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Abstract

Cobalt doped o-Mn,O; nanoparticles have been synthesized by chemical route. The structural properties were
analyzed by X-ray diffraction (XRD) and scanning electron microscope (SEM) analysis. The SEM image shows that
the nanoclusters having spherical geometry. The optical properties were analyzed by ultraviolet - visible (UV-Vis)
and Fourier transform infrared (FTIR) spectroscopy. UV-Vis spectra illustrates that Co doped Mn,O; nanosystem
acquire blue shift from bulk value (2.5 eV). The chemical composition and purity of the samples were examined
using energy dispersive analysis of X-ray spectroscopy (EDAX). Magnetic properties were studied using electron
paramagnetic resonance (EPR) and Guoy’s method. The high magnetic moment of 3.5uB shows the enhancement in
magnetic transition temperature (T.) of Mn,O; nanosystem due to the incorporation of cobalt ions.
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1. Introduction

Recently metal oxide nanoparticles have been the subject of much interest because of their unusual
optical, electronic and magnetic properties, which often differ from the bulk. A large number of different
manganese oxides are possible due to the availability of various oxidation states of manganese
(I1, I, IV). The magnetic properties of manganese oxide nanoparticles are of increasing research interest
due to their intrinsic high atomic moment of Mn and its various magnetic alignment [1]. The most
commonly known manganese oxides MnO, Mn,0;, and Mn;0, have a wide range of applications in
catalysis and battery technologies [2, 3]. Polymorphs of Mn,0O; have been used as catalyst for removing
carbon monoxide, nitrogen oxide from waste gas [4-6]. Researchers have shown considerable interest in
the last few years in lithium intercalated Mn,0s as an electrode material for rechargeable lithium batteries
[7, 8].
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In this respect, nano sized Mn,Oj; is expected to display better performance due to reduction in grain
size and increased surface area [9]. It is also used to prepare soft magnetic materials such as manganese,
zinc ferrite, which is useful for magnetic cores in transformers for power supplies [10-12]. It is used in the
manufacture of welding rods and fluxes. It is one of the raw materials in the manufacture of professional
grade ferrites [13]. Various methods have been used for the preparation of nanocrystalline Mn,O;
powders such as hydrothermal [14], thermo chemical [15], spray pyrolysis [16], chemical liquid
homogeneous precipitation [17], thermal decomposition [3] and arc evaporation [18]. For magnetic
storage application, the material should be ferromagnetic. Cobalt is a ferromagnetic material with curie
temperature 1393 K. Mn,O; (bulk) is an antiferromagnetic material with Neel temperature 90 K.
However, nano Mn,0O; has ferromagnetic nature at liquid nitrogen temperature [19]. So that the study of
cobalt doped Mn,O; is very interesting one. The goal of this work is to synthesis and characterize o-
Mn,0; nanosystems and its magnetic properties by doping Co ions.

2. Synthesis

Manganese acetate tetrahydrate [Mn(OAc),.4H,0(99% Aldrich)], N, N’- dimethylformamide,
[DMF (99.8% Aldrich)], acetone [CO (CH;),(Fermont 99.7%)] and deionised water were used as starting
materials. At first 0.03063gm of Mn(OAc),.4H,O was dissolved in DMF (22.5ml) under vigorous
stirring, 2.5ml of deionised water was added to get a final concentration of 5x10°M. The amber solution
was stirred at 323 K for lhour and the resulting solution was left to stand for 3 months under room
temperature. After 3 months, the dark brown precipitate was obtained. The obtained precipitate was
centrifuged and washed several times with distilled water and acetone to remove excess surfactant from
the solution and then dried in air at 353 K for 30 minutes. Cobalt oxide nanoparticles (synthesized
separately by microemulsion method) of appropriate amount 0, 1, 2, 5, 10 at% were added with the
resultant yield. The mixer was ground well and annealed to 723 K for 3 hours in air. Finally,
the synthesized powder was used for characterization.

3. Results and Discussion

3.1. X-Ray diffraction analysis

The crystal structure and phase purity of the samples were analyzed using PAN analtical X’pert
PRO X-ray diffractometer. Fig. 1 shows the X-ray diffraction pattern of Co doped Mn,0; nanosystem
with different doping concentration (0, 1, 2, 5 and 10 at. %). The result reveals a cubic structure, as
the diffraction peaks compared with the JCPDS file (JCPDS card No. 89-4836). From the XRD data,
the lattice parameter is found to be a=9.408A which is in good agreement with the JCPDS data and
the results reported by S.Thota et a/. (2010) [20]. The XRD pattern of 10 at. % Co doped Mn,Os,
illustrates that the crystalline peaks corresponds to Mn,0O; in addition to that a secondary phase
appears, which corresponds to (311) orientation of Co304, which might be due to the increase in
concentration of Co ions above the solubility limit. The crystallite size (D) was estimated using Debye
Scherrer’s equation (Eqn. (1)).

K\ M

D= (m)
Bcosd

Where, B is the full width at half maximum (FWHM) of a diffraction peak, K is the shape factor ~ 0.9
and A is the wavelength of the X-ray source(1.54 A).
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The calculated values of Co (0, 1, 2, 5, 10 at. %) doped a-Mn,0; nanosystems were 27, 25, 20, 17
and 16 nm respectively. It was seen that the particle size reduces with increase of doping concentration,
which may be due to quantum confinement in nanomaterials, the bulk system gets strained and this may
be estimated for Co (0, 1, 5, 10 at. %) doped a-Mn,0O5 nanosystems using Eqn. (2) as 0.011, 0.014, 0.022
and 0.029 respectively.
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Co,O Mn,0,:Co (10 at%)

Mn,0O,:Co (5 at%)

Mn,0,:Co (2 at%)

Intensity (a.u.)

Mn203:C0 (1 at%)

Fig.1 XRD pattern of 0-Mn,0O3: Co nanosystems
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3.2. Scanning electron microscope and Energy dispersive X-ray analysis

L

S3400,20.0kV 9.7mm x3.00k SE 10.0um

Fig. 2 (b) SEM image of cobalt (2 at. %) doped Mn,O; nanoparticles
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Fig. 3 (b) EDAX Spectrum of Co (2at. %) doped Mn,Os nanoparticles
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SEM with EDAX analysis examined the topographical and elemental composition of the synthesized
nanosystem. SEM images of pure and Co (2 at. %) doped Mn,O; nanoparticles are shown in
Fig. 2(a) and (b).It is seen that, the Co doped Mn,0; nanoclusters are not uniformly spread compared to
undoped Mn,0; nanoclusters. The Co doped Mn,0O; nanocluster appears like spherical shape and the
diameter of nanoclusters ~ 2pm.

The spectrum of EDAX for pure Mn,0; and Co (2 at. %) doped Mn,O; are shown in Fig. 3(a) and (b).
The spectrum shows the peaks corresponding to manganese, oxygen and manganese, cobalt, oxygen
elements inferring that the prepared sample contains only Mn, O and Mn, Co, O elements respectively.
The result confirms the purity of grown nanomaterial with no additive impurities.

3.3. UV-Vis analysis

The optical properties of prepared samples were studied by UV-Vis spectrometer. Fig. 4 show the
absorbance spectra of Co doped Mn,0; nanoparticles with different Co doping concentration. UV-Vis
spectra were recorded in the transmission mode and it can be clearly seen that there is no visible
absorption.
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Fig .4 UV-Vis spectrum of cobalt doped Mn,0O; nanoparticles

The spectrum illustrates that a sharp peak occurs at ~ 305 nm, which is the effect of quantum
confinement. By using this absorbance value in Planck’s equation (Eqn. (3)), the bandgap energy was
estimated as 4.06eV. The result shows that doping of cobalt in Mn,O; increase the bandgap value that
acquires the blue shift compared to bulk.
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Where, h is Planck’s constant (6.626x107* Js). ¢ is velocity of light (3x10° m s™). A is the wavelength
corresponding to the sharp absorbance.

3.4 Fourier transforms infrared spectroscopy analysis

In molecules and crystals, the atoms or ions are connected by chemical bonds. These systems can be
set into vibration depending on the elements and type of bond present. This vibrational frequencies
determined by the mass of atoms (atomic weight) and bond strengths. The mechanical molecular and
crystal vibration are at very high frequencies ranging from 10'* to 10'* Hz, which is in the Infrared (IR)
regions of the electromagnetic spectrum. When vibrational frequencies are in resonance, impinging beam
of infrared electromagnetic radiation is coupled. These absorption frequencies represent vibrations of the
chemical bond, specific type of bond and the group of atoms involved in the vibration.

In the infrared experiment, the intensity of a beam of infrared radiation is measured before and after
interacts with the sample as a function of light frequency. A plot of relative intensity verses frequency is
the ‘infrared spectrum’. When the intensity-time output of the interferometer is subjected to a Fourier
transform to convert it into the infrared spectrum (intensity-frequency). FTIR spectrum of cobalt doped
Mn,0; nanosystem is given in Fig. 5.
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Fig. 5 FTIR spectrum of cobalt doped Mn,Os nanoparticles
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The functional groups of cobalt doped Mn,0O; nanoparticles are given in Table 1. The results are in
good agreement with literature [21]. The peaks around 500 and 600 cm™ denote the Mn-O stretching

mode.

Table 1. FTIR data for cobalt doped Mn,O5 nanoparticles

Functional groups Transmittance (cm™)
C-CN bond 395
Y(Mn-O) mode of stretching 517, 571
C-OH stretching 665

3.5 Electron Paramagnetic Resonance

In Electron Paramagnetic Resonance (EPR) spectra of Co doped Mn,O; nanoparticles, the broad line
has a derivative line with a width in the range ~300-380 mT at room temperature. The crystal structure of
the Mn,O; crystal revealed that Mn’* ions (3d%, s = 2) are under tetragonaly distorted octahedral
environments of O ions [19]. A doubly degenerate ground state under an octahedral field because of

tetragonal distortion splits into two singlets.
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Fig.6. EPR spectrum of Mn,03: Co nanosystem

In the EPR spectrum, there is splitting of lines corresponding to Mn,O; nanoparticles. This may be due
to the addition of cobalt ions. EPR spectrometer was operated at constant frequency (v = 9.3 GHy), while
magnetic field is swept. Fig.6 illustrates that with increase in Co concentration the peak shift towards
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higher magnetic field due to exchange narrowing of the signal. The Lande-g factor was calculated
(Table 2) corresponding to magnetic field shift using the Eqn (4).

hv

o= (4)

HpB,

Where, h is Planck’s constant. v is operating frequency of EPR spectrometer. i, is Bohr magneton and
By represent the magnetic field shift.

Table 2 Lande-g factor for Co doped Mn,0; nanoparticles by EPR measurements

Atomic percentage of Co doping  Magnetic field  Lande-g

with Mn,O3 nanoparticles (mT) factor
337.5 1.97
336.8 1.98
335.3 1.99

These results show that the material is most probably having paramagnetic or ferromagnetic
behaviour. However, EPR study does not confirms the exact magnetic behaviour of a nanosystem.

3.5 Guoy’s method
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Fig.7 (a) Hysteresis loop of Co (2 at.%) doped Mn,Os; nanoparticles

213



214

K.S.Pugazhvadivu et al. / Physics Procedia 49 (2013) 205 — 216

Mn,O.: Co (5 at.%)

-
(4]

1
[ey
N

Magnetic moment (p_)
s
i

6000 -4000 -2000 O 2000 4000 6000
Magnetic field (gauss)

Fig.7 (b) Hysteresis loop of Co (5 at.%) doped Mn,O; nanoparticles

Hysteresis loops (Fig.7 (a) and (b)) were drawn to study the magnetic properties of prepared samples
by Guoy’s method. The result shows, Co (1 at. %) doped Mn,O; nanoparticles has the high value
magnetic moment (3.5ug) which is close to magnetic moment of manganese (~5ug). This indicates that
there is a raise in transition temperature of Mn,0;. However, the value of magnetic moment for higher
atomic percentage of Co doping with Mn,0;, reduces gradually and reaches zero with increase in
percentage of doping. Though, addition of ferromagnetic ions (cobalt) with antiferromagnetic material
(Mn,053), results antiferromagnetic nature due to the orientation of spin. (i.e.) antiferromagnetism at room
temperature.

It is observed that the ferromagnetic T¢ might have been increased from 90K to some higher value,
due to the large value of magnetic moment. From the hysteresis loop coercivity, retentivity and magnetic
moment were calculated and depicted in Table 3.

Table 3. Magnetic parameters from hysteresis loop

Nanomaterial ~ Coercivity — Retentivity = Magnetic moment

(&) (emu/gm) (1)

Mn,05:Co 221 0.33 3.50
(1at. %)

Mn,05:Co 251 0.22 2.62
(2at. %)

Mn,05:Co 316 1.42 1.49

(5at. %)
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4. Conclusion

Co doped Mn,0; nanoparticles were synthesized by chemical route. The structure of the nanoparticles,
cell parameters and strain were calculated from the XRD results. Morphology of the nanosystem have
been studied using SEM and EDAX, confirms the presence of chemical elements in the nanosystem. The
optical properties were studied using UV-Vis and FTIR spectrometers. From the UV-Vis absorbance,
band gap values were calculated and FTIR confirms the presence of Mn-O bonding. Magnetic studies
were studied by using EPR and Guoy’s method. The EPR measurement for Co doped Mn,O; nanosystem
shows the possibility of paramagnetism / Ferromagnerism. But, Guoy’s method clearly confirms the
presence of ferromagnetism in lower atomic percentage of Co doped Mn,O; nanoparticles at room
temperature. The obtained values of magnetic moment are compared with bulk and theoretical values. So,
it has been concluded that addition of Co in Mn,O; will not enhance it's intrinsic magnetic properties.
As Co is a magnetic impurity, there was a raise in ferromagnetic T, of Co doped Mn,0; nanosystem.
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