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Abstract: Polycrystalline ferrite samples having a chemical formula Nig;.,Cu,Zng3Fe,0, (where
x=0.05 to 0.50 insteps of 0.05 variation) was prepared through the conventional ceramic method.
The infra red spectra were recorded at the room temperature using FT-IR spectra for all samples in
the range 4000 cm™ to 400 cm™ on MAGNA 550 Nicollet Instruments Corporation; the absorption
spectra recorded 400 cm™ to 4000 cm™. The spectrum recorded transmittance (%) versus wave
number (cm™) and the spectrum confirms the spinel structure. The study of FT-IR spectra is very
important tool for getting the ions positions in the lattice.
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Introduction

Polycrystalline magnetic components must be miniaturized to reduce device size in
communication systems. The multilayer chip inductor was developed to increase the volume
efficiency. They are important components in the latest products, such as notebooks, cellular
phones, etc. The advantages of these chip devices over conventional wire wound
components are excellent magnetic shielding and miniaturization. This chip device can
suppress high harmonic noise to the greatest extent. The infrared spectroscopic technique is
based upon the fact that a chemical substance shows marked selective absorption in the
infrared region. Various bands present in IR spectrum correspond to the characteristic
functional groups and bonds present in the chemical substance. The infrared spectra is useful
to determining the local symmetry and non crystalline solids and to study the ordering
phenomena in ferrite.

Experimental

The Cu substituted NiCuzn ferrites were prepared by Conventional Ceramic Technique
(CCT). Analytical reagent grade NiO, CuO, ZnO and Fe,O; were weighed in the
composition of Nig;.4Cuy,ZngsFe,04. These oxides were intimately mixed through agate
mortar with the medium of methanol. The ground powder calcined at 900 °C for 4 hours at
air atmospheric using programmable furnace. The pre-sintered powder were mixed with 5 Wt%
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polyvinyl alcohol (PVA) as a binder and uniaxially pressed into toroids and pellets at
pressure of a 2.5 tone/ cm? respectively, the compacts and powders were successfully
sintered in air atmosphere at 1100 °C for four hours and finally cooled to a room
temperature. Finally the chemical characteristics of NiCuZn ferrites were determined using
Fourier transform infrared spectroscopy.

Results and Discussion

The electrical and magnetic properties of spinels depend on the chemical composition,
cation distribution and the method of preparation. The vibrational, electronic and magnetic
dipole spectra can give information about the position and valency of the ions in the crystal
lattice. Ferrites possess the structure of mineral spinel (MgAl,O,) that crystallizes in the
cubic form with space group® Fd;m-O,7. The spinel ferrites have four infrared active bands,
designated as J; 9, J; and J,. The first three bands are observed due to tetrahedral and
octahedral complexes while the fourth one is due to some type of lattice vibrations?>.
Waldron* attributed the band ; around 600 cm™ to the intrinsic vibration of tetrahedral
metal oxygen complexes and band ¢, at around 400 cm™ to the intrinsic vibration of
octahedral metal oxygen complexes. These bands are mainly depending on Fe-O distances.

It is observed that each spectrum (Figure 1) consists of two significant absorption bands
which reveal the formation of single phase of spinel ferrites having two sub lattices,
tetrahedral site and octahedral site®. The occurrence of first band at higher wave number of
~ 583 cm™ (9;) has been assigned to the intrinsic vibrations of the tetrahedral complexes
corresponding to the highest restoring force. Whereas the second band at lower wave
number of ~ 401 cm™ (%) is attributed to the intrinsic vibrations of the octahedral
complexes.
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Figure 1. FTIR absorption spectra of Nig7.4xCuyZngsFe, 04 ferrites
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The difference in frequencies of the characteristic vibrations (J; & ) has been
attributed to the long bond length of oxygen-metal ions in the octahedral sites and shorter
band length of oxygen-metal ions in the tetrahedral sites®. The bands at 3430 cm™ and
1540 cm™ are due to the O-H stretching vibrations significant reduction shows that the Fe-
O-H for ferrite powder and which was caused by the free absorbed water’.

Figure 2 shows the spectra between the wave numbers 300 cm™ to 1000 cm™ which is
represents the formation of the ferrite spinel. Here two significant bands are present 9, &
9,. The higher wave number ; band is in between 550 cm™ to 600 cm™ and it is caused by
the stretching vibrations of metal-oxygen bond which is tetrahedral (A) sites. The lower
wave number range is 365 cm™ to 425 cm™ is caused by M-O bond vibrations in the
octahedral [B] sites’. The stretching vibrations at 1633 cm™ is corresponding water
deformation H,O and it indicates the hydrogen bond®'® and is due to the O-H stretching
vibration bond. The positions of absorption bands in terms of wave number (9; & ;) along
with intensities of absorption bands for all the copper substituted samples are given in Table 1.
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Figuire 2. IR Spectra of the ferrite spinel

Table 1. Absorption band positions and their respective intensities

X 9y, cmt 11, % 95, cm’t 15, %
0.00 582.5 39 401.19 45.39
0.05 582.5 56.16 383.83 54.99
0.10 578.64 69.96 381.9 65.83
0.15 578.64 83.56 358.76 71.17
0.20 576.72 23.19 395.4 21.39
0.25 576.72 41.42 374.19 37.49
0.30 574.79 52.69 368.4 44.43
0.35 574.79 30.67 381.91 29.49
0.40 574.79 11.28 389.62 10.65
0.45 574.79 44.40

0.50 572.86 31.95 369.11 28.02
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The variation in wave numbers (9; & ;) with copper concentration(x) for all samples is
shown in Figure 3. From the figure, it has been observed that both 9; and J, shift towards
lower frequencies with copper concentration (x) due to sintering on the samples*’. The
values of the force constants (K and Ko) for the band Fe** - O” at tetrahedral and
octahedral sites are calculated using the relation*?.
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Figure 3. Variation of wave numbers at A and B sites with copper concentration.
K =47’ v* C*m

Where ¢ is the speed of light, Jis the band wave number in cm™ and m is the reduced
mass for Fe** ions and O% ions (2.061x10% g). The values of force constant for tetrahedral
(K+) and octahedral (Ko) sites are listed in Table 2. The variation in force constant with
copper concentration(x) for all samples at tetrahedral and octahedral sites is shown in Figure 4
and Figure 5 respectively. From the figure, it is observed that both K1 and K¢ decrease with
increase in copper concentration.

Table 2. Calculated force constants of tetrahedral and octahedral sites

X Ky, x10° dynecm™ Ko, x10° dyne cm™
0.00 2.49 1.18
0.05 2.49 1.08
0.10 2.45 1.07
0.15 2.45 0.94
0.20 2.44 1.15
0.25 2.44 1.03
0.30 2.42 0.99
0.35 2.42 1.07
0.40 2.42 1.11
0.45 2.42 -

0.45 2.40 1.00
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Figure 4. Variation in force constants with increasing copper concentration (x) at tetrahedral site
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Figure 5. Variation in force constants with increasing copper concentration (x) at octahedral site

The change in the band position is due to the change in the Fe** - O% inter nuclear
distances for the tetrahedral and octahedral sites respectively™>**. Normally, it is expected
that an increase in band length should lead to a decrease in force constant. If the radius of
the impurity ion is larger than the displaced ion then the bond length increases, lowering the
force constant for either site or a reduction in the repulsive forces between the ions leading
to a lower electrostatic energy implying lower wave number. Reverse will hold if a smaller
impurity ion replaces a metal ion of the regular lattice. A decrease in wave number and force
constant is expected with copper substitution because of its larger ionic radius** (0.72 A)
than the displaced Ni** ion (0.69 A).
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The observed change in wave numbers (9, & ) and decrease in force constants (Kt &
Ko) which are composition depend at both the sites indicate the occupancy of copper ions at
both A and B sites. The observed changes in intensities (Table 1) at both A and B sites also
support the occupancy of copper ions at both A and B sites. But more change in these
parameters at octahedral site than that at tetrahedral site suggests that occupancy of copper
ions at B site is more than that at A site.

Conclusion

The room temperature infrared spectra of copper substituted Nickel-Zinc ferrite confirm the
cubic spinel ferrite. All the doping samples clearly show the ferrite formation in the range from
300 cm™ to 1000 cm™. The change in the band position is due to the change in the Fe** - 0%
inter nuclear distances for the tetrahedral and octahedral sites respectively. If the radius of the
impurity ion is larger than the displaced ion then the bond length increases, lowering the force
constant for either site or a reduction in the repulsive forces between the ions leading to a
lower electrostatic energy implying lower wave number. Reverse will hold if a smaller
impurity ion replaces a metal ion of the regular lattice. The frequency shift observed are
reasonable due to replacement Ni?* with Cu®* ions having larger ionic radius which effects
Fe**-0%. A decrease in wave number and force constant is expected with copper substitution
because of its larger ionic radius (0.72 A) than the displaced Ni** ion (0.69 A).
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