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ABSTRACT

This study focuses on the modulation of synthetic parameters in order to influence the size, structure, composition
and arrangement of cobalt nanoparticles. The synthetic procedure followed is the hydrothermal chemical route. The
role of cobalt precursors and different capping ligands (EG, PVP, HH) on the Co, CoFe,O, was investigated. The
reaction conditions are also responsible for the final product composition. The prepared nano particles of different
mor phol ogy wer e analyzed through SEM.

INTRODUCTION

Ferrite nano-particles have shown a growing inteiresecent years due to their specific magnetid alectrical
properties. They have potential applications irhkignsity magnetic recording devices especiallgehwith high
coercivity [1-2], electronic devices and mediciB [One of the most recent applications studidd ise used in the
complete decomposition of GQ4]. This decomposition has significantly improvied developing ultra fine ferrite
particles with high surface area as a catalystBigsi et al [6] have developed nanocrystallingtipas of cobalt
ferrite (CoFgO,) by a combustion wave method using iron nitrate ((F0;)3-9H,0) cobalt nitrate (Co(Ng),-6H,0)
and glycine (GHsNO,). The average particle size, determined by meédsray diffraction, was found to depend
on the glycine—nitrate ratio and variaed betweé&had 17 nm. In their proposed work glycine —nériifluence
the size of the particles. In order to investigdite effect of degree of crystallinity and mean talfte size of
CoFe0Q,4 nanocrystals on the magnetic properties, a sefi€oFe0O, samples with different degree of crystallinity
and mean crystallite size were produced by vartfegsubsequent calcination temperatures.

Compared to magnetic iron oxide particles, cob@l)(nanoparticles have been a subject of intenstgearch
because of its high magnetocrystalline anisotropyl106 erg/cr) and large estimated critical size for single
domains (approx. 70 nm) [7]. Monodisperse magnsitoparticles, like cobalt are used in Informatiata storage
and sensor [8-9]. The significance of using magnetétal nanopatrticles, e.g., Co, Fe, FeCo, or eRtanifold:
firstly, they can be prepared with a narrow sizgriiution whereas the direct synthesis of irordesi often results
in rather broad particles size distributions. Famerous biomedical applications monodisperse pestiare
required. Secondly, magnetic metal nanoparticlesibitxa high saturation magnetization, e.g., théursdion
magnetization Ms of bulk cobalt is 162 Afikg. Moreover, based on the higher magnetizatiom n@noparticles
exhibit a higher specific loss power than the iooide ones, which makes them interesting as peatlecgindidates
for applications in hyperthermia (770 W/g for a @agnetic fluid in kerosene at 400 kHz, 10 kKA/m)][10
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In addition, the synthesis of magnetic metal nanogas is typically performed in organic media atfus, phase
transfer of the as-prepared particles into the agsigohase is important for biomedical applicatiBesides, the
potential toxicity for in vivo applications of Canopatrticles has to be explored. On the other hasidg magnetic
metal nanoparticles, only small amounts of pasiel®uld be required due to the excellent magnétaacteristics,
minimizing potential side effects.

A variety of methods for the preparation of colzatloid dispersions has been reported [8-11]. Thstncommon
are the reduction of a cobalt salt and the themieabmposition of cobalt carbony. Depending uponsiyrghetic
route, Cobalt (Co) nanoparticles are observed Iaaat three crystallographic phases: typical fdklCo hcpe-Co
cubic, or multiply twinned fcc-based icosahedrdieTinal product structure has been influencedheyGonditions
for synthesis reactions. Methods for the synthesid magnetic properties of cobalt nanoparticle$fedint
structures have been described in detail in a we{d®]. Ultraviolet irradiation of a cobalt (ll) atate solution has
also been used to synthesize Co NPs which havarcenbrphologies depending upon the experimentarpeters
[13]. For any particular application there is animpl size of NPs. For instance, biomedical appiice require
NPs with a size comparable to bio-molecules [14] andeed, very small NPs are desirable for labetiatular
organelles. In addition, very smallPs are also more rapidly transported across tHetkelium and it, therefore,
may be easier to get a large number of smallertdRsspecific target than a small number of lafgdes but with
the overall mass of magnetic material being theesadmovel approach for the synthesis of Co NPs fean 5 nm
in diameter, using laser pulses to stimulate thpédrdecomposition of cobalt carbonyl in a solutiminstabilizers
was reported in a review [15].

The aim of this work is to examine the effect dfetient parameters in the self arrangement, thdymiyield, and
the morphology of cobalt and cobalt ferrite nantiples. The role of the cobalt precursor, the sudats such as
Ethylene glycol (EG), Hydrazine hydrate (HH), Paohgipyrrolidone (PVP), synthesis temperature arelghesence

of different capping ligand with subsequent caltiomas temperature are emphasized. The final predaaooled to
room temperature, centrifuged and washed with ethem remove any non-reacted compounds and ex@essiv
solvent.

MATERIALS AND METHODS

2. Experimental Procedure

The materials used in the synthesis of Co wereysest from Merck 98% purity and were used withouy an
purification. The cobalt nitrate (Co(Ng.6H,0),hydrazine hydrate ({W,;.H,O) and Polyvinylpyrrolidone (PVP-
CeHoNO), were used in the preparation of nanocrystalline Astep wise synthesis procedure of Co nanopasticl
is shown in figure 1.

Aqueous solution Aqueous
Co (NO;).6H,0 solution of PVP

1 hour
Continuous
Stirring

Synthesis in
Autoclave at
350 C

Calcinied at
150 C

Figure.l Flow chart showing the PVP assisted hydrbermal synthesis of Co
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In the typical synthesis, 2.9103 g of cobalt nératas dissolved in 20 ml of milli-Q water and PVRswdissolved in
20 ml of milli-Q water. Both solutions were mixealgether with continuous strirring. After stirringrfl hour, the
prepared solution was transferred into a Teflonteautoclave and heated at 350°C for 5 hours.rAfie
hydrothermal reaction time, autoclave was cooledotom temperature naturally. The as prepared powasmple
was annealed at 150°C temperature for 5 hours.yfthasize hydrazine hydrate (HH) capped Co nanicfest
cobalt nitrate solution is mixed with 10 ml of HHdathe above procedure is followed. The author [§G]Iready
described the synthesis of CeBg nanoparticles by hydrothermal synthesis methothénpresence of Ethylene
Glycolic (EG) acid.

——— 300 nm

Figure 2. SEM photograph of CoFeO,4 nanoparticles calcinated at a) 300 °C b) 40C c¢) 500 ° C
RESULTS AND DISCUSSION

3.1 Morphological behavior of CoFgO,

The structural morphology of nanoparticles was stigated through SEM. Figures 2 (a-c) show th# SBages

of CoFeQO, nanoparticles. The SEM images show that the gofeanoparticles prepared by hydrothermal method
have uniform, monodispers spherical structure maggy with a narrow size distribution of particl&he uniform
spherical morphology of nanoparticles was obtaiiredhe temperature range of 300-500 °C. The sifeth®
obtained nanopatrticles are 22 nm, 19 nm and 17 hiohware calcined at 300 °C, 400 °C and 500 °Ceetdely.
When the annealing temperature increases, theclgarize decreases simultaneously. From the mimgjdt is
interesting to note that when temperature increfiseshape does not change but affects only thesad the
nanoparticles. In this experiment, the Ethylene cGlig (EG) acid was used for getting spherical shap
nanoparticles. The temperature and EG plays impbrtale in getting spherical shape morphology oé th
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nanoparticles and reduction in the particle sizke Dbtained results at various temperatures agite the
nucleation theory. At subcritical conditions, réasttakes place to produce monomers during theirfeatkriod.
Subsequently, the reaction gradually precedes ¢ce@ses the concentration of monomer in the readicd
nucleation occurred when the monomer concentratiemt beyond the saturation point [17]. As a reshk, crystals
grow with increasing temperature and the solubiitynetal oxides gradually decreases and drops texaemely
low level at the critical temperature. Particlesnfed at lower temperature could dissolve agairetorystallize at
constant temperature (390 °C).

1 HV mag WD det | mode —— 500 hm ———
M |30.00 kV| 80 000 x[10.0 mm|ETD| SE

Figure 3. SEM micrograph of PVP capped Co nanosphes

3.2 Morphological behavior of Co nanoparticles

The SEM image of Co nanoparticles with water asleesit and polyvinylpyrrolidone (PVP) as cappinggent is
shown in Figure.2 d-g. The solvothermal temperatloeg with the capping agent can influence theoparticle
size and shape. The average size of the as grawmoespherical nanosphere is 35 nm. At the loweperature
around 200°C only irregular nanospheres of large diameterfam@ed. A close observation of the SEM image of
the present case suggests that poly microspheigg ¢Fe) containing Co nanopatrticles are obtasedithey all are
agglomeration free spheres, this could be attribute the relatively high reaction temperature tlaengle is
synthesized at 35 for 5hrs, and annealed at 1%Dfor 5 hrs.

It reveals that PVP played an important role intoalling the size and mono-dispersion of the Coauaystals in
this process. The absence of agglomerates iswtdho the role played by PVP. In the formatioogass of the Co
architectural structure, the capping agent PVibéoebed onto the different planes of the incipi€@d.nuclei and it
not only prevents the particles from agglomerathnrt,also influences the growth of these planeg [18
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5/26/2011 HV mag WD | det [mode| ————— 3 um 5/26/2011 H mag WD | det | mode
2:24:43 PM |30.00 kV[17 000 x [10.0 mm |ETD| SE 2:26:16 PM|30.00 k\ x|10.0 mm|ETD| SE

\ a /
5/26/2011 HV mag WD det | mode —— 500 nm — 5/26/2011 HV [EY] WD det | mode — 500 nm ———

2:31:01 PM|30.00 kV|60 000 x [10.0 mm |ETD | SE 2:29:20 PM ‘30 00 kV|80 000 x[10.0 mm|ETD | SE

Figure 4. SEM photograph of HH capped Co triangularnanoparticles

The ability to control the chemical surface in nenystalline is essential to the fabrication of néemices. However,
compared to the study of their bulk properties, ¢hemistry of the surfaces of magnetic nanocrystaiill at a
primitive stage.  Two main issues arise in theri€ation of a nanostructured material by manipolatiof

nanocrystals with derivatized surfaces: the chamieactivity at the interface between the nandatysand a
distinct material, usually an organic matrix; asbgmmnethods to produce organized nanostructuregyysssivated
nanocrystals as the building blocks. Obviously bagiproaches require derivatization techniques atptrticles
surface. Figure 4 h-k shows the ideal images ahgiular Co nanoparticles obtained using Hydraziyardte (HH)

as a capping ligand or surface modifiers. The erfee of hydrazine hydrate controls the morpholdgyiangular
Co.

In the hydrothermal chemical route method, hydmatigdrate was used as both reducing and templagjagt, and
their presence were found to favors the formatiowall-like structure. It is observed from the SEMages (Fig.4

and k) that the Camanotringularsynthesized in this work are in good shape wiis [pronounced stacking faults
occurred. One dimensional (1D) nanostructures, (nanorodspwias, nanobelts and nanotubes, nanotringular)
have recently attracted substantial research sttérecause of their unusual optical and electrpniperties and
potential applications in nanodevices[19]. The togw of microwalls can be seen in the figure 4 hichihare
orderly arranged. The microwalls contain trianguianoparticles. These triangular nanoparticlesvarg smooth.

82
Scholars Research Library



S. Paulineet al Arch. Phy. Res,, 2012, 3 (2):78-83

Each nanopatrticle has occupied a space along ttrewall without any agglomeration. From our resharew we
suggest that these different types of morphologyary usefull while making nano bulding blocks.

CONCLUSION

In this work a simple process for the synthesi<of nanoparticles by hydrothermal method is desdrils=M
image shows the formation of monodisperse micragsheontaining spherical Co nanoparticles and mialis
containing triangular Co nanopatrticles. They can be used to construlit banostructures. The formation of
monodispers€oFe0, nanoparticles is also confirmed. The particleg siecreases with the increase in annealing
temperature. Further the SEM results reveal that IF@ and HH plays important role in getting sptariand
triangular morphology and reduction in particlegesi The synthesized nanoparticles can be used vierae
technological applications such as soft magnetsJéss materials at higher frequencies and magfiatas.
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