International Journal of Academic Research
ISSN: 2348-7666; Vol.3, Issue-1(1), January, 2016
Impact Factor: 3.075; Email: drtvramana@yahoo.co.in

The Study of Structural and Magnetization Properties of NiO
Nanoparticles

F. Taghizadeh®
Department of Physics, College of Sciences, Yasouj University, Yasouj 75914-353, Iran
“Author for Correspondence: E-mail: taghizadeh@yu.ac.ir

Abstract

Magnetic properties of NiO nanoparticles with different sizes and at different
temperatures are compared. We collected the experimental data reported in the
Iiterature, for the same conditions, and after fitting, extrapolating and doing some
calculations, we obtained the magnetization and susceptibility as a function of the
applied magnetic field. Although we obtained both linear and nonlinear terms, the
main contribution due to the linear term is for magnetization. Of course, the nonlinear
terms could help us to consider the nonlinear properties. The magnetization and
susceptibility for smaller nanoparticles are bigger, for the samples we consider here.
This difference could be explained by the difference of surface volume ratio of
nanoparticle which shows the contribution of the paramagnetic surface is more
important with respect to the anti-ferromagnetism of the core for smaller particles.
Also the nanoparticle at lower temperatures shows bigger magnetization and
susceptibility. Finally, the magnetic Helmholtz free energy is obtained as a functions
of magnetic field. For smaller nanoparticle, the Helmoltz free energy is lower or the
magnitude of the free energy is bigger. The comparison made here are helpful for
computer simulation of magnetic properties of a sample containing nanoparticles.
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Introduction

As we know there is a fairly big
difference between the physical
properties of the bulk and nanoparticles,
and also among nanoparticle themselves,
for the same matter [1]. Here we
concentrate on the magnetic properties of
Nio. It is anti-ferromagnetism up to 329
degree Kelvin and paramagnetic higher
than this temperature [2,3]. Latacz and
Baster [4] have considered the change of
some magnetic properties of NiO in the
vicinity of T for the paramagnetic state.
The parallel magnetic and electric field
dependence of the Neel temperature in
Nio is considered by Latacz [5] using the
modified Oguche method. Baster and
Latacz [6] show the growth of parallel

378 K due to the change of crystal Lattice
parameters with temperature and change
of the -exchange parameter. Their
discussion is based on the modified
Oguchi theory [7]. Nanoparticles of NiO
with different sizes shows a variety of
magnetic behaviors[8].

We produced NiO nanoparticles with
particle diameters 30-100 nm. We
observed a phase transition at 42 and a
coercively as high as 708 Oe at 5 K,
although the bulk is anti-
ferromagnetism. Lopez and co-workers
[9] prepared nanoparticles of NiO with a
diameter size of 20-200nm. The magnetic
properties of these nanoparticles show
the presence of a net magnetic moment at
the surface, due to the large surface
volume ratio. Magnetization
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measurement of 150 Angstroms size NiO
were reported by Makhlouf [10]. The
structure and magnetics properties of
NiO nanoparticles are investigated by
Zhang et al. [11] too. As mentioned above
many  researchers  produced NiO
nanoparticles and investigated their
magnetic properties separately. Here we
are interested to compare the magnetic
behavior of the various size of NiO
nanoparticles with each other and also
with the bulk one. Therefore we collected
the experimental data from the articles
mentioned in the References, although
we could not find enough data with the
same conditions. Then we fitted and
extrapolated the data and did some
calculations to plot the magnetization
and susceptibility of the nanoparticles
and we compared them. We also
calculated the magnetic Helmholtz free
energy of the nanoparticles and compared
them. We were aware of this point that
when we compare the magnetic behavior
of a sample containing nanoparticles
with a different size, some difficulties will
arise, e.g. the change in the density of a
sample with changing the particle size,
the change of the particle size with the
temperature and the change of the
structural properties inside the particles

with their size. Of course, in the
experimental data we used here the
interaction between nanoparticles is also
included. According to the variety of
Physical and Chemical behaviors of 3
nanoparticles, and because the
nanoparticles are small, it is better to
study these systems, using computer
simulation techniques. Therefore, our
discussion here could help consider the
computer simulation of the magnetic
properties [13-15].

In the next section we present the figures
and do the required calculations and
finally discuss the results.

Result and Discussion

Figure 1 and figure 2 shows the XRD
patterns of the precursor Ni and NiO
nanoparticles products after calcinations.

The XRD patterns of the calcined sample
exhibited sharpened reflection peaks
which indicate that a growth in the
crystallite sizes of NiO has occurred. The
peak positions appearing at 26=36.92,
43.9, 63.1, 75.9 and 79.8 can be readily
indexed as (111), (200), (220), (311), and
(222) crystal planes of the bulk NiO,
respectively.
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FIG. 1: XRD of the precursor Ni nanoparticles.

All the reflections can be indexed to face-
centered cubic (fcc) NiO phase with

lattice constant (a): 4.17 A which agrees
well with the standard data (JCPDS card
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No. 47-1049)[16]. The sharpness and the crystalline nature of the prepared sample.
intensity of the peaks indicate the well
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FIG. 2: XRD of the (A) precursor NiO nanoparticles.

As we know the nonlinear properties of data to find magnetization and
nanoparticles show some behaviors which  susceptibility as a function of applied
are far from that of the bulk. Here we are  magnetic field and temperature. First, we
interested to find the nonlinear terms in  compare the amounts of magnetization
the magnetic properties of NiO and then the susceptibility of the

nanoparticles. We use the experimental nanoparticles.
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FIG. 3: Magnetization as a function of magnetic field for 10-50 nm and 30-100 nm NiO
nanoparticles at T=300 K.

In figure 3 and figure 4 the nm for T=300 K and T=5 K respectively.
magnetization are plotted against As it is shown in the figures, the main
magnetic field for 10-50 nm and 30-100 contribution in the polynomial is due to
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the linear part, which means the relation
between M and H is almost linear but at
H=0.3-0.5 Tesla We have two values for
the slope of lines. Therefore when the
magnetic field is increasing the relation
between M and H is linear. As the figures
show the amount of magnetization for
10-50 nm is bigger than 30-100nm
nanoparticles.

These differences could be explained by
the difference surface volume ratio of

contribution of the paramagnetic or the
effect of spines on the surface (it means;
the spins increase as the particle size
decreased) is more important with
respect to the anti-ferromagnetism of the
core for smaller particles.

In figure 5 and figure 6 the
magnetization is plotted and compared
for two different temperatures. As # is
seen from the figures for given magnetic
field, the magnetization at 5 K is bigger
than 300 K which shows more ordering,

nanoparticles which means the particularly on the surface.
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FIG. 4: Magnetization as a function of magnetic field for 10-50 nm and 30-100 nm NiO
nanoparticles at T=5 K.
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FIG. 5: Magnetization as a function of magnetic field for 30-100nm NiO nanoparticles
at T=5 and T=300K.

w.ijar.org.in

17



International Journal of Academic Research
ISSN: 2348-7666; Vol.3, Issue-1(1), January, 2016
Impact Factor: 3.075; Email: drtvramana@yahoo.co.in

Suscegthilty (m'ky)

Susceptitilty (mi'g)

2,
%]

o3

0.7

=]
w

g
=

0.2

W date e |
B =

10 -50 mm
S H=0,2898H7 - 0.O3ITOH=0.8029
.
T=sK N

o s

,
4
,
i
f®

X= 01,1 305H7- 0,41 12H= 05221 E

i T= 300 K

0s a 1.

H (Tesla)

FIG. 6: As Fig. 5 but for 10-50 nanoparticles.
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FIG. 7: Susceptibility as a function of magnetic field for 10-50 nm NiO nanoparticles at

T=5 and 300 K.
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FIG. 8: Susceptibility as a function of magnetic field for 30-100 nm NiO nanoparticles
at T=5 and 300 K.

The susceptibility at 5 K and 300 K is
shown in Figure 7 and Figure 8.

Finally, according to the expressions

M(H)= _lé_F
V oH
For zero magnetic field, the
magnetization is zero, we can write
=~ ["M(H)aH
VARG

We obtain the Helmholtz free energy F as
a function of applied magnetic field,
where V is the volume of the sample. In
figure 7 the Helmholtz free energy as a
function of magnetic field for a given
nanoparticles at 5 K are plotted. As we
can see from the figure, for a sample with
smaller nonpartisans, the Helmholtz free
energy is more negative or the magnitude
of the free energy is bigger.

References

[1] Gunter S., (2004),” Nanoparticles
from theory to application.: Wiley-Vch.

[2] Wang, G., Lu, X., Zhai T, Ling, Y.,
Wang, H., Tong, Y. and Li, Y. (2012),”
Sensitive Enzymatic Glucose Detection

by TiO2 Nanowire Photoelectrochemical

Biosensors”, Nanoscale,Vol. 4, pp. 3123-
3127.

[3] Han, D. Y., Yang, H. Y., Shen, C. B.,

Zhou, X. and Wang, F.H. (2004), *
Synthesis and size control of NiO
nanoparticles by water-in-oil

microemulsion”, Powder technology, Vol.
147,No. 3, pp. 113-116.

[4] Latacz, Z. and Baster, M. (2008), ”
The change of some magnetic properties
of Cr,0O; in the vicinity of TyTN for the
paramagnetic state”, Journal of Alloys
and Compounds, Vol. 464, pp. 23.

[5] Chakrabarty, S., Chatterjee, K.
(2009), 7 Synthesis and Characterization
of Nano-Dimensional

Nickelous Oxide (NiO) Semiconductor”,
Journal of Physical Science, Vol. 13, pp.
245-250.

[6] Baster, M. and Latacz, Z. (2005), “A
discussion of the anomaly of the parallel

w.ijar.org.in

magnetic susceptibility above T, for
Cr,0; “, Journal of Alloyes and
Compounds, Vol. 392, pp. 84.

19



International Journal of Academic Research
ISSN: 2348-7666; Vol.3, Issue-1(1), January, 2016
Impact Factor: 3.075; Email: drtvramana@yahoo.co.in

[7] Yu, S., Peng, X., Cao, G., Zhou, M.,
Qiao, L., Yao, J. and He, H. (2012),”
Nickel oxide nanoparticles: Synthesis and

spectral studies of interactions with
glucose”, Electrochimica Acta., Vol.76,
pp. 512-517.

[8] Chakrabarty, S. and Chatterjee, K.
(2009),” Synthesis and Characterization
of Nano-Dimensional Nickelous Oxide
(NiO)  Semiconductor”, Journal of
Physical Sciences, Vol. 13, pp. 245-250.

[9] Banobre-Lopez, M., Vazquez-Vazquez,
C., Rivas, J. and Lopez-Quintela, M. A.
(2003), ”’Magnetic properties of
chromium (I11) oxide nanoparticles”,
Nanotechnology, Vol. 14, pp. 318.

[10] Makhlouf, S. A. (2004),” Magnetic
properties of Cr,0; Nanoparticles”,
Journal of Magnetism and Magnetic
Materials, Vol. 2, pp. 272-276.

[11] Rai, A. K., Anh, L. T. and Kim, C. J.
(2013), ”Jaekook Kimmical study of NiO
nanoparticles electrode for application in
rechargeable  lithium-ion  batteries”,
Ceramics International, Vol. 39, pp. 6611-
6618.

[12] Zhang, M., Cheng, F., Cai, Z. and
Yao, H. (2010), “Glucose Biosensor Based

on Highly Dispersed Au Nanoparticles
Supported on Palladium Nanowire
Arrays”, International Journal of
Electrochemical Science, Vol. 5, pp. 1026-
1031.

[13] Doria, G., Conde, J., Veigas, B.,
Giestas, L., Almeida, C., Assunc¢do, M.,
Rosa, J. and Baptista P. V. (2012), “
Noble metal nanoparticles for biosensing
applications”, Sensors, Vol. 12, pp. 1657-
1687.

[14] Aghazadeh, M., Golikand, A. N. and

Ghaemi, M. (2011), ”Synthesis,
characterization, and electrochemical
properties of ultrafine B-Ni (OH) 2

nanoparticles”, International Journal of
Hydrogen Energy, Vol. 36, pp. 8674-
8679.

[15] Ichiyanagi, Y., Wakabayashi, N.,
Yamazaki, J., Yamada, S., Kimishima, Y.,
Komatsu, E. and Tajima, H. (2003),
”Physica B: Condensed Matter”, Vol. 329,
pp. 862-863.

[16] Kanthimathi, M., Dhathathreyan, A.
and Nair, B. V. (2004), “ Nanosized nickel
oxide using bovine serum albumin as
template”, Materials Letters, Vol. 58, pp.
2914-2917.

w.ijar.org.in

20



