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Changes in crystallographic, electrical, and thermal properties of CuCr204 spine1 were investigated by 
replacing Cu with Mg, i.e., Cur-,Mg,CrrO .,, and Cr with Al, i.e., CuCrr-,Al,04. The tetragonal 
distortion in CuCrz04 disappeared with 60% replacement of Cu by Mg (x = 0.6) or 50% replacement of 
Cr by Al (x = 1 .O). The temperature variation of electrical resistivity for all the tetragonal samples was 
similar to that of CuCr204. The first order, diffusionless phase transition was manifest in the hysteresis 
loops of log p vs l/T plots. The resistivity and activation energy for conduction changed sharply near 
the phase transition composition. With the replacement of Cr by Al, the conduction in CuCrrO., was 
found to change from p type to n type. The low thermal stability of the spine1 was found to be due to a 
high concentration of tetrahedral Cu*+ ions (>80%) and compressed tetragonal distortion which strains 
the spine) lattice. This strain is removed by replacing either Cu with Mg or Cr with Al, whereby the 
spine1 becomes stable. 

A systematic investigation on the cata- present paper deals with the findings on the 
lytic role of transition metal spine1 oxides effect of these substitutions, as well as sub- 
started in the last decade (Z-5), although stitution of chromium by rhodium and iron, 
their usefulness as catalysts had been rec- on (i) the spine1 structure, (ii) the electrical 
ognized long ago. The investigations, so properties, and (iii) the thermal stability of 
far, have mainly concentrated on the solid CuCr204. 
state properties of the catalysts, in order to 
understand the catalytic action of the tran- 
sition metal ions present in the spine1 lat- 
tice. A few of the important spine1 catalysts 

Experimental 

have already been extensively studied (3), Preparation of materials. The two series 

but CuCr204, which is an active catalyst for of solid solutions Cul-,MgCrZ04 (x = 0, 

many important reactions (6-9), has not 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0) and Cu 

been investigated so far. Cr2-,A1,04 (x = 0.0, 0.1, 0.2, 0.4, 0.6, 0.8, 

The present work was taken up to corre- 1.0, 1.2, 1.4, 1.6, 1.8, and 2.0) were pre- 

late the solid state and catalytic properties pared by decomposing stoichiometric 
of pure and substituted CuCr204 spine1 amounts of metal nitrates at 973 K followed 

where the copper and chromium were sub- by solid state reaction of the resulting ox- 

stituted with the catalytically inert magne- ides at 1173 K for 24 hr. These solid solu- 

sium and aluminium, respectively. The tions were also prepared by coprecipitating 
metal ions as hydroxides, with ammonia, at 
353 K with subsequent calcination of the 

* To whom correspondence should be addressed. precipitate. The precipitation was carried 
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out at 11 pH for Mg substituted solid solu- Electrical resistivity measurements. 
tions and calcined at 973 K for 6 hr, while Samples were pressed into pellets under a 
for Al substituted solid solutions the precip- pressure of 10 tons/cm2, and were annealed 
itation was carried out at 6.5 pH and in air at 873 K for several hours. Resistivity 
calcined at 1073 K for 24 hr. In all the prep- of these pellets was determined in air be- 
arations completion of precipitation was tween 373 and 923 K, using a two-probe 
ensured by testing the supernatant liquid. technique ( 13). 

CuRhzOJ and CuRh,$ri.904 were pre- Thermoelectric power. Thermoelectric 
pared by impregnating stoichiometric power of all the samples was determined 
amounts of Rh203 with cupric and chro- qualitatively at 423 K. The sample pellet 
mium nitrate solution for 24 hr and then was clamped between two stainless steel 
decomposing the nitrates at 973 K. The re- electrodes and a temperature gradient of 
sulting oxides were pressed into pellets un- approximately 25” was maintained across 
der a pressure of 10 tonlcm2, and were fired the pellet. A galvanometer (Leeds & 
at 1223 K for 60 hr. To prevent the forma- Northrup Co., model 2239) with lamp and 
tion of Cu2Cr204 and Cu2Rh204 (IO, 1Z), all scale arrangement was used to measure the 
the chromium rich samples (CuCr20d - deflection. 
MgCr204 and CuCr1.8A10.204 - CuCrAlO& Thermal studies. High temperature X-ray 
and the rhodium samples (CuRh204, diffraction patterns of all the tetragonal 
CuRh0.1Cr1.904) were finally annealed at 973 samples were taken using a Philips X-ray 
K for 24 hr. diffractometer model MRC, X-86-N3, pro- 

CuFe20d was prepared by decomposing vided with high temperature attachment. 
the metal nitrates at 973 K followed by solid The thermal stability of all the com- 
state reaction at 1173 K for 24 hr. pounds prepared, was determined by the 

After the final heat treatment, all the following method: known amounts of sam- 
samples were slowly cooled to room tem- ples were kept at 1300 K in an alumina boat 
perature at a rate of 2”/min. for 10 hr in air, and subsequently quenched 

X-ray diffraction studies. X-ray diffrac- and cooled in a dessicator. The percentage 
tion analysis of all the products was carried weight loss was determined gravimetrically 
out using the Debye-Scherrer powder tech- and the resulting products were analyzed 
nique with a Philips X-ray diffraction unit by X-ray diffraction. 
model PW 1012/10. For chromium-rich 
samples a chromium target was used with 
vanadium filter, while for copper-rich sam- 

Results 

ples a copper target with nickel filter was X-ray diffraction patterns of CuCr20d, 
used. CuFe20d, CuRh204, CuCrl.sRho.104, and 

Lattice parameters of tetragonal phases the solid solution samples Cu1-xMgxCr204, 
were determined with Hull’s charts for te- CuCrI-,Al,O, show them to be single phase 
tragonal structures while those of cubic spinels. Figure la shows the variation of 
samples were determined by extrapolation both, lattice parameters, and the cube root 
in the coordinates of a vs Cos2B (l/13 + I/ of unit cell volume, with composition for 
Sin28) where a is the lattice parameter cal- Cui-,Mg,Cr204. The change in tetragonal 
culated from the reflections whose Bragg distortion with increasing concentration of 
angle is 8. The cation distribution in Cu magnesium is shown in Fig. lb. Figure 2a 
Cr2-,A1,04 was determined from the inten- and b give the corresponding plots for Cu 
sities of 220, 311, 400, 422 lines, following Cr2-xA1,04. The plot of the tetragonal to 
the method of Porta et al. (12). cubic phase transition temperature Tt for all 
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the tetragonal solid solution samples, 
against the degree of tetragonality, is 
shown in Fig. 3. The change in tetrahedral 
copper concentration with increasing alu- 
minium content, in CuCrzPxA1,04, is given 
in Fig. 4. Figure 5 shows the change in te- 
tragonality with change in the tetrahedral 
copper concentration for C~,-~Mg~Cr204, 
CuCrz-,Al,Od, CuRh2-1Fex04, and Cu 
Crz-,Fe,Ob. The data for the latter two sys- 
tems have been taken from references (20) 
and (23). 

The log p vs 1/T plots for all the solid 
solution samples with cubic structure, 
show linearity in the measured temperature 
range, as found with the end member 
spinels. The tetragonal samples also show 
similar results, except that at certain tem- 
peratures nonlinearity is observed. The log 
resistivity vs 1/T plots of all the tetragonal 
samples are shown in Fig. 6a-f. The 
changes in activation energy for electrical 
conduction q and log resistivity, with com- 
position x of the solid solution 
Cu,-xMg1Cr204 samples at 473 K, are 
shown in Fig. 7. Corresponding plots for 
CuCr204-CuA1204 are given in Fig. 8. 

The apparent distance between two adja- 
cent octahedral metal ions (B-B distance) 
as well as type of conduction in the various 
CU~-~M~~CI-~O~ and CuCr2-xA1,04 samples 
is given in Tables I and II, respectively. 
Table II also gives the fraction of copper, 
aluminium, and chromium on B sites in 
these samples. Table III gives the phases 
present in the samples Cu,-*MgxCr204, Cu 
Cr2-,A1,04 prepared by coprecipitation, 
CuRh204, and CuFe204 after the heat treat- 
ment. The percentage weight loss after the 
heat treatment is also given in Table III. 

Discussion 

The present studies were carried out with 
solid solution samples prepared by decom- 
position of nitrates followed by solid state 
reaction, as well as coprecipitation and cal- 

cination, because there is some contro- 
versy in the literature (14, 1.5) about the de- 
pendence of structural distortion on the 
method of preparation. 

X-Ray Diffraction 

X-ray patterns show that irrespective of 
the method of preparation, all the spine1 
samples obtained by decomposition of ni- 
trates and solid state reaction differ very 
little in their lattice parameters from the 
corresponding spinels obtained by copre- 
cipitation. 

Figure la shows that the tetragonal dis- 
tortion in CulPxMgxCr204 decreases lin- 
early as x changes from 0 to 0.4, but be- 
tween 0.4 to 0.6 the decrease is rather 
sharp. In case of CuCr2-xA1,04 (Fig. 2a) the 
decrease in distortion as x changes from 0 
to 0.8 is comparatively small and only be- 
fore the disappearance of distortion is the 
decrease sharp. However, the tetragonal to 
cubic phase transition temperature (Fig. 3), 
varies linearly with the degree of tetra- 
gonality in both the systems, as observed in 
the manganate spine1 systems (16). In both 
the solid solutions studied, near the tetrago- 
nal to cubic phase transition, a small anom- 
aly is observed in the straight line plot of 
V1’3 (cube root of unit cell volume) against 
composition. This anomaly may be attrib- 
uted to the first order nature of the tetrago- 
nal to cubic phase transition (17). 

The plots of Fig. la and b show that when 
about 60% of the Cu in CuCr204 is replaced 
by Mg, the spine1 becomes cubic, which is 
well in agreement with the values reported 
by Delorme (Ida) and Ustyantsev et al. 
(14b), but different from that reported by 
Yureva et al. (15). For CuCrz-,Al,Od sys- 
tem the results in Fig. 2a and b show that 
when 50% of Cr is replaced by Al (x = 1 or 
CuCrA104), the distortion in CuCr204 dis- 
appears. This critical concentration of Cr 
below which the distortion disappears, 
however, differs from the values reported 
earlier (14). 
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FIG. 1. Variation in lattice parameters, cube root of 
unit cell volume (a), degree of tetragonality (b) with 
composition x for CuI-xMgxCr204. (Dashed lines indi- 
cate the composition range in which the cubic phase 
appears and coexists with the tetragonal phase.) 

Cr3+ has the highest octahedral site pref- 
erence energy and hence both CuCr204 and 
MgCr204 are normal spinels (18). Thus the 
cation distribution in the solid solution 
CuiPxMgxCr204 may be assumed to remain 
normal, i.e., Mg is expected to replace Cu 
on tetrahedral sites (A sites) without dis- 
turbing the cation occupancy of octahedral 
sites (B sites). However, in case of Cu- 
Cr2-,A1,04 the cation distribution is ex- 
pected to change from normal to random 
with increasing x as the octahedral site pref- 

erence energies of both Cu2+ and A13+ are 
comparable (Cu2+ : -9.4 kcal/mole, A13+: 
-10.0 kcal/mole) (18). Thus, Al substitu- 
tion for octahedral Cr will subsequently 
lead to a redistribution of copper and alu- 
minium on the tetrahedral and octahedral 
sites. This is evident in Fig. 4, where it is 
shown that as x increases from 0 to 2, the 
fraction of A site copper decreases linearly 
from 1.0 to 0.56. A comparison of Figs. 2 
and 4 reveals that when about 20% of A site 
copper is transferred to octahedral sites, 
the spine1 becomes cubic. Hence it appears 
that irrespective of whether tetrahedral Cu 
or octahedral Cr is replaced by other ions, a 
definite amount of copper on the tetrahe- 
dral sites, i.e., a critical concentration, is 
required for structural distortion. How- 
ever, the critical concentration of tetrahe- 
dral copper, required for distortion may not 
be the same for all spine1 compounds, 
which is clearly shown in Fig. 5. It is evi- 
dent from the figure that this critical con- 
centration is high for CuCr2-,A1,04, Cu 
Cr2-,Fe,O.,, and CuRh2-XFe,04 as com- 
pared to Cu,-xMgXCr201 which has no cop- 
per on the octahedral sites. Thus, a higher 
value of the critical concentration for com- 
pounds having octahedral copper suggests 
the possibility of a compensation effect of 
octahedral copper on the tetragonal distor- 
tion due to tetrahedral copper, in the par- 
tially inverse spinels. This is probably be- 
cause Cu2+ ions on B sites tend to elongate 
the surrounding octahedra in contrast to the 
compression affected by A site Cu2+ ions 
(29, 20). Furthermore, the magnitude of the 
compensation effect is expected to vary 
from compound to compound as the elon- 
gated distortion due to B site Cu2+ ions is 
considerably influenced by the presence of 
other non Jahn-Teller active ions (21, 22). 
Thus, in CuCr2PXFe,04, CuCrz-xA1,04, 
and CuRh2-,Fe,Oe systems, the non J-T 
active ions are Cr3+, Fe3+, A13+, and Rh3+ 
which will indirectly affect the critical con- 
centration of A site Cu2+ ions, and hence 
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Variation in lattice parameters, cube root of unit cell volume (a), degree of 
with x for CuCr2-,Al,04. 

for CuCr2-XFe,04 a value of 0.65 is re- 
ported (10) while a value of 0.775 has been 
found for CuCr--,A1,04, which is similar to 
the value reported for CuRhz-,Fe,Od (23). 
Moreover, it is evident from Fig. 5, that up 
to a decrease of about 0.85 in the concen- 
trations of A site copper the change in dis- 
tortion is almost the same for all the solid 
solutions. But with further decrease, the 
change varies differently for the four sam- 
ples and a sharp decrease in distortion oc- 
curs for a change from 0.825 to 0.775 for 
CuCrz-XA1,04 and CuRh2-,Fe,04 and from 

tetragonality (b) 

0.765 to 0.65 for CuCrz-XFe,04. For 
Cut-xMgxCr204, however, the decrease is 
quite gradual. From these results it may be 
concluded that the elongated distortion by 
B site Cu2+ ions is not stabilized until a cer- 
tain concentration of B site Cu2+ ions is 
present and this value is approximately 0.17 
for CuCr2-xA1X04 and CuRhz-,Fe,Od and 
0.24 for CuCt--,Fe,O,. The absence of this 
compensation effect in Cul-xMgxCrZO~ is 
understandable as no Cu2+ ions are present 
on the octahedral sites of any of these solid 
solution samples. 
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FIG. 5. Change in tetragonality with tetrahedral copper concentration for CuI-xMgxCr204, Cu 
CrzmxA1,04, CuRhz-,Fe,04, and CuCr2-xFe,04, (a) data taken from Refs. (10) and (23). 

Electrical Resistivity 

The results show that in the substituted 
tetragonal samples, the change in resistivity 
with temperature, while heating and cool- 
ing, is similar to those observed for Cu 
CrzOd, reported earlier (23). Thus, the re- 
sistivity plots in Fig. 6a-f show a change in 
slope in the heating curve due to tetragonal 
to cubic phase change and on cooling the 
reverse transition occurs. The tetragonal to 
cubic phase transition is also confirmed by 
high temperature X-ray, which showed the 
presence of only cubic phase at higher tem- 
peratures. Furthermore, the phase transi- 
tion is diffusionless and of the first order as 

shown by the presence of the hysteresis 
loops in the heating and cooling plots. 

Conduction in these solid solutions may 
be due to hopping of charge carriers among 
octahedral site cations, as has been found 
in the case of CuCr204. Thus, no change in 
either q or p should be expected when the 
octahedral Cr3+ concentration remains con- 
stant while tetrahedral Cu is progressively 
replaced by Mg, for all values of x in 
Cu1-rMgxCr204. But, contrary to expecta- 
tions, results in Fig. 7, show an increase in 
activation energy and log p between x = 0.4 
and 0.6 which happens to be the composi- 
tion range where the spine1 undergoes a te- 
tragonal to cubic phase transition. 
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Such anomalies in the composition vs q change in distortion is accompanied with a 
curves have been observed earlier in other change in the cation-cation distance, which 
cooperative Jahn-Teller distorted spine1 could alter the activation energy, as the ac- 
systems (24), but the precise nature of the tivation energy for electron hopping is sen- 
bulk distortion on resistivity and q has not sitive to the distance between cations par- 
been investigated. Table I shows that a ticipating in the hopping process (27, 25). It 

FIG. 7. Variation in activation energy, Log-resistivity at 473 K, with x for Cul~,MgxCr201. 
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TABLE I 

VARIATION IN APPARENT B-B DISTANCE, co/a,, 
RATIO AND TYPE OF CONDUCTION, WITH x, IN THE 

Cul-,MgJZrzOd SYSTEM 

depending on the relative concentrations of 
the cations on the B sites. 

Sample 

B-B distance 
in A Type of 

(*0.003) co/a0 conduction 

cucr204 2.922 
Cuo.&h&@4 2.918 
Cuo.&fgo &04 2.920 
Cb..+%o.&rz04 2.941 
C%.NgO.&rkh 2.945 
MgCrD4 2.945 

0.912 P type 
0.934 P type 
0.958 P type 
1.000 P We 
1.000 P type 
1.000 P we 

is apparent from Table I that the variation 
in B-B distance is almost negligible in the 
composition range x = 0 to 0.4, but in- 
creases perceptibly between 0.4 and 0.6, 
and thereafter remains almost constant for 
higher values of x. From this it may be con- 
cluded that a change in cation-cation sepa- 
ration associated with distortion leads to 
the observed variation in q and log p. 

Unlike Ctr-,MgXCrzOd , the concentra- 
tion of octahedral Cr constantly decreases 
in CuCt--,Al,Ob solid solutions and with 
the introduction of Al, the fraction of Cu 
and Al on B sites increases. These changes 
are likely to affect the conduction mecha- 
nism of CuCr104. Thus when all the three 
cations, Cu, Cr, and Al, are present, the 
following contributions towards conduction 
may be expected, due to electron hopping 
in the octahedral sites between 

According to Pomonis and Vickerman 
(3), when a charge carrier hops over a non- 
transition-metal ion like AP+, the process 
involves high activation energy. Thus con- 
duction by (vi) and (vii) should involve high 
activation energies and become dominant 
only when the concentration of Cr and Cu 
are small. But none of the solid solutions 
studied have low concentration of both Cu 
and Cr at the same time and hence it ap- 
pears that dominant contributions will be 
from (i) to (v). Again, in chromium rich 
samples, contribution from (i) will always 
be the most dominant, for it involves direct 
hopping via tzg orbitals of Cr ions. In (ii) to 
(v) the hopping involves eg orbitals of Cu 
ions and thus will only occur via the oxide 
ion p orbitals which in effect is indirect hop- 
ping. 

(i) Cr-Cr 
(ii) Cu-Cr 

(iii) Cu-Cu 
(iv) Cr-Cu-Cr 
(v) Cu-Cr-Cu 

(vi) Cr-Al-Cr 
(vii) Cu-Al-Cu 

It is evident from Table II that with in- 
creasing x in a particular phase, the B-B 
distance gradually decreases. This trend, 
however, breaks at the tetragonal to cubic 
phase transition but again continues with 
the cubic phase. With a decrease in the B- 
B distance it is expected that activation en- 
ergy will decrease, but Fig. 8 shows that q 
does not change much with x except at x = 
0.2 and 1 .O. The initial increase in q up to x 
= 0.2 may be attributed to the introduction 
of small amounts of Cu and Al to the octa- 
hedral sites, leading to the onset of mecha- 
nisms (ii) and (vii) and a decrease in the 
contribution from Cr-Cr direct hopping. 
This will cause the observed increase in ac- 
tivation energy as well as resistivity. More- 
over, the thermoelectric power measure- 
ments reveal that with the introduction of a 
small amount of Al in the spine1 lattice, Cu 
Cr204 changes from p type to an n type 
semiconductor and this could also be re- 
sponsible for the observed increase in q. 

and also electron hopping between the Table II shows that with further increase 
three cations. However, some of these will in x, B-B distance decreases, i.e., Cr ions 
be dominating the conduction mechanism, come closer to each other, which should 
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again decrease the overall activation en- 
ergy. However, a simultaneous increase in 
the Al concentration will tend to compen- 
sate this decrease in activation energy. Fur- 
thermore, with the introduction of Al, some 
Cu ions will migrate to the B sites, which is 
likely to have some effect on the magnitude 
of activation energy. Thus, it appears that 

all these together seem to have a net effect 
of keeping the activation energy almost 
constant for all values of x above 0.2 except 
at x = 1.0. The increase in q at x = 1.0 may 
be attributed to the tetragonal to cubic 
phase transition leading to a sudden change 
in B-B distance (Table 11). 

The change in resistivity is similar to the 

TABLE II 

VARIATION IN APPARENT B-B DISTANCE, colaO, OCTAHEDRAL CONCENTRATIONS OF Cu, Cr, Al AND TYPE 
OF CONDUCTION, WITH x, IN THE CuCr2-xAl,04 SYSTEM 

Sample 

B-B 
distance 

in A 
(+0.003) cola0 

Fraction of metal 
ions on B sites 

Type of 
cu Al Cr conduction 

CuCrI04 2.924 0.912 0 0 2.0 

CuCrd%.Kh 2.918 0.918 0.06 0.14 1.8 

CuCr1.6A10.404 2.906 0.924 0.09 0.31 1.6 

CuC~~.~&.dh 2.895 0.932 0.13 0.47 1.4 

CuCrd4.@4 2.883 0.943 0.18 0.62 1.2 
CuCrA104 2.896 1 .ooo 0.22 0.78 I.0 
CuCr0.8All.Z04 2.889 l.ooo 0.27 0.93 0.8 

CuCr0.6Ah.404 2.880 1.000 0.31 1.09 0.6 

CuCs4-4.604 2.871 1.000 0.35 1.25 0.4 

CuCr0.ZA1~.~04 2.864 l.ooo 0.39 1.41 0.2 
CuAlI04 2.857 1.000 0.44 1.56 0.0 

P type 
n type 
n type 
n type 
n we 
n we 
n type 
n type 
n type 
n type 
n type 
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changes in q up to x = 1.0. For higher val- 
ues of x, resistivity remains almost constant 
up to x = 1.4, whereby it suddenly in- 
creases by almost 1; orders of magnitude at 
x = 1.6. At this composition the interaction 
between Cr ions appears to be negligible (3) 
since Cr ions are quite separated and the 
probability of direct hopping between Cr 
ions becomes small. Between x = 1.6 to 
2.0, octahedral sites are occupied by suffi- 
cient number of Cu ions (0.35-0.44) to es- 
tablish a considerable Cu-Cu interaction. 
Hence for higher values of x (X > 1.6), the 
major contribution towards total conductiv- 
ity would be Cu-Cu hopping which in- 
volves transfer of an eg electron via oxide 
ion orbitals, and the observed high resistiv- 
ity in this region may then be due to the low 
mobilities associated with such hopping. 

Studies on thermoelectric power of the 
solid solution samples (Tables 1 and II) re- 
veal that CuCrzO,l is a p type semiconduc- 
tor and when Cu is replaced by Mg, the 
nature of conduction does not change. But 
even for a small replacement of Cr by Al in 
CuCrz-,Al,04, the spine1 changes to an n 
type semiconductor. Replacement of Cr by 
Rh, however, does not bring about such a 
change and even when all the Cr is replaced 
by Rh, i.e., CuRh204, the semiconductor 
remains p type. The only difference be- 
tween these two substitutions is that intro- 
duction of Al changes the cation distribu- 
tion of normal CuCrzOd with some Cu ions 
migrating to the octahedral sites whereas, 
Rh, having almost a similar preference for 
the octahedral site as Cr, prevents any such 
migration whereby Cu ions are forced to 
remain on the tetrahedral sites of the spine1 
(23). Thus it appears that the presence of 
even a small amount of Cu ions on B sites 
strongly modify the electrical properties of 
CuCrzOd spinel. 

Thermal Stability 

Thermal studies on CuCrzOl (26, 27) 
have earlier shown that the spine1 is unsta- 

ble at temperatures above 1173 K, decom- 
posing into Cu$Zr204 and Crz03. Extensive 
studies (28) have been carried out on the 
decomposition of CuCrzOd and the thermo- 
dynamic studies by Navrotsky et al. (29) 
and Muller et al. (30) reveal that CuCrzOd is 
comparatively less stable among the 3d 
transition metal chromites and also among 
other Cu containing oxide spinels. 

Results in Table III show that the thermal 
instability of CuCrzOd persists even when 
20% of Cu is replaced by Mg or 30% of Cr is 
replaced by Al. However, with further re- 
placements, the spine1 phase becomes sta- 
ble. This improvement in stability is likely 
to depend on the changes in cation distribu- 
tion associated with the substitution of the 
cations of CuCr204 by other ions, as well as 
change in the lattice parameters of the 
spinel. 

In Cul-XMgXCrZO~, since Mg progres- 
sively replaces tetrahedral Cu without dis- 
turbing the octahedral Cr, any change in 
thermal stability in this system, with in- 
creasing X, should be a function of the 
amount of the tetrahedral Cu only. The 
results show that the thermal stability in- 
creases only after 20% of A site Cu is re- 
placed by Mg and with 40% replacement a 
completely stable spine1 is formed. The sta- 
bility increase is also accompanied by a 
25% decrease in the tetragonal distortion 
(Fig. lb). From Fig. 2b and Table III it is 
evident that in CrCrz-,Al,04 system, ther- 
mal stability increases with 30% replace- 
ment of Cr by Al which actually leads to a 
15% decrease in the concentration of A site 
Cu. Again, similar to Cu,-,MgCr~O~, the 
increase in thermal stability, in this system 
also, is accompanied by a 25% decrease in 
the tetragonal distortion. Thus, increase in 
the thermal stability of CuCrzOd seems to 
be always accompanied by a decrease in 
both A site Cu concentration (= 15-20%) as 
well as tetragonal distortion (-25%) of the 
spinel. Hence it may be concluded that the 
thermal instability of CuCr204 is due to the 
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TABLE III 

%WEIGHT Loss AND PHASES PRESENTIN VARIOUS SPINEL SAMPLESAFTERHIGHTEMPERATURE 
TREATMENT 

Sample 
no. 

Spine1 
system Composition 

Weight 
loss % 

Phases 
present 

I. Cu,-xMgrCrZOd 

2. CuCrz-xA1,04 

3. CuRhzOd 

4. CuFe204 

x=0 

0.1 

0.2 

0.4-l .o 
x = 0.1 

0.2 

0.4 

0.6 

0.8-2.0 

- 

3.5 

3 

1.5 

0.8-0.9 
2.9 

2.5 

1.9 

I.5 

0.8-0.7 
- 

- 

Cu2Cr204, CrzO, , and 
CuCr204 

CuzCrz04, CrzO, , and 
spine1 phase 

Traces of CuzCrz04, CrzOl, 
and spine1 phase 

Spine1 phase 
Cu2Cr204, CrZO, , and 

spine1 phase 
CuzCrzOl, CrzOl , and 

spine1 phase 
CuZCrzO,, , Cr201, and 

spine1 phase 
Traces of CuzCr201 and CrzO, 

and spine1 phase 
Spine1 phase 
CuzRhzOa, RhZO1 

and CuRhzOa 
Spine1 phase 

presence of more than 80% Cu on the tetra- 
hedral sites and the relative decrease or in- 
crease in the amount of Cr with respect to 
tetrahedral Cu, has very little influence on 
the stability of CuCr204. This is also sup- 
ported by the thermal instability found for 
normal CuRh204, where all the octahedral 
Cr is replaced by octahedral Rh (Table III). 
However, Cr seems to have some indirect 
influence on the thermal instability of the 
spinel: due to its strong preference for the 
octahedral sites, Cr3+ ions prevent the mi- 
gration of Cu2+ ions from A sites to B sites 
even at high temperatures, whereby there is 
always a large concentration of Cu on the 
tetrahedral sites. 

Along with the Cu concentration on the A 
sites, thermal instability is also associated 
with tetragonal distortion. To determine the 
exact role of distortion, studies on CuFe204 
were also carried out. This spine1 has an 

elongated distortion with c/a > 1 as com- 
pared to a compressed distortion (c/a < 1) 
of CuCr204. The results in Table III show 
that unlike CuCrlOA, this spine1 is ther- 
mally stable up to 1300 K. Detailed studies 
(31, 32) on the two compounds have shown 
that the distortion in CuCrz04 affects the 
tetrahedral angles, whereas, in CuFez04, 
the distortion affects the Cu-0 distances 
resulting in four short Cu-0 distances lying 
in a plane, and two long Cu-0 distances 
perpendicular to this plane. Thus, it seems 
that the thermal instability in CuCr204 
arises partly due to this effect of distortion 
on the spine1 structure. As the distortion 
leads to c/a < 1, i.e., compression along the 
c axis, with no change in Cu-0 distances, 
the spine1 is under strain which becomes 
considerable when more than 80% of Cu2+ 
ions are on the tetrahedral sites, thereby 
making CuCrz04 thermally unstable. Thus 
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removal of about 20% of Cu2+ ions from the 
tetrahedral sites is required to ease this 
strain and make a thermally stable spinel. 

Conclusions 

From the above studies it may be con- 
cluded that most of the interesting solid 
state properties of CuCrz04 arise due to the 
presence of a critical concentration of (- 
80%) Jahn-Teller active Cu*+ ions exclu- 
sively on the tetrahedral sites and the 
strong preference of Cr3+ ions for the octa- 
hedral sites. 

Thus, the crystallographic studies show 
that the compressed tetragonal distortion 
disppears when the concentration of Cu*+ 
ions on the A sites is below the critical con- 
centration. However, it has also been found 
that the A site distortion can be compen- 
sated for by the presence of a certain con- 
centration (20%) of B site Cu*+ ions as the 
latter leads to an elongated distortion. Elec- 
trical studies also show that substitution of 
chromium by an ion having not so strong a 
preference for the octahedral sites, leads to 
a change in the electrical properties of the 
spinel, probably due to the presence of cop- 
per on the octahedral sites. Finally, the 
thermal studies show that the unusual ther- 
mal instability of CuCr204 is again due to 
large concentrations (~80%) of Cu ions on 
A sites, which, along with a compressed 
distortion along the c axis give rise to a 
strain in the crystal structure. Thus by de- 
creasing the A site Cu ion concentration the 
strain can be eased and the thermal stability 
of the spine1 may be improved. Cr ions 
seem to have only an indirect influence on 
the instability of the spinel, and this is due 
to its strong preference for B sites which 
always leads to a large concentration of Cu 
ions on A sites. 

Further investigation on the catalytic ac- 
tivity of these substituted CuCr204 sam- 
ples, having such interesting solid state 
properties, is in progress. 
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