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Abstract

Nano Zn, Cu Mn,0, (with x=0.15, 0.25, 0.35, 0.45, and 0.55) ceramics were prepared by co-precipitation method. Formation
of tetragonal structure was confirmed by using X-ray diffraction with determination of lattice parameters, crystallite size,
dislocation density, and micro strain. The grains sizes and morphology of the samples were unserstood by SEM images. An
absorption band of FTIR spectrum employed to supports the formation of structures. VSM studies were done to estimate
saturation magnetization (Ms), coercivity (Oe), retentivity (Mr) and magnetic moment (nB) of the samples. A comparative
contemplate carried out with the help of W-H analysis and SSP analysis. A detailed study of influence of copper doping on
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structural and magnetic properties of synthesized materials is reported.

Introduction

Nanoparticles have been studied elaborately in
recent years due to their size-dependent properties [1-
3].The structural, dielectric and electrical properties of
nanomaterials are entirely different from their single/poly
crystalline and thin film compliments. The high surface to
volume ratio of the grains, small size, larger contribution from
grains and grain boundary regions; quantum confinement of
charges, band structure modification and defects in grains are
the few factors which contribute the electrical properties of
nanostructure materials [3-6].These difference in nano and
bulk materials have immense theoretical and technological
importance.

Recently complex manganites (manganese oxides)
display a wide range of important electrical and magnetic
properties, may be due to the mixed valence states of
manganese. Zinc manganite, ZnMn,0, is one of the
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important doped transition-metal oxides due to its potential
application. It was found that ZnMn, 0, is an effective catalyst
for reduction of NO to N, by several types of hydrocarbons
[7,8]. The heat treatment on mixture of Zn and Mn oxides
at elevated temperatures led to solid state reaction yielding
zinc manganite spinels [9]. ZnMn,0, have grabbed a
wider attention towards electrochemical, optoelectronic,
electronic, mechanical and semiconducting properties
which are applicable to the field of sensors, specific memory
devices, NTC thermistor, lithium ion batteries as an anode
and so on [10-13].

The properties of solid materials are strongly affected
by the particle size and morphology. Hence, synthesis of
the material in nano range has attracted the researchers
deliberately [14-16]. However in ZnMn,0,, Zn exhibit single
oxidation state Zn?*, whereas Mn display Mn®* and Mn*,
which leads to the formation of oxygen vacancy in the

material with the temperature variation and which intern
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related to relaxation process. Zinc manganite (ZnMn,0,) has
been synthesized by various methods namely solid state
reaction [17], hydrothermal method [11,12], sol-gel method
and co-precipitation method etc [18].

Usually doping ZnMn,0, with small amounts of
some other oxides, the electrical, dielectric and magnetic
characteristics can be controlled and/or modified [19].In
beginning days, ZnMn,0, was doped with Bi or Pr [15,19],
however, in recent years; it has been doped with elements
such as vanadium, manganese, copper, nickel or cobalt
etc. The addition of these elements usually produces the
formation of secondary phases which are mostly composed
by spinel-structure materials [20]. The general formula of
such spinels is, AB,0,, where A type atoms are located at
tetrahedral position (A-site) and B type at octahedral position
(B-site).This kind of elemental distribution is known as
normal spinel. However, the A and B site ions may swap their
positions, partially or totally, producing the so called partial
inverse or inverse spinels [21]. As evident from literature
that, ZnMn,0, crystallizes to normal spinel structure with
Zn?* ions at tetrahedral position and Mn?®* ions at octahedral
position.

However from author’s literature knowledge, very little
work was carried out with respect to structural, electrical
and magnetic studies on copper doped ZnMn_0,. So the aim
of this work was to synthesize copper substituted ZnMn_0,
(Zn, Cu Mn, 0, with x=0.15,0.25,0.35,0.45,0.55) by co-
precipitation method and to analyze the effect of copper
doping on structural characterization using XRD, SEM, FTIR
spectra and magnetic studies limited to x = 0.15,0.35,0.55
using VSM spectra for the first time. Also to get more
information about micro strain and crystallite size using
William-Hall method and size-strain plot method.

Experimental

Preparation of Zn, Cu Mn,0,

Zn, Cu Mn,0O, nanoparticles were prepared via co-
precipitation method. Zinc chloride, manganese chloride
and copper chloride, all of AR grade, were used as source
agents for the synthesis. The precursors were purchased
from Burgoyne & Burbridges Company, Mumbai, India and
were used as received. A desired stoichiometric ratio of
precursors were weighed and dissolved in 200ml of distilled
water to get the respective solutions which were mixed
further. Using magnetic stirrer the mixture was stirred to get
liquid solution at ambient temperature. Then liquid NH, was
added to the solution drop wise to get a pH 7 and stirred for
another 1 hour for precipitate formation. The solution was
washed repeatedly with distilled water and filtered to get
wet brown paste of precipitate. After 24 hours, the dry paste
was finely and uniformly powdered using agate mortar and
pestle. Using alumina crucible the dry brown powder was
sintered at 600°C for 4 h in a muffle furnace to get final black
powdered Zinc Copper manganite sample.

Characterization Details

The structural characterization of the synthesized
samples was carried out using a Bruker AXS D8 Advance XRD
instrument (Detector Si(Li) PSD) using Copper Ka radiation
(A=1.5405A) at room temperature in the range 0° to 90°at
the scanning rate 0.020 per sec to investigate the phase and
crystallite size. The Morphology of the samples was studied
using SEM (JEOL Model JSM). The FTIR spectral analysis
was carried out using spectra obtained on Thermo Nicolet,
Avatar370 and the magnetic study was carried out using
VSM spectra obtained on Lakeshore 7410 series. The whole
process of synthesis and characterization of samples is as
shown in (Figure 1).
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Figure 1: Synthesis and characterization of Zn, Cu Mn,0, with x=0.15, 0.25, 0.35, 0.45, 0.55.
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Results and Discussion

XRD Structural Analysis

The XRD patterns of Zn, Cu Mn,0, with x=0.15, 0.25,
0.35, 0.45, 0.55 are shown in (Figure 2) for all samples,
the same pattern was observed with well developed (h k )
reflections with preferential orientation at (1 2 1) and (0 2 0)
plane direction. The spectra were well indexed with the help
of JCPDS file 96-901-2843, which confirms the tetragonal
spinel structure with space group of 141/amd [16]. TheZn,_
Cu Mn,0, shows tetragonal symmetry at room temperature

due to John-Tellar effect on Mn?** ions as evident [22,23].
The samples showed high purity as there is no evidence of
impurities from starting materials was seen in the patterns.
The spinel lattice of the samples Zn , Cu Mn,0, consists of
0% anions, form a close-packed tetragonal lattice in which
the Zn?* and Cu?* cations are located in tetrahedral sites
(A sites) and Mn?* are located in octahedral sites (B sites),
respectively, while non J-T cations Mn?* and Mn** take mixed
positions. Due to their electronic configuration (3d!°), the
Zn* ions are highly stabilized at tetrahedral sites of the
structure. They form ionocovalent bounding with the oxygen
anions [24].
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Figure 2: XRD patterns of Zn ,_Cu Mn 0, with x=0.15, 0.25, 0.35, 0.45, 0.55.

The lattice parameters a and c for tetragonal crystal
structure were calculated with the help of

=1
Wk P
AT

wherea=b #c (1)

Crystallite size D was detrmined using equation of Debye-
Scherer
D=0.92A/fBcosb (2)

where 1 is the wavelength of radiation used, (1 = 1.5406
R), p is the full width half maximum (FWHM) of diffraction
peak, and 6 is the Bragg’s angle. The defect present within
crystal structure (so called irregularity), which greatly affect
the material properties is called as dislocation. Dislocation
density is the number of dislocations per unit volume of
crystalline material. The parameters; dislocation density p,
and micro strain ¢ were determined using.

1
Pp :E (3)
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While x-ray density (A ) was got by
_ aM

=— 5
TNy (5)

Where M is the molecular weight of each composition, N is
the Avogadro’s number and V is unit cell volume.

The calculated values of Ilattice parameters of
synthesized tetragonal samples are as a = 5.921 A to 5.835A.
and ¢ = 8.9694 to 8.373A, the unit cell volume V=303.49A3to0
289.75A3 and average crystallite size D = 21.94 nm to 16.98
nm as presented in Table 1. The values of lattice parametres
nonlinearly varies with copper due to John-Teller distortions
of Mn3* ions at octahedral sites.With the increase of copper,
the unit cell volume V and crystallite size D values decreases
slightly due to difference in cationic radii of Cu?* (0.073nm),
Zn?* (0.074nm) and Mn3** (0.083nm) in octahedral sites
[22,23]. Discussions reported in Kshirasagar et al suggests
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that synthesized samples Zn,_ Cu Mn,O, shows tetragonal
structure from x=0.15 to x=0.55 due to J-T effect which could
be removed once x tends to 1. Also it is assumed that the

values of x-ray density, dislocation density and micro-strain
are certainly affected by J-T effect as evident from their values
as reported in (Table 1).

< ak cA Unit cel! Volume | Crystallite size | Micro strain Dislocation density | Xray density
Al D nm €x10-3 p,x 10" /m? D _g/cm?
0.15 | 5.859 | 8.840 303.49 21.94 1.799 2.077 5.23
0.25 | 5.753 | 8.969 296.90 20.94 1.762 2.280 5.34
0.35 | 5.921 | 8.373 293.61 20.48 2.184 2.383 5.39
0.45 | 5.910 | 8.378 292.67 18.98 1.929 2.775 5.33
0.55 | 5.835 | 8.509 289.75 16.98 2.158 3.468 5.22

Table 1: Calculated values of Lattice parameter (a and c), Unit cell volume (V), Crystallite size (D), Micro strain (€), Dislocation

density p, and X-ray Density (D ).

Williamson - Hall Plot and Size-Strain Plot
Method

Lattice strain # and average crystalline size D were
determined using the equation of Williamson-Hall [25]:

Pcosf _i+nsin0

A D A

(6)

The above expression could be expressed as y = mx + ¢
where m =% and ¢ = 1/D, so the linear plot of fcosé V/s. sinf
produces the lattice strain # as slope and 1/D as intercept as
reflected in (Figure 3). The Table.2 is filled with the calculated
and graphical values of mean crystallite size D and lattice
strain #, which are nearly in agreement with each other.

There is a prominent method to find the isotropic nature
and micro-strain, called as “size-strain plot” (SSP), which
uses average values of size-strain parameters. The benefit
of this method is that, less credence will be given to the
information collected from higher angle reflections having
lower precision, as shown in (Figure 4). We consider that
the “crystallite size” is expressed with Lorentzian function
and the “strain profile” with Gaussian function [26-28].
Consequently, we have:

KA EY
(dhklﬂhkl cos 9)2 :?df,d . COS@+(EJ (7)

where K is a constant which renders on particles shape (for
spherical particles K = 3/4). The (Table 2) represents the
comparison between different values got from W-H plot and
SSP plot.

Crystallite size (D) nm Micro strain (g) x 103
X From From formula From From From formula From
W-H plot S S Plot W H graph S S Plot
0.15 48.60 21.94 28.11 9.89 1.80 18.67
0.25 15.71 20.94 11.98 6.61 1.76 15.18
0.35 52.22 20.48 24.02 15.03 2.18 25.13
0.45 40.54 18.98 15.94 9.93 1.93 3.25
0.55 25.84 16.98 13.56 6.77 2.16 3.86

Table 2: Comparison of crystallite size D and micro strain € values calculated from W-H plot and Size-Strain plot.
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Figure 3: Williamson-Hall Plot Bcos6 V/s sin® for Zn(l_X]CuXanO4 samples with x=0.15,0.25,0.35,0.45,0.55.
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Figure 4: Size-Strain Plot (dfBcos6)? V/s (d?Bsin6) for Zn, ,CuMn,0, with x=0.15,0.25,0.35,0.45,0.55.
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FTIR Analysis

The confirmation of crystal structure and infrared
spectral analysis was carried with the help of FTIR spectra
of the synthesized samples. The spectra were taken in the
range 700-400 cm™ as shown in (Figure 5). The position
of transmission bands with frequency are tabulated in
(Table 3). There exist two main absorption bands v, and v,
corresponding to the stretching vibration of tetrahedral
(A-site) and octahedral (B-sites) positions around 600 cm!
and 480 cm™ [29]. The band frequencies (v,) around 480
cm are associated with an internal bending mode of MnO,
octahedral and the band frequencies (v,) around 600cm’
! are attributed to phase stretching mode of Mn-0O, varies
nonlinearly due to John- Teller distortions [30,31]. Also

the curve becomes more pronounced for larger x values
indicating the effect of copper at both the sites. The increase
in Mn-O vibration frequency from 582 cm™ to 599 cm
indicates strong coupling constant which tends to shorter
bond length and decrease in lattice constant. The values of
v, are higher than v,, indicates that the normal vibration
mode of the tetrahedral complexes is higher than that of the
corresponding octahedral sites. This may be due to a shorter
bond length in the tetrahedral site compared to octahedral
one. Due to nano grain sizes, there is a shift in IR frequencies
as compared to FTIR bands of bulk materials also there is
a degradation of crystal symmetry. Nano size grains are
showing some disorder; as their atomic arrangements on the
boundaries differ greatly from that of bulk crystals both in
co-ordination number and bond lengths [32].
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Figure 5: FTIR spectra of Zn, Cu Mn,0, with x=0.15, 0.25, 0.35, 0.45, 0.55.

T T T
550 500 450
1

Concentration x V1 cm-1 v2 cm-1
0.15 590.72 483.77
0.25 583.02 485.56
0.35 590.12 481.97
0.45 585.34 485.56
0.55 594.90 490.34

Table 3: Positions of IR Transmittance bands of Zn, Cu Mn,0, Series.

Surface Morphology

The surface analysis was carried out using SEM (Scanning
Electron Microscope). The surface micrographs of
synthesized samples are shown in (Figure 6). The images
showed highly porous, less densed, agglomerated and algea
structured grains.The grains sizes of the samples ranging

from 3.934 um to 13.73 um measured using Image] software.
The images revels that the samples are less dense and the
particle size distribution was significantly broad, due to
an irregular growth of the particles. The morphological
characterization showed that the homogeneity and grains
size continuously increases with copper addition due to ionic
radii of Cu®* (0.073nm), Zn?** (0.074nm) and Mn?* (0.083nm).
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The porosity of samples goes on decreases as x increases
and at x=0.55 the concentration of both Cu?*and Zn?*become

nearly equal to each other, by which the material looks to be
more denser.

Average Grain size in (um) for
Zn, ,Cu,Mn,0,Series

X=015 | X=025 | X=035 | X=045| X=0.55

5993 | 6.852 | 7.874 | 8133 | 13.696

Figure 6: SEM images of Zn, Cu Mn,0, with x = 0.15, 0.25, 0.35, 0.45, 0.55.

Magnetic Study

Vibrating sample magnetometer was used to investigate
the magnetic properties of synthesized Zn, Cu Mn,0, with
x = 0.15, 0.35, 0.55 at room temperature. (Figure 7) shows
VSM plots. The values of saturation magnetization (Ms),
coercivity (Oe), retentivity (Mr) and magnetic moment (n,)
of the samples are listed in Table 3. The magnetic moment/
formula unit in Bohr magneton (n,) was determined by
following equation [33].

M *Ms (8)
5585

Where M is the molecular weight of a each composition and
Ms is the saturation magnetization (emu/gm).

Magnetic moment Ny =

All the samples showed almost narrow hysteresis loops,
indicating slight ferromagnetic and antiferromagnetic
nature. The concurrent presence of Mn*", Mn3* and Mn?* ions
are liable for ferromagnetic properties shown by the samples
under investigation, which give rise to ferromagnetism
in terms of double-exchange mechanism. Zn and Cu ions
acting as retardant of the magnetic interaction between the
manganese ions [16]. According to Anuradha et al [33] the
maximum magnetization was observed for the sample with
lowest particle size, confirms the increase in ferromagnetism

Shashidhargowda H and Shridhar NM. Facile Co-Precipitation Route for Zn,,Cu Mn O,

and decrease in particle size with Cu content as apparent
from (Figure 7 and Table 4). Also the discussions from Fierro
et al [22] suggests that Zn, Cu Mn,0, compounds shows
antiferromagnetic nature due to partial replacement of Cu?*
with Zn?* ions in the A site of the spinel structure. This clearly
confirms the introduction of Cu®* ions into Zinc manganites
greatly affects the magnetic properties. The magnetic study
of all the samples indicates that, the variation in saturation
magnetization, retentivity, coercivity and magnetic moment
is due to the substitution of copper to ZnMn,0, and the sites
preference energy also play important role in magnetization
[34].
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Figure 7: Magnetization (Ms) V/s Magnetic field (Oe) for
Zn, Cu Mn,0,withx=0.15, 0.35, 0.55.
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Concentration x 0.15 0.35 0.55
Crystallite size (D) nm 21.94 20.48 16.98
Coercivity (Oe) 23.22 15.91 7.102
Magnetization (Ms) emu/g 0.774 0.789 0.561
Retentivity (Mr) emu/g x1073 5.58 3.97 0.356
Magnetic momentn, 0.033 0.034 0.024

Table 4: Calculated values of Crystallite size (D), Coercivity (Oe), Saturation Magnetization (Ms), Retentivity (Mr) and magnetic

moment (nB) for Zn, Cu Mn,0, with x = 0.15, 0.35, 0.55.

Conclusion

The co-precipitation method was used to successfully
synthesize Zn, CuMn,0, samples. The XRD patterns
confirmed the formation of tetragonal phased Zn,_Cu Mn.O,
with the space group 141/amd. With increase in copper
content the unit cell volume V and crystallite size D values
decreases significantly due to difference in cationic radii
in octahedral sites in the structure.lt was evident from
the results that lattice parametres, x-ray density, micro
strain and dislocation density varies nonlinearly with
copper content due to John-Teller distortions of Mn?®* ions
at octahedral sites. The XRD patterns showed (121) and
(020) planes have strong preferential orientation for all the
samples. Crystalline structure was correlated by Williamson-
Hall plot and Size-Strain Plot methods. SEM image showed
agglomerated, porous and less densed algea structured
grains, with sizes ranging from 3.934pm to 13.73um.The
effect of copper clearly seen in the images.Through the FTIR
spectra the spinel tetragonal formation was confirmed. VSM
spectral inspection showed the effect of copper substitution
on magnetic properties of the samples in terms of partial
ferromagnetic and antiferromagnetic nature.
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