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Fially, it is concluded that throughout the
investigated energy region, the experimental results
are deviating positively from the direct theory and
this positive deviation is found to be increasing
with increasing energy. But the detour theory is
found to be successful in explaining the experimental
excess over the theory only in the middle energy
region. It is therefore desirable to develop new
theories by taking into account new effects if there
are any, which were ignored in the existing theories
and which are likely to augment the IB intensities

especially at high photon energies.
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EXPLOSIVE PHASE TRANSFORMATION IN Sm,.g Tbo., S
V. SHUBHA anp T. G. RAMESH

Materials Science Division, National Aeronautical

‘VE recently reported the thermo-power study of
the isostructural electronic phase transition In
SmS which occurs around 6-5 Kbar pressurel. The
semiconductor to metal transition manifests itself
as a dramatic drop in thermo-power (Q) followed
by a change of sign. After the phase transition,
Q increases anomalously over a narrow pressure
range, It is well known that the high pressure
phase of SmS is in a mixed valance or inter-
configurational fluctuation state2 (ICF). Further
the effect of pressure can be simulated by substitu-
ting smaller trivalent ions like Tb3+, Gdd3+, Y3%,
etc., for the larger divalent Sm jons in the SmS

lattice3 %, Thus the critically doped and ‘Chemically

collapsed’ systems like Smy, Tby, S, Smy g4
Gd,.,. S, etc.,, exhibit properties  which are
imilar to the high pressure phase (metallic phase)
of SmS.

In this communication we report some new data
on the thermoelectric behaviour of the chemically

collapsed Smy,., Tby.aS system in the temperature
range — 200° C to 4 200" C, Further this study

gives evidence that the black phave obtatned after
the eaplosive phase tiansformation33 at — 170° C
(B’-Phase} is quite distinct from the noimal bluck

phase (H-phase}.

Laboratory, Bangalore 560017

Figure 1 pgives the temperature-concentration
diagram3 of a typically doped material like Sm,_
Gd S. For concentrations less than the critical
value the material will be in the B-Phase (FCC)
which is the normal semiconducting phase. For
concentrations greater than a critical value and for
temperatures above 100° K, the black phase under-
goes an isostructural first order phase transforma-
tion to a metallic phase (M). This metallic phase
on cooling undergoes an explosive phase transforma-
tion to the B’-phase, near liquid nitrogen tempera-
ture. There is evidence to indicate that this is
also an 1sostructural transformationd, As mentioned
earlter this study clearly shows that B and B’ =re
electronically  distinct  phases.

Figure 2 presents the variation of Q with
temperature ranging from —~200°C to 4+ 200°C
for Sm,.;Th,.,S. The most notable feature is
the change of sign of Q at lower temperatures
followed by very large increiase in its magaitade
(Q x~ —40 pv/°C at --150*C)., The explosive
phase transformation from the metallic to the B'-
phase is scen by the large discontinuity in Q
oceurring near — 170° The sipn of Q is
positive i the B'-phase. From our earher
sfudics!, we note that Q i~ negative in the B-phase
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Fic. 1. Phase diagram of Sm,_, Gd,; S system.
B—Normal semiconducting phase; M-—Metallic
phase ; B'—New black phase after the explosive
phase transformation.

which suggests that the celectronic structures of
the B and B’ phases are different. The decrease
of Q at higher tempetatures leading to a change
of sign around -4+ 200° C 1is associated with the
continucus phase transformation from the metallic
to the B-phase.

Figure 3 gives the pressure dependence of Q
in Sm ¢ Tb,,S and in the metallic phase of
SmS, It may be noted that over a narrow pressure
range, the thermo-power increases anomalously in
both these systems and their remarkably identical
behaviour 1s indicative of the close similarity
in their electronic structure,

The anomalous temperature and pressure depen-
dence of (@ in these 4f substances can be qualita-
tively understood on the basis of the Hirst Model?
according to which the 4f band with a high density
of states lies at the Fermi level. The central result
of Hirst’'s model is that the Samartum ions in the
high pressure phase of SmS or in the chemically
collapsed Smg 4 Tby; ,S are rapidly wundergoing
inter-configurational fluctuations between the is0
energetic 46540 and 4/354" states. For temperatures
AT << A, where A represents the width of the 4f
resonance, the ions would be in a well defined
configuration and when AT >> A, the ionic
configuration will be rapidly varying leading to the
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phenomenon of ‘mixed valence’. Also the applica-
t'on of pressure will move the Fermi level away
from the centre of 4f resonance which again will
fead to a continuous change in the fractional valence,
The amount of fractional wvalence can thus b2
varied continuously by the application of pressure
nr icmperature,

It is well known that the thermo-power of a
metal depznds on the energy derivative of the
relaxation time (7) and the density of states at
the Fermi level. The anomalous increase of thermo-
rowsr with decrease of temperature (Fig. 2)
suggests that [47/dt I is positive, (which makes a
negative contribution to thermopower) and 1ts
magn‘tude increases with decrease of temperature.
Since the concentration of electrons possessing S5d
character, which effectively carry the c¢urrent
decreases with decrease of temperature the magnitude
of Q would becoms large at lower temperatures.
The decrease in Q at higher temperatures (0° C
to 200° C) can be correlated with the continuous
change of valence of Samarium ions towards the
divalent state.

The anomalous pressure behaviour (Fig. 3)
can be explaiped if one assumes that with the
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Fig. 3. Q versus P graph in Smg.g Tbg., S and

in the high pressure phase of SmS.

of 4f resonance.

positive values of Q.

increase of pressure the Fermi level probes the
region of density of states lying below the centre
This gives rise to [d7/dE],
becoming negative with pressure leading to large
It 1s of interest to study
the low temperature behaviour of the high pressure
phase of SmS and experiments in this direction gre
in progress in our laboratory.
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HIGH ENERGY SINGLE AND DOUBLE PLASMON SATELLITES IN THE Be AUGER SPECTRUM

K. S. SRIVASTAVA, R. L. SHRIVASTAVA axp O. K. HARSH
Department of Physics, K.N. Government Pogst-Graduate College, Gyanpur, Varanas: (U.P.), India

ABSTRACT
Relative intensities of high energy single and double plasmon satellites in the Be Auger

spectrum have bezsn calculated as 0-0058 and 0-0061 respectively.

The calculated values sgree

fairly well with the corresponding experintenial values 0-00353 and 0-0047 ¢f Jenkins eral,

HMIDT?1, Steinmann?2 and Neddermeyer and

Wiech3 have shown theoretically that the involve-
ment of plasmon in the emission of high energy
satellites is possible. Evidence for the existence of
high energy plasmon satellitics have been shown by
several workers40., Recently Jenkins e¢f. al.b have
observed two high energy satellites at encrgy distances
of 18 eV and 38 eV from the main Be (KVV) Aupger
peak on the high energy side. They have assigned the
first satellite (KVV 4 Tiw,,) as due to single plasmon
energy gain by the Auger electron, while the sccond
satellite at 38 eV has been assigned [(K), VV] as
due to double ionization, The last assignment is
based on the rough approximation which Jenkins and
Zehners have made for the ionization encrgy of the

seccond K-electron of Be. Recent calculations by
Hayasi!0, assuming double ionization, place the main
band-high encrgy satellitc separation at 3407 ¢V
for Be. This value docs not agree with the experi-
mental value of cither Jenkins e¢f, «lS (38 V) or
of Hayasi!t (37-6 ¢V). In fact the esperimental
values of both the watkers are in eacellent agrec-
ment with the double plasmon enerey (2 Isz] o
(38 ¢V). Thus on (he basis of energy considera-
tton the high energy sateliite at 38 eV can be
assigned  as due to double plasmon energy  gain,
rather than the double jonization process.

Jenhins and Zehnerd have also observed two low
cnergy satellites at 18 eV and 38 eV to which they

clivm respectively  as due to single and  Joudble



