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Abstract

L -XAHES measurements of Sm in an inert Ar-matrix show a contlnuous

i n c r e a s e of the Sm valence with increasing Sm concentrat ion. A sharp

transition region is observed near c • 1:100 where the valence steeply

rises from 2.05 to a breakpoint v • 2 .6 . Tempering of a mat r ix results

in a rise of the valence. There is atrong evidence that the Sm-Sm inter-

actlon in small c lusters is responsible for the valence change.

1. Introduct ion

From X-Ray Absorption Near Edge Structure (XANES)-measurements of pure Sm

at the L -edge Materl lk et a l . (1) have shown that bivalent (atomic)

and trivalent ( so l id) stätes of Sm can easily be d i s t i n g u i s h e d by the white

line sh i f t of ^ 7 eV. This fact can be used to determine the valence in

mixed-valence Systems by evaluating the peak heights or peak areas of the

corresponding white l ines. Up to now, valence changes in Rare Ear ths have

been performed by changing the chemical environment, by induclng high pressure

to force a phase transi t ion or by temperature changes.

In this paper we describe a novel approach to mixed-valence Systems by trapping

Sm atoms in a chemical inert Ar-matr ix w i th Sm concentrations from 1:15

to about 1:500. Because Ar has no chemical reaction w i t h ' S m , the reaults

can only be due to Sm-Sm interactions or cage effects. It is shown that

every valence between 2.0 and 2.8 can be produced in this ränge of concen-

trations. Furthermore, irreversible changes of the original valence in a

mat r ix sample occur by tempering the matr ix to temperatures near the boi lof f -

point of Ar.

2. Descr ipt ion of the experiment

The absorption measurements have been performed at the EXAFS II beaa line

of the Hamburg Synchrotron Radia t ion Laboratory HASYLAB. Details of the

beam line are described by M a l z f e l d t et al. (2) .

A Si l l l double-crystal monochromator was used wi th an energy resolution

of 'v 2 eV at 6.7 keV. Using three ionization chambers in a row with two

sample chambers placed between them the absorption measurements of the matrix

and of a reference sample are done simultaneously. The reference sample

(Sm 0.) is needed for an exact energy calibration which is independent of

varying beam conditions.

Paper presented at the 4th In t .Conf . on Valence F luc tua t ions , Cologne,

August 27-30, 1984; to be publ ished in Journal of Magnet i sm and M a g n e t i c

Mater ia l s .

The mat r ix is prepared in a UHV sample chamber at a residual pressure p -
—8

10 Torr. On a thin ( ^ 1000 Ängström) Aluminium foil cooled down to 5 K

by a liquid Helium cryostat Ar and Sm are co-deposited wi th constant de-

position rates which are monitored by a quar tz crystal ( for Sm) and by the

Ar-pressure in the sample chamber. Typical parameters are 0.2 Angström/sec
-4 -5

for the Sm rate and an Ar-pressure of 10 - 10 Torr which corresponds
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to ^20 Angström/sec. Various concentrations M/R (=matr ix/radical) are pro-

duced by changing the Ar-pressure. The depos i t ion rates are ealibrated by

Comparing absorption measurements wit t i known cross-sections . In a typical

preparation time of 3 h a Sm Chickness of 1500 Ängström is achieved.

Every sample has been tempered at a series of dist inct temperatures converginj

to the boi loff - temperature of Ar. Each temper stage had a duration of 5 m i n . ,

and a f te rwards the sample was cooled down again to avoid additional e f fec ts

by the heat load of the x-ray beam.

3. Results

Figure l shaws the L -absorption spectra of atomic Sm (f rom R e f . ( I ) )

and of various concentrations M/R at the original temperature 5 K. For coro-

parison, a spectrum of solid Sm is added. The energy is ealibrated to 6.716 keV

at the maximum of the L -white line of the reference sample Sm.O^. An

appropriate background polynomial has been subtacted frotn the original data,

Using a least squares technique, the valence of each matr ix is easily computed

by f i t t ing a Linear combination of atomic and solid Sm spectra to the data.

The accuracy of this procedure is estimated to be better than fiv = 0.05.

In figure 2 the Sm valence of the original samples at 5 K is drawn versus

the concentration on a logarithmic scale. At low Sm concentrations (M/R =

400) a nearly bivalent behaviour is observed. The Sm valence increases

monotonically w i th increasing concentration. In the vicinity of M/R = 140

a sharp rise of the valence from 2.05 to 2.6 is observed within a concentration

ränge of Eactor 2. The steep rise of the valence ends at M/R = 100 reaching

a breakpoint v = 2.6. At higher concentrations, the valence shows a slow

increase but does not reach the value of 3 at M/R = 6. The breakpoint v =

2.6 agrees with the valence which is associated to a f i r s t order volume

collapse at ^7.5 kbar by high pressure experiments in SmS by Röhler et al- (3).

The valence transition in the M/R ränge 100-200 occurs at those concentrations

where Moskovits and Hülse (4) observed eff ic ient small-cluster production

(2-5 atoms) by optical spectroscopy of Cu in Ar. As there are general trends

for düster formation in matrices äs a function of impurity concentration

similat cluster aggregation ia expected in the case of Sm. Nonmetal-to-metal

t ransi t ions in matrices nr.cur ac much higher concentrations C % 3; 1) äs shown

by Berggren et al. ( 5 ) . If Sm atoms are trapped into a Ne matr ix , the observed

absorption spectra are nearly identical to those of Sm in Ar.

Addi t ional e f f e c t s are visible by tempering a sample. In f igure 3 the ab-

sorption of a sample wi th M/R = 200 is shown at d i f f e r e n t temper stages

in pa r t s a - d. The following spectra e - h are due to a M/R * 130 sample.

No te , that w i t h two samples only, the valence ränge from 2.05 to 2.8 is

scanned by temper e f f e c t s .

As there are d r a s t i c valence changes of Sm in one ma t r ix due to the temperature

rise we argue that cage e f f e c t s which have been observed e.g. in the case

of Ni in Ar by Brei thaupt et al. (6) are of minor importance. The Sm-Sm

interactions in small Sm-clusters are bel ieved to be responsible for the

observed valence changes-

Although it is nowadays possible to ca lcu la te the atomic-to-solid L-level

sh i f t s of the Rare Ear th elements (see, e .g. , J. Herbst ( 7 ) ) and the X-ray

absorption at simple condi t ions , e.g. the 3d->4f ahsorption of Ce at zero

temperature (Gunnarson and Schönhammer (8 ) ) , to our knowledge nothing is

known about the absorption properties of Rare Ear th clusters. These

measurements reveal the necessity of reliable calculat ions of c luster

properties of Rare Earth elements.
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Figure Captions

L, -,, -absorpt ion p md of a) atomic ( f rom R e f . l) and h) solid Sr

and of Sm in Ar w i t h the f o l l o w i n g concentra t ions: b) 4 4 0 : 1 ,

c ) 200:1 , d ) 1 3 0 : 1 , e ) 1 2 0 : 1 , f ) 55 :1 and g) 6 :1 .

Fig. 2 Sm-valence äs a funct ion of the concentra t ion M/R in an

Ar -ma t r i x at T = 5 K.

F ig . 3 L - a b s o r p t i o n u *d for two ma t r i ces at vaH ous temper

stages: a) 5K., b) 26 K, c) 29 K and d) 34 K for a sample

w i t h K/R = 2 0 0 : 1 ; e ) 5 K, f) 2 9 K , g) 34 K and h) 38 K for

a sample with M/R = 130: l .
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