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MAGNETIZATION AND IR STUDIES

PART-A

MAG NBT IZATION OF CUPPER-COBALT FERRITES

INT RODUCTION

Magnetization is one of the important and fundamental
parameters of the oxide magnetic materials on which various
applications are based. Now a days ceramic magnets aré
fabricated artificially. Hence their magnetization can be
altered by changing in the composition. The iron oxide
based ceramic magnets viz ferrites behave in a similar way
as ferromagnets.  Hence parameters applicable to ferromagnetic

also apply to ferrites,

The stuly of hysteresis provides a valuable information
regarding permeability, saturation magnetization, coercivity
and remanance. These parameters are very useful in deciding
the particular application of ferrites, The wide range of
coercivity and permeability has enabled the ferrites to
have an application in the different fange of frequency.
Depending on porosity, anisotropy, saturation magnetization
and internal stresses, the coercive force is found to vary

from 10~1 to 102 oel.



Besides magnetization, ferrites also exhibit the
properties of switching and memory. These properties are
generally affected by heat treatment, chemical composition,
impurity inclusion and pressure applied during the fabrication.
Morever porosity and grain size are the dominent factors in
controlling the magnetic properties of ferritesz. Consequently

the present stuly emphasizes the effects of such factors in

determining the properties of ferrites,

The data on saturation magnetization, coercive force
etc can be easily had from the hysteresis measurememts. Hence
this technique is used to study the magnetic parameters in

the present case (Sect. 4.5).

4,1 MAGNETIC MATERIAIS

The various kinds of magnetic materials are classified
on the basis of susceptibility and permeability. Diamagnetic
material exhibits magnetization in opposite direction of
applied field, It's susceptibility is negative and permea~
bility is less than one, Paramagnetic material possesses
small positive value of susceptibility and permeability
slightly greater than one, Ferromagnetic substances have
the spins arranged parallel to each other as a result of

strong positive interaction between the neighbouring spins,
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This gives rise to large positive values of susceptibility

and permeability. In antiferromagnetic materials, spins
are aligned in antiparallel directions making resultant
magnetization Zero, below Neel temperature. The susceptibi-
lity is not infinite at Neel temperature but has a weak

cusp.

Ferrimagnetism is the term proposed by N‘eel3 to describe
the magnetism of ferrites. In these substances magnetic
ions occupy two kinds of sublattice viz A and B. The
magnitules of spins of these lattices are opposite and wmequal
owing to the difference in the number and nature of atoms
that make the sublattices, Such an arrangement gives rise to

a resultant magnetigation.

4,2 THBORIES OF FERRIMAGNETISM

In oxder to explain the spontaneous magnetization in

ferromagnets, Weiss4

postulated the existance of strong
interactions between the neighbouring atomic dipoles to keep
them parallel. Bach magnetic ion is influenced by its
neighbouré due to internal molecular field called Weiss

field., This field is proportional to the intensity of

magnetization and is given by

Hy= M - - e (4.1)



where 3= molecular field constant
M= magnetization
In presence of external field (H), the effective field (H’e)
is the vector sum of external and internal fields and is

given by

H

s B+H, 0 - -e e (4.2)

4,2, Neel's Theory of Ferrimagnetism

Neel putforward the concept of negative interactions
between the ions on A site and B sites to promote an
antiparallel alignment of moments. Besides A-B interaction,
A-A and B-B interactions are taken into account though they
are weak negative iﬁteractions. Then molecular field acting

on an atom at A site and B site is given by
Hpa= = ‘iaMA, - ‘ib My
4 - L] .9 ......
and Hy = - Yyl pa Mo (4.3)
U
where ‘38 are appropriate molecular field constants

MA = Magnetization of A lattice

MB = Magnetization of B lattice.

At equilibrium Qab = ’zba' But in ferrimagnetics the
sublattices are crystallographically inequivalent making

Y aa=Vppe Unless two sublattices are identical, Y, » O
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favouring antiparallel alignment of MA and MB giving rise
to net magnetization of ferrimagnets., In presence of
external field (H), total magnetic field acting on an atom

in ea&h lattice is given by

Hy= H -3, M -3, 14
and Hg= H Yy Mg -V o M - ---- (4.4)
{i) Paramagnetic Region

In an assembly of N atoms per unit volume, each with
angular momentum quantum number J, the sublattice

magnetizations are represented by

MA= Caﬂma a.ndMB.-.:CbI-Emb - = ==« (4,5)

T
where C_= & N, g2 M S (s,41)
a= T Ny & MgS; (5
2 .2
1
Gy = ? Njg }(st (SJ+)
here N, and NJ are number of atoms/unit volume with

spin quantum numbers Si and S 3 respectively.

g = Lande's factor.

HB = Bohr magneton.

Now the volume susceptibility can be defined as

rX::-MA-l-MB ”””” (4.6)
S TR
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By substituting the values of M, and M from equation (4.5)
in equation (4.6) and simplifying further the expression

for inverse susceptibility becomes

1 =

1 T 4
X T

1 . o —— - - (4.
Xo T -6

where C = Ca + Cb

2 2
L = (ca'gaa.*'cb ybb"acacb ab)

i
Xo c?

. ¢

g—= %Cy Ca (VaarYip )2+ & (dyy-V )
¢ 2 _ SERY
-5 [:)ab = (dy* Vpp) Vap* ‘?aa‘zbg]

0==0C, 0 (J+V, -287,)
¢

Bquation {4.7) represents the hyperbola which cuts the

temperature axis at 6= - C (Fig.4.1)
Xo

where '¢' is asymptotic Curie point, The asymptote is

givendy { as T —> o0 )

l’ = z + l ------ ( 408)
X 14 Xo

.« + the expression for volume susceptibility becomes

X = L 409
T+0 (4.9)

where 0 > 0

The quantity 1 becomes Zero at '9', where X becomes
X
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theoretically infinity or X is practically very large and

the

substance passes from the paramagnetic to ferrimagnetic

with decrease in temperature. In otherwords the substance

obeys Curie-Weiss Law with asymptotic Curie point 'O°,

(i1)

Spontaneous Magmetization

At low temperature the magnetizations of the sublattices

of ferrimagnetic substance form the spontaneously magnetised

gystens.

The expressions for spontaneous magnetizations are

given by

MA.apg NaEHB Sa Baxa

and My = N eMgS, B X, "7 (4.10)

where B'® are Brillouins functions
N'® are number of atoms per wnit volume of
appropriate lattices

s'® are spin quantum numbers of atoms at appropriate

lattices
X, = Eg;%_ﬁ €Wy ¥ - iLa M)
X, = S, Mye  (Vav M, -Job My)

. « the net spontaneous magnetization can be written as

M = l “Bsp - MAap
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The graphs of M versus T are shown in Pig 4.2 and 4.3,
Such curves are of different variety. They provide
information about spontaneous magnetization and exchange
energy at different temperature., The abové theoxy is
supported by experimental curves of Nbels, Gor'ter5 and

Smart6.

4,2, Iafet-xittel Theory

Neel's theory stands good for pure ferrites. But it
is inadequate for the spinels which contain other than
iron ions, Therefore Yafet and Kittel! proposed triangular

type of spin arrangements.

They considered the possibility of subdivision of each
lattice to accownt for the magnetic ordering within the
lattice, other than parallel arrangement of spins. They
found that when strong negative interaction exists within

the sublattice B, the two equivalent sublattices B, and B

1 2’

being spontaneously magnetised, are not exactly antiparallel.
Instead they align at some angle other than 180°, Thus
there is a resultant magnetization of B lattice setting

antiparallel to the magnetization of A lattice,

These triangular arrangements within the lattice

result in values of reduced magnetization of the same order
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and magnitule as those predicted by Neel model, However they
are free from thermodynamic difficulties near absolute Zero.
The interaction energy for this case is given by

B o [ 6, 5,5, C0Sp - &, 57 (2cosp -1)]

----- (4.12)
where ) = Angle between A and subdivisions of B
J'% Exchange integrals.

Interaction enérgy is minimum for J,p negative and J,,
positive. If Pp = O, then Neel's state is obtained, If Jﬁb

is also negative, then the ratio of exchange energies is

given by
Vex = &y 5 IR (4.13)
ab “a

Under such condition Neel's state will not be minimum and
magnetization of sublattice B1 and B2 will be inclined to

sublattice A at an angle given by

005P= 2 JpSa ----. (4.14)
%b Sp

They provbd-z that Neel's structure is stable for 'Qex 4 } ’
if the total number of sublattices is restricted to six.
The existance of triangular arrangement has been reported

by Ioteringe in some particular cases,
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4.2.c Spiral Spins

Lyons and K}aplan9 have given a generalised treatment
of spin configuration along with Y~K model., They have
suggested the possibility of spiral or helical spin
arrangements by neutron diffraction in some compounds and
showed that they have lower energy for all values of ‘)ex)% .
Corliss and Hhstinga1° observed the existance of such
configuration in manganese chromite. Similarly spiral spin

11

configuration has besn reported by En2 in hexagonal

ferrites.
4.7 MAGNRTIZATION IN FERRITES

The exchange interaction between the magnetic moments
of neighbouring atoms is responsible for the magnetization
in ferrites. The interaction is said to be positive when
the moments are parallel and negative when the moments are
antiparalle, However for incomplete 'd' shell the exchange
interaction may be either positive or negative, Therefore
the intrinsic magnetization in ferrites can be attributed
to the antiparallel arrangements of spins of sublattices,

assuming inverse spinel type ion distribution,

Generally ferrites have mixed structure with fraction
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of trivalent ions on A sites and remainder on B sites. The
parallel arrangement results either in antiferromagnetism
or ferrimagnetism depending on whether the moments cancel

completely or partially.

The spinning electrons are exchanged between the
neighbouring atoms, giving rise to exchange force and
exchange energy. The exchange energy forms an 'important
i)art of the total energy in certain compounds such as spinel
ferrites, The interaction energy of atoms i and j with

spins S N and S, is represented by the equation

J
Eex‘ -2 S’i S‘J Jex
= -28 sJ Jg COSB  ----- (4.15)

where Jex’ Bxchange integral

P = Angle between spin vectors of Si and SJ

L Z

. « Total exchange energy is obtained by taking

summation over equation (4.15)

L

2
. . W _=-28°J% cCO3p - - ===~ (4,16)
ex 173 iJ

where S = Total spin momentum

J= Total exchange integral.

When the exchange integral is positive, parallel

alignment of spins is favoured resulting in ferromagnetism,
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In general exchange integral is negative resulting in

antiparallel spin arrangements giving rise to antiferro-
magnetism. Such an ordered arrangement of spins causes
for the resultant spontaneous magnetization in ferrites,

in absence of any external magnetic field,

The temperature at which the long range order sets
in (Neel temperature) is determined largely by the
strength of interaction between neighbouring ions, In
case of both ferromagnetic and antiferromagnetics, the
interaction arises from an indirect exchange mechanism in
which magnetic ions are coupled through electron transfer
with intermediate anions. This concept of indirect exchange

was putforward by Kramers12 13

and then developed by Anderson
in the form of super exchange. The idea of super exchange
is used to explain magnetization in normal and inverse

spinels,
4,4, MAGNETIC HYSTERESIS

When a ferromagnetic substance is subjected to an
external field, its magnetization increases as a function
of applied field and reaches saturation value at certain
critical field. On decreasing the external field

demagnetization is not recovered completely. Thus
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magnetization appears to lag behind the applied field,
Such behaviour is called the phenomenon of hysteresis.
In order to explain this phenomenon Weiss postulated the

existance of magnetic domains,

The variation of saturation magnetization with applied
field is shown in Fig (4.4). As the applied field increases
magnetization goes on increasing continuwously till it
reaches a saturation value at a certain value of field,

This behaviour ieArepresented by the curve OABC and is
called magnetization curve. The variation of magnetization
of specimen per cycle of magnetization is represented by
the curve CDEFGC and is called hysteresis loop. The loss
of energy due to hysteresis is equal tovthe area of the
loop.

The slope of the tangent to the magnetization curve
at the origin (ox) gives the magnitule of initial
susceptibility (XO); It plays an important role in
magnetic recording as it decides the distortion factor,
Maximum susceptibility occurs near knee of tha magnetization

curve ( slope-oy).

The magnitudle of magnetization for Zero field (H = 0)



Ms - SATURATION MAGNETIZATION
Hc = COECIVITY

FIG.4-4 MAGNETIZATION CURVE (OABC) AND
HYSTERESIS LOOP (CDEFGC)
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is retentivity or remanance (Mr)‘ The value of reverse
field for which magnetization is Zero (M =0) is called
coercive force (Hc). The magnetization corresponding to
point 'C' is saturation magnetization (Ms). The coercivity
and retentivity are the important parameters in selecting

the material for permanent magnet applications,

4.5. EXPERIMENTAL TECHNIQUE

The saturation magnetization is measured using high
field loop tracer, assembled by Tata Institute of Fundamental

Research, Bombay.

The loop tracer consists of an electromagnet capable
of working on 50 Hzs mains supply. The sinusoidal magnetic
field of about 3600 oe is produced in an air gap of about
few mm in the instrument and a special balancing coil is
used to measure the saturation magnetization of the ;ample
in the air gap. The actual experimental set up is shown
in the photograph of Fig (4.5). The signal proportional
to the magnetic moment of the sample is supplied to the
vertical plates of oscilloscope with requisite amplification,
while the signal proportional to the applied field ia

fed to the horizontal plates of oscilloscope. The vertical
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displacement of hysteresis loop on the osciiloscope is
measured with the help of digital multimeter in milli volts
{nv).
The apparatus, in general, consists of
(1) C-core unit to feed the sample and to amplify
the signal in C~-core
(ii) Control unit to supply the power
(1ii) Display unit to exhibit the hysteresis loop on CHO
and to carry out quantitative measurement with the

help of digital multimeter,

To start with, the high voltage cable is connected from
control unit to C-core unit. Balancing coil is mounted on
12 pin connector associated with C-core unit and introduced
into air gap in an instrument. The vertical and horizontal
outputs of C=core unit are fed to the vertical and horizontal
inputs of the control wnit respectively. The vertical output
of control unit is connected to the veftical input of the
oscilloscope and horizontal output to EXT horizontal.

Keeping vertical gain control at low positive, current is
increased upto %00 ma with the help of control unit to get
an ellipse on the screen, To convert the - ellipse into the

straightline, the vertical phase control is ad justed, The




straightline is rotated to make the phase difference Zero
by changing the 'coarse' amplitule potentiometer, After
this setting, the balancing coil is taken out of the C-core

gap.

The vertical displacement on CRO is calibrated by
loading pure nickel sphere of.maas 1.91% grams between the
pole pieces. This gives the vertical displacement of
1010 mv after eliminating background noise voltage. As
the standard magnetization for nickel is 53.34 emu/gram,
total magnetization of nickel sphere is 53%.34 x 1,913 = 102

emu.

. o Calibration factor= 102 = 0.10099 emu/mv.
1010

The vertical displacements for each sample are noted
by introducing each pellet separately into the air gap
between the pole pieces and are tabulated in table 4.1
along with sintering temperature and time., The saturation

magnetization is calculated by.the relation

©5= V x calibration factor -- - emu - - == (4.17)

where V = Vertical displacement for a given sample

on CRO

»

. » Saturation magnetization in emu/gr is given by

o = o8 - - - em/gr - - - - (4.18)
mass of sample
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TABIE 4,1

VERTICAL DISPILACEMENTS FOR Cux 001_x F'8204 IN CRO

Sintering Sintering Vertical

temperature time displace-~
Sample 0 (nrs) ment
("c) (av)
CoFe 20 4 800 20 850
b 900 20 862
" 300 30 905
Cu0.4Coo'sF3204 800 14 136
" 900 20 161
o 900 30 170
CuFe 20 4 800 20 270
" 900 20 326
" 900 30 341
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Similarly saturation magnetization in emu/ce for a

given porosity is calculated by the relation
M= (1-P) a_, 0F - - - - emyfcc - - - - {4,19)

where P = Porosgity = dx - d
d

x
dxz X-ray density
daz Actual density
and saturation magnetization in gauss is calculated by
4TTMs, The magnetic moment per molecular formula unit in
Bohr magnetons is calculated by
MB, = Molecular weight x -~ = Bohr magnetons
5585
- - (4.20)

4,6, RESULTS AND DISCUSSION

The calculated values of magnetization and magnetic
moment are tabulated in table 4,2, The table indicates the
variation of saturation magnetization with firing temperature
and time, The samples fired at 900°C for longer time show
greater magnetization values than the others. This
behaviour can be explained on the basis of redistribution

of cationa“

with sintering temperature and time and also
on the basis of microstructural changes brought in by

firing conditions., The effect of structural variation and
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MAGNBT IZAT ION OF Cux C°1-x Fe
Sintering A
Sample temp/time Porosity
%, nr)

CoF9204 go0, 20 0.3%219
" 900, 20 0.2399
" 900, 30 0.2016
CuFe,0, 80, 20 0.2951
" 900, 20 0.2341
" 900, 30  0.1904
c&.4c8.6F9204 800, 14 0.3347
" 900, 20  0.3105
" 900, 20  0.2916

TABLE 4,2

204 FERRITES
Saturation
_Magnetization ____
NI
308 38T
350 4399
386 4852
111 1395
142,.4 1781
157.6 1980
48,9 616
60 753.6
65 818.6

Bohr

3.714
3.955
4,041
1.306
1.533
1.482
0.7042
0.9984

0.8884
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distribution of cations over octahedral and tetrahedral
sites on magnetization has been discussed in case of Co-Zn

ferrite15

to obtain the correlation between microstructure

and magnetic properties, The reduced porosity at higher
sintering temperature has a considerable effect on magneti-
zation of all the samples stulied here. This is in accordance

with results reported earlier16.

In general, all spinel ferrites are more or less inverse,
It means some of the divalent metal ions prefer octahedral
B sites and equal fraction of trivalent iron ions prefer
tetrahedral A sites. The degree of inversion depends upon
the heat treatment., The increase in temperature causes the
excitation of the ions of sublattices and consequently
changes the structure from normal to inverse, The resultant

magnetization is the vector sum of sublattice magnetizations,

Prince17 had reported complete inverse spinel structure
in CoFe204 by neutron diffraction, If this is the case the
theoretical magnetic moment would be 3 Bohr magneton.
However in the present case it is observed to vary between
3,714 to 4,041 Bohr magneton {Table 4.2). The higher values
than theoretical can be ascribed to the contribution of

orbital moment to spin moment and to extent of inversion,

117



ﬁhmatzky and others18 have reported partial inverse spinel
structure in CoF9204. Hence in the present case partial
inverse spinel structure is assigned to the cobalt ferrite
and accordingly the cation distribution is given by

3+ 2+ 2 3 2~
Fe1-8 COQ ( v01~6 Fe1+8 ) 04

where §= coefficient of normalcy less than one

The spin moments for Fe ', Co®' and Cu*

are 5, 3 and 1.
Bohr magnetons respectively. The resultant magnetic moment

per formula unit is given by
M, = 3+46 0 oo {4.21)

The experimental values of Hy for cobalt ferrite are

3.714, 3.955 and 4.041 respectively (Table 4,.,2), From the

equation 4,21, § comes out to be 0.1785, 0.24 and 0,26,

It can be concluled that the normalcy in cobalt ferrite

varies from 15% to 30%, depending on preparation condition,

The calculated saturation magnetization values agree well
19

with the values reported earlier “, However the variation

is agsumed to be due to the method of preparation,

The partial inverse spinel structure in copper ferrite

has been reported on the basis of variation of experimental
20,21

results from theoretical values of magnetic moment .

In the present case magnetic moment of copper ferrite varies
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from 1.%06 to 1,533 Bohr magnetons (Table 4.2), whereas its
theoretical value is 1 Bohr magneton for complete inverse
structure. Therefore the copper ferrite under study is
proposed to have a partial inverse spinel structure and
accordingly the cation distribution is given by

Fe2t  cult 2+
Pelo cuy  (Cufl Pellg ) OF

where & = coefficient of normalcy less than one

The magnetic moment per formula unit is represented by

MB = 1+48 00— --- (4.22)
substituting the experimental values of My from table 4.2,
it is found that § varies between 0,0375 to 0.06662 depending
on preparation condition, Hence it can be inferred that
the degree of inversion in copper ferrite varies from 93
to 97, depending on heat treatment, The calculated values
of saturation magnetization are comparable to the reported
19

values The deviations are attributed to the preparation

techniques,

The addition of copper to cobalt ferrite causes the

copper ions to occupy A sites replacing some of the Fe3+

ions, which in turm occupy B sites by vacating 002+ ions.
This causes the decrease in the magnetization of A sites

as copper percentage increases. At x= 0.4, the cation
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distribution for the sample Cuu‘4 C°0.6 Fezo4 can be

represented as

2+ 2+ 3+ 2+ 3+ 2-
¥4 %%.4 Fej ( G052 F°2—s) %
the calculated values of § vary between 97 to 99. 8%,
depending on heat treatment, This shows that A and B

sites are almost equally occupied by Fe '

ions, Hence
resultant magnetization is mainly due to the ions at A
sites which contribute small amount to magnetization,

Therefore the observed magnetization of this sample is

comparatively small.

FProm the table 4.2 it is evident that magnetization
changes with heat treatment. As temperature increases
ions diffuse from B sites to A sites and vice-versa, This
causes the ferrites to have partial inverse aspinel structure.
Magnetization stulies can be utilised to determine their

cation distribution.

Another important factor that influences the
magnetization of ferrites is their microstructure, EBach
grain has certain amount of resultant magnetic moment. The
presence of pores breaks the magnetic circuits among the

grains, resulting in net reduction of magnetization, with



increased pore concentration., On the other hand grain
boundary opposes the motion of domain walls, Under large
concentration of pores the total area of grain bowndary
increases offering a high resistance to domain wall motion,
in tum to magnetization. For a sample sintered at higher
temperature and time, net area of grain boundary decreases
due to densification and low porosity. As a result the
domain walls become more mobile to increase the magnetiza-
tion, This implies that when crystallites become large
with negligible porosity, crystalline anisotropy decreases
making magnetization easy. Such a behaviour c¢an be observed
in electron micrographs of our samples (Fig.5.1 to 5.6),
Thus the texture of grains is important in ferrites where
the magnetization has strong preference for a particular
crystallographic direction (called easy axis of magnetization)

or magnetic anisotropy.

Polycrystalline materials with large number of grains
have domain structure similar to single grain materials,
But domain structure is modified due to interaction between
the neighbouring grains in fine grained materialszz. Iower

sintering temperature causes large number of small grains,

Whereas higher sintering temperature gives small number of

121



large grains and consequently reduced porosity. The linear
relationship has been reported between permeability and

grain diameter23'24.

In the present case electron
micrographs show greater grain diameter at higher sintering
temperature, The rise magnetization value is in accordance

with rise grain diameter in the present case,

There is also a possibility of formation of closed
pore chains at low firing temperature, leading to the
decrease in magnetization. Such an idea has been supported
by Riknkawazs proposing the diamagnetic field caused by
closed pores and boundries, Hence magnetization decreases
at low sintering temperatures., The electron micrographs

are the convincing evidence for the occurance of such

phenomenon.,
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PART-B
FAR INFRARED SPECTRA OF CuxCo1_x F°é)4 FERRITES

INTRODUCTION

Blectromagnetic radiation in which wavelengths lie in
the range of 1 pto 1 mm is termed as infrared radiation.

It has a wavelength Just little longer than those of visible
light.

The optical spectra of ferrites give information about
the various vibrational modes in the presence or absence of
Fe2+ ions in the ferrites whereas the vibrational electronic
and magnetic dipole spectra provide information about the
position and valency of the ions in the crystal lattice,
Infrared spectra are used to detect the presence of absorption
or emission bands in the ferrites. It has become the powerful
tool in the hands of analytical chemists and physicists,

since it provides wmistakable " finger prints ",

According to group theoretical considerations, Haldronzs

reported four optical bands corresponding to four infrared
active fundamentals (T1u) in the vibrational spectra of
normal as well as inverse cubic spinels. Out of four bands

two c¢orresponding to high frequencies, are broad and

1 >
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assymetric, depending upon the preparation condition and
grain size. They may give rise to distinct shoulder or
even splitting of bands., The other two bands corfeeponding
to low frequencies are quite sharp and unaffected by the
preparation condition,

Generally four active infrared bands are reported in

1 1 26

the range of 100 cm to 1000 cm . Waldron“" observed two

bands in different ferrites in the region of 200 em 1 to

1000 cm™1

. He attributed the high frequency band 7, to
tetrahedral complexes and low frequency band 92 to octahedral
complexes. Also he noticed the gradual increase in the
absorption of higher frequencies caused by electronic

transition,

Hafner27, Tarteza and otherszg'so applied infrared
spectroscopy to investigate the absorption bands in many
normal as well as inverse spinél ferrites. B;dbersSI observed
the splitting of bands in cubic and tetragonal manganese

ferrites Mn_Fe in the range of 700 em ! with x > 1 and

X %=X 04
conclulied that there are local tetragonal distortions
originating from the Jahn-Teller effect of the octahedral
Mn>* ions.

Infrared spectra of MnFezo4 with inversion degree of Mn
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about 0.05 and 0.2 was stulied by Kleri®>, He concluled that

the absorption observed at 335 en~1

has to be third fundamental
IR active mode., 1In addition to IR stulies properties like
anisotropy, structure of domains etc were also studied by

several vorkars33’34’35.

4,7 EXPERIMENTAL TECHNIQUE

The far infrared spectra of cobalt, copper-cobalt and
copper ferrite were obtained from Indian Institute of Science,
Bangalore {India), using the Beckman Infrared Spectrophotometer,
In order to cover the wide range of frequency available with
the instrument, beam devices of different thicknesses were
employed. The spectrum was taken in the range of 50 to
700 em™l. As no bands were observed in the range 50 to
200 cm'l, the range of spectrum was taken from 200 to 700 cm=
The interferrometer chamber was kept under vacuum to avoid

the effect of moisture of water vapour which would affect the

spectrum in this region.

4.8 RESULTS AND DISCUSSION

-

The spinel ferrites crystallise into cubic form with

space group Fd3mf°7' On the basis of space group and point

symmetry, group theoretical calculations show four IR active



fundamentals (T1u0 in the vibrational spectra of normal and
inverse cubic spinel structure, The vibrational frequencies
depend upon cation mass, éation-oxygen bonding force and

distance and parameter of the wnit cell,

The IR of cobalt, copper-cobalt and copper ferrite are
shown in Pig. 4.6, 4,7 and 4,8 respectively., The spectra of
these ferrites were used to locate the position of absorption

band and band positions are shown in Table 4,3. .

In the present stuly, the absorption bands are found to
be in the same expectéd frequency range. The higher frequency
band 3, is in the range of 550 to 575 cm}, while the lower
frequency band 7, is in the range of 400 to 470 cm™l, From
the Table 4,3 it is seen that there is a little change in the
band positions of the spectra. The main cause for such

2 band distance for

changes is the difference in the Fe '- O
B and A sites.

26 27

Waldron and Hafner ' were the pioneers to study the
vibrational spectra of ferrites. They attributed the band
around 600 cm ! to the intrinsic vibrations of the tetrahedral
complexes and that around 400 Qm'l to the vibrations of
octahedral complexes, However Tarte and Praudhomme36 reported

that both the observed absorption bands in spinel ferrites
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depend on the nature of octahedral cation significantly dut
not on the nature of tetrahedral ions. Botalova et al’!
stuldied the IR of Ni-Zn mixed ferrites and concluled that

F02+ ions are occupying both A and B sites.

An examination of the Table 4.% and IR spectra
(Fig. 4.6 to 4.8) reveals that a small band 33 around 400 omL
appears for certain concentrations of cobalt (0.6, 1.0) in
copper ferrite, PFor the lowest concentration (x =1) this
band is not visible. However the broadness and shape of
the spectrum (Fig.4.8) suggests the possibility of such band,
As cobalt concentration increases the intensity of the band
93 increases and reaches maximum at x =0. This causes the

band 92 to become more narrow,

From the Table 4.3, also it is seen that the bands ~)1

and‘?2 vary slightly from ferrite to ferrite. This change

2-

18 the consequence of the change in Fe’' - 0°~ bonding

distance with the increase of cobalt concentration. As the
band 92 is attributed to octahedral complexes, the appearance

of 93 around‘92 may be due to octahedral origin. The increase

2+ 2-

of cobalt concentration increases the strength of Co - 0

bonding and hence increase in the intensity of 93 band is

expected, This is strongly supported by the present results
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of our samples. Hence %3 band can be assigned to the

2+ 2

Co“* - 0°" octahedral complexes (Fig.4.6,4.7).

Josyulu and Sobhanadr1®® had noticed the same behaviour
during their IR study on Co~Zn and Mg-Zn ferrites. Recently
Badarinath39 has observed 93 band around 370 cm ! by
introducing A1>* into the lattice of MgFe,0, and observed
the increase in intensity with increasing concentration of
A1%*, Therefore it can be concluled that the appearance
of 33 band in the spectra of present samples (Pig.4.6,4.7)
is dus to the divalent metal ion-oxygen complexes in the

octahedral sites.

The method of preparation, grain size and porosity play
an important role in locating the band positions. Hence the
observed changes in the positions of band (Table 4.3,
Fig.4.6 to 4.8) are attributed to above influencing factors.

The presence of F02+

ions causes the splitting of the
absorption band due to local lattice deformations caused by
Jahn-Teller effect in Fez+ ions leading to the non-cubic
component in the potential of crystal field, Whereas Fes*

ions electronic configuration do not undergo Jahn-Teller

distortion and hence no splitting is observed., In the present
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case, one of the spectra is in good agreement of the above

results., Such results were observed by Murthy and others‘o

in the Mossbauer and infrared stulies of some nickel-zimy

ferrites,

In this way the present studies on IR spectra of
c“xc°1-xF°204 reveal that the absorption spectra aroumd

600 cm’l, assigned to tetrahedral complexes, does not show

2+

any splitting and hence the possibility of Fe™ ions at

A Bite is ruled out, Whereas the splitting in the absorption

1

band around 400 cm -, assigned to octahedral complexes,

2+ ions at B site, Morever

suggests the possibility of Fe
the results are in general agreement with the literature

values,
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