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While NdNiQ,_ ; prepared ordinarily is highly oxygen-deficient
and exhibits a metal—-insulator transition at low temperature, it
has been possible to prepare nearly metallic NdNiQ;_; (6 = 0.05)
by electrochemical oxidation. On progressive electrochemical oxi-
dation, orthorhombic, insulating LaMnO; transforms to a rhom-
bohedral and then to a cubic structure. The last two phases are
ferromagnetic and exhibit metal—insulator transitions.  © 1995 Aca-

demic Press, Ine.

Perovskite oxides of the general formula LaMO; (M =
transition metal) exhibit a wide range of electrical and
magnetic properties (1, 2). Thus, stoichiometric LaNiQ;
is metallic while LaMnQOj is an insulator. The properties
of LaNiQ, have been investigated extensively in the liter-
ature (3, 4) and there is considerable interest in those of
NdNiQ;. NdNiQ; was first prepared under high oxygen
pressures by Demazeau et al. (5). Since nickel com-
pounds with Ni in the +3 state are basically unstable, a
low-temperature sol—gel method was employed by Vassi-
liou er al. 6] to prepare NANiO; with a rhombohedral
structure (@ = 5.40 A, a = 60.5°. The material so
prepared showed a transition from metallic to insulating
behavior around 130 K. The transition was associated
with thermal hysteresis due to the first-order nature of
the transition, Lacorre ef al. (7) and Garcia-Muioz et al.
(8) have studied the metal-insulator (M—I) transition in
orthorhombic NdANiO; synthesized under moderate pres-
sures. It appears that NdNiO; prepared even at fow tem-
peratures is oxygen-deficient. By employing low-temper-
ature low-oxygen-pressure methods, Gareia et al. (9)
have prepared NdNiQs. 5 with § in the range 0.1-0.2.

LaMnO, is an interesting material which, when suit-
ably substituted with a divalent ion such as Ca or Sr, as in
La,...Ca,(8r),MnO;, becomes ferromagnetic at a specific
x valae and exhibit a M-I transition close to the ferro-

' To whom correspondence should be addressed.

magnetic Curie temperature (1, 10). Verelst ef af. (11}
have shown that LaMnQO; transforms from the
orthorhombic to the rhombohedral and then to the cubic
structure, depending on the Mn** content. The tempera-
ture of the M~I transition, as well as the ferromagnetic
T., accordingly increases with the Mn**/Mn? ratio.

We considered it to be rewarding to prepare stoichio-
metric NdNiO;, which might be metallic, as well as cubic
LaMnOj with a high Mn** content, which would be ferro-
magnelic, by employing a suilable low-temperature route
using electrochemical oxidation, which has proved suc-
cessful in preparing oxygen-excess 1.a;CuQ, and other
materials (12, 13).

We have carried out electrochemical oxidation in 1 N
KOH solution using a cell described schematically in Fig.
1. The working electrode was a polished pellet of the
sample of 2 mm thickness and 8 mm diameter fixed onto a
groove in the rotating disc electrode (1000 rpm). Electri-
cal contact was established using silver paste, which was
then separated from the electrolyte with silicon rubber.
The counterelectrode was a thin platinum foil of 0.5 mm
thickness and 10 mm diameter. A Hg/HgO clectrode
standardized with reference to NHE (E® = +0.1 V)
served as the reference electrode. The oxidation was car-
ried out under an anodic potential of 650 mV for different
polarization periods. The pellets were removed from the
cell, washed with water and acetone, and dried.

By the procedure of Vassiliou et al. (6), we first pre-
pared NdNiO;_; with 8 = 0.12. The powder XRD pattern
of this sample (Fig. 2a) could be indexed on a rhombohe-
dral unit cell with @ = 5.396(4) A and & = 60.40(4)°. The
resistance of this sample (by 4-probe measurements) ex-
hibited a M-I transition at around 150 K (Fig. 3a). A well-
sintered pellet of this material was subjected to electro-
chemical oxidation, After oxidation for 24 hr, the sample
became more metallic (Fig. 3b), with a lower M-I transi-
tion temperature. Oxidation for 48 hr rendered the mate-
rial nearly metallic down to 100 K, with an essentially
constant value of resistance down to 20 K (Fig. 3c). The
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FIG. 1. Schematic diagrams of (a) the electrochemical cell and (b)
the rotating disc electrode.

composition of this sample, as determined by thermo-
gravimetric analysis and by iodometric titrations, was
NdNiO,s. This sample also has a rhombohedral struc-
ture (R 3¢), with unit cell parameters a = 5.414(5) A and
a = 60.18(7)°. The rhombohedral angle suggests that the
material is close to becoming cubic with a Ni-O-Ni angle
of 180°, Interestingly, the resistance of this sample did
not show any thermal hysteresis.

Orthorhombic LaMnOs (a = 5.543 A, b = 5.494 A, and
¢ = 7.805 A) was prepared by the sol—gel procedure using
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FIG. 2. X-ray diffraction patterns of NdNiQ;_; (a) before oxidation
(& = 0.12) and (b) after oxidation (& = 0.05).
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FIG. 3. Electrical resistance of NdNiQO,_; (a) before oxidation, (b)
after electrochemical oxidation for 24 hr, and (c) after electrochemical
oxidation for 48 hr.

citric acid and ethylene diamine with a solution of lan-
thanum and manganese nitrates. The powder obtained
after decomposition of the gel at 773 K for 6 hr was
pressed into a pellet and heat-treated at 1470 K in air for
24 hr. The resulting sample contained 12% Mn?*, as de-
termined by redox titrations. On electrochemical oxida-
tion of the sample for 24 hr the structure changed to
rhombohedral (a = 5.478 A, o = 60.55%). We obtained the
cubic structure (@ = 7.788 f\) after further oxidation (Fig.
4}. While orthorhombic LaMnO; was insulating and para-
magnetic, the rhombohedral and cubic samples are ferro-
magnetic and exhibit M-1 transitions at around 170 and
215 K, respectively, just below the corresponding ferro-
magnetic Curie temperatures. Further studies on oxi-
dized LaMnO; samples are in progress.
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FIG. 4. Changes in the X-ray diffraction pattern of LaMnO,; on
progressive electrochemtcal oxidation.
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