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Pd/Al alloys have very interesting properties from the point of view of their possible
application in heterogencous catalysis. Preparation of small hetercepitaxial Pd/Al
alloy particles opens a new way in studies of the influence of PA/AI crystallographic
structure on the alloy catalytic properties, Pd/Al alloy particles were grown by mo-
lecular beam epitaxy method, Their erystallographical strueture was controlled by
reflection high energy electron diffraction (RHEED). It was found that Pd deposited
on epitaxial 3-D Al particles grown on KCl is intermixing with Al This process is
accompanied by the variation of lattice parameter from the Al value to the Pd one,
The electron energy loss spectroscopy (EELS) was used as an auxiliary method for

chemical analysis.
1. Introduction

In the recent years, a great effort has
been made to investigate the structural, elec-
tronic and chemical properties of bimetallic
systems. It is well known that a bimetallic
surface can exhibit chemical and catalytic
properties that are very different from those
of the individual metals.

The main interest of this work was to in-
vestigate the formation of supported Pd/Al
bimetallic system. Bimetallic bonding can
induced significant changes in the band
siructure of a metal, introducing in this way
the possibility for new and unique chemical
properties. Due to a very strong Al - Pd in-
teraction [ I-3] new bimetallic catalysts based
on the Pd/Al alloy can be developed. We
have prepared the supported single-
crystalline model of bimetallic catalyst to
study its formation during the early stages of
the growth. We investigated the structure
and epitaxial parameters and the evolution of
lattice parameter during the growth by
RHEED (reflection high electron energy dif-
fraction). The precise measurement using so-
called subpixel detection method [4] showed
the changes of lattice parameter depending
on mutual concentration of the Pd and Al
atomns in the alloy.
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The chemical analysis was performed by
means of EELS (electron energy loss spec-
troscopy) which is very sensitive to the
changes on the sample surface. The surface
cleanliness was checked by the AES (Auger
electron spectroscopy).

2. Experimental procedures

The studies were performed in a special
designed UHV system. The EELS spectra
were obtained with a cylindrical mirror en-
ergy electron analyzer. During the measure-
ments the primary electron energy was set to
300 eV, The EELS peaks were measured in
direct mode.

The chamber was also equipped with
RHEED facility operated at the accelerating
voltage of 40 kV. The diffraction pattern was
recorded by a RHEED - Vision Computer
System. A special software equipment per-
mitted to obtain the position of diffraction
spots with very high precision [4] and in this
way to evaluate the lattice parameters of the
deposit. The RHEED diffraction pattern de-
velopment was recorded in real time using a
video recorder. It permitted to treat the dif-
fraction pattern later in order to analyze the
particle lattice parameter values as a function
of the deposition time.
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The Al and Pd metals were deposited
using a special evaporation cell - MEBES
{Micro Electron Beam Ewvaporation Source
[5]) operating at very low evaporation rate
(several monolayers per minute). The depo-
sition was carried out at a background pres-
sure about 5x107 Pa and at substrate tem-
perature of 470 K. A liquid nitrogen cooled
cryopanel, surrounding the MEBES cell,
kept the stable pressure conditions during the
deposition.

The (001) KCI single-crystal substrate
surface was prepared by cleaving in air. The
substrate was immediately introduced into
the preparation chamber and heated before
the deposition during 30 min at the tem-
perature of 770 K under UHV conditions.

The sample was prepared at a substrate
temperature of 470 K during the deposition.
Firstly, the Al epitaxial layer was prepared
(during 10 min) and then Pd was deposited
(during 15 min) on the AIKCI system. By
this way the Pd/AIKCI epitaxial system was
obtained. The simultaneous deposition of Pd
and Al metals produced non-oriented Pd/Al
layer [6].

3. Results

The resulting diffraction pattern from the
Pd/Al bimetallic system is presented in Fig.
1. The spot like form of diffraction pattern
shows the three-dimensional growth of parti-
cles. The elongated spots correspond to the
diffraction from the flat substrate surface
having only the terraces of monoatomic
height as it is obviously expected in the case
of the cleaved single-crystals. The presence
of diffraction spots from the substrate con-
firms non-continuous form of the Pd/Al
layer. The similar diffraction pattern was ob-
served after the deposition of Al (presented
elsewhere [6]). The interpretation of diffrac-
tion pattern gives the following mutual ori-
entation between the substrate and deposited
metal lattices:

PA/AL (001) // KCI(001)

Pd/Al [100] # KCL[100].

During the Pd deposition, the presence of
two sets of diffraction spots corresponding to
the separate populations of Pd and Al parti-
cles was not observed. From this fact we can
conclude that the layer consists of one parti-
cle population formed by Pd/Al alloy. It is in
agreement with results in Ref, | and 3 where
the Pd was grown on bulk Al substrate,
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' KCI {100) reciprocal latlice plane

& Pdial (100) reciprocal lattice plane

Fig. 1. The RHEED diffraction pattern and its inter-
pretation of Pd/Al epitaxial bimetallic systermn on
(001) KCI substrate. The primary electron beam is
parallel to the [100] KCI crystallographic direction,

The ex-situ XPS analysis gave the relative
average concentration of Al/Pd = 1.1 after
the deposition process [6]. According fo this
calculated value one can estimate the relative
concentration during the deposition of Pd.

The precise measurement of deposit dif-
fraction spot distances permitted to deter-
mine the deposit lattice parameter value a in
directions parallel and perpendicular to the
substrate surface, respectively. The both are
plotted in Fig. 2. We can see that the «-
parallel kept the constant value during the
growth of Al particles. At the time of 600 s
the Al deposition process was stopped and
Pd deposition was started at 780 s. The dra-
matic change of lattice parameter was ob-
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served in the range from 1000 s to 1300 s.
For this range the estimate of relative Al/Pd
concentration changes were found from 4 (at
1000 s) to 1.8 (at 1300 s). After this range
the lattice parameter which corresponded to
the slightly contracted Al lattice spacing
(bulk value 4.04 A) was changed to the value
corresponding to the Pd (also slightly con-
tracted in comparison with the bulk value of
Pd 3.89 A). No any changes of diffuse back-
ground intensity were observed. One can
conclude that the bimetallic system stays in
the crystalline form also when the laftice pa-
rameter is change from one value to another.
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Fig. 2. The evolution of the lattice parameter value of
Al and/or PdfAL alloy particles in directions parallel
(o) and perpendicular (=) to the (001} KCI substrate
surface during the growth.

The EELS spectra were recorded after
cach step of experiment — Al and Pd deposi-
tions. The spectra were taken at a primary
electron beam energy of 300 eV. The inelas-
tic background was moved using the Tou-
gaard’s method [7] to obtain the exact form
of EELS spectra. The results after the sub-
traction of the elastic peak and the inelastic
background are presented in the Fig. 3 for
both AVKC] and Pd/AVKCl systems, re-
specltively, After the Pd deposition on
AVKC] system the shape of loss spectrum
changed due to the different excitation ener-
gies of plasmons for Al and Pd. The Al en-
ergy loss spectrum (a) displays maxima at 11
eV and 17 eV while the Pd spectrum (b) ex-
hibits characteristic losses at 7 eV, 12 eV
and 23 eV. One can deduce that the peak at
11,5 eV is composed of characteristic losses
of both Al and Pd metals. The broad peak at
higher energy corresponds to the set of con-
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voluted characteristic losses from KCl sub-
strate. The fact that the signal from KCI sub-
strate is still observable after the both depo-
sitions confirms the results of RHEED ob-
servations: the Al-Pd deposit formed the
non-continuous layer composed of three-
dimensional particle alloy.
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Fig. 3:Electron energy loss spectra of AVKCY (a) and
PAd/ALKCD (b} systems. The primary electron beam
energy was set to 300 eV,

4, Conclusions

The orientated Pd/Al alloy particles were
observed in the case of Al layer growth fol-
lowed by the Pd deposition. The changes of
lattice parameter were found in the range of
relative Al/Pd concentration between the
values of 4 and 1.8. For higher concentration
of Pd the alloy had FCC Pd-like crystal
structure.

The results showed that it is possible to
prepare heteroepitaxial Pd/Al particles, It
permits to investigate the structure and
electronic properties of bimetallic Pd/Al
catalysts, The EELS method can be used as
an auxiliary technique for the investigation
of the chemical composition of such sys-
tems.
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JOCIIIZKEHHSA BIMETAJITYHUX CUCTEM Pd/Al

METOJAMM JU®PAKIII BIIBUTHX

BUCOKOEHEPTETUYHHX EJJEKTPOHIB TA
CIIEKTPOCKOHII EHEPTETHYHUX BTPAT

Kajdeapa enexrporixy i sakyyMHol diznxn, Marematuko-diznannit darkynerer,
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Crnasy Pd/Al mawTe ayse Likasl BRACTHEOCTI 3 OMAADY HA MOMIRES §X
BHROPHCTAHHA B [OTCPOreHHoMy  watanizi. TIpuroTysaHus sanux  retepoeni-
TarciaabENK vacTHROK cinasie PA/AL Biaxpueac HOBL LUNAXH ¥ BMBMCHHI BIAMBY
kpHeTanorpadistol Gyaeen Pd/Al Ba karaniriisi BracTHBocT! cniasy. YacTHHER
crmagy Pd/Al Gyno Bepowens METOAOM MOTEKyNApHO-myukoBoi enitaxcil. [xwa
KpHcTAnOrpaditHa CTpYRTYPA KOHTPOMBOBALAcH AMparuicn BAGUTHY BHCOKO-
EHEpreTU4HIy cfekTpoHis. Brasnedo, mwo Pd, ocamkendil Ha cnitaxciansei
TPHENMIPHI ¥acTHHEH Al eHpomexoro wa KCl, amimyersca 3 Al Llell npousc
CYTIPOBODAYETECA 3IMIHOK NapaMeTpa MPATHEH BId SHAYCHHA, XapaKkTepnore oaa Al,
go semsimmy, xapaxreprol aaa Pd. Ax monarxosull seron xiMiusoro ananisy
BHEOPHCTORYBANACT CTIEKTPOCKOTIA SHEPTETHYHHX BTPAT £IEKTPOHIE,
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