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state. At higher metal coverages trivalent Sm specis dominate. At least in
the case of Si the oxidation promotion effect appears related to the appearance
of the trivalent state. This complex chemisorption process is still far from
being completely understood. In this paper we present a simple experimental
technique to study the electronic structure of metals in cluster or thin film
form on ideally inert substrates. We apply this technique to Sm and we make
systematic comparisons of the results for Sm chemisorption onto semiconductors
surfaccs and Sm adsorption onto inert substrates (solid Xe). In this first
preliminary paper we give a very brief summary of the experimental technique
and present selected results on cluster-size induced valence transition and
on size-dependent metal screening during Sm adsorption on Xe. ;g?uj,, s>

(/"‘ ;"e'c))‘ //f .‘/."l/ \./(eﬂxf A ;.A(»/T‘,ty

L4
s, 5 e, Lo

,n"f.fr‘

- K

]

3
g
s

s
e,

LY

. "ty
()
o e a2
'y %2 % %

1 4
R



T AR A A AN iy e P i W e AR il S b op Ly 8 1o e Sl Y e md, 20 YRS R SE SRR, LA Yok O RS B a N L e VRN YN R
: A
3 » A
\' oJf\

) SS FrA 9 et
" ] ‘1
~' N
._: i. :
& )

N SUMMARY _ ABSTRACT n

2 Y
. S
.v O\}
b :&
S

5 EXPERIMENTAL DETERMINATION OF THE ELECTRONIC STRUCTURE OF Q}
i SMALL METAL PARTICLES

& 5

:f» C. Caprile and A. Franciosi DES

¥ Department of Chemical Engineering and Materials Science v ';f
University of Minnesota, Minneapolis, MN 55455 P

D. Wielickza SN

Department of Physics <N
University of Missouri, Kansas City, MO B

C.G. Olson .
Ames Laboratory-U.S. Department of Energy
Iowa State University, Ames, Iowa

W
lvns~‘EE;‘“-—._;a

&I
DTiC 7ag
U”a””OUnced
Justification

0o

_____________

Avaijl and/or
Speciaj

Vot ta’s

.

----- o Gty

.- e e e e

N . .
B A A
e tatte ta te N s s

-‘."*'2“- s R TR Lot
A S A L S SR LA L &




The electronic structure of small metal particles and the modification of
this electronic siructure that derive from interaction with a substrate are
of prime concern to all of us working in the area of catalysis and chemi-
sorption. In recent years we have conducted a number of chemisorption
studies involving metal-semiconductor interactions 1 where one attempts to
correlate the changes in adatom and substrate electronic structure (core
and valence levels) to the rather complex chemistry of the metal-semicon-
ductor interface. Since large modifications of the metal states are expected
also as a result of the increase in cluster size and/or overlayer thickness
when a fully inert substrate is employed, the interface scientist is
obliged to look for systematic correlation between changes in substrate
and adatom electronic features in order to extract the information
pertaining to interface chemistry. It is cléarly very desirable to
compare the results of any chemisorption study on "reactive'" substrates
with those of similar studies conducted on ideally inert substrates.
However, "inert'" substrates are hard to come by, and the available experimen-
tal information is very scarce. The importance of such studies is emphasized
by the discomforting observation that virtually all studies of interface
chemistry tend to produce 'chemical" shifts of electronic levels and no
evidence of size-induced effects in the overlayer states.

In the past the search for an ideally inert substrate has stimulated
the use of materials as diverse as amorphous carbon, graphite, silica, layer
compunds, etc.2 Optical and transport studies have been recently supplemented
by photoemission spectrosopy studies, that probe directly core and valence
states of substrate and overlayer.}'6 One promising pioneering study has

shown the feasibility of synthesizing in situ metal clusters on solid rare
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W gases and examine the electronic structure through conventional photoemission. ol
e Here we summarize the result of a first synchrotron radiation study of Sm ;?'
. LN
. oo
; clusters grown in situ on solid Xe crystals. Samarium was chosen because i:i
- - b v
>

an extensive literature exist on the formation of clusters on amorphous

carbon 6, on the electronic structure of Sm surfaces 8, and on the chemistry '5;:
of Sm-semiconductor interfaces.g-lo Spectroscopically, the Sm 4f emission is
a sensitive probe of the local environment, and a valence transition is

x expected on going from isolated divalent Sm+2 atoms to the trivalent bulk.6
The Sm+2 and Sm+3 configurations are easily distinguishable in photoemission
2 since they give rise to final states multiplets widely spaced in energy.

A bellow-mounted closed-cycle refrigerator was used as sample manipula-

Tj tor. Films of Al or Sm were evaporated in situ on the polished Cu cold finger

prior to cooling. The films (100—5002 thick) were kept at 15K during Xe conden-

sation. Xe pressure in the 10-4-10-7 torr range and total exposure in the L
10-105 L range were explored. We monitored the attenuation of the characte- e
ristic substrate emission (Al 2p or Sm 4f levels) as a function of Xe exposure =k

to calculate the thickness of the condensed Xe layer. Surprisingly we observed

.'1 J- '.'

f an exponential attenuation of the substrate emission with constant attenuation {
'\.
length throughout the 0-50L exposure range. Extrapolation to higher Xe cove- 3
rages and escape depth values from the literature suggest that we were able o
. ° - '-‘.
o to synthesize Xe layers in the 5-6000A thickness range, that such films were o
5 stable in ultra-high vacuum on a time scale of several hours, and that the f.'
. .‘3 i
'{ film thickness was uniquely determined by the overall Xe exposure in Langmuirs tf:
N L
. ey
:: for a given substrate. Dramatic charging effects of the insulating Xe films \{:
8 LAY
" L] d
] were observed at thicknesses above 100A, and for the cluster studies we used
° ',-:'21
Xe films in the 40-70A thickness range. Representative photoelectron energy ;igj
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distribution curves (EDC's) for the 5p 5s and 4d emission from a 7o§ Xe film
condensed on Sm are shown in fig.l. The spectra have been recorded with a
commercial double-pass cylindrical mirror analyzer and a thoroidal grating
monochromator at the Synchrotron Radiation Center of the University of
Wisconsin-Madison. The energy scale is referred to the substrate Fermi level.
Similar results are obtained from Xe films condensed on Al. The only diffe-
rence is a rigid shift of 1.8 eV to lower binding energies of all Xe spectral
features. The shift reflects the variation in substrate work function and

the alignment of the insulating Xe states to the vacuum level. We have also
analyzed the evolution of the Xe core emission as a function of layer
thickness to study relaxation effects induced by metal proximity. On Al we
measure relaxation shifts of 0.5eV between the first and the second Xe layer,
and of about 0.2eV between the second and the third layer. The shift appear
smaller in the Xe-on-Sm case, suggesting a different spatial extension of the
screening orbitals.

When a metal is evaporated onto the Xe surface, the small substrate-
overlayer interaction results in agglomeration of the deposited film and
cluster formation. This is readily visible in the EDC's, since even at the
highest coverages explored the Xe emission is always visible. The attenuation

of the Xe emission as a function of coverage can be used to estimate the

average size of the metal clusters, purview that one makes some simplifying o
assumption on the cluster morphology. We assumed hemispherical cluster size11 :E??
and through escape-depth dependent core level studies of substrate and 35;:
metal emission we were able to obtain rough estimates of the average cluster [:-j

radius. The information on the cluster electronic structure is provided by

valence band EDC's after subtraction of the Xe contribution. The result is
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shown in fig.2 where we compare the cluster valence emission at increasing

.

Y A

(-]
metal coverage with the bulk Sm emission (topmost EDC) from a 450A-thick

film deposited on oxidized Ta. The vertical bars indicate the Sm+2 final

AL

state mutiplet near the Fermi level and the deeper Sm+3 mutiplet.ll The

»

Xenon layer was condensed on a Sm film in an original "sandwich' geometry

‘ta

that minimizes work function-related shifts and simplifies the subtraction

TV T T N

of the Xe features. The results of fig. 2 clearly show the expected valence
transition from a dominant Sm+2 configuration at small cluster size, to

a metallic Sm+2/Sm+3 ratio (topmost EDC) at larger cluster size. From the
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modeling of the Xe core emission described previously we estimate an average
14

atoms/cm2 in fig.2 R

cluster diameter of about 30+8 Z at Sm coverages of 5x10

In conclusion, we have presented a simple, straightforward technique to
study cluster evolution. From escape-~depth-dependent synchrotron radiation
photoemission we can estimate cluster distribution and average cluster size.
As a by-product of the Xe-metal interaction we obtain information on metal
screening and work functionlz. The simplicity of the technique offer promise
of wide-range systematic studies in the near future.

This work was supported in part by the Office of Naval Research and by
the Microelectronic and Information Sciences Center of Minnesota. The Synch-

rotron Radiation Center of the University of Wisconsin is supported by NSF

Grant No. DMR-80-20164.
REFERENCES

1. For a review of interface results see G. Margaritondo and A. Franciosi,
Ann. Rev. Mater. Sci. 14, 67 (1984)

2. Due to space limitations we will not attempt here to summarize the exten-

sive literatute on this subject. See a longer forthcoming paper: C. Caprile,
A. Franciosi, D. Wieliczka and C.G. Olson, Phys. Rev. B

. N
.....

p" v .
" PR N
g .' A
.. e T e

o alels

Y.t e ‘e MR . " - . .t .

. . L A T T T T T T U Y B LI I . .. . o w e . . .
1.:&.' I R T T A e e e e e e e e
Lt LN E R S AR P, S Pt A S A A A S LA A PR L . WP IS WATILT WA WS I DO U A AU, W (., W PP WG U PRI DRI IS YRR Y

> ¥

rete? m

> &4

%

S_ﬂ'
VI

P t"f A .

LT R Y

TETATAC x oy
f';f' .f'v.f. : .' -' * r’ o
CRTLTRERE T

%]

~
)
P
%, .
e
et

L]
P
ot
v

LI A
ay
£

Tt
v
3
[ é

.
0

AL
AR
NN

¥

M
3

M M
NN P
.'I _',' 1"'" /'!‘.

S

.
ey

;

a%e
o

4
[

v‘-'
.

s
o
RIS




=
o«

-k
ATATAL
.

-
o
)‘

rd

<

- s vem— e =
.

Ay

2

L Lt

6 X

o

: e

' 3. Y. Takasu, R. Unwin, B. Tesche, A.M. Bradshow, and M. Grunze, Surf. Sci. b ]

. 77, 219 (1978) and references therein. ey
. oy
. 4. S.-T. lee, G. Apai, M.G. Mason, R. Benbow and Z. Hurych, Phys. Rev. B23, F%
N 505 (1981) and references therein. ﬂ}'
'.P '

» P,y
I S. G.K. Wertheim, S.B. DiCenzo, and S.E. Youngquist, Phys. Rev. Lett. 51, »
. 2310 (1983) and references therein. Oy

6. M.G. Mason, S.-T. Lee, G. Apai, R.F. Davis, D.A. Shirley, A. Franciosi Sy

and J.H. Weaver, Phys. Rev. Lett. 47, 730 (1981). R

I 7. J. Colbert, A. Zangwill , M. Strongin, and S. Krummacher, Phys. Rev. B .
2 27, 1378 (1983). o
8. G.K. Wertheim and C. Crecelius, Phys. Rev. Lett. 40, 813 (1978); J.W. ﬂﬂ;

N Allen, L.I. Johansson, I. Lindau, and S.B. Hagstrom, Phys. Rev. B2l, e

. 1335 (1980). AN

| L
9. A. Franciosi, J.H. Weaver, P. Perfetti, A.D. Katnani, and G. Margari- j{j

tondo, Solid State Commun. 47, 427 (1983). O

) 10. A. Franciosi, P. Perfetti, A.D. Katnani, J.H. Weaver, and G. Margari-
. tondo, Phys. Rev. B29, 5611 (1984). ;s

11, For how to estimate cluster size from escape-depth-dependent core e
photoemission, see A. Franciosi, D.J. Peterman, J.H. Weaver, and V.L. acd

- -
- Moruzzi, Phys. Rev. B25, 4981 (1982). ~ 5
“ - S
. RSN
' 12. Xe chemisorption on metals is a sensitive probe of the local metal i

work function; see J.E. Hulse, J. Kuppers, K. Wandelt, and G. Ertl,
Appl. Surf. Sci. 6, 453 (1980).

' FIGURE CAPTIONS

-]
Fig.l Emission from the Xe 5p, 5s and 4d levels from a 50A amorphous film
condensed on a clean Sm substrate at 15K.

f Fig.2 Valence band emission from Sm clusters deposited in situ on a solid Y
. Xe substrate. The spectra are shown after subtraction of the Xe 5p e
contribution. The topmost spectrum was obtained from a 450A thick

> Sm film deposited at room temperature on oxidized Ta. The vertical bars A
- indicate the 4f final state multiplets for the Sm*2 and Sm*3 configu- Tl
! rations. A valence transition from a dominant divalent Sm configu- -
' ration to a dominant trivalent configuration is seen with incresing ‘-.
. cluster size. DDA
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