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The electrical resistivity and thermo-cml were moasured for a sorios
of samples of the systom Ni,_,Zn Fo,0, (r - 02, 0-4. and 0-0).
Transition from the forrimagnetic to the paranmagnetic region, 18
accompaniod by an increasc of the activation energy for eonductivity
by an amount AK ranging from about 0-1 e.v. to 0-13 ¢.v. Relatively
great values of AE arc obtained on highly stoichiometrie samples
preparod by the precipitation method and explained as being due
to tho fairly strong (B-B) exchange interaction in Ni-Zn ferrites.
A corrosponding change in thcrmo-emf (about {-8%)) is obtained
only for a sample & .- 0-6 prepared by the usual cevamic technigue.
The hehaviour of o and AF is discussed in the light. of eurrent theories.

1. IxrrobDUCTION

Transition from ordered ferrimagnetic state 1o the pnramagnetie state is accom-
panied by various changes in physicnl, magnetic and cleetrical properties of
ferrites. The activation energy for electrical conductivity was found to bao
smaller in the ferrimagnetic region than in the paramagnetic region {Syvcehkov
1959, Ghani & Mivyarov 1972, Reslecu 1969).  For ferrites containing  non-
magnetic ions such as Zn or Cd contradictory results were found in the litora-’
ture. In some works (Sychkov 1959, Ghani & Miryasov 1972) a proneunced
change of activation energy for conductivity £, was chserved al vhe transition
temporature. While in other works (Reslocu 1969) no change of K, was roported
at. this temperature.

An attempt was proviously made to explain this (lincmpalu.:y for Cu-Cd
forvites (Ghani & Miryasov 1972). The aimn of the present work is to ﬂtudy on
the samo sample the bchaviour of the conductivity and the thermo-emf for
Ni-Zn ferrites during transition to tho paramagnetic statc. Majority of provious
data were reported only for one of these two transport parametoers separately.

2. KXPERIMENTAL

A serios of sumplos of the system Nij_ +Zn,Fe, 0, with compositions (x = 0-2,
0-4 and 0-6) were prepared by the precipitation method.  This method has
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proved to give more homogeneous and stoichiometric final products than the
usual coramic technique (Gychna et al 1966). All data in previous work were
obtained on samples preparod by the ceramic method. To compare between
the results with samples, that were prepared by both methods, one of the com-
positions (x = 0-6) was obtained by the coramic method. Samples were prepared
al the Faculty of Chemistry, Moscow State University.

Tho temperature dependonce ol resistivity p and thermo-emf a in a wide
range lowor and highor than transition temperature was oblained using a method
describod elsewhere (Ghani & Miryasov 1972, Ghani & Ahmed 1976).

3. REesunrs

Tigures | and 2 give the tomperature dependonce of p and o for all samples.
For compositions I, 2 and 3, which were propared by the precipitation method,
an increaso in the activation energy of resistivity is found on passing through the
Curio point 7. The thermo-emf exprossed in units of 2:3 kje — 198 4.V./dog.
loosely depends on temperature in the whole range without observable changes
in the region around the transition temperature.

Figure 2 shows also & comparison between the behaviour of p and o {or
sumple No. 3 which was obtained cither Dy the precipitation or by the ceramic
technique.

In Table 1 we give the valuos of the activation energy for all samples in the
forrimagnetic rogion Kp, in the paramagnetic region K, the change of this activa-
tion onergy AK, values of the Curie temperctures T, and the oxchange onergy
by = kT (k being tho Boltzmann constant),

4. Dr1scussioN AND CONCLITSTON

(n) Resulls for samples No. 1, 2 and 3

With these compositions the inercase of activation energy for conduction
in tho paramagrotic rogion ranges from about 00-1 ¢.v. to 013 ¢.v. (see table 1),
Theso valuos of AE aro comparable with those found for Cu-Cd ferrite (Ghani
& Miryasov 1972) and ave more than two times larger than the corrosponding
valnes for simple forrites (Reslescu 1969). Relatively large AE for ferritos con-
taining approciable amounts of Zn or Cd ions may be oxplained as follows :

It is well known that in cubic ferrispinles there are two magnetically non-
oquivalent tetrahedral or A and octahedral or B sublattices. The magnetic
ordor is duo to supercxchange interaction mechanism occufring between motal
ions in 4 and B sublattices through the separating oxygen ions. There arc three
typer of interactions namely the (4-A), (4-B) and (B-B) intoractions. Non-
magnotic Zn and Cd ions occupy positions in the A-sublattice. This causes a
decreaso of the intensity of (4-4) and (4-B) inteactions. As was confirmed
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by the Mossbauer study (Petitt 1963, Satya Murthy et al 1968) the (B-B) exchange
interaction on the contrary incroasos with the increase of Zn content in Ni-Zn
ferrites.
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Fig. 2. Temporature dependence of resistivity p and thermo-emf x o1 smmples 3 und 4

(see table 1).
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The conduotivity in forrites oceurs also through the B-sublatticos due to the
exchange of eJectrons between Fe2* and Fe?t ions.  This oxchange mainly ocenrs
through the separating oxygen ions. The activation energy for tho transfer of
carriers in {orrites is lowor in the magnetically ordercd phase. This may be
due to the faet that in this region there oxists a certain correlation between the
directions of olectrons spin. Ferrites containing Zn and Cd have relatively
strong (B-B) intoraction i.c.. strong corrclution between directions of elecironic
spins in the ferrmagnetic region.  For temperature higher than 7', this correla-
tion vanushes. I this case we may theretore expect. an enhanced change of activa-
tion onergy for exchange of olectrons between equivalent sites on the B-substi-
lattice.

The thermo-emf for these samples woakly depends on temperature without
obsorvable changes m the region wound the transition tompoerature. This
bohaviour of o means that the concontration of charge carricrs remains constand.
in the whole temperature region and consequently the activation energy ﬂbr
conduction is totally consumed in the hopping process of thest carriers bhetwedn
enorgitically equivalont sites (Austin & Mott 1969, Ghani & Ahmed 1976). Thosp
results of o therofore pive a further evidence which favours a localized rathey

\

than a band pietare for conductivity in ferrites. '

(b) Results for samples 3 and 4

Results i figure 2 show that for sample No. 3 (precipitation method) AE
== 011 e.v, while for sample No. | (ceramie method) A& vanishes.  An opposite
bohaviowr is found for . The thermo-emi for sample No. 3 shows no variation
in the whele temporature range.  For sample No. 4, a gradually increases with .
lemporature in the vieinity of 7% and remains constant for other tomperatures.
This change in a is about 4-8°7 of the observed value for temperature lower than
Te. A similurr decrease of a was previously reported (Ghani & Miryarov 1972)
nthe caso of Cn-Cd ferrite containing abont 0-05 ¥e2! jons per molecule,  Another
corresponding change was found (Griffiths ef ol 1970) {for mmagnetite which have
ouly Fo?! and Fe?! ions in B-sublattice.  This change was about | 139/, of the
observed value at 7. We may consider therefore that the change Ao at the
transition point is connected with the jresence f Fo?! jons in the composition
of the [errite.

We may refer to the theoetical caleulavions due to Heikes et al (1963).
These caleulations concern the behaviour of a at the transition temperature of
antiferromagnotic semiconductor type NiQ. This prediets a change Aa which
depends on the concontration of the chargo carriers. Morcover, Aa vanishes
if the concentration of the charge carriers is Jower than 0-01 per molecule. 1f
we apply the conclusions of this theory to our results, we may attribute the
difference between the samples No. 3 and No. 4 to a small increase of Fe*t ions
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in sample No. 4. The origin of the excoss Fot {or sample No. 4 which was pre-
pared by the ceramic method may be due to .

() Small amounts of iron eroded from the hadl mills {Heikos ¢f al 1963)
during the nulling process.  (Samples prepared by the preciptation
method are not subjeet 1o {his process).

(#)  Smmtering of this sawpleat 1350°C.which is 100°C higher than sintering
temperature ol sample No. 3.

The question of the dependence of AL on charge-carrior concentration was dis-
cussed in previous work (Ghani & Miryasov 1972), where the double exhehange
mechauvism oceurring between charge cacriers was considered.

We conclude that, the behaviour of conductivity and thermo-emi during,
the transition to the paramagnetic state depends on the concentiation of Kot
ions which might be present in the fervite.  Relatively large increase of  the
activation cenergy for conduction process (AK - 0-01-0:13 ¢.v) wasx obtained
on highly stoichiometric samples of Ni-Zn ferrites and was ativibuted (o the
fairly strong (B-B) exchange interaction m these ferrvites.  The observed ¢hange
of thormo-emf was explained using a theory given by Heikes en ol (1963).

Table 1. Comparison between the changes in activation eneigy of conductivity
AE during transition {o the paramagnetic state and values ol oxehange
energy for some compositions of the system Nip [ Zn, Fe,O

Samplo v me B NE MK B M ARIE,
No. (DA oV [V o
_l—- B _82‘ (_)t—l— -_-0-4_0 0-00 i 0-0066 1-38
2 0-4 0-31 0-44 0 623 0064 241
3 0-6 0-27 0-3% 0-11 473 0-041 2:68

4 0-6 0-28 0-28 - 473 0-041
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