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Thermal Conductivity of La,CuO,, La,NiO,, and
Nd, CuQ, in the Semiconducting and Metallic Phases
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Thermal conductivity of polycrystalline La,CuO,, La,NiO,, and Nd,CuO,
was measured in the temperature range 300-1000 K. No anomaly in thermal
conductivity has been observed during the semiconductor-to-metal transition of
La,NiO, or in the metallic phases of La,CuO, and La,NiO,. A change of
slope has been found, however, in the thermal conductivity of La,CuQO, at the
crystallographic transition. The thermal conductivity of the oxides is mainly
phononic in this temperature range.
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1. INTRODUCTION

In recent years, materials showing transition from semiconductor to metal,
or vice versa, have received considerable attention. These materials, while
passing through the transition, exhibit changes in their crystal structure,
electrical transport, and magnetic properties, which are well studied [1].
However, adequate attention has not been given to their thermal transport
properties. A few references [2-4] appearing in the literature are
ambiguous in as much as their nature and mode of heat conduction during
or after the transition. For example, the thermal conductivity of vanadium
oxide reported by Bergland and Guggenheim [2] did not show any change
during the phase transition; the conductivity was found to be temperature
independent. However, the measurement by Andreev et al. [3] on VO,,
V,0;,, and V;0;5 revealed a drop in their conductivity at the transition,
which thereafter resembled that observed for amorphous materials.

Rare earth oxides of the general formula Ln,XO, (Ln=La, Nd and
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X =Cu, Ni) have been studied extensively with respect to their electrical
transport properties [5-7], magnetic properties [8-10], and
crystallographic transitions [11, 12]. Because of the complexity in the
structural arrangement of atoms, these oxides exhibit varied behavior in
their properties [13]. Thus La,CuOQ, is metallic even at room temperature,
La,NiO, shows a semiconductor == metal transition at about 600 K,
and Nd,CuO, is semiconducting. An orthorhombic-to-tetragonal
crystallographic transition is reported for La,CuO, at about 533K [11].
However, their thermal transport properties have not been studied so far.
The aim of the present work is to investigate the nature of their thermal
conductivity in the semiconducting and metallic phases and also during the
phase transitions. In order to determine the contributions of the different
factors to the total thermal conductivity, their electrical conductivity, linear
thermal expansion, and specific heat variations have been measured in the
same temperature interval.

2. EXPERIMENTAL

The compounds were prepared by solid-state reactions of the respec-
tive oxides. Powders of the component oxides of a putity greater than
99.9% were mixed thoroughly and heated initially in a platinum crucible in
air at 1250 K for a period of 10 h. The product was ground and reheated
till the compounds were formed, which were characterized by X-ray diffrac-
tion using CuK, radiation.

Sintered samples were prepared for the measurements by uniaxial cold
compaction of the oxides followed by sintering at 1400 K in air for 48 h.
For all measurements, two pellets were prepared from two different lots.
The density of the samples varied between 70 and 80% of the theoretical.
All the measurements were carried out in air from 300 to 1000 K.

The thermal conductivity was measured on pellets 2.5 cm in diameter
and 2-3cm in height by the comparative method, described elsewhere
[14]. Pyroceram-9606 and Inconel-718 were used as standards. The
accuracy of the measurements was better than 4-5%.

The thermal expansion was measured on samples 1.25 cm in diameter
and 1.00 cm in thickness using quartz push-rod dilatometer (Model LKB-
3185) with a calibrated dial gauge. The accuracy of the dial gauge was
+0.5 um.

Measurement of the electrical conductivity of the samples was carried
out by a four-probe DC cell [15].

DSC measurements were made on La,CuO, and La,NiO, between
300 and 750 K, with a differential scanning calorimeter (Perkin—Elmer
DSC-1B).
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3. RESULTS AND DISCUSSION

Figure 1 shows the variation of the measured thermal conductivity of
La,CuQO,, La,NiO,, and Nd,CuO, with the inverse of temperature,
corrected for zero porosity using the equation of Franel and Kingery [16].
Typical data obtained on two samples for each oxide are presented in
Tables I, 11, and III. It is found that the thermal conductivity of the oxides
decreases with an increase in temperature.

The results of the electrical conductivity measurements are shown in
Fig. 2, which are in good agreement with those reported in the literature
[5-7]. The plots clearly show the metallic nature of La,CuO,, the
semiconducting behavior of Nd,CuQ,, and the semiconductor-to-metal
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Fig. 1. Thermal conductivity of La,CuQ,, La,NiO,, and Nd,CuO,,
corrected for porosity, as a function of inverse temperature.
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transition of La,NiO,. The data are employed for calculation of the elec-
tronic contribution to the thermal conductivity (4.).

The percentages linear thermal expansion of the oxides as a function
of temperature are shown in Fig. 3. A change of slope is observed at about
530 K in the case of La,CuQ,, while the DSC measurements did not

Table I. Mcasured Values of Thermal Conductivity of La,CuQO,

Standard used

Inconel-718 Pyroceram-9606
Temp. A Temp. A
Sample Ky Wm'KYH) (K)y (Wm!'K?
1 360 5.29 330 5.39
(74% theoretical density) 370 5.25 350 532
400 5.18 375 5.25
440 5.17 430 5.14
465 5.14 510 5.07
590 4.82
510 5.14 620 4.81
520 4.98 - 690 4.66
530 4.96 735 4.63
575 4.88 790 4.50
615 476 845 4.45
665 475 915 437
695 4.70
740 4.66
795 4.55
820 4.52
865 4.44
960 4.36
1000 4.33
II 335 5.05 395 5.00
(70% theoretical density) 365 5.00 630 4.50
425 492 735 4.45
485 4.98 855 4.20
500 4.90 895 4.20
560 4.69
580 4.67
675 4.50
780 428
790 4.37

870 4.13
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indicate any noticable change in the specific heat of the samples in the tem-
perature interval of measurements.

The thermal conductivity of semiconductors represents the cumulative
transport of heat by phonons (4,) and by electrons and holes (4.). Quan-
titative expressions for estimating the phononic contribution of thermal

Table II. Measured Values of Thermal Conductivity of La,NiO,

Standard used

Inconel-718 Pyroceram-9606

Temp. A Temp. A
(K) (W.m‘l.K—l) (K) (w.m‘l.K—l)

I 325 596 335 5.88
(79% theoretical density) 360 5.70 395 5.56
420 5.46 435 5.37
480 517 505 5.10
500 5.06 510 5.13
530 5.02 530 498
560 4.96 580 4.88
605 4.86 605 4.82
645 482 625 4.76
685 4.69 660 475
720 4.66 675 4.70
740 4.68 705 4.69
765 4,62 745 4.57
800 4.54 790 5.53
835 4.50 865 447
865 4.46 895 447
915 442
1005 4.35
1 345 5.11 355 5.09
(70% theoretical density) 375 4.90 405 491
505 448 455 473
620 434 505 4.57
720 422 550 4.41
815 3.99 600 434
850 4.05 675 4.33
710 421
750 4.13
795 4.10
850 4.05

895 3.99
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conductivity (4,) have been proposed by various investigators [17-197].
Even though these expressions are essentially equivalent in nature, the
computed numerical values differ considerably [19, 20]. Hence instead of
calculating A, numerically, its relation with temperature was evaluated
using the expression given by Dugdale and McDonald [18]:

_lcva
P 3T

(1)

Table III. Measured Values of Thermal Conductivity of Nd,CuQO,

Standard used

Inconel-718 Pyroceram-9606

Temp. A Temp. A
(K) Wm-K™) (K) (Wm K™

1 345 5.88 345 6.00
(80% theoretical density) 380 5.79 385 5.67
425 5.48 390 5.78
465 5.26 405 5.60
510 5.15 480 5.33
530 5.04 490 5.16
565 4.95 500 5.26
625 4.82 530 5.00
675 4.73 575 497
725 4.58
765 4.52
815 441
875 4.32
925 4.20
965 4.20
1000 4.16
1I 320 5.88 345 5.53
(75% theoretical density) 370 5.47 405 5.26
405 5.25 430 5.10
465 5.03 505 4.83
525 4.73 535 4.73
555 4.65 580 4.64
610 4.58 635 443
675 4.43 685 4,35
720 431 730 4.28
780 4.20 780 4.20
835 413 815 4.13
910 3.98 860 4.04

900 3.98
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Fig. 2. Electrical conductivity (¢) of La,CuQO, (x), La,NiQ,(®),
and Nd,CuO, (O) versus inverse temperature.

where ¢ is the lattice specific heat per unit volume, v is the velocity of
sound in the medium, a is the lattice constant, r is the Griineisen constant,
and o« is the linear thermal expansion coefficient. From the above
expression, it can be noted that unless any or all the terms involved in the
equation show an abrupt change with temperature other than the usual
monotonic variations, 4, will be inversely dependent on 7.

Prior investigations [11,12] have shown that there is no major
change in the lattice constants of these oxides with temperature, even in the
case of La,CuO, during the crystallographic transition. As described
previously, DSC did not show any change in the specific heat of the sam-
ples. In the case of thermal expansion, the plot showed a change of slope
for La,CuOy, corresponding to its crystallographic transition, and no such
change was observed for the other oxides. The velocity of sound in the
oxides and their Griineisen constants have been assumed to be constant
[21]. Thus, in these oxides the various terms in Eq. (1) are not
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Fig. 3. Percentage expansion of La,CuO, (®), La,NiO, (O),
and Nd,CuQO, (x) as a function of temperature.

significantly affected by temperature. Under these conditions 4, exhibits an
inverse relation with temperature. The plots of the measured thermal con-
ductivity with the inverse of temperature (Fig. 1) are linear in all cases,
thereby showing that the thermal conductivity of the oxides is
predominantly phononic.

The electronic part of the thermal conductivity (2.), calculated using
the Wiedmann-Franz equation [22], and the measured electrical conduc-
tivity are given in Table IV. 4, is observed to be negligible compared to the
total thermal conductivity. Unlike in the case of the metallic phases of
vanadium oxides, the conductiviries of La,CuQO, and La,NiO, are inver-
sely dependent on temperature in the metallic phases; there is no evidence
to suggest that any other conduction mechanism is operative in this range.
The changes in the slope of the plot of 4 verses 1/T above and below the
crystallographic transition in La,CuQO, are a direct result of the
corresponding dependence of the linear thermal expansion on temperature.
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4. CONCLUSIONS

The thermal conductivities of La,CuO,, La,NiO,, and Nd,CuO, are
identical and comparable in magnitude even though they exhibit diverse
electrical transport properties. Phonons are found to be the predominant
carriers of heat, and the heat conduction is not affected by the semiconduc-
tor-metal transition in La,NiO,. The crystallographic transition in
La,CuQ, is clearly reflected in its thermal conductivity.
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