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The effect of configuration crossover on excited 4/ %(F;) levels has been investigated by
electronic Raman scattering in Sm,., Y, Se and Sm,, Y, S. The multiplet levels are wiped
out when they merge with the conduction band, or when interacting with phonons. Polari-
zed Raman-scattering data on Sm,., Y, S for x> 0.15 show that the contribution from J-
multiplet levels is unobservable and that the peak near 250 cm™! arises from optic phonons

and not from J =0 —J = 1 excitations.

PACS numbers: 78.30.Gt, 71.30.+h, 71.70.Ms

The anomalous features of the intermediate
valence state of rare earth ions in solids arise
from the degeneracy of nominally two 4f configu-
rations. From previous Raman' and neutron
studies® on SmS and Sm,_, Y, S it is believed that
the ionic character of the original 4f configura-
tion is still preserved at configuration crossover
(CC) and beyond, and that a Hund’s rule descrip-
tion is still valid. On this basis the lifetime
broadening of excited 4f -multiplet levels due to
mixing with conduction-electron states has been
predicted theoretically.?

In this Letter we show for the first time and
convincingly by means of Raman scattering that

the 4f -multiplet structure is strongly affected
near CC and becomes unobservable by Raman
scattering beyond CC. The Raman feature ob-
served! near 250 cm™ in Sm,_, Y, S for x>0.15
(beyond CC), exhibiting a clear-cut polarization
characteristic opposite to that associated with
the electronic J=0-J=1 excitation of Sm?”, is
due to optical phonons. In this connection we
have carried out Raman-scattering experiments
on Sm,_,Y,Se, Sm,_,Y,S, and Sm,_,Gd, S near,
at, and beyond CC. We first establish the polar-
ization selection rules for the electronic Raman
scattering arising from the J multiplets by study-
ing pure SmSe and SmS, and then show how these
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multiplet levels are affected by the Y substitution.

Single crystals of Sm,_,Y,Se, Sm,_,Y,S, and
Sm,_,Gd,S with NaCl structure were prepared by
techniques that have been described before.*
Polarized Raman spectra, with use of the 5145 A
Ar laser line, were obtained from freshly cleaved
(100) faces, with the crystal kept under vacuum,
The following geometries were used in backscat-
tering from the (100) face: x(yy)x(T,*+4T,"),
2(@y)x(Ty*+ "), x(2y,2y)x(D, "+ T, "+ Ty "),
and x(2y,zy)x(3T ,* + "' ;). Here the antisym-
metric I' ;" Raman tensor component has been
included in order to account for the electronic
(J=0-~J=1,3,5) Raman scattering. The first two
geometrles are those denoted in Figs. 1-3 by E
|E, and E,LE,, indicating the directions of the
1nc1dent and scattered electric field vectors.

In Fig. 1 we show the electronic Raman scat-
tering by the Sm?*4f5("F ) configuration of SmSe
at 80 K. The peaks correspond to excitations
from the J=0 ground state into the different J#0
excited multiplet levels. The peak width is sim-
ply resolution limited. The peaks in Fig. 1 ex-
hibit a clear-cut polarization dependence, alter-
nating between &, LE, and E, | E, for odd and
even J values, respectively. The alternating
residual weak scattering intensity for each J
value in the opposite scattering configuration
arises from nonideal geometric conditions. How-
ever, the weak additional peaks near 832 cm™!
and 2339 cm~! in the E, LE, geometry are real.
The scattering intensity for odd as well as even
J values exhibits a monotonic decrease with in-
creasing J. The J=6 level at 4010 cm™! coincides
with the 4f —5d excitation gap of SmSe.®
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FIG. 1. Electronic Raman scattering from the
Sm?* 4f 8(F;) configuration in SmSe at 80 K under
5145 A laser excitation with use of the backscattering
from a (100) face (see text); E | Es (T, * + 40, %),

E -LE (Cys* + I'y5*), where E,(s) denotes the direction
of the electric-field vector of the incident (scattered)
photon.
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In Fig. 2 we present polarized Raman spectra
of Sm,_,Y,Se at 80 K for x =0, 0.25, 0.50, 0.75,
and 1.0. We have included one La-substituted
sample with x =0.05 to bridge the gap between
x =0 and x =0.25. In this sample we observe be-

2w

smse { -

3=2] 1:3
i

-’o” “\~ . ~
i
] ::TO :"'."“
+3} { 17O A
‘._',' ] "“i SmngsLﬂuosse;: =:

(arbitrary units)

SCATTERING INTENSITY

1 [ — | | | L
200 300 750 850 1450

WAVE NUMBER (cm-)

|
0 100 1550

FIG. 2. Electronic and phonon Raman scattering of
Sm_, Y, Se at 80 K for different values of 0= x<1.0;
the scattering geometries are the same as in Fig. 1.
Data for one La substitution with x = 0.05 are included.
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low 200 cm™? first-order defect-induced Raman
scattering from acoustic and optic phonons which
is absent in pure SmSe. The J=1 peak for x
=0.05 La substitution has drastically broadened
compared to that of pure SmSe (275 cm™') and has
shifted to 266 cm™!, The J=2 peak is unshifted,
but reduced in intensity by about 20% with re-
spect to that of pure SmSe. A stronger satellite
peak appears near 823 cm~!, The J=3 peak is
unshifted, but is strongly reduced in intensity
and broadened, compared to that of SmSe. All J
levels higher than J=3 are unobservable.

With increasing x the peak corresponding to the
J=1 level progressively broadens and merges
with the phonons for x =0.50 Y. It is barely seen
for x =0.75 Y. The J=2 peak changes in intensity
as well as shape, but does not disappear even at
x=0.75Y. On the contrary, the J=3 peak is not
observed for x >0.25 Y. The phonon assignment
given in Fig. 2 for x =0.05 La and YSe follows
from that of Sm,_,Y,S for x =0 and 1.0.%7

As Y is substituted for Sm in SmSe, the lattice
parameter shrinks, and in analogy with the be-
havior of SmSe under pressure we may expect
the bottom of the 5d conduction band to approach
the 4f level. With the progressive closing of the
4f —5d gap, the higher lying 4f-multiplet levels
will overlap one by one with the conduction band.
When this happens, we believe, the latter get
broadened so much as to loose their distinct
character and are progressively wiped out. This
is the reason for the progressive disappearance
of the electronic Raman peaks corresponding to
the higher-lying J-multiplet levels, with increas-
ing Y concentration. The fact that one is able to
see a Raman peak corresponding to the J=2 level
even in Sm, ,. Y, ,Se must mean that the 4f -5d
gap is still present and should at least be 0.1 eV.
This is consistent with the fact that Sm,_, Y, Se
does not undergo a transition into a homogeneous-
ly mixed-valent phase for all values of x as con-
cluded from lattice constant and magnetic sus-
ceptibility data.® .

To clarify the phonon versus electronic (mag-
netic) contributions in Sm,_,Y,S we have meas-
ured polarized Raman spectra for x =0.0, 0.10,
0.25, 0.30, and 0.35 at 300 K and 80 K. For SmS
it has been shown that the J=1 peak, and conse-
quently (see Fig. 1) the J=3, 5 peaks, appears
only in the antisymmetric I',;* component (ﬁ,-
LE,).° In Fig. 3 we show polarized Raman spec-
tra for x =0.0, 0.10, and 0.25 at 80 K. The “cru-
cial” case of Sm, ¢Gd,. ;S in its black phase (near
CC) and its pressure-transformed (p >4 kbar)
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FIG. 3. Polarized Raman spectra of Sm,_, Y, S (x
=0.0, 0.10, 0.25) and of Sm 4Gd, S (black) and
Smyg;Gd,5S (gold, pressure transformed at p > 4 kbar)
at 80 K. Scattering geometries as in Fig. 1, including
3y, ¥+ I'jy* for Smy;Y,5S. The spectra for x< 0.15
are also shown at 300 K.

gold phase (beyond CC) has been included. The
spectra for x =0.15 are also shown at 300 K. In
addition we show for Smg ,,Y, .S the 3T',," +I';,"
spectra.

Contrary to the case of Sm,_,Y,Se, the separa-
tion between phonons (near 205 cm~?) and the J=1
peak (near 275 cm~?) in SmS has already disap-
peared for small Y substitutions, as seen for
Sm, 4,Y,. 10S. Consequently, the J=1 peak is seen
to shift towards lower energy with respect to its
position in SmS and is subject to strong broaden-
ing. It is hardly observable near CC in Sm, g;-
Gd,, S (black). The strong broadening of the J=1
level upon approaching CC (0 <x <0.15), which
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cannot be observed as clearly in unpolarized
spectra,’ arises most likely from the strong elec-
tron-phonon interaction.®” The latter acts apart
from the effect of the conduction electrons on the
higher-lying J levels in Sm,.,Y,Se and Sm,.,Y,S
(see below).

The Raman spectra of the intermediate valence
phase (x 2 0.15) in Fig. 3 are dominated by the
broad band near 250 cm™!, which appears only
in the T," component (E; || E,). Any residual scat-
tering intensity in the ﬁiiﬁs spectra at room
temperature is due to second-order Raman scat-
tering from acoustic phonons and is strongly
quenched at 80 K. Evidently, any contribution
from the J=0-J=1 excitation is absent near 250
cm™!, Thus our polarized Raman spectra of
Smy, 4,Gd,, ;5 (gold, beyond CC) and of Sm,.,Y,S
(x >0.15) show that the peak near 250 cm™!, which
appears only in the I',” component and coincides
for Sm,, ,sY,.,sS with the optic phonons,'® is due to
defect-induced first-order Raman scattering from
optic phonons and not due to the J=0-J=1 exci-
tation, as was concluded from previous unpolar-
ized Raman data.! A detailed analysis of the I',*-
only scattering intensity of Sm,_ .,;Y,..;S in terms
of a lattice-dynamical model will be given else-
where.”

The behavior of the J=2 level for 0 sx <0.15
in Fig. 3 is in agreement with the observations
by Tsang.! However, we disagree on the point
that in our measurements the J=2 peak is un-
observable for x 2 0.15 (beyond CC) at 300 K as
well as at 80 K. In no spectrum in Fig. 3 did we
observe any J =3 levels.

In neutron scattering measurements on powder-
ed Sm,_ .Y, .S an inelastic peak near 31 meV
(250 cm™!) is seen.? From its temperature depen-
dence and comparison with SmS it was concluded
that the peak is due to magnetic J=0-J=1 excita-
tions. However, in the neutron scattering studies
on metallic SmS under pressure reported by
McWhan et al.'! no evidence for either a (Sm?¥)
J=0-J=1 excitation or a (Sm**) I, - I} crystal
field excitation was found. The latter study is
consistent with our findings above. On the other
hand the broad peak (~120 cm~! wide) centered
around 31 meV seen in neutron scattering on
Sm,_.sY,.,;S? appears to result from magnetic
scattering. It is possible that a broad peak,
especially weak in intensity would be difficult to
observe in Raman-scattering studies. Perhaps
the neutron and Raman peaks have different
origins. We believe that a neutron study of a
single crystal of Sm, .Y, ,sS would provide some
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clues to this very important question.

Hirst® has predicted the mixing-decay widths of
the excited 4f-multiplet levels for SmS near and
beyond CC. For a particular case near CC,
which might be realized by our Sm,_,. Y, ..Se
and Sm,, 4,Y,.;,S samples, sharp levels are ex-
pected for J=0,1,2,5, and 6, whereas for J=3, 4
some finite broadening is indicated. However in
our Raman-scattering experiments on the above
two samples the J =3 multiplet levels are not
seen, It is not improbable that they are broadened
to such an extent (>300 cm™?) they have become
unobservable. Our results do reflect that the J
=1, 2 levels are subject to strong broadening.

The authors would like to thank H. Bilz,

N. Grewe, P. Entel, and P. B. Allen for helpful
discussions. Our thanks are due to T. Frey for
helping in the sample preparation and to N. Stliss-
er and M. Barth for help with the experiments,
One of us (A. J.) is grateful to the Alexander von
Humboldt Foundation for the U. S. Senior Scientist
Award during the term in which this work was
done.

®present address: IL Physikaliches Institut, Univer-
sitdt Koln, D-5000 Koln 41, Federal Republic of Ger-
many.

®permanent address: Bell Laboratories, Murray
Hill, N.J. 07974.

(©permanent address: National Technical University,
Athens 624, Greece.

'3. C. Tsang, Solid State Commun. 18, 57 (1976).

’H. A. Mook, T. Penney, F. Holtzberg, and M. W.
Shafer, J. Phys. (Paris), Collog. C-6, Suppl. 8, Vol.
39, p. C6-837 (1978).

L. L. Hirst, Phys. Rev. Lett. 35, 1394 (1975).

‘F. Holtzberg, AIP Conf. Proc. 18, 478 (1974);

E. Bucher, K. Andres, F. J. di Salvo, J. P. Maita,
A. C. Gossard, A.S. Cooper, and G. W. Hull, Jr.,
Phys. Rev. B 11, 500 (1975).

A. Jayaraman, V. Narayanamurti, E. Bucher, and
R. G. Maines, Phys. Rev. Lett. 25, 368 (1970).

H. Bilz, G. Giintherodt, W. Kleppmann, and W. Kress,
Phys. Rev. Lett. 43, 1998 (1979).

'G. Giintherodt, A. Jayaraman, W. Kress, and
H. Bilz, to be published.

8M. Gronau, Ph.D. thesis, Universitit Bochum,

1979 (unpublished).

%G. Glintherodt, R. Merlin, A. Frey, and M. Cardona,
Solid State Commun. 27, 551 (1978).

4, A. Mook, R. M. Nicklow, T. Penney, F. Holtzberg,
and M. W. Shafer, Phys. Rev. B 18, 2925 (1978).

D, B. McWhan, S. M. Shapiro, J. Eckert, H. A.
Mook, and R. J. Birgeneau, Phys. Rev. B 18, 3623
(1978). T



