Available online at www.sciencedirect.com

scleuce@nlnec'ro

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

z
=]
2
m
o
<
=
>
b

G

o

ELSEVIER Journal of Molecular Catalysis A: Chemical 238 (2005) 102-110

www.elsevier.com/locate/molcata

Palladium-platinum powder catalysts manufactured by colloid synthesis
ll. Characterization and catalytic tests after
oxidizing and reducing treatment

N. Gybrffy @ L. TothP, M. Bartok®, J. Ocsko®, U. Wild 9,
R. Schbgl9, D. Teschnetd, Z. Paald*

a |nstitute of Isotopes, CRC, Hungarian Academy of Sciences, P.O. Box 77, Budapest H-1525, Hungary
b Institute of Technical Physics and Materials Science, Hungarian Academy of Sciences, P.O. Box 49, Budapest H-1525, Hungary
¢ Department of Organic Chemistry, University of Szeged, Szeged H-6720, Hungary
d Fritz-Haber-Institut der MPG, Faradayweg 4-6, D-14195 Berlin, Germany

Received 11 March 2005; received in revised form 13 May 2005; accepted 16 May 2005
Available online 20 June 2005

Abstract

Unsupported Pd, Pt and PdPt bimetallic catalysts were prepared in different atomic ratios using methods of colloid chemistry. They
were characterized by XPS, UPS and TEM. Four subsequent treatments matid®} up to T=603 K were applied in the preparation
chamber of the electron spectrometer and before the catalytic runs. Platinum strongly hindered the oxidation of palladium in the bimetallic
samples indicating an alloying of the two components. Thdreatment after @led to rather clean metals. These treatments up to 603 K
decreased the Pt enrichment near to the surface found by XPS, destroying presumably the Pt islands on the surface of a Pd-rich matrix. Tt
particle composition approached thus a homogeneous metal mixture. The catalytic behavior was tested in the hydrogenative ring openin
reaction ofcis- andtrans-methyl-ethyl-cyclopropane (MECP) at 373 K. The product ratios 2-methylpentane/3-methylpentane (2MP/3MP)
and 2-methylpentane/n-hexane (2MR) were used to characterize the ring-opening pattern of the samples. The bimetallic catalysts revealed
higher activity and completely different selectivities than the monometallic Pt and Pd. Moreover, the 2MP/3MP ratrarfissiECP and
2MP/H ratio fromcissMECP increased as the surface Pt enrichment decreased. PdPt catalysts were cleaner than Pd or Pt, their activity highe
and selectivity closer to random~C rupture, due, very likely, to the presence of active Pd-Pt ensembiles.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction wise adsorbed intermediates were also proposed, theirimpor-
tance depends on the catalysts, on the reactant structure and
The opening of small cycles is their main catalytic reac- the reaction conditions. According to the literature, the car-
tion. Hydrogenative ring opening (HRO) occurs, when the bon ring opens selectively, that is, the sterically less hindered
reaction takes place in the presence of hydrogen. The prod-C—C bond cleavage is favored. Cyclopropane hydrogenolysis
ucts are open-chain hydrocarbons with unchanged number ofcan be considered as a structure-sensitive reaction on sup-
carbon atom§l,2]. Several details were reported on the tran- ported Pt catalysts, since the rate of ring opening increases as
sition metal catalyzed transformations of alkyl-substituted the mean Pt particle size decreg@sMaire etal[9] showed
cyclopropanes and cyclobutangs-7]. Flat-lying or edge- that the selectivity in methylcyclobutane hydrogenolysis on
supported Pt depended mostly on the platinum content: a
* Corresponding author. Tel.: +36 1 392 2531; fax: +36 1 392 2533, high-loaded catalyst is far more selective than that with lower
E-mail addresspaal @iserv.iki.kfki.hu (Z. P). platinum content (more dispersed). The reaction rate was
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slower on supported palladium than on Pa@$ and the “dis- In this part of the study, we investigated how the pretreat-

persion effect” was smaller. ments applied affected the catalytic performance of the sam-
Rather few studies have been published on hydrocar- ples in the transformation of two methyl-ethyl-cyclopropane

bon conversions over PdPt bimetallic catalysts. The group isomers. Two additional pretreatments were applied, with O

of Karpinski investigated “skeletal” hydrocarbon reactions and H at higher temperatures, representing typical “regen-

on different PdPt catalysfd0—14] Synergistic effects were  erations” before catalytic ruri22].

found for isomerization selectivity of neopentane, isomeriza-

tion and G-cyclization of pentane and hexaft,12] The

appearance of this synergism depended on the presence a?. Experimental

hydrogen excess during reactidr3]. A large variety of PdPt

catalysts was studied, including evaporated filfh8,11], 2.1. Catalysts
disperse supported particlg¢s2,13,15]and powderg16].
After calcination in oxygen, followed by hydrogen treat- Nanosized Pd, Pt and PdPt bimetallic particles were pre-

ment, PdPt/AlO3 showed higher activity and better selec- pared by a method of colloid chemistf28,29] Aque-
tivity in hexane dehydrocyclization and isomerization, than ous solutions of KPdChL and KoPdChL were reduced with
monometallic Pt/AJO3 catalysts[17,18] Another model NaBH;, in the presence of a cationic tenside at 323 K. Adding
reaction was the selective hydrogenation of 1,3-butadiene.2-propanol dissolved the stabilizing tenside layer and caused
It was hydrogenated on supported Pd and Pt catalysts undeprecipitation of the metal, as described in our previous
comparable conditions. The butene selectivity we$0% paper[20]. The nominal composition of the catalysts were
on Pd, while Pt resulted in marked fraction of butane. 100% Pt, 100% Pd and PdPt in the atomic ratio 4:1, 1:1
A notable feature in 1,3-butadiene hydrogenation was the and 1:4.
trangd/cis ratio for 2-butene. This ratio was 10 to 14 on Pd
catalysts, whereas a ratio of 1.5 to 2 was observed on Pt2.2. Photoelectron spectroscopy
catalysts. Isomerization during 1-butene hydrogenation was
much more rapid on Pd than on Pt catalysts. It was assumed The surface composition was determined by X-ray pho-
that the differences in selectivity depended on the different toelectron spectroscopy and ultraviolet photoelectron spec-
rates of desorption of reactive surface intermediates, due totroscopy (UPS). These measurements used a Leybold LHS
their specific modes of adsorpti¢i9]. 12 MCD instrument as described earli@2,23,30] UPS
Part | discussed the preparation of unsupported Pd, Pt andused He Il excitation (40.8 eV), pass energy (PE)=12eV. A
PdPt powder catalysts by colloid synthesis (with hominal Mg Ka anode was used for XPS (PE =48 eV). Atomic com-
Pd:Pt ratios of 4:1, 1:1 and 1:4) and their physical charac- positions were determined from peak areas using literature
terization by X-ray photoelectron spectroscopy (XPS) and sensitivity factors[31] and the homogeneous composition
transmission electron microscopy (TENBO]. In spite of model.
what is expected on the basis of pure thermodynamics (dif- Three pretreatments were applied to the catalysts, in
ferences in the heats of sublimation of Pt and Pd) predicting the preparation chamber of the electron spectrometer, as
surface Pd enrichmeff21], XPS showed more Ptin the sur- follows:
face region than the nominal composition. This was attributed
to the faster rate of reduction of Pd salt during preparation.
The customary pretreatment of such metal catalysts before
hydrocarbon reactions is reduction in f22,23]. H, treat-
ments at373 K (Case A)and 473 K (Case B) produced cleaner
metallic state, with some residual C and O impurity. The high ~ These treatments were carried out in the preparation cham-
“surface” Pt excess decreased slightly after treatment B. Ptber after each other, i.e., A B— C— D, with XPS and
enrichment is not exceptional. Venezia e{24,25]reported UPS in-between. Evacuation of the system was carried out
surface enrichment of the component present in lower nomi- while the sample was cooled. It is obvious that the measure-
nal amount in the range of 1-99% Pd in PdPt. By controlled ments in UHV may not reproduce exactly the surface state
surface redox reactions, selective deposition of platinum wasbefore evacuatiof82].
observed on Pd/ADs. Inthe presence of preadsorbed hydro-
gen, Pt was located as a “decoration” on low-coordination 2.3. Electron microscopy
sites of Pd. Deposition of Pt by direct redox reactions brought
it on to low Miller-index Pd faces, like (1 1 J26]. This latter The size distribution of the particles in the state after
method led ultimately to “more intimately mixed bimetal- D plus reaction was determined by transmission electron
lic system”. The importance of oxygen treatment is evident, microscopy in a Philips CM20 analytical microscope. No
since these catalysts were also tested®®/1°0 exchange EM pictures were taken between treatments. High-resolution
reactions at 723 IRR6]. O—Hj titration reportedly promoted EM used a JEOL 3010 TEM with a resolving power of
segregation of Pt and R&7]. 0.17 nm.

A: as prepared.

B: pretreatment with bl (100 mbar) at 473 K for 20 min.
C: pretreatment with ©(40 mbar) at 573 K for 10 min.
D: pretreatment with B (200 mbar) at 603 K for 20 min.
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2.4. Catalytic measurements Pt catalyst ﬁﬁ eV

. . . . O1s 5336y | ~531.3eV
The reactions were carried out in a conventional pulse co. -C=0

microreactor systerfd]. Treatments with Bl and & simi- ~534 eV
lar to those in XPS measurements were carried out before 4000 1 He0
catalytic runs, which took place at 373 K. Alteatment at 18%
373 K preceded the first catalytic run on the “as received” cat-
alysts (denoted as A here, too). Pulses pf @ere injected
into a hydrogen flow (10 mL mint). The amount of cat-
alysts were 5-6 mg. A gas chromatograph with a thermal
conductivity detector was attached to the system. A 2m
long 17% squalane/Chromosorb PAW column was used for
analysis at 313 K. The reactantss- andtrans-methyl-ethyl-
cyclopropane¢-MECP and-MECP, respectively) were syn-
thesized in Moscow and were gas chromatographically pure.

3000 1

26%

2000 |02, 573K 529.9 eV

Pt-O

Intensity (cps)

1%
1000 1

3. Results and discussion 18%

3.1. XPS and UPS as is

535 530
Table 1shows the surface composition of the samples after Binding Energy (eV)
each treatment (data for A and B were taken from [2f]).
Experience of several years confirmed that a homogeneouéz
composition model may be an acceptable approximationp
for dispersed samples like in this case. Our metal powders
exposed small surfaces in all directions towards the X-ray (PdPt 1:4) and 7% (Pd). Close values were measured after
source thus the XPS signal is a large average of electronstreatment D, too.
arriving from different angles, as discussed in an earlier paper ~ Fig. 1shows the O 1s spectrum of Pt measured after these
of ours[33]. This is obvious when one looks at the EM pic- four treatments. The amount of surface O was between 26
tures. The surface enrichment of Pt continued to decreaseand 11%. The untreated sample contained oxidized carbon
Contact with Q (Case C) had more marked effect in the Pd- impurity (as >G-O, with some-C-O—entities). After con-
rich or the 1:1 sample: their composition approached or eventact with H, oxygen was mainly present as surface OH or
reached (with Pd:Pt=4:1) the nominal values. A subsequentH20, possibly attached to surface carbon impurity. Treatment
H, treatment (Case D) reversed this process in the case ofC resulted in the appearance of a component correspond-
the latter sample: the surface Pt enrichment increased agairing to surface metal oxide (B 530 eV). More oxygen was
in Pd:Pt=4:1. The surface Pt concentration of Pd:Pt=1:4 presentafterthe second reduction (treatment D), butthe shape
decreased continuously and approached the nominal valueof the O 1s line showed that it was in similar chemical state
after the final H treatment (Case D) (agreeing with the bulk as observed after treatment B. With Pt bl4g8K], transfor-
concentration measured by E&0]). Pd and Pt retained = mation of the surface PO into Pt-OH and/or Pt/HO was
more than twice as much carbon as the bimetallic samplesobserved, while keeping it overnight in vacuunra00 K.
in the “as received state” and aftep lleatment (case Aand  Direct monitoring of the O 1s line was not possible in the
B) [20]. This situation continued after treatments C and D, presence of palladium, since the Pt 3p 3/2 peak overlaps with
too. Oxygen treatment (C) was rather effective in removing O 1s. The Pd 3d line can indicate reliably whether PdO is
the carbon impurity: the residual C content was between 0 present.
Fig. 2shows changesinthe Pt 4fline after treatments C and
D (O2 and H). In view of the appearance of some oxidized
Table1 _ metal component in the O 1s line, one would expect a rather
3;53';’2‘;30‘3;)‘“9 metal components measured by XPS (normalized 10 10 sjve change in Pt4f, too. The difference of (C—D) shows,
however, a rather small excess of oxygenated Pt after C. Its
chemical state points mainly to the presence of g¢{35].

ig. 1. XPS spectrum of pure Pt, the O 1s spectrum measured after the four
retreatments.

Composition (at.%)

Pd Pd:Pt 4:1 Pd:Pt1:1 Pd:Pt1:4 Pt This difference can be explained by the higher inelastic mean
A 100 705 295 30 70 6 94 100 free path, therefore larger information depth of the electrons
B 74 26 33 68 13 87 originating from the Pt 4f core level. The Pt 4f difference
c & 21 44 56 15 85 spectra in Pt and Pd:Pt=1:1 (but the other bimetallic sample
D 76 24 43 57 26 795

as well) are rather similar.
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Fig. 2. Changes in the Pt 4f line after treatments C (thick line) and D (thin T T
line) (O, at 573K and H at 603 K). 350 340 330
Binding Energy (eV)

.The Pd 3d lines show a cqmpletely different picture Fig. 3. Changes in the Pd 3d line after treatments C (thick line) and D (thin
(Fig. 3. The BE of PdO and Pd silicides were reported to be |ine) (0, at 573k and H at 603K).

between 336.3 and 336.8 €36,37] The Pd sample was pro-
foundly oxidized after C, the amount of Pdexceeding that  (treatment D) slowed down the change of surface Pd towards
of Pd®. The qualitative picture was similar in the PdPt=1:1 nominal composition (PdPt 1:1 and 1:4) or even reversed it
sample, too, but the relative amount of'Pavas much lower (PdPt 4:1).
here. Its valence state was closer t&"P(BE ~ 336.3 eV). Heat treatment of a similar system (Pd-Pt foils) at
Pd in the PdPt=4:1 sample was also much less oxidized. An770-800K in hydrogen caused surface Pd enrichment, as
approximate quantitative fitting of its Pd 3d doublet after O determined by soft X-ray emission spectroscopy (SXES)
treatment showed about the same amount &t Rdd Pd. [39]. This was relatively more marked with 15% Pd
Pt obviously “protects” palladium from oxidation and it is (15%— 35-40%) than with a sample containing 30% Pd
logical to expect that the higher is the Pt concentration, the (30%— 35-40%). Heating in helium caused less surface
more difficult is to form a PdO phase, considering also that enrichment. A layer-by-layer model calculation of the metal
atomically mixed domains of the two metals can be present. concentration showed Pt-rich even layers (2 and 4) with
Thus, the concentration changes (i.e., increasing of the rel-Pd-rich odd layers (3 and 5). Photoemission studies with syn-
ative abundance of surface Pd) must have been partly causedhrotron radiation pointed also to Pt enrichment in the first
by surface chemical reaction; oxidation of surface Pd pro- subsurface laydd0]. Szabo et al[39] pointed out also the
moted its accumulation on the surface. The present data argossible role of subsurface hydrogid] in promoting this
not sufficientto decide if there is athin PdO layer covering the separation. Heat treatment contributed to leveling off these
particles in state C or if the enrichment involved also pulling differences. XPS results of the same foils (not published that
out metallic Pd. The difference betweEiy. 3a and b, how- time) show Pd enrichmentin foils heated in vacuUiaiyle 9.
ever, indicate that the presence of Pt hindered the oxidation oflt was more pronounced after heating at 773 K and with the
the palladium component. This is an argument for the pres- Pd-richer foil. This confirms again (a) the inherent character
ence of rather intimately mixed areas of the two metals rather of inhomogeneous distribution of Pd and Pt in our disperse
than well-separated Pd and Pd domains. Electron microscopysamples, arising from the method of preparation and (b) the
of PdPY/SiQ after oxidation at 623 or 673 K showed the coex- role of oxidation—reduction processes (mainly of Pd) as one
istence of PdO with Pt, although at that temperatures, someof the causes of their concentration changes, in addition to
PtO was also observg88]. A subsequent reduction with,H mere temperature effects.
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Table 2 . o - He Il H,, 603 K
Pd and Pt concentrations in differently treated Pd-Pt foils Pd
Sample Treatment Pd Pt e
15% None 16 84
Pd +85% Flashed, 623 K 18 82 4*104
Pt 1h 773K 25 75 Pd:Pt4:1
30% None 45 55 ‘"\M/
Pd+70% SputteP 48 52
Pt Sputter, 1h 773K 62 38 7 3*10* L
o Pd:Pt 1:1
@ Measured with Mg k& excitation. The sampl€g89] contained 30-60% :; N‘\s.____~/\/
Cl;) the compositions were normalized to Pd 1_5P]t00%. 2
Sputtering removed about half of carbon impurity. E o*10% |
Pd:Pt 1:4 L
UPS was used in Part | to characterize the electronic state
of the sample after treatments A and®)]. Fig. 4 shows
He 1l spectra for all PdPt samples after C(@ 573 K). 1*10*
After C (Fig. 4), the Fermi-edge intensity was higher in Pt

than in the other samples. The Pt He Il spectra in states

A [20] and C were similar. As the palladium concentration 0 o

increased, the intensity of a peak at ca. 3 eV corresponding to 15 10 5 0
oxidized Pd increased enormously, with minor Fermi-edge Binding Energy (eV)
intensities.

A marked Fermi-edge appeared in each case after treatFig. 5. He ll spectrafor pure Pt, pure Pd and all PdPt samples after treatment
ment D (H at 603K). It was more intense with Pd and P (Hzat603K).
bimetallic samplesKig. 5. The He Il spectrum of 100%
Pt was characteristic of a not very clean Pt, showing a “dou-
ble peak system”~2.5 and~4.5eV, typical of a Pt black
reduced by hydrazine and treated with binly [22]. The
increased peak at ca. 5-6 eV pointed to some chemisorbe
oxygenatg34], in agreement with XPS+{g. 1). The spectra
of Pd:Pt=1:4 and 1:1 were similar to the UPS of clean Pt

confirming its surface enrichmef80]. Those of Pd:Pt=4:1
and 100% Pd were characteristic of palladium spectra.
Fig. 6compares the He Il spectrum of Pd:Pt=1:1 in states
and D with the average of the He Il spectra of Pd and Pt.
tate B is close to the model spectrum taken by averaging
the present Pd and Pt samples. PdPt=1:1 in state D showed a
much cleaner material, better approximated by another model
spectrum obtained from averaging the cleaneR@Htand Pd

73 K f :
He Il 02,573 blacks of different preparation.
Hell Cleanest (Pd+Pt)/2,
4*104 1 (from separate "
4%1 04 \\Pd and Pt samples) 4-"""’,
Pd:Pt 4:1 ™
7 3*10% .
o Pd:Pt 1:1 = 3*10 “a,_ (same series) J‘ 2
~.—A-~o.-§0 "‘\p"‘
z 8 ’ '8
: 2 2
2 2¢10 | € peof '
= Pd:Pt 1:4 .g 2*10 Pd:Pt=1:1
Hy, 603 K E
w
1%10* | 1*10* &
©
2
Hy, 473 K 2
w
norm. =
0 .
0 1 15 10 5 0
15 10 5 0 BE (eV)

Binding Energy (eV)
Fig. 6. UPS spectrum of Pd:Pt=1:1in states B (473 K) and D (603 K) com-
Fig. 4. He Il spectra for pure Pt, pure Pd and all PdPt samples after treatmentpared with models, which is average of the He Il spectra of Pd and Pt from
C (0p at 573K). the same series in state B and from different Pd and Pt samples in state D.
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3.2. Electron microscopy

Part | [20] reported EM of these catalysts in the “as
received” state, where most of the particles exhibited a
more or less hexagonal shape projection although some
quadratic and triangular shapes were occasionally observed,
too. The bimetallic nanopatrticles seemed to have aggregated
and exhibited a more irregular, rounded shape than the pure
Pt and Pd particles. Typical TEM images of the bimetal-
lic particles, after treatments plus catalytic measurement are
shown inFig. 7. We observed aggregates consisting of larger
crystallites (approximately 20—30 nm in diameter) indicating
sintering upon the four treatments mentioned. The particle
size increased and most of the particles were fully aggre- 5 nm
gated. Similar (maybe even stronger) aggregation has been —

Fig. 8. High resolution electron micrograph of a single PdPt 1:4 particle of
about 15 nm diameter after various treatments and catalytic reactions.

observed with the monometallic samples which were, there-
fore, notinvestigated in detail by EM. Nevertheless, we could
also distinguish individual particles (in contact with other
ones) in a HRTEM pictureHig. 98).

3.3. Catalytic measurement

All catalysts were active in hydrogenative ring open-
ing (HRO) reaction[1,2] of cis- and transmethyl-ethyl-
cyclopropane. Only HRO occurred, no fragments were
formed. All catalysts, including the monometallic ones were
studied in state A. The conversion data are showfraivle 3
Pd and especially Pt were conspicuously less active than the
three PdPt samples.

Three types of ring opening can take place on the cata-
lyst surface §cheme 1 The reactivity of various €C bond
in the ring is characterized by the 2MiP and 2MP/3MP
product ratios. Thecis isomer produced hexanaH), 2-
methylpentane (2MP) and 3-methylpentane (3MP), while the
transisomer produced 2MP and 3MP only. Earlier results on
supported Pt, Pd, Rh or Ni catalysts showed that the ring open-
ing of cyclopropanes occurs dominantly in the sterically less
hindered position or in a random manfi2,5]. On pure Pt,
nH was the major product from thas isomer, formed by
the rupture of the stericalljmorehindered G-C bond. In the

(a)

(b)

Table 3
Conversion and productratios frans- andtrans-MECP on various catalysts
after treatment A
Pd PdPt4:1 PdPt1:1 PdPt1:4 Pt
cis-Methyl-ethyl-cyclopropane
" Conversion (%) 48 72 67 78 11
PdPt 4:1 : 2MP/iH 0.68 102 087 096 010
(c) 2MP/3MP 043 060 059 058 035

trans-Methyl-ethyl-cyclopropane
Conversion (%) 30 78 79 86 9
2MP/3MP 052 081 Q74 Q72 046

Fig. 7. Bright-field electron micrographs of aggregated particles of PdPt 1:4
(a); PdPt 1:1 (b) and PdPt 4:1 (c) bimetallic catalysts after treatments A, B,
C, D and catalytic reactions.
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trans-methyl-ethyl-cyclopropane

C . C C~ /C
. /S C Lo, F e e e
-C ;#—)( C n-hexane
ot bicTe c c
A
— ——b: |
C  3-methyl-pentane
¢ c
NS \ ‘
XX : |
b"'c ¢ c: c

c
¢’ ¢ e

cis-methyl-ethyl-cyclopropane
2-methyl-pentane

Scheme 1.

case of pure palladium, hexane formation was also not signif- 603 K (D). The catalytic properties changed simultaneously:
icantly hindered. We suspect that the deviation from earlier the 2MPhH selectivity ratio went up, diverge further from
results originates from the presence or absence of supportinghe values of monometallic samples. Note that the 2P/
material. In fact, a significant effect of supporting materi- and 2MP/3MP ratio turned also back with PdPt=4:1 after

als was found in the ring opening of methylcyclopentane, as

reported in numerous studipt?—44] On the bimetallic cat- Pt Papt4: ﬂﬂf};:::,
alysts, the 2MR1H ratio was significantly higher (close to 1) ‘ﬁ 2
than on the monometallic samples, indicating that PdPt sam- 30 -/ 15
ples do not show an intermediate selectivity pattern between 20 ~—p—— '

palladium and platinum. The absencentf in the case of
transmethyl-ethyl-cyclopropane can be explained by the dif-
ficulty of both flat-lying and edgewise adsorption of the reac-
tantdueto the steric hindrance by the methyl and ethyl groups.

k————ﬂ/ﬂ\ﬁ 1
10 A s A 0,5
Pt (EDS)
0+ T + 0

A B C D

We have to remember that two flat-lying chemisorption pos- etreatment
sibilities are hidden behind the stereochemical projection of prefreatments
the transisomer. They can be visualized by imagining the PdPt 1:1 2MPinH

active sitebelow or abovethe plane of the ring shown in
Scheme 1The ethyl group exerts a stronger hindrance if it
points “downwards”, i.e., in the direction of the catalytically
active site.

Only one flat-lying chemisorption geometry is possible for
the cis isomer. The geometry of ring adsorption must have
been the main factor determining the ring opening selectivi-
ties. Any side-chain adsorption would not result itsbond
splitting, since cyclopropanes are highly strained compounds

2MPI3MP

Pt% Qﬁ_

— . 2
60
Pt (EDS) — 15
40 .
20 0.5
: . o
A B

0+ T
Cc D

retreatments
and the rate of ring opening (selectivity toward the cleavage P
of sterically less hindered-& bond) is faster than side-chain . PdPt1:4 2MPinH
hydrogenolysis. IOZ”’ ‘\ 2"";’3"’“’

The bimetallic catalysts were examined after the other pre- -

treatmentskig. 9depicts the changes of the selectivity ratios 80 Pt (EDS) 15
after treatments A, B, C, D. The ratio 2-methylpentane/3- 60 1
methylpentane (2MP/3MP) froraisMECP was close to 40 s : :
0.5 after all treatments. These ratios are substantially higher 20 0.5
from trans isomer at similar conversion level and this trend 0+ T T T to
is maintained during the further treatments ($€g. 9). A B c D
The “surface” Pt concentration (XPS) is also shown in the pretreatments

figure, including the nominal (=bulk, determined by EDS)

concentration in the “as prepared” sample The Pd SurfaceFig.Q. Selectivity and surface composition changes following different pre-
. . . ) treatment conditions on bimetallic sampldll) Pt on the surface (XPS#{
concentration increased in the sequence A, B, C, D. Note

. . 2MP/hH from cis isomer; &) 2MP/3MP fromcis isomer; () 2MP/3MP
that this change reversed with PdPt 4:1 afteittdatment at  fom transisomer.
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treatment D. This confirms that the selectivity depends on the oxidation of Pd at 573 K. Bimetallic particles retained less
the surface composition. Less surface Pt or more homoge-carbon (from the preparation method or as a result of inadver-
nous distribution of the two components seems to favor the tent adsorption of atmospheric impurity) and showed more
cleavage of the sterically less hindered bond, resulting moremetallic character than monometallic ones. A pronounced
2MP thannH from cisisomer. aggregation of the bimetallic particles was observed after the
The conspicuous changes of conversion and selectivity redox treatments, but some individual crystallites could still
values in mono- and bimetallic catalysts indicate a marked be recognized in the TEM picture.
difference in their catalytic properties. Both the abrupt The ring opening of methyl-ethyl-cyclopropanes was a
increase of the activity and the marked selectivity changes valuable tool to recognise the formation of alloy structure dur-
indicate that Pd-Pt bimetallic ensembles can represent a speing preparation and its further homogenising in subsequent
cial type of active site, different from monometallic ones redox cycles. The product ratios showed marked changes as
[10,12,13] One factor, however, may be catalyst purity. The a function of the surface composition: more homogeneous
activity values inTable 3 correlate well with the purity  distribution of Pd and Pt on the surface favored the cleavage
data, indicating that PdPt samples retained much less car-of the sterically less hindered bond producing more 3MP and
bon (down to zero) thus they were much cleaner in similar 2MP thannH from the cis isomer. The PdPt catalysts were
state than Pd or Pt. This is in agreement also with the UPS(1) more active in HRO of the cyclopropane ring and (2)
results Figs. 5 and & In addition to surface purity (causing the selectivity values on them were far different from those
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responsible for the selectivity changes. This speaks for Pd andproperties to the presence of surface Pd-Pt pairs as peculiar
Ptforming areal alloy, exhibiting surface domains where with active sites.
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