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Abstract

In recent years considerable research work has been spent on Co nanoparticles because
of their important magnetic and structural properties. In this work we are reporting the
preparation and characterization of Co nanoparticles using chemical reduction techniques. Cobalt
nanoparticles were prepared by employing the sodium borohydride reduction method at room
temperature. The effect of Trioctylphosphine (TOPO) capping on the formation and growth
mechanism of cobalt nanoparticles were investigated using powder x-ray diffraction (XRD) and
vibrating sample magnetometer (VSM). The as-prepared samples were annealed in water
medium at 80°C for different time durations, it was found that there is increasing crystalline
nature and change in crystal structure. Also magnetic behavior of as-prepared and annealed
samples shows the significant changes in saturation magnetization, which can be useful for

practical technological applications.
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1 Introduction

Cobalt nanocrystals show size dependent structural, magnetic, electronic and catalytic
properties. Critical size for cobalt particle to become single domain is proposed to be below 20
nm [1]. Size effect related to free energy changes may determine crystal structure. Cobalt
nanoparticles prepared by high pressure sputtering show size induced phase transition from hcp
to fcc below 30 nm [2]. This phase transition from hcp to fcc as a function of size is attributed to
lower surface energy of fcc-Co phase [2]. Molecular beam deflection measurements show
enhanced magnetic moment per atom in small cobalt clusters compared to bulk cobalt [3]. This
result is confirmed by cobalt nanoparticles of 1.8 nm prepared using microemulsion technique
[3]. The variation of superparamagnetic blocking temperature (Tg) and anisotropy constant as a
function of particle size is studied well in literatures [3, 4]. This paper discusses about the
synthesis and characterization of Co nanoparticles and the effect of capping ligands on their
structural and magnetic properties. Trioctylphosphine oxide (TOPO) was used as capping agent.
The experimental techniques used were X-Ray Diffraction (XRD) for phase identification and
average crystallite size measurement and Vibrating Sample Magnetometer (VSM) for magnetic

property measurement.
2 Preparation of Cobalt Nanoparticles

The chemical methods have been widely used to prepare nanostructured materials due to
its potential to produce large quantity of final product and their control on particle size
distribution and shape. Reduction of cobalt salts by strong reducing agents such as polyol [6],
thermal decomposition and hydrogenation [7] have been performed. In this work the simple

sodium borohydride reduction method was used to prepare cobalt nanoparticles.

Laboratory reagent grade purified CoCl2.6H20 (98%) and NaBHa4 (97%) were obtained
and used without further purification. To prepare Co nanoparticles, 300ml of 0.3 of mol
CoCl2.6H20O aqueous solution was prepared and stirred to get homogeneous solution. This
original solution was pink in color. Then 100 ml aqueous solution of 1 M NaBH4 was prepared
and immediately added with the above solution. After addition of NaBH4 solution, the solution
color changed from pink color to black color. This color change indicates the reduction of cobalt

cation into cobalt. The particles were allowed to precipitate. The precipitated particles were

1867


http://www.ijfans.org/

e-1ISSN 2320 —7876 www.ijfans.org
Vol.11, Iss.9, Dec 2022
Research Paper © 2012 IJFANS. All Rights Reserved

repeatedly washed using distilled water. Small amount of particles were separated from solution
and stored in ethanol medium. The remaining solution was separated into four parts and each
part was annealed at 80°C in water bath for 60 min, 300 min, and 600 min respectively. The
collected particles from each part of solution were stored in ethanol medium.

The reduction of cobalt chloride into cobalt in water medium involves following
mechanism.

CoCl>+2NaBHs—Co+H2+B2Hs+2NaCl
B2He+3H20—B203+6H>

Similarly, cobalt nanoparticles were prepared with concentration of 0.1 mol of
CoCl2.6H20 in 300 ml water. The particles were annealed at 80°C for 15 minutes and stored in
ethanol medium.

To see the effect of capping ligands on structural and magnetic properties of cobalt
nanoparticles, cobalt nanoparticles capped with trioctylphosphine oxide was prepared using same
borohydride reduction method. The preparation method involves following steps. Initially 0.5
mol of CoCl.6H>0 and 0.01 mol of TOPO were dissolved in 50 ml of ethanol and stirred to get
uniform mixture of solution. Ethanol was chosen as a medium due to high solubility of TOPO in
ethanol. Then 1M NaBHs in 50 ml ethanol solution was prepared and added to the above
solution. The color change of solution from pink to black was observed. The precipitated
particles were washed with ethanol. Particles were annealed at 80°C in water bath for 30 min, 60
min, and 120 min respectively. The reaction mechanism in ethanol medium is given below.

CoCl2+2NaBHs—Co+H2+B2Hs+2NaCl
B2Hs+6CH3CH2OH—2B(OCH2CH3)3+6H:
3 Characterization
3.1 X-Ray Diffraction

X-ray diffraction patterns were recorded using Cu-Kai radiation (A = 1.5406A°). The
patterns were obtained in 20-90° 20 range. To identify the phase, the peak positions and relative
peak intensities were compared with JCPDS data. The XRD pattern matched with card number
897373 which represents cobalt crystallized into hexagonal structure. M. A. Short et al had
derived a method to measure the relative amount of hexagonal and cubic phases in the mixture of

hexagonal and cubic stacking at both atomic and macroscopic level [8]. This method gives,
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H H Fig. 4.1 XRD pattern of cobalt nanoparticles annealed for
determined for all reflection planes. To calculate arious durations

the average crystallite size these values were corrected for instrumental broadening value using

the following equation.

ﬁ = (ﬂcpbs2 _ﬁsiz)o‘5 ___________ (2)
Where, Bsi (= 0.0964 deg) — FWHM value of standard silica peak.
The average crystallite was measured using scherrer equation [4],
0.942
3)

_ﬁcose

Where, B - Full width at half maximum value in radians.

3.2 Magnetic Measurement

The room temperature magnetic measurements were taken using EG&G PARC, 4500
model vibrating sample magnetometer. The sample was taken in the form of powder compacted
in a known mass of aluminium foil and it was weighed to determine the mass of the sample.
Then the sample was put into sample holder which is connected to slender rod and placed
between two magnetic pole pieces. The magnetic field was increased gradually from 0 kOe to 7
kOe in both forward and reverse directions in order to observe the hysteresis behavior of the
sample. From the hysteresis loop, the saturation magnetization (Ms), remenant magnetization
(M), and coercivity values (Hc) were determined. Initially the instrument was calibrated using
standard nickel specimen. In a similar way, the saturation magnetization (Ms), remenant

magnetization (My), and coercivity values (Hc) of all samples were determined.
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4 Results and Discussion

4.1 Cobalt Nanoparticles

Figure 1 shows x-ray diffraction patterns Samp | 1(10.0)/1(0 | 1(10.0)/1C 1(00.2)/1(

of cobalt prepared by borohydride reduction le 02) 10.1) 10.1)
method. The XRD pattern of as prepared sample JCPD

shows it is amorphous. The diffraction peaks S

observed for samples annealed at 80°C show their Data 0.96 0.27 0.28
crystalline nature. The diffraction angle (26), (Card

FWHM value, and relative intensities of (10.0), No:89

(00.2), and (10.1) reflections for cobalt samples 3713)

annealed at 80°C for 60 min, 300 min, and 600 Co-

min are tabulated and analysed respectively. The BO°C/ 0.72 0.41 057
relative intensity values of cobalt particles 69

annealed at 80°C for 60 min shows; it is min

crystallized into hexagonal structure. For cobalt Co-

particles annealed at 80°C for 300min and BO°C/ 0.24 027 1.11
600min, the raise in (00.2) reflection peak 390

intensity, may be due to the presence of both hcp min

and fcc phases. Co-

Table 1 shows the comparison of ratio of intensity BO°C/ 0.20 0.27 1.35
values of all annealed samples with JCPDS data 600

(Card number: 897373). The deviation of intensity min

ratios of cobalt annealed for 60 min from JCPDS data may be attributed to preferred orientation
along (00.2) direction. For samples annealed for 300 min and 600 min, 1(10.0)/1(00.2) values are
same as JCPDS data whereas, 1(10.0)/1(00.2) values are small and 1(00.2)/1(10.1) values are large
compared to JCPDS data. This indicates the presence of mixture of hcp and fcc phases. The
volume fraction of each phases were calculated using equation (1) by putting o= 0.96 from
JCPDS data. These values are tabulated in Table 2. The average crystallite size was calculated
for hexagonal phase from the FWHM value of (10.0) reflection peak. These FWHM values were

subtracted from instrumental broadening using equation (2).
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Table 2 Calculated volume fraction of hcp and fcc phases for annealed samples

Volume fraction of | Volume fraction of
Sample 1(10.0)/1(00.2+111)
hcp phase fcc Phase
C0-80°C /300 min 0.24 0.57 0.43
C0-80°C / 600 min 0.20 0.5 0.5

150

Co asp

Co 60 min
Co 300 min
Co 600 min

100 -

50

Magnatization (emu/g)

-50

-100 4
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Fig. 2 Hysteresis loops of cobalt nanoparticles
annealed at 80°C for various durations

These values are tabulated in Table 3.
Figure 2 shows magnetization hysteresis loops
of cobalt nanoparticles.

The as prepared cobalt particles are amorphous
and hence they have saturated quickly. The
of

nanoparticles shows unsaturated magnetization

hysteresis  loop annealed  cobalt
up to 7 kOe. Saturation magnetization value of
bulk cobalt particle is 168 emu/g. Cobalt

annealed at 80°C for 300 min shows high

magnetization value of 133.1 emu/g at 7 kOe which is less than the bulk value.

5 Conclusions

Cobalt nanoparticles were prepared using sodium borohydride reduction method. The

particles annealed for shorter duration shows preferred orientation along (00.2) direction. The

particles annealed at 80°C for 300 min and 600 min have mixture of both hcp and fcc phases.

The volume fraction of fcc phase was found to increase by 7 % as the annealing duration

increases from 300 min to 600 min. The magnetization value at 7 kOe was small compared with

bulk value. The cobalt nanoparticles capped with TOPO shows unusual structural and magnetic

properties which may be due to some chemical changes. In future, further work has to be done to

predict proper reasons for this result.
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