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Thermopower behavior in La,Mo0,0;: A possible charge-density-wave system with partial
Fermi-surface nesting
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Thermoelectric power and resistivity measurements were carried out on the bronzelike com-
pound La;Mo,07 in the temperature range 95-210 K. The observed temperature dependence was
analyzed using an expression of the type —aT +B/T to separate the metallic and semiconducting

contributions to the thermopower.

Such an analysis should be valid for other similar systems

where there is only a partial Fermi-surface nesting below the Peierls transition.

A new bronzelike compound, La;Mo0,07, has recently
been synthesised by the method of fused-salt electrolysis.
Crystal structure studies? on this compound show that its
basic building blocks are M0,0¢ units which in turn are
made up of two edge-sharing MoQO¢ octahedra. These
basic units then share corners to build up a two-
dimensional (2D) MoO network in the ac plane, as shown
in Fig. 1. The Mo-Mo distance in the M0,0j¢ units is
2.478 A, which is compatible with a double bond between
Mo atoms. These units are linked by La ions in the &
direction and the oxidation states are assigned as
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FIG. 1. Structure of La;MoO7 projected in the ab and ac
planes. Open circles are La ions and shaded units are MoOio
clusters formed by two edge-sharing MoOg octahedra (Ref. 2).
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(La3*),(Mo,0% ™) with oxidation state +4 for the Mo
ions.

Transport properties of this compound?? show sample
dependent resistivities at room temperature of about 10~ 3
Qcm along the ¢ direction and an order of magnitude
higher along a and b directions. Below 125 K the resistivi-
ty shows an increase and (1/p)dp/dT plot shows a large
negative peak at this temperature indicative of a Peierls-
like transition. The temperature variation of the magnetic
susceptibility shows a large decrease in the susceptibility
at 125 K consistent with the transition seen in resistivity
data. In the present work we report thermoelectric power
measurements on this compound to further understand
the nature of this Peierls transition.

Thermoelectric power measurements were made in the
temperature range 95-210 K using an experimental setup
described in detail earlier.* A temperature difference of
about 1-1.5 K was maintained across two ends of the
sample and the thermo emf was measured on a Keithley
181 nanovoltmeter. Electrical contacts to the sample were
made by first sputtering gold on the ends using a suitable
mask and subsequently applying Ag paint. Stable con-
tacts with negligible contact resistance were achieved in
this way. Four-probe resistivity measurements were also
made on the same sample on which thermopower mea-
surements were done.

The measured resistance for the sample [R(T)/
R(230)] in the temperature range 65-180 K is shown in
Fig. 2. The slope of resistivity versus temperature curve
first starts changing at 140 K and dp/dT shows a dip at
125 K, which may be due to a charge-density-wave
(CDW) transition. The magnitude of resistivity increase
between 180 and 60 K is typically of the same order
(2.5-3 times) as observed in other samples of this com-
pound. '

The measured thermoelectric power (S) is small and
negative (~—1.3 uV/K) in the temperature range
125-210 K in conformity with metallic behavior, as de-
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FIG. 2. Temperature dependence of normalized resistance
R(T)/R(230) measured along the c axis. The CDW onset tem-
perature is 125 K.

duced from resistivity measurements.®> Below 125 K, |S |
starts decreasing rapidly to even smaller values and be-
comes positive below 115 K. This behavior is similar to
that of the purple bronze, Ko 9MosO,7,° molybdenum ox-
ide bronze 7-Mo04O11,° and other systems where there is
only a partial nesting of the Fermi surface at 7, and the
transition to higher resistivity is described as a metal-to-
metal transition. The understanding of these systems is
not as simple as that of the canonical systems such as
TaS; and (TaSes),l, where the conductivity behavior
changes from metallic to insulatin% due to the opening of
a CDW gap at the Fermi surface.”

In quasi-low-dimensional systems, where there is only a
partial nesting of the Fermi surface below 7, one expects
to observe the combined effect of two types of behavior:

(i) Electrical and thermal transport from electron and
hole carriers created by thermal excitation of electrons
across the CDW gap in directions in which there is
Fermi-surface nesting.

(ii) Metallic transport from those regions of the Fermi
surface which still lie in partly filled bands. The thermo-
power behavior for each of these contributions is distinctly
different.

In the first case the thermopower behavior is like that of
semiconductors and if one retains the familiar nomencla-
ture of E. and E, as the bottom of the conduction band
and top of the valence band, respectively, the expression
for thermopower is®

k|1—b E.—E, 1 b
S= e |iFe zr t1ret T Tee k) @
where b=o./0. and the constants A4,,4. depend on the
actual density of states and mobilities in the valence and
conduction bands, but can be assumed to be temperature
independent. If we make a simplifying assumption that
the temperature-independent second and third terms are
approximately the same magnitude (.e., 4,=A4. and
b=1) these terms will not contribute appreciably to .S and
expression (1) reduces to a simple form

k|1—b E.—E,
S 1+b 2kT ] @
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The justification for this assumption will be given later.
The temperature dependence of the thermopower contri-
bution from those parts of the Fermi surface which get
nested as a result of CDW formation is therefore expected
to be inversely proportional to temperature with a con-
stant of proportionality related to the CDW gap.

In the second case, the thermopower is metallic and is
of the form '°

2k2T F 9
S=—-I= 21 Z 1n(E , 3
3¢ |9F n( )E-Ep 3)
which gives for a spherical Fermi surface
k2T (104 1 81
-— —_——t— 4
§ 3e A OE ! OE E—Ep’ ( )

where A is the area of the Fermi surface and / is the mean
free path. Even when the Fermi surface is not spherical, it
has been suggested that to a first approximation one can
divide the Fermi surface into two or more essentially
spherical regions and the general expression can be writ-
ten as
=2k*T 9
S o8 (2h) / Tha;, )

where /; and A; are the mean free paths and surface areas
corresponding to these regions. If d4/0E and 8//9E are
positive, as is often the case for normal Fermi surfaces
(the area of the Fermi surface increases with increasing E
and the more energetic the electron the less likely it is to
be scattered, giving a longer mean free path), expression
(4) gives a negative thermopower for metals with a linear
temperature dependence.

In a system such as La;Mo,07 where both metallic and
semiconducting behaviors are present, one should then be
able to express the thermopower in the form

S=—aT+p/T, (6)
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FIG. 3. Temperature dependence of thermoelectric power
S(T) plotted in the form S/T vs 1/T? to separate the metallic
and CDW contributions. The slope 8 and intercept a, as defined
in Eq. (6), are estimated from this plot. The curve crosses zero
at T=115 K.
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and get an estimate of metallic- as well as the
semiconductor-type contribution by plotting S/7T versus
1/T2 Figure 3 shows such a plot from the La;M0,07 sys-
tem. The proportionality constant for metallic contribu-
tion comes out to be 2.7x10 "2 uV/K? above T, =125 K
and 105%10 ~% uV/K? below T,. This large increase in
the coefficient a below T, can be explained as a result of
the loss of portions of the Fermi surface area due to nest-
ing as well as a decrease in mean free path consequent to
the opening of the CDW gap and additional scattering by
the lattice modulation [see Eq. (4)].

The slope B obtained from thermopower data changes
from —0.97x10% uV above T, to 12.64x102 uV below
T,. The change in magnitude as well as sign are sig-
nificant. The coefficient B is related to the gap
A=E.—E, and b =c./o) according to Eq. 2

sk

e

1=b A

1+b 2k | ™

The slope of thermopower data therefore gives an esti-
mate of the quantity [(1—5)/(1+b)1(A/e) as 2.5 meV
below the Peierls transition. This small value is consistent
with our earlier assumption of ==1 because typical CDW
gaps obtained in other materials are larger (typically
1072-10 "'eV).

Above T, the slope is small and negative but nonzero.

BRIEF REPORTS 40

This implies a semiconductive type behavior above 7).
The explanation for this can be found by looking at band-
structure calculations of La;Mo0,07 carried out by
Whangbo and Canadell.!! These calculations show that
there are two partially filled d-block bands in this material
labeled o+ and &,. The bottom of the next higher band &,
lies above but very close to the Fermi level (0.018 eV
above). This would lead to excitation of electrons from
the &) to the &, band even above T, and a thermopower
behavior typical of carriers excited across a gap. The
slope is negative, as expected for electrons.

In conclusion, we find that the temperature dependence
of thermopower can be consistently described by an ex-
pression of the type S = —aT+8/T for CDW systems
that have a partial Fermi-surface nesting below the
Peierls transition. The metallic and semiconductive con-
tribution can be separated by plotting S/7 vs 1/T2. This
analysis should also be applicable to other similar systems.

We are grateful to Professor V. Srinivasan, Dean of the
School of Physics, for his encouragement and support.
One of us (K.S.) thanks the Council for Scientific and In-
dustrial Research, India for support. The work at Rutgers
was supported by the National Science Foundation-Solid
State Chemistry Grant No. DMR-87-14072. W.H.M. is
grateful for support under National Science Foundation
Grant No. DMR-87-02034.

Iw. H. McCaroll, C. Darling, and G. Jakubicki, J. Solid State
Chem. 48, 189 (1983).

2A. Moini, M. A. Subramanian, A. Clearfield, F. J. DiSalva,
and W. H. McCaroll, J. Solid State Chem. 66, 136 (1987).

3B. T. Collins, M. Greenblatt, W. H. McCaroll, and G. W. Hull,
J. Solid State Chem. 73, 507 (1988).

4K. Surendranath and C. Bansal, J. Instrum. Soc. India 16, 181
(1985).

SR. Buder, J. Devenyi, J. Dumas, J. Marcus, J. Mercier, C.
Schenkler, and H. Vincent, J. Phys. Lett. 43, L59 (1982).

SH. Guyot, C. Escribe-Filippini, G. Fourcaudot, K. Konate, and
C. Schienker, J. Phys. C 16, L1227 (1983).

7B. Fisher, Solid State Commun. 46, 227 (1983); D. C. Johston,
J. P. Stokes, Pei-Ling Hsiech, and G. Gruner, J. Phys. 44,
1749 (1983); J. P. Stokes, A. N. Bloch, A. Janossy, and G.
Gruner, Phys. Rev. Lett. 52, 372 (1984).

8K. Surendranath, C. Bansal, and A. Meerschaut, Solid State
Commun. 60, 173 (1986).

9H. Fritzsche, Solid State Commun. 9, 1813 (1971).

10R. D. Bernard, Thermoelectricity in Metals and Alloys (Tay-
lor and Francis, Philadelphia, 1972), p. 144.

1M.-H. Whangbo and E. Canadell, Inorg. Chem. 26, 842
(1987).



