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Abstract 

Platinum has been deposited from the vapor onto a sample consisting of a thin aluminum oxide film grown on a NiAl( l l0 )  
substrate wedge. At the tip of the wedge small ),-alumina crystallites are formed which have also been platinum decorated. The size 
distribution of the Pt aggregates on the thin aluminum oxide film is almost identical to the one found for the support-free alumina 
crystallites. It is also identical to the size distribution observed with STM under UHV conditions in earlier experiments [Th. Bertrams 
et ah, Surf. Sci. 331 333 (1995) 1515]. The present structural analysis reveals that after Pt decoration the structure of  the substrate 
remains unchanged. The Pt forms flat, epitaxial islands on both substrates. The nearest neighbor distances within the platinum 
aggregates have been determined for the supported oxide as a function of particle size. For large particles with radii greater than 
20 A the nearest neighbor distance of bulk Pt is observed. In the case of the smallest particles with radii close to 10 A a contraction 
of up to 10% is detected. The contraction of the interatomic distance appears not to be isotropic. The observed Moir6 patterns 
comply with the assumption that the substrate lattice underneath the Pt aggregates does not change. ~, 1997 Elsevier Science B,V. 
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1. Introduction 

Transmission electron microscopy (TEM) has 
in the past played, and still plays, a major role in 
the characterization of  dispersed metal catalysts 
with respect to morphology and atomic structure. 
Several reviews on this subject have been pub- 
lished, and it is obvious that the impact of  the 
method on heterogeneous catalysis is enormous 
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[1 4]. The numerous TEM studies of Pt/A1203 
aimed at catalytic applications [1,2,5,6] have 
revealed a substantial effect of both the nature of 
the substrate and the preparation conditions on 
micro-morphology and stability of the Pt. No 
information on the precise lattice spacings was 
obtained in these studies. A recent nano-diffraction 
study of the system [7] revealed strong epitactic 
effects leading to a perfectly parallel alignment of 
Pt [ 110] with A1203[ l 10]. Again, no lattice parame- 
ter was stated. Owing to the ratio of the lattice 
parameters of Pt and alumina in the (110) direction 
only minor distortions are expected (the length of 
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the [220] lattice vector of Pt (11.04 A) is similar 
to that of the [110] lattice vector of ?,-A1203 
(11.18 A)). All these experiments were, however, 
carried out with fully hydroxylated substrate sur- 
faces of ill-defined structure. 

In recent years, efforts have been undertaken to 
approach modeling of heterogeneous catalysts 
from a somewhat different angle: well-structured 
oxide surfaces have been prepared and metal aggre- 
gates have been deposited by various methods, 
including metal vapor deposition and pyrolysis of 
compounds deposited using the CVD method [8- 
11]. The oxide supports have been prepared as 
oxide single crystals or as epitaxially grown oxide 
films [ 12]. The latter have the advantage of allow- 
ing electron spectroscopic methods and scanning 
tunnelling microscopy (STM) to be applied with- 
out charging of the surface. Also, cooling to low 
temperature represents no obstacle in those studies 
[13]. In fact, structural studies via electron scatter- 
ing (LEED, low energy electron diffraction) and 
STM have been performed on the clean [12,14] 
and adsorbate-covered surfaces, as well as on 
substrates onto which metal aggregates have been 
deposited [8-11]. The morphologies of Ag, Pd, 
Rh and Pt deposited upon a thin very well-ordered 
A1203 film prepared via oxidation of a NiAI(110) 
single crystal have been studied by reciprocal- and 
real-space structural methods [10]. In view of the 
wide knowledge on metal deposits derived via 
TEM on real catalysts on the other hand, it is 
rather appropriate to try to study a thin-film-based 
model system by TEM. To this end one has to 
make sure that the samples which have been 
prepared under ultrahigh vacuum (UHV)  condi- 
tions "survive" transport into the typical non- 
UHV environment of TEM. We have shown in an 
earlier study [15] that the thin AI203 film remains 
unchanged after having undergone this treatment. 
In the present paper we also find this to be true 
for small Pt deposits on the thin alumina film. The 
TEM data presented here allow us to further 
deduce interatomic distances within the metal 
deposits. We have chosen Pt as the deposited metal 
in the present case because Pt is known to sustain 
transport through a gas atmosphere more easily 
than Ag, Pd and Rh, which we have mentioned 
above. 

2. Experimental 

The experiments were performed in a Hitachi 
8100 200 keV transmission electron microscope. 
Sample preparation was similar to that reported 
in Refs. [16, 17]. Briefly, a rather thin NiA1 single 
crystal surface was used. A thin alumina film was 
prepared on top of the NiAI(I I0)  single crystal 
according to a well-known recipe after the crystal 
had been ion-milled to form a small hole. Pt was 
evaporated onto the oxide surface from a filament 
using deposition parameters as tested before in 
LEED and STM studies [18, 19], and the amount 
of Pt was controlled via a quartz microbalance. 
During evaporation the substrate temperature was 
held at 300 K and, if not otherwise stated, the 
sample was not annealed after Pt deposition. 
According to Refs. [20,21] the thickness of the 
deposited clusters is about one monolayer. Thick 
films (about 20 A) exhibit the LEED pattern of 
Pt(1 11 ) [18], whereas for the orientation of thin 
films no data are available yet. 

The form of  the sample is shown schematically 
in Fig. 1. A wedge is formed near the hole which 
exposes the supported alumina film, as well as an 
unsupported oxide film where all the support mate- 
rial has been removed in the sputtering process 
[22]. This sample has also been heated to above 
room temperature to study the thermal behavior 
of the metal deposits. The particular shape of the 
present sample allows direct comparison of the 
thermal behavior of the metal deposits on the 
supported film with the respective behavior on 
the unsupported film. 

3. Results and discussion 

Fig. 2 shows a TEM picture of an area of the 
wedge near the hole taken at room temperature. 

Free 
Electron beam 

NiA1/ ~, ~ 

Supported oxid~ 
oxide. 

_ ~  't 

Fig. 1. Schematic drawing of the oxidized wedge. 
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Fig. 2. Transmission electron micrograph of the region near the edge of the wedge. 0pt = 0.7 monolayers. Tdeposit ion = room temperature. 

It covers a region of several hundred fingstr6ms 
along the hole which shows up as the uniformly 
illuminated area. The wedge exhibits two types of 
area. The darker regions correspond to those parts 
where the NiAI(I I0)  is present underneath the 
alumina film, the lighter regions represent areas 
where the support-free alumina is exposed to the 
electron beam. The dark spots which are images 
of the deposited Pt aggregates are more-or-less 
uniformly distributed over the wedge. On the 
NiAI( l l0 )  support the alumina film shows up in 
the TEM images via clearly resolved Moir6 pat- 
terns. Their analysis and the procedures to recover 
the structural parameters have been discussed in 
detail in our previous paper dealing exclusively 
with the clean substrate [15]. In this former publi- 
cation [15] we have also alluded to the orientation 
of the Moir6 fringes and its correlation with 
domain and antiphase domain boundaries within 
the oxide film. 

The length scales within the images have been 
calibrated using the well-resolved pattern of the 
NiA1 (100) planes. This allows us to determine the 
sizes of the Pt deposits on the support-free and 
the supported alumina films. Fig. 3 shows histo- 

grams based on the evaluation of several hundred 
clusters observed on many images equivalent to 
the one shown in Fig. 2. The size distributions 
peak near 20 A diameter of the clusters, indepen- 
dent of whether the supported or the unsupported 
alumina is considered, thus ensuring that at room 
temperature the oxide metal interface does not 
influence the aggregate formation at the oxide 
vacuum interface. As will be pointed out later, 
this situation changes upon heating of the system 
to above 400 K. 

Fig. 4 shows a TEM micrograph where some of 
the deposited clusters clearly exhibit Moir6 fringes. 
In the lower right part of the figure one cluster is 
shown on an expanded scale. The imaging condi- 
tions were chosen such that the NiA1 lattice spacing 
in the [100] direction, i.e. 2.87A, shows up as 
marked in the figure and, in addition, the Moir6 
pattern of the Pt cluster is seen. Its periodicity am 
is indicated in Fig. 4. How from such a pattern, 
information about the cluster may be extracted is 
explained in Ref. [15]. One problem to solve was 
that we had to find an appropriate combination 
of Pt and NiAI(110) lattice vectors being responsi- 
ble for the Moir6 patterns. This was achieved by 
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Fig. 3. Histogram of aggregate sizes for Pt on support-free oxide 
(a) and on the supported oxide film (b) at room temperature. 

Opt = 0.7 monolayers. Tdepos i t ion  = room temperature. 

considering a low index reflection of the NiAI 
lattice and calculating the corresponding Pt recip- 
rocal lattice vector from the k-vector of the NiA1 
reflection and the Moir6 periodicity and orienta- 
tion. Assuming a basically undistorted Pt lattice, 
the combination of NiA1 reflection and computed 
Pt reciprocal lattice vector was accepted as being 

responsible for the Moir6 pattern if the length of 
the Pt reciprocal lattice vector was similar to a 
vector expected for bulk platinum. If this was not 
the case then the calculation was repeated for 
another reflection of the NiAI substrate. This led 
to unambiguous results, since for only one combi- 
nation we obtained physically acceptable values. 
Since the orientation of the Pt lattice with respect 
to the NiA1 substrate varied somewhat for different 
clusters, we got different Moir6 periodicities and 
orientations for different clusters; the smallest 
Moir6 periodicity observed in our data was 7.3 A. 
However, in all cases we found that the Moir6 
pattern should be due to scattering of the electron 
beam by a vector of NiAI(111)-type with subse- 
quent scattering by a (220)-type reciprocal lattice 
vector of the platinum clusters. This situation is 
depicted schematically in Fig. 5. This figure also 
illustrates how, from the observed Moir6 periodici- 
ties and their angle with respect to the substrate, 
the Pt lattice constant may be calculated. However, 
it must be clear at this point, that such a calculation 
only holds quantitatively under the above simplify- 
ing assumption that the Pt lattice is not distorted. 
We shall provide evidence in the following that 
this assumption may, as expected, not necessarily 
be fully appropriate. Nevertheless, we investigate 
the results of such a simple calculation in Fig. 6 
applied to many aggregates, where the Pt lattice 
constant is plotted vs. particle diameter. Assuming 
a basically cubic lattice for the clusters the lattice 
constant may be converted into a Pt nearest neigh- 
bor distance. The vertical scales on the right of 
Fig. 6 refer to this parameter. Interestingly, at 
around 30 A particle diameter the lattice constant 
is close to the bulk Pt value, whereas upon reduc- 
tion of size close to 10A the lattice constant 
continuously decreases to a maximum decrease of 
about 10%. This is a large decrease, and it would 
certainly allow one to rationalize why, in some 
studies, small Pt aggregates have been found to 
exhibit remarkable chemical properties, such as 
the ability to dissociate CO [ 18]. While this strong 
reduction in interatomic distance needs further 
experimental corroboration, we state at this point 
that the habit of the Pt aggregates found in the 
TEM study is fully in agreement with the STM 
results reported by Bertrams et al. [19] for the 
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Fig. 4. Transmission electron micrograph of platinum clusters on supported oxide. Opt = 0.7 monolayers. ] ' depos i t ion  = room temperature. 
In the lower right part of the figure the marked cluster is exhibited on an expanded scale. 
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Fig. 5. Reciprocal lattice of NiAl(ll0) (0) and reciprocal 
(220)-type lattice points of 7-AI203 (C)). Also, the intersection 
of the (220) Ewald sphere of)'-AI203 with the NiAI(110) recip- 
rocal lattice plane is shown. 

same system. This provides further evidence that 
comparability between the STM results gained 
under UHV conditions and the TEM results after 
transport through air can be established. If this is 
true then we may use the TEM findings to state 

that the small Pt aggregates do exhibit strong 
structural modifications compared with bulk Pt. 
|ndeed, the smaller interatomic distances may 
point towards a partly reduced electron density on 
the Pt aggregates which would also be consistent 
with the chemical shifts observed in photoelectron 
spectra [ 18,23]. While those are rather qualitative 
statements, it should be possible to substantiate 
both the reduction in the lattice constant and the 
interatomic distances by looking at electron 
diffraction diagrams. 

Fig. 7 shows two electron diffraction diagrams 
taken with the electron microscope for two 
different preparations. We have chosen sample 
areas with rather uniform particle size distributions 
containing some hundred clusters in the regime hit 
by the electron beam. Three different types of 
reflection are visible: (i) intense spots due to the 
NiAI( l l0 )  substrate arranged in a rectangular 
manner; (ii) weak reflections of the aluminum 



3 2  M. Klimenkov et al. / SurJctce Science 391 (1997) 27 36 

4,0 

3,9 

3,8 

~o 3,7 

3,6 

3,5 

3,4 

Pt Bulk 

i i i i i 

10 15 20 25 30 35 40 

particle size (A) 

2,80 

2,75 

- 2,70 

- 2 ,65  

2 ,60  -,z 

E c 
2,55 '~ 

2,50 

2,45 

Fig. 6. Pt lattice constant and Pt Pt interatomic distance as a 
function of  the diameter of  the Pt deposits (particle size) as 
determined from the TEM pictures. The ends of  the horizontal 
bars give widths and lengths of  the clusters, whereas the vertical 
bars are the errors of  the calculated lattice constants assuming 
that the error in the determination of the Moir6 period is 10% 
and that of  the angle between Moir6 and substrate k-vectors is 
5%, Tdeposition = room temperature. 

oxide (7-A1203 440) which are arranged on the 
broken black line; (iii) reflections which are only 
visible when Pt clusters are on the surface. The 
latter reflections (Pt 220) are found on the two 
white semicircles in Fig. 7 which have different 
radii due to the reasons explained below. The 
amounts of platinum evaporated onto the surface 
correspond to uniform layer thicknesses of 0.2 
and 0.7 A for the left- and the right-halves of the 
figure respectively. According to our evaluations, 
this gives rise to maxima in the particle size 
distributions at 12 A and 22 A. These values trans- 
form into lattice constants of about 3.55 A and 
3.85 A (see Fig. 6). The two diagrams shown in 
Fig. 7 are joined in the middle to demonstrate that 
the NiA1 reflexes reside in exactly the same posi- 
tions, whereas the circles on which the Pt reflec- 
tions are positioned (broken lines) exhibit large 
differences in radii. The radii in the present case 
correspond to lattice constants of 3.59,~ and 
3.92 A if the simple cubic lattice is used as refer- 
ence. These values are near to the values obtained 
from the maxima of the particle size distributions. 

At this point we note that the sixfold symmetry of 
the distribution of Pt-derived intensity in the 
diffraction patterns indicates that the [ 111 ] direc- 
tion of the clusters is oriented along the surface 
normal, as has also been found for 20 A thickness 
Pt films on AI203/NiAI(110 ) [18,23]. 

Fig. 8A shows two electron diffraction diagrams 
of the region around the NiA1 200 reflection taken 
from different areas of the sample (0pt =0.2 mono- 
layers). The broad, due to experimental misalign- 
ments, non-spherical NiA1 substrate spots are 
accompanied by less intense Pt-220-derived fea- 
tures. The observed splitting of the Pt features in 
separate spots can be due to several reasons. 
Firstly, different clusters exhibit different lattice 
constants and thus lead to a variation of the 
distance between the Pt and the NiAI spot (see 
Fig. 7). This is the case for the two parts of 
Fig. 8A, as indicated by the broken lines. Secondly, 
varying angular alignments of  the clusters with 
respect to the substrate may lead to spots at 
different positions on a circle centering at the 
position of the undiffracted beam. This is the case 
for the group of Pt reflections in the lower panel 
of Fig. 8A. 

Fig. 8B represents a densitometer trace through 
the substrate and the Pt spots giving a more 
detailed impression of the relative widths of the 
spots. In particular, the profiles of the Pt spots 
indicate asymmetries. These asymmetries are indic- 
ative of the above-mentioned non-cubic symmetry 
of the Pt deposits. This becomes more evident 
when the background intensity of the substrate is 
subtracted, as shown in Fig. 8C. Although this 
discussion deals with very small effects, so that we 
cannot completely rule out that experimental misa- 
lignments are at least partly responsible for the 
observed effects, we consider it as a hint that the 
Pt aggregates are not completely isotropic in struc- 
ture. This, in turn, is a hint towards a pronounced 
Pt-substrate interaction leading to an epitaxial 
growth of flat Pt islands, as was revealed and 
discussed in detail on the basis of the STM investi- 
gations performed in UHV [ 17]. Significant distor- 
tions of the Pt lattice upon interaction with a well- 
ordered carbon support have been reported in 
earlier TEM studies [ 1 ]. These distortions led to a 
loss of the cubic symmetry of the Pt lattice. No 
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Fig. 7. Electron diffraction diagrams for two samples of Pt deposits with different average size. The diagrams are joined in the middle 
and the circles on which the Pt reflections are located are indicated. The larger circle on the left side corresponds to smaller clusters. 
Left: Opt =0.2 monolayers. Right: 0pt-0.7 monolayers. Tdeposilion- room temperature. 

distortions were found in the earlier studies after 
support ing the Pt on a disordered hydroxylated 
carbon surface, indicating the p ronounced  influ- 
ence of  chemical substrate modification on the 
particle morpho logy  and structure. Another  hint 
towards a considerable cluster substrate inter- 
action is the form of  the clusters. For Pt clusters 
weakly interacting with the substrate three-dimen- 
sional decahedral or icosahedral structures have 
been observed [24], whereas in the present case 
the clusters are two-dimensional  with thicknesses 
of  about  one monolayer .  

There is basically no difference in the appearance 
o f  the Pt aggregates on the supported and the 
unsuppor ted  alumina films, as far as size distribu- 

tion and growth behavior  at room temperature are 
concerned. However,  as soon as the temperature 
increases to 700 K a phenomenon  is observed 
which was also found under U H V  condit ions [19]: 
the Pt aggregates vanish from the surface via 
diffusion through the oxide layer into the substrate, 
where Pt can be detected after the oxide layer has 
been removed. On the support-free alumina film 
this process did not  occur, as can be clearly seen 
in Fig. 9, where a sample was annealed at 700 K 
and most  of  the Pt has disappeared from the 
supported alumina film. On the unsuppor ted  film, 
however, the Pt deposits are clearly visible, 
a l though their distribution and size have also been 
changed. 
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4. Summary and conclusion 

The present study has revealed that Pt deposits 
on a thin alumina film exhibit a size distribution 

and habit after imaging with TEM under non- 
UHV conditions very similar or even identical to 
the same properties revealed in an earlier STM 
study under UHV conditions. We conclude from 
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Fig. 9. Transmission electron micrograph of a region near the edge of the wedge. Left: before annealing. Right: after annealing at 
700 K. 0pt--0.7 monolayers. Tdeposition=rOom temperature. 

this that the TEM results are also relevant for the 
STM studies. The TEM study allows us to deter- 
mine the average Pt -Pt  interatomic distances in 
the clusters if we assume that the Pt lattice is cubic. 
We find that there is a contraction of the Pt Pt 
distance by about 10% from the bulk value when 
the size of  the particles is reduced from about 30 
to close to l0 A. This contraction of the lattice 
parameter  is evident from a Moire analysis, as 
well as from electron scattering results. It would 
not be surprising if this strong decrease in the 
interatomic distances, which in its determined size 
does depend somewhat on the preassumption of 
dealing with cubic Pt, were correlated with a 
change in the chemical properties of the particles. 
In this respect the observation that smaller Pt 
particles deposited on an alumina film may dissoci- 
ate CO could receive support. 

It is relevant at this point to realize that the size 
distribution of Pt aggregates is identical on the 
supported film and on the unsupported alumina 
layer. It is also important to realize that upon 
increase of  the substrate temperature Pt migrates 
into the NiAl substrate, whereas it stays on the 
surface in the case of  the unsupported alumina 

film. The former observation had also been made 
under UHV conditions. 

In conclusion, we report on a novel aspect of 
strong metal support interaction which is made 
possible by the all-UHV preparation of the sample. 
Avoiding the complex alumina-water  interface as 
supporting surface leads to an intimate contact 
between metal and oxide support with measurable 
structural consequences for small metal particles. 
With increasing particle size (Fig. 6) the lattice 
distortion at the metal oxide interface gradually 
vanishes. The resulting internal strain/stress no 
longer gives rise to a fluctuation in position of the 
diffraction spots but affects their profiles (Fig. 8). 
The mediating influence of a hydroxyl-terminated 
substrate on the magnitude of metal support 
interaction prevents the observation of this effect 
in conventionally prepared Pt/A1203 catalyst 
samples. 

Acknowledgements 

The present work could not have been carried 
out without the support of "Model lkat"  by the 



36 M. Klimenkov et al. / Surjiwe Science 391 (1997) 27 36 

D e u t s c h e  F o r s c h u n g s g e m e i n s c h a f t ,  a n d  by  t he  

M i n i s t e r i u m  fo r  W i s s e n s c h a f t  u n d  F o r s c h u n g  des  

L a n d e s  N o r d r h e i n - W e s t f a l e n ,  t h r o u g h  R e f e r a t  I V  

A 5  ( D .  D z w o n n e k ) .  

References 

[1] P. Galtezot, C. Lequercq, in: B. Imelik, J. Vedrine (Eds.), 
Catalysis Characterization, Plenum, New York, 1994. 
p. 521. 

[2] T. Wang, C. Lee, L.D. Schmidt, Surf. Sci. 163 (1985) 181. 
[3] S. lijima, M. Ichikawa, J. Catal. 94 (1985) 313. 
[4] B.C. Gates, L. Guczi, H. Kn6zinger (Eds.), Metal Clusters 

in Catalysis, Studies in Surface Science and Catalysis, 
vol. 29, Elsevier, Amsterdam, 1986. 

[5] S. Wong, M. Flytzani-Stephanopulos, M. Chen, T.E. 
Hutchinson, L.D. Schmidt, J. Vac. Sci. Technol. 14 
(1977) 452. 

[6] K.T.K. Baker, E.B. Prestridge, K.L. Garten, J. Catal. 56 
(1979) 390. 

[7] P. Briot, G. Gallezot, C. Lequercq, M. Primer, Microsc. 
Microanal. Microstruct. 1 (1990) 149. 

[8] D.W. Goodman, Chem. Ref. 95 (1995) 523; Surf. Rev. 
Lett. 2 (1995) 9. 

[9] C.R. Henry, C. Chapon, C. Duriez, S. Giorgio, Surf. Sci. 
253 (1991) 177. C.R. Henry, C. Chapon, C. Duriez. S. 
Giorgio, C. Goyhenex, Chemisorption and Reactivity on 
Supported Clusters and Thin Films: Towards an Under- 
standing of Microscopic Processes in Catalysis, NATO 
Adv. Study Institute, Erice, Italy, 1996, NATO AS1 Series, 
Kluwer, 1997. 

[10] H.-J. Freund, Angew. Chem. in press. 
[11] M. B/iumer, J. Libuda, H.-J. Freund, Chemisorption and 

Reactivity on Supported Clusters and Thin Films: Towards 
an Understanding of Microscopic Processes in Catalysis, 
NATO Adv. Study Institute, Erice, Italy 1996, NATO ASI 
Series, Kluwer, 1997. 

[12] H.-J. Freund, H. Kuhlenbeck. V. Staemmler, Rep. Prog. 
Phys. 59 (1996) 283. 

[13] H.-J. Freund, Bet. Bunsenges. Phys. Chem. 99 (1995) 1261. 
[14] F. Rohr, M. B~iumer, H.-J. Freund, J.A. Mejias. V. 

Staemmler, S. Kutter, L. Hammer, K. Heinz, Surf. Sci. 
in press. 

[15] M. Klimenkov, S. Nepijko, H. Kuhlenbeck, H.-J. Freund, 
Surf. Sci. in press. 

[16] R.M. Jaeger, H. Kuhlenbeck, H.-J. Freund, M. Wuttig, 
W. Hoffmann, R. Franchy, H. Ibach, Surf. Sci. 259 
(1991) 835. 

[17] J. Libuda, F. Winkelmann, M. B~iumer, H.-J. Freund, Th. 
Bertrams, H. Neddermeyer, K. Mt~ller, Surf. Sci. 318 
(1994) 61. 

[18] F. Winkelmann, S. Wohlrab, J. Libuda, M. B~iumer, H. 
Cappus, M. Menges, K. A1-Shamery, H. Kuhlenbeck, 
H.-J. Freund, Surf. Sci. 307 309 (1994) 1148. 

[19] Th. Bertrams, F. Winkelmann, Th. Uttich, H.-J. Freund, 
H. Neddermeyer, Surf. Sci. 331 333 (1995) 1515. 

[20] J. Libuda, M. Bfiumer. H.-J. Freund, J. Vac. Sci. Technol. 
A 12 (1994) 2259. 

[21] M. B~iumer. J. Libuda. H.-J. Freund, G. Graw, Th. 
Bertrams. H. Neddermeyer, Bet. Bunsenges. Phys. Chem. 
99(1995) 1181. 

[22] M. Klimenkov, Ph.D. Thesis, Ruhr-Universitfit Bochum, 
in preparation. 

[23] F. Winkelmann, Ph.D. Thesis, Ruhr-Universitfit 
Bochum, 1994. 

[24] A. Renon, M. Gillet. Observations of Decahedral and lco- 
sahedral Structures in Platinum and Palladium Particles, 
Proc. 2nd Int. Meet. on Small Particles an Inorganic Clus- 
ters, Lausanne, 1980, pp. 3 4. 


