is too low in comparison with
son of Figs. 3A and 3B and Figs. 4A and 4B, respectively). that for Rh*—(COY (Av =~ 70 cnT 1), their intensity ra-
This band was stable and dominant in the spectra recordedio is near unity, which would permit their assignment to
after evacuation at 300 and 543 K, respectively (Fig. 5A).  Ptt—(CO), surface species. The fact that these bands could

A plausible assignment of this band would be that it might be observed in CO (0.01 Torr) adsorption at 543 K contra-
belong to CO adsorbed on (at least partially) oxidized Pt dicts this assignment, as 543 K would be high enough for
(Pf) sites. The oxidation of originally reduced Pt atoms reduction of Pt sites by CO. More probably, these bands
may have occurred by oxygen generating from CO disso- may belong to CO adsorbed on Pt atoms with different co-
ciation on titania-supported Pt samples. There are no data,ordination numbers (i.e., Pt atoms on edges and on kinked
however, which would demonstrate the occurrence of CO Pt atoms). According to the spectral features observed, the
dissociation at 300 K on PTiO2 catalysts. After a more ef-  edged and kinked Pt atoms are stable on 194, even
fective oxidation (at 573 K in @), on the other hand, no at relatively high temperature and at low CO pressure.
band at slightly above 2100 crh appeared in CO adsorp- Interestingly, these bands disappeared with the increase
tion (Figs. 1A and 1B). The assignment of this band to CO of CO pressure at 300 K (Fig. 3A); only one band at
adsorption on Pt ions seems to be also unlikely, because2058 cnt! appeared in 0.1 Torr CO, which shifted to higher
the adsorption of CO on these sites was found to be very wavenumbers with the further increase of CO pressure. This
weak [33,34], which is in contrast to the high stability of this behavior is very characteristic for CO linearly (on top) ad-
band found on evacuation at 543 K (Fig. 5A). All these sug- sorbed on a well-ordered Pt surface and is explained by
gest that this band cannot be assigned t6REO surface dipole—dipole interaction [8]. The appearance of the band
species. at 2058-2068 cm' already at 300 K due to increasing CO

A more convincing interpretation can be obtained by tak- pressure suggests the occurrence of agglomeration or recon-
ing into account the assignment of the 2123 ¢nband struction of surface Pt atoms. The disappearance of the 2070
which appeared in CO adsorption on Pt-mordenite [35] and and 2050 cmi* bands in higher CO pressure favors the pos-
on PYZSM-5 [22]. The 2123 cm! band was attributed sibility that edged and kinked Pt atoms transform to Pt atoms
to CO adsorbed on monoatomic®Pin the case of Pt-  in more ordered position; i.e., they become parts of different
mordenite [35]. As the band at 2123 chwas easily de-  smooth Pt crystalline facets (reconstruction). At the same
tected on P&ZSM-5 only when conditions known to favor  time the increase of the Pt crystallite size can also be ex-
the formation of atomically dispersed metal species were pected (agglomeration).
used, i.e., low metal loading and low reduction temperature, The bands due to CO adsorbed on edged and kinked
this assignment for the 2123 crhwas also applied to this Pt atoms did not appear on 5%/PtO, in 0.01 Torr CO
sample [22]. The band at 2123 chcould be detected inthe  (Fig. 3B). Only one band due to linearly adsorbed CO
highly loaded PtZSM-5 only upon extended CO adsorption (2066—2076 cm?) was detected in the range of 2100-
at elevated pressure. In the latter case the 2123'dvand 2000 cn1?l, the characteristics of which were the same as
was attributed to CO adsorbed orf Rtoms in hidden sites  that of the 2058—2068 cnt band observed on 1% FRiO,.
of the ZSM-5 structure, which are not readily accessible for This observation permits the conclusion that the reductive
Co. pretreatment (at 573 K) of 5% PEiO, resulted in the for-

Spectral features similar to those observed ofz BM- mation of Pt crystallites with well-ordered facets containing
5 were registered in the present study: the band at 2112-no edged and kinked Pt atoms.

2106 cnt! appeared immediately after admission of CO The dispersity reduced 1 and 5%/PiO; (29 and 20%);

to PYTiO2 and this band developed slowly at higher CO consequently the particle sizes calculated [36,37] from the
pressure. Based upon the above the 2112-2106 dand dispersity values (3.09 and 4.48 nm) were not consider-
observed on PO, can tentatively be assigned to CO ad- ably different. Thus, the difference in the particle size alone
sorbed on monoatomic Ptlts immediate appearance may would not account for the different spectral features ob-
refer to the possibility that after reduction at relatively low served on the above catalysts. It is very possible that the
temperature (573 K) a part of the platinum exists in the form heights of the particles are bigger in the case of 5%F i€,

of PP atoms. The slow increase in the intensity of this band which may be more favorable in the formation of nearly
with adsorption time and CO pressure, on the other hand,ideal Pt facets (no disturbing effect of the support). It has
may reflect a slow surface process due to CO adsorption,been demonstrated [38—40] that the differences obtained in
which is probably the disruption of Pt crystallite (especially CO adsorption on PAI>,Oz and PySiO; catalysts could be

in the case of higher—5%—Pt loading) intdRitoms with due to the different shapes and morphologies of Pt crystal-
the help of CO. lites on alumina and silica formed during the reduction.

At the lowest CO pressure applied here (0.01 Torr) two  Once Pt facets (without edged and kinked Pt atoms)
other bands at about 2070 and 2050 ¢nappeared in the  formed, they proved to be stable at 300 K in 10 Torr CO
spectra of 1% PfTiO2 reduced at 573 K (Fig. 2A), the in-  for a longer time (Figs. 4A and 4B). No new bands be-
tensities of which did not change appreciably at 300 K in sides the absorptions due to CO adsorbed on monoatomic
increasing adsorption time. Although the difference of their Pt (2109 cn?) and on smooth Pt facets (2074—-2072¢n
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appeared even after 20 h. This observation is in contrast with face) and the increase of the surface concentration of
the phenomenon detected on supported Rh, where Rh crys-  individual PP atoms (disruption).
tallites of appropriate size suffered oxidative disruption at 4. On reduced Pbxide catalysts of higher Pt loading, Pt

300 K in 10 Torr CO [1]. crystallites with flat Pt surfaces and monoatomi€ Pt
It can be supposed that the small bands-€070 and atoms can be found. No edged and kinked Pt atoms
~ 2050 cnr! were simply mismatched by the intense band formed during reduction.

at 2066-2076 cm®; thus no surface rearrangement oc- 5. The surface concentration of monoatomft(#ie extent
curred, as has been stated above. After a short evacuation of disruption) increased with increasing time and CO
at 300 K, however, only the bands at 2112 and 2062tm pressure at 300 K on Rixides of higher Pt loading.
were detected; no traces of the bands due to CO adsorbed on
edged and kinked Pt atoms were observed (Fig. 5B). These
features strengthen further that the appearance of the 2066-Acknowledgments
2076 cnmt! band is really due to the surface rearrangement
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