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Structural, transport and infrared studies of
oxidic spinels Zn,_, Ni _FeCrO,

S. AL DALLAL, M. N. KHAN, ASHFAQ AHMED
Department of Physics, University of Bahrain, Bahrain, Arabian Gulf

X-ray, electrical conductivity and IR studies for the system Zn,_,Ni, FeCrO, were carried out.
All the compounds, 0 < x < 1 showed cubic symmetry. X-ray intensity calculations and IR
studies indicate the presence of Zn?" at tetrahedral sites, Ni?* and Cr** at octahedral sites, and
Fe®' ions are equally distributed at both the sites. Activation energy and thermoelectric coeffi-
cient decreases with the increasing values of x. All the compounds exhibit P-type semicon-
ductivity which may be due to transfer of Fe** ions from B-site to A-site creating holes. The
electrical resistivity temperature behaviour obeys the relation ¢ = ¢, exp (AE/kT ). The mobility
of holes as calculated from IR and conductivity data is of the order of 10 °cm?Vsec™. The
probable ionic configuration for the system is suggested to be Zn?* Fe®" [Fed* Ni?*Cr*102".

1. Introduction

Oxidic spinels (AB,O,) type find technological as
well as commercial applications as catalyst, magnetic
materials, thermisters etc. [I-3]. The electrical and
magnetic properties of spinel oxides are controlled
by oxidation states and location of cations at the
tetrahedral (A) and octahedral (B) sites in the lat-
tice. The so-called cation distribution depends on
many factors such as temperature, pressure, compo-
sition and also on the method of preparation of the
compounds [4-6]. We have earlier reported our results
on oxidic spinel systems ZnFeCrQ, and NiFeCrO, [7]
Zn,_,COMn,_ Fe CrO,[8]and CO,_.Ti, ,Mn, O,
[9] prepared by conventional ceramic methods. The
present studies were carried out in order to elucidate
the structural, electrical and spectroscopic properties
of the system Zn,_ Ni FeCrQ, prepared by a new
coprecipitation technique.

2. Experimental procedure

2.1. Sample preparation

Samples of the system Zn,_ Ni FeCrO, were prepared
by a new coprecipitation technique. The starting mat-
erials were analytical reagent grade soluble chlorides
ZnCl, - 6H,0; NiCl, - 6H,0; FeCl; - 6H,0 and CrCl, -
6H,0, used to obtain Zn’*, Ni?*, Cr’* and Fe’** ions
in aqueous solution. An aqueous solution containing
these ions in the required molar proportions was
prepared by dissolving the above salts in stoichiometric
proportions in distilled water. It was then precipitated
by adding sodium hydroxide and pH of the solution
was maintained between 9.00 and 9.50. The solution
was kept on the water bath maintained at 80° C for 3h
and then oxidised by adding 75ml to 80 ml of 30%
(100 vol) of H,0, dropwise with constant stirring until
precipitation was complete. After the reaction was
over, the resultant precipitate was filter washed with
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distilled water to remove excess of sodium hydroxide.
It was then dried at 80° C in a vacuum cryostat for 2 h.
The dry precipitate was ground and made into pellets
using polyvinyl acetate as a binder and heated at
900° C for 8-10h. The peliets were ground into fine
powder and made into pellets again and sintered at
1000° C for 5 h when single phase spinels were formed.
This single phase formation was confirmed by X-ray
diffraction patterns. The composition of the product
was checked by chemical analysis.

2.2. Structural analysis

X-ray powder diffraction patterns were recorded on
a diffractometer (Siemens D-500, Krista Uoflex) with
a microprocessor controller, using CuKy radiation
(A = 0.15405 nm) with a Ni filter. The X-ray patterns
of all the compositions indicate the formation of a
single spinel phase. To measure the intensity, the areas
under different (hkl) peaks were determined and
values obtained in relation to the peaks area for the
311 reflection which is taken to represent 100. To
calculate the relative integrated intensity, 7 of a given
(hkl1) reflection, the following formula suggested by
Buerger [10] is used where notation has its usual
meaning:

I = [FaPP(1 + cos? 20)/(sin’0 cos 0) (1)

The atomic scattering powers for various ions are
taken from literature [11]. To determine the cation
distribution and its variation with the composition,
the intensity ratios (1554/lug0s fr20/lsae a0 Liso/1i55)
for different possible models of cation distribution are
calculated for the reflections 220,400,422 and 440
which are sensitive to cation distribution at both sites
[12]. These were then compared with the observed
intensity ratios. The maximum standard deviation in
the observed ratios was +0.02.
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Figure 1 X-ray diffractogram for the system Zn,;Ni,;FeCrO,.

2.3. Transport studies

The d.c. conductivity and thermoelectric power
measurements were carried out using the techniques
described elsewhere {13]. An LCR Marconi bridge
with two probe conductivity arrangement was used.
The end face of each pellet was coated with a thin layer
of conducting silver paste and all measurements were
carried out in the temperature range 300-623 K. The
thermoelectric coefficient was measured from room
temperature to 437K by sandwiching a thick pellet
between two copper blocks. The temperature differ-
ences across the sample were measured using a copper
constantan thermocouple and the potential difference
generated was measured using a micrometer.

2.4. Infrared spectra

The IR spectra were recorded at room temperature on
a Perkin-Elmer infrared spectrophotometer in the
range 200-4000cm .

3. Results and discussion

3.1. Structural analysis

Figure 1 shows the X-ray diffractogram of the com-
pound Zn, sNi sFeCrO,. The results of X-ray analysis
are given in Table L. It is found that all compounds of
the system Zn,_,Ni FeCrO, are cubic in the range
0 < x < 1. The lattice constant decreases from
ZnFeCrO, (a = 0.8393nm) to NiFeCrO, (a =
0.835nm). The compound ZnFeCrO, crystallizes in
cubic symmetry with (¢ = 0.8393nm). This value
agrees with the value (¢ = 0.8388nm) reported by
Les [14]. The decrease of the lattice constant is due to
the replacement of larger Ni** ion by comparatively
smaller Fe** ion in the tetrahedral site [15]. The cation
distribution at A- and B-sites in the system was
obtained by X-ray intensity calculations. The
observed and calculated intensity ratios for the
compound Zng;Niy;FeCrO, and ZnFeCrO, are
summarized in Table II. It is seen that the model with
Zn’* at A-site; Ni*® and Cr’* at B-site and Fe’~
equally distributed between A- and B-sites shows
better agreement. This site occupancy is in good agree-
ment with the site preference energy data [16]. Fig. 2a
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represents the plot of lattice constant against composi-
tion x.

3.2. Transport studies

Fig. 3 shows the plot of logarithmic conductivity
against inverse temperature for compounds 0 <
x < 1. All the conductivity data obeyed the Rasch-
hiurichsen law ¢ = o, exp (— Ea/kT). All graphs as
shown, contain straight lines. It is clear from the plots
that increasing the nickel content causes a decrease in
activation energy. The plot shows no break or inflec-
tion, indicating the presence of the stable oxidation
states of all the cations over temperature range
studied. The values of the activation energy are listed
in Table I and plotted in Fig. 2b. It is clear that the
value of Ea slowly decreases from 0.707 to 0.373eV
with increasing doping of Ni?* ion.

The plots of thermo-EMF AV developed across the
compounds against the temperature difference AT are
given in Fig. 4. The thermoelectric coefficient values
vary between + 740 and +136 uV K~ are listed in
Table I and plotted in Fig. 2c.

The electrical conductivity o is related to the total
number of charge carriers P and their mobility at
room temperature by the relation:

Pep (2)

g =

where ¢ is the electric charge, P the number of holes
per unit volume and u the mobility of holes. The
average unit cell volume is taken to be (8.373)°. The
value of hole concentration would be 10”2 c¢m?, and
mobility value is 10~%cm? Vsec™'. It has been also
calculated using the formula of Heikes and Johnston

TABLE I Values of lattice constant a (nm), activation (Ea)
and thermoelectric coefficient (x) for the system Zn,_,Ni, FeCrO,

X a (nm) C (nm) Ea (eV) (VK™
0.00 0.8393 0.8392 0.707 740
0.25 0.8385 0.8385 — 593
0.50 0.8374 0.8374 0.541 —
0.75 0.8364 0.8365 0.452 255
1.00 0.8353 0.8353 0.373 136




Figure 2 (a) Plot of lattice con-
stant against composition. (b)
Plot of activation energy against
composition. {c) Plot of thermo-

electric coefficient o against
composition for the system
Zn, _Ni FeCrO,.
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where d is the jump length of the charge carriers (taken
as the average distance between neighbouring octa-
hedral sites), calculated to be 3.0 nm using the normal
procedure used by Jain and Darshane [18] and is the
lattice frequency in the jumping process [19] and cal-
culated to be 1.8 x 10" Hz from the strong IR absorp-
tion band observed at 600cm™'. If AE is taken as
average activation energy (0.518eV) the mobility
value is 107° em® Vsec™'. This reveals that all com-
pounds possess a low mobility.

From Table I it is observed that all the compounds
of the system are P-type semiconductors. The reason
can be attributed to the loss of zinc oxide during the
firing process creating vacancies at A-site. As a result
a small amount of Fe** may go from B-site to A-site.
Such probability has been suggested by Blase [20] and
Lotgering [21]. The oxygen non-stoichiometry will
give rise to some Fe’" ions so as to maintain the
electrical neutrality. Thus the following hopping
mechanism is expected

Fer* + Felt 2 Fe’t 4+ Fe?*

Therefore, we have small polaron hopping charge

carriers. The presence of Fe’* ions could not be
detected by X-ray, however, very small concentrations
of Fe’* cannot be ruled out also.

3.3. Infrared spectra

Tarte and Preudhomme [22] and Tarte et al. [23] have
observed that in ferrites, the absorption bands depend
on the nature of octahedral cations and do not signifi-
cantly depend on the nature of tetrahedral ions. How-
ever, Waldron {24] and Hafner [25] attributed the
band at around 600 cm ™' to the intrinsic vibration of
tetrahedral metal-oxygen complex and at around
400 cm ™' to the intrinsic vibration of octahedral com-
plexes. The difference in band positions is because of
difference in the Fe*™~Q?~ distances for octahedral
and tetrahedral complexes.

The presence of Fe** ions in the ferrites causes
a shoulder or splitting of the absorption band [26].
In our compounds Fe’' ions are present at both
the sites. Neither of the bands show any shoulder nor
splitting, indicating the absence of detectable Fe’*
ons.

4. Conclusion
Thus from X-ray electrical and IR studies we suggest
the probable cation distribution for the system

TABLE Il Comparison of intensity ratios for Zn,;Nij;FeCrO, and ZnFeCrO,

Cations at Lo/laoo Looago Lisollaan

A-site B-site Observed Calculated Observed Calculated Observed Calculated
Zn, sNi, sFeCrO,

Zn**, Fe't Ni?*, Fe**, Cr’* 0.727 0.725 0.336 0.336 2.589 2.590
Zn’*, Ni** Fe't, Cri* 2.022 0.727 1.283
ZnFeCrO,

Zn** Fel+, Crit 1.542 1.540 0.402 0.403 0.800 0.799
Fe'* Zn*t, Crit 2.014 0.489 1.545
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Figure 3 Plot of electrical conductivity against 10%/T for the system
Zn,_ Ni FeCrO,.

Zn,_ Ni FeCrO, to be as

Zn3* Fel* [Felt Ni2* Cri*]02"
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