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Abstract

Microwave-assisted co-precipitation method was adopted to analyze the effect of polyethylene glycol (PEG) and urea con-
centrations on the properties of cobalt ferrite nanoparticles (NPs). The average crystallite size of single phase cubic spinel
cobalt ferrite NPs was controlled within 10—14 nm with the effect of PEG, urea and the combination of them. The transmis-
sion electron micrographs revealed that the morphology of cobalt ferrites was not significantly influenced by the different
concentration of capping agents but almost uniform morphology with nearly narrow size distribution was obtained. The
interaction of PEG and urea molecules on the surface of nanoparticles was mediated through —OH hydroxyl group affected
the crystal growth rate. The possible interaction mechanism was proposed with the help of IR vibrational spectra. All the
samples exhibited ferromagnetism at room temperature and it was found that the capping agents showed an effect on the
magnetic properties. The maximum saturation magnetization of 58 emu/g was achieved when the urea of 60 mg was used and
the maximum coercivity of 311 Oe was attained when the mixture of PEG (40 mg) and urea (20 mg) were used. Ultrafine and
hydrophilic cobalt ferrite NPs that showed appreciable magnetic properties obtained in the present experimental procedure
would be of great interest in various biomedical applications.

1 Introduction

Realization of spinel ferrite nanoparticles of uniform mor-
phology with nearly narrow size distribution is of increas-
ing interest among the researchers owing to their demand in
biomedical, drug delivery, hyperthermia, magnetic sensors,
magnetic refrigerants, highly stable ferrofluids, etc. [1-4].
Though various spinel ferrites have been identified for the
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applications the special attention is being given to cobalt
ferrite nanoparticles (NPs). It shows moderate saturation
magnetization, higher coercivity, large magnetocrystalline
anisotropy constant and chemical stability [5]. The differ-
ent physical and chemical methods have been proposed
for the synthesis of cobalt ferrite nanoparticles where the
co-precipitation method is widely being used due to their
simple, inexpensive and easy approach than others [6, 7].
At the same time, microwave assisted wet chemical route
is reported to be the efficient method to control the particle
size distribution with almost uniform morphology [8, 9].
Microwave irradiation is a powerful heating source which
improves the reaction rate, leading to short reaction time,
uniform nucleation and crystal growth rates compared to
conventional heating systems [8, 10]. Recently, we have
found that the experimental parameters, reaction temperature
[6], reaction time, and the concentration of alkaline solution
plays a major role in controlling the particle size distribution
of cobalt ferrite NPs synthesized using co-precipitation and
microwave assisted co-precipitation method where the effect
of microwave irradiation on the properties is discussed [11].

In this report, we are interested to study the effect of
capping agents on the properties of cobalt ferrite NPs. The
extensive work has been found on the functionalization of
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magnetite nanoparticles to study the effect of polyethylene
glycol (PEG), and oleic acid concentration on the particle
formation, size distribution, shape, magnetic properties and
their stability [1, 2, 12]. Similarly, carboxylic acids and PEG
assisted synthesis of nickel ferrites have been reported [13].
Also, we found some articles that report on the effect of dif-
ferent surfactant, capping agents on the properties of cobalt
ferrite NPs. Abbasi et al. reported the synthesis of cobalt
ferrite nanoparticles through a hydrothermal method using
bis-(2-hydroxyl-1-naphthaldehyde)-butanediamine Schift-
base ligand as a capping agent and sodium dodecyl sulfate
as a surfactant [14]. Andrade et al. studied the effect of oleic
acid and oleic acid plus fucan coating on the properties of
superparamagnetic cobalt ferrite nanoparticles [3]. Effect of
oleic acid concentration on the particle size, magnetic prop-
erties of cobalt ferrite NPs and the interaction between them
were discussed by Jovanovic et al. [15]. Esir et al. synthe-
sized cobalt ferrite NPs using PEG assisted route and their
temperature dependent magnetic properties were reported
[16]. Similarly, other research groups discussed the effect of
glucose, lactose, starch [17] and gelatin as capping agents
on the particle size, morphology and magnetic properties of
cobalt ferrite nanoparticles [18].

However, to the best of our knowledge no reports that dis-
cuss the effect of PEG and urea concentrations on the struc-
tural and magnetic properties of cobalt ferrite nanoparticles.
The available reports either discuss the effect of capping
agent with the single concentration or no such elaborated
investigations on the properties of cobalt ferrites are found.
PEG and urea are selected as capping agents for the study
due to their high water soluble and environmentally friendly
nature to functionalize the cobalt ferrite NPs into hydro-
philic magnetic NPs [1, 2, 19]. Hence, the present article
is devoted to study and analyze the effect of the different
combination of capping agents (PEG and urea) on the con-
trol over the particle size, its distribution, morphology and
magnetic properties of cobalt ferrite NPs synthesized using
microwave assisted co-precipitation method. In addition, the
possible interaction mechanism between the nanoparticles
and capping agents is proposed.

2 Materials and methods

Cobalt nitrate hexahydrate (Co (NO;),-6H,0) 98% + A.C,
iron nitrate nonahydrate (Fe (NO3);-9H,0) 98% and sodium
hydroxide (NaOH) pellets >98% ACS grade were used as
the starting materials. Urea and polyethylene glycol (PEG)
with a molecular weight of 800 g/mol were used as capping
agents. The chemicals were purchased from Sigma-Aldrich
and were used without further purification. Millipore water
was used as a solvent for the synthesis.

3 Experimental procedure

The cobalt ferrite nanoparticles (NPs) were synthesized
using microwave assisted co-precipitation method. The
procedure for the synthesis of cobalt ferrite NPs is nor-
mally comprised of the following steps. The first process
is the preparation of nitrate solutions. 20 ml of (1 M)
aqueous cobalt nitrate and 20 ml of (2 M) aqueous iron
nitrate solutions were prepared, separately. The aqueous
nitrate solutions were then mixed and stirred at 500 rpm
for 20 min. To analyze the effect of capping agents on
the properties of cobalt ferrite NPs, the different weight
ratios of PEG and urea were selected. The desired amount
(in milligrams) of the capping agents was dissolved in the
above solution mixture at room temperature and stirred
vigorously for half an hour. Then, 2.52 M of 20 ml of
sodium hydroxide solution was added drop by drop while
stirring. The brown precipitates thus obtained were mag-
netically stirred for 15-20 min and then the precipitated
suspension was transferred to the ceramic crucible of the
volume of 100 ml. Subsequently, the precipitated brown
suspension was exposed to the microwave irradiation for
7 min. The domestic microwave oven model SOMELA
(Mirage 1700 DM), with a power of 700 W was used as a
source of irradiation. After the microwave irradiation, the
brown suspension was converted to black and was allowed
to cool down naturally. The precipitated suspension was
washed with Millipore water and acetone 5 times, centri-
fuged at 8000 rpm for 5 min and dried at 100 °C for 3 h.
In this study, the ratios of PEG and urea were used as 0:0
(CF0), 0:60 (CF1), 20:40 (CF2), 40:20 (CF3), 60:0 (CF4),
and 100:100 (CF5).

4 Characterizations

The samples synthesized were grounded and subjected
to various characterizations. The structure and the aver-
age crystallite size of cobalt ferrite NPs were carried out
using X-ray diffractometer (XRD) Model Bruker-axs
104025-0 with Cu-K, radiation. The powdered samples
were scanned over a 20 range from 10° to 80° at a step
size of 0.02°. The morphology of cobalt ferrites with and
without capping agent was studied using transmission
electron microscopy (TEM) (JEOL/JEM 1200 EX II). The
compositional details of the samples were achieved using
energy dispersive X-ray spectrometer (EDS) model ZEISS
EVO MA10. Fourier transform infrared spectra were
recorded using Perkin Elmer spectrophotometer (Spec-
trum RX1) in the range of 4000—400 cm™'. In addition, the
magnetic hysteresis loop of the samples was recorded at
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Table 1 Structural parameters of cobalt ferrite nanoparticles
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Fig. 1 X-ray diffraction of cobalt ferrite nanoparticles

room temperature using a vibrating sample magnetometer
(5TminiVSM from Cryogenic Ltd.) with the maximum
applied field of 7.2 kOe.

5 Results and discussion
5.1 The structural properties of cobalt ferrite NPs

X-ray diffraction patterns of the cobalt ferrite NPs are shown
in Fig. 1. The samples synthesized with and without capping
agents are closely matched with standard powder diffraction
data JCPDS No: 22-1086 and exhibit cubic spinel structure
with a space group of Fd-3m (227). The reflections that cor-
respond to (111), (220), (311), (222), (400), (422), (511),
(440) and (533) are observed and no other distinct diffraction
is found. It confirms that single phase cobalt ferrite NPs are
achieved. Also, it is important to notice that the X-ray dif-
fraction does not vary after the addition of PEG, urea and
the combination of them, indicates that the capping agents
do not change the phase formation of cobalt ferrite NPs as
it is reported for oleic acid and fucan coated cobalt ferrite
NPs [3]. The broad and well defined structural reflections
exhibit the samples are composed of ultrafine particles and/
or crystallite size.

The average crystallite size of cobalt ferrite NPs is calcu-
lated using Scherrer’s equation from the most intense reflec-
tions and the values of average crystallite size, and the lattice
constant are listed in Table 1. It is clear that the average crys-
tallite size of cobalt ferrite NPs synthesized without capping
agentis 12.1 +0.1 nm and the sample CF1 synthesized with
urea (60 mg) as capping agent is found to be 14.7 +3.5 nm.
It is important to notice that the samples synthesized with

@ Springer

Different ratio of ~ Sample code Average crystal-  Lattice
capping agents lite size (nm) constant
(mg) A)
PEG Urea

0 0 CF0 12.1+0.1 8.382

0 60 CF1 14.7+3.5 8.380
20 40 CF2 10.9+0.4 8.378
40 20 CF3 10.7+0.4 8.380
60 0 CF4 11.0+0.4 8.371
100 100 CF5 104+04 8.383

PEG and the mixture of PEG and urea exhibit almost similar
crystallite size with minor variations of about 10.4—-11 nm.
Similarly, no major deviation is observed in the lattice con-
stant. However, the lattice parameters are comparable to
the values reported in the literature [20]. The above results
reveal that the selected amount of PEG and the mixture of
PEG and urea for the formation of cobalt ferrite NPs do
not favor the nucleation and crystal growth which results in
the same range of crystallite size. The PEG molecules are
easily absorbed on the surface of nanoparticles will greatly
decrease the crystal growth rate and confined the crystallite
size within 10-11 nm. However, the crystallite size of CFQ
and CF1 is somewhat larger than others conveys that the
absence of capping agents and/or the addition of only urea
promote the crystallite growth of nanoparticles. Therefore,
the presence of the capping agents and their concentration in
the chemical reaction will modify the growth kinetics of the
process, thus control over the size of nanoparticles [21, 22].

5.2 The morphology and elemental composition
of cobalt ferrite NPs

The effect of capping agents on the morphology, parti-
cle size and its distribution of cobalt ferrite nanoparticles
are discussed in the following section. TEM micrographs,
selected area energy diffraction (SAED) and particle size
distribution (histogram) of cobalt ferrite NPs are shown
in Fig. 2. A clear solid ring pattern observed in the SAED
confirms the formation of polycrystalline NPs and the
d-spacing of the rings is matches with cubic spinel struc-
ture of cobalt ferrite NPs. TEM micrographs display simi-
lar morphological features in the presence and absence of
capping agents. They exhibit nearly spherical particles.
Further, it conveys that the capping agents (PEG and
urea) and their combined ratio do not change the direc-
tion of particle growth thus nearly uniform morphology is
attained. The nanoparticles are aggregated to some extent
due to the magnetic particle interaction, where the cap-
ping agents on the surface of nanoparticles do not show
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Fig.2 TEM micrographs,
selected area energy diffraction
(inset-right side) and particle
size distribution as histogram
(inset-left side) of cobalt ferrite
NPs

significant prevention of aggregation. However, it shows
an appreciable effect on the particle size distribution as
shown in the inset of Fig. 2. The ImagelJ software has been
used to estimate the particle size of nanoparticles where
60-70 particles are considered from the different micro-
graphs of the sample. The population of NPs is normalized
from O to 1 and Gaussian function is used for the fitting.
The mean particle size estimated from the size distribution
isfound tobe 12.0+1.1,14.3+1.7,13.4+2.3, 13.4 £ 6.4,
15.3+3.0, and 14.0 +2.4 nm for the samples CF0, CF1,
CF2, CF3, CF4, and CFS5, respectively. The particle size
estimated for the samples CF0O and CF1 is similar to the
crystallite size calculated from X-ray diffraction. How-
ever, the particle size of other samples is slightly higher
than the crystallite size. The different histograms shown
in Fig. 2 conveys that the capping agents show an effect on
the particle size of cobalt ferrite NPs and have narrow size
distribution as follows: 5-19, 7-24, 11-25, 8-28, 6-23,

and 10-25 nm for CFO, CF1, CF2, CF3, CF4 and CF5,
respectively.

Figure 3 shows the EDS spectra of cobalt ferrite NPs and
the atomic weight % of the elements Co, Fe, O, C and N
are listed in Fig. 3 as an inset. The ratio of Co:Fe is found
to be 0.50, 0.51, 0.52, 0.54, 0.53, 0.52, and 0.51 for bulk,
CF0, CF1, CF2, CF3, CF4, and CF5, respectively. It shows
that the values do not vary significantly with the increase
of capping agents and the samples are within the stoichio-
metric ratio of theoretical value, 1:2 of Co:Fe. In addition,
the energy peaks that correspond to carbon and nitrogen are
observed approximately at 0.27 and 0.39 keV, respectively
confirms that PEG and urea are present in the samples except
for CFO. Further, the atomic weight percentage of carbon is
more when both PEG and urea are used for the synthesis.
Additionally, the presence of the capping agents in cobalt
ferrite NPs is supported by functional group analysis in the
following section.
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Fig.3 The compositional
details of the cobalt ferrite
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Fig.4 IR vibrational spectra of cobalt ferrite nanoparticles and mag-
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5.3 Functional groups analysis and proposed
interaction mechanism

The IR-vibrational spectra and possible functional groups
of cobalt ferrite NPs are shown in Fig. 4. The sample CFO
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synthesized in the absence of capping agents shows vibra-
tions at 3363, 1637, 1518, 1340, 900, 550 and 461 cm~'. The
broad and weak absorption band at 3363,1637 and 900 cm”!
correspond to —OH symmetric stretching, H-O—H bending
and O-H out of plane bending, respectively of water vapor
adsorbed on the nanoparticles from the atmosphere [23,
241]. Weak and less intense vibrations observed at 1518 and
1340 cm™! are attributed to N-O stretching which may result
from the minor traces of nitro compounds [24]. A strong
absorption band observed at 550 cm™~! and weak vibration
at 461 cm™! (shown in inset (c)) confirm the metal-oxygen
(M—0) Fe**—0?~ or Co**—0?~ stretching vibration of spinel
cobalt ferrite at (A) site and [B] site, respectively [6, 13,
25] Cobalt ferrite NPs synthesized with capping agents also
exhibit the vibrations observed in the sample CFO. In addi-
tion to that, the presence of very low intense absorption band
at ~2981 cm™' confirms the asymmetric C-H stretching of
PEG [13, 26] in CF2, CF3, CF4 and CF5 and which is not
significantly observed in CFO. Also, the vibrations that cor-
respond to C—N asymmetric stretching and NH, asymmetric
bending of urea are evidenced from the weak absorptions at
1474-1494 and 1633-1639 cm™', respectively [27] in cobalt
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ferrite samples except for CFO. It is unfortunate that the C-N
stretching and NH, stretching falls within the vibration of
N-O stretching and H-O-H bending at almost similar fre-
quency range. And it is difficult to visualize them separately.
The above results confirm the presence of PEG and urea on
the surface of cobalt ferrite NPs and they show an effect on
the intensity and strength of functional group vibrations.
With the increase of PEG and decrease of urea concentra-
tion, the intensity of ~2981 cm™' that correspond to asym-
metric C—H stretching of PEG and C—N stretching of urea
at 1474-1526 cm™' slightly varies and attains maximum for
the sample CF5 as shown in Fig. 4a, b. Similarly, with the
effect of capping agents, the intensity of M—O vibrations
at 543-559 and 452-463 cm™! varies as shown in Fig. 4c.
Also, it is observed that the bandwidth of vibration changes.
The bandwidth of the sample CF5 is shifted to a high fre-
quency of 559 and 463 cm™! for tetrahedral and octahedral
sites, respectively. It may due to the possible difference in
the bond lengths of M—O vibrations within (A) and [B] sites
as reported in the literature [6, 13, 25, 28, 29]. Furthermore,
the absorption band of samples is shifted to higher wave-
number, from 543 to 559, 904-915, 1361-1389, 1474-1494,
1633-1639, and 3334-3352 cm™' confirms the change in the
interaction of capping agents on the surface of nanoparticles.
A similar observation has been reported for PEG assisted
synthesis of zinc ferrite nanoparticles [28].

The formation and interaction mechanism between the
cobalt ferrite NPs and capping agents are depicted in Fig. 5.
The dropwise addition of aqueous sodium hydroxide in the
solution mixture of metal nitrates and capping agents initiate
the nucleation process thereby the formation of Co(OH),
and FeOOH at ambient condition. The precipitated suspen-
sion is exposed to the MW irradiation for 7 min. Within a
few seconds to 1 min of irradiation, the burst of nucleation
attains and reaches saturation due to the uniform distribution
of heat within the solution container. The longer duration of
MW irradiation promotes the crystal growth and formation
of single phase cobalt ferrite (CoFe,O,) NPs. However, the

possible interaction between the capping agents and crystal-
lites hinders the crystal growth process and retains almost
similar shapes and narrow size distribution as it is evidenced
by TEM analysis. Because the strong hydrophilic nature of
PEG hydroxyl polymer restrains the migration and adsorp-
tion of hydrated cobalt and iron ions on the surface of crystal
nucleus [1]. Though, the signatures of PEG and urea on the
surface of cobalt ferrite NPs are confirmed using IR spec-
trum, the less intense vibrations that correspond to capping
agents evidence that a very thin layer of PEG and/or urea
are adsorbed by electrostatic interaction of —OH groups as
shown in Fig. 5. The less intense IR vibrations may due to
the removal of hydrophilic PEG and urea during the repeated
washing procedure. As it is evidenced by Fig. 4, the presence
of physically adsorbed —OH group (1633-1639 cm™') over
the nanoparticles promotes the interaction between the cap-
ping agent and cobalt ferrite NPs. However, the interaction
between them is weak. Similar interaction mechanism was
reported in urea-modified Si nanoparticles [30]. Importantly,
as observed in TEM, the increase of capping concentration
within the mentioned ratios does not significantly alter the
particle size, and shape. Instead, they convert the hydropho-
bic cobalt ferrite into hydrophilic NPs which will be useful
for the magnetic-based biomedical applications.

5.4 Magnetic properties of cobalt ferrite NPs

Figure 6 shows the magnetization versus field hysteresis
loops of cobalt ferrite NPs at room temperature. All the
samples exhibit soft ferromagnetic nature and the different
shapes of hysteresis evidence the influence of capping agents
on the magnetic properties. As the magnetization of the sam-
ples is not saturated with the applied magnetic field, the
saturation magnetization (M) is estimated from the extrapo-
lation of M versus 1/H? at high field region [31] as shown
in the inset of Fig. 6. The magnetic properties, the satura-
tion magnetization (M), remanence magnetization (#,) and

Fig.5 Formation and interac-
tion between cobalt ferrite NPs
and capping agents
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Fig.6 Magnetic properties of
cobalt ferrite NPs

coercivity (H,) are extracted from Fig. 6 and correlated with
the capping agents and crystallite size as shown in Fig. 7a, b.

The crystallite size variation with and without capping
agents discussed in the structural analyses conveys that the
kinetics of chemical reaction changes with respect to the
nature of capping agents and the electrostatic interaction of
hydroxyl groups over the surface of nanoparticles. Figure 7a
shows that the average crystallite size and saturation magnet-
ization (M) follow a similar trend with respect to the differ-
ent ratio of capping agents, PEG and urea. It reveals that the
M of cobalt ferrite nanoparticles is strongly depending on
the crystallite size. In addition, the different ratio of capping
agents control the crystal growth rate thereby the crystallite
size of cobalt ferrite nanoparticles which directly affect the
magnetic properties. The M, of sample CF1, synthesized
with urea as a capping agent attains a maximum of 58.3
emu/g compared to others. And the sample synthesized only
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with PEG shows the magnetization of 55.2 emu/g, which is
similar to M, of the sample CFO, synthesized without cap-
ping agent. It is found that the magnetization of the samples
is less than that of the corresponding bulk CoFe,0, (80-93
emu/g) [5]. Also, it is less than the value ~ 62 emu/g reported
for PEG assisted cobalt ferrite NPs of size 15+ 3 nm [16].
The results convey that the capping agents, urea, PEG and
the mixture of them vary the magnetization of cobalt ferrite
NPs from 51.2 to 58.3 emu/g and the magnetization of cobalt
ferrite NPs (CFO) synthesized without capping agent falls
within this range. Figure 7b shows the average crystallite
size dependent magnetic properties of cobalt ferrite NPs.
It conveys that the M, of the sample increases with average
crystallite size. The higher saturation magnetization of CF1
is due to the larger crystallite size of 14.7 nm compared
to others with relatively smaller crystallite size. At larger
crystallite size, the magnetic domain size increases thereby
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the number of magnetic dipole moments aligned along the
field direction increases thus results in overall higher mag-
netization [6]. However, the samples CF2 and CF5 with the
crystallite size of 10.9 and 10.5 nm, respectively shows the
same value of M, of 53.5 emu/g which is higher than the
value 51.2 emu/g of the sample CF3 with the similar crys-
tallite size of 10.7 nm. It is reported that, in addition to the
particle size effect, other factors such as the particle—particle
interaction, thickness of the dead layer, capping agents over
the surface of nanoparticles and divalent (Co*") and triva-
lent (Fe**) cation distribution among the tetrahedral (A) and
octahedral [B] sites affect the net magnetization of cobalt
ferrite NPs [32]. In the present case, we believe that the
capping agents and the possible dead layer formation due to
their functional groups over the nanoparticle surface might
play a role. The presence of capping agents is supported by
FTIR analysis.

Figure 7b conveys that the remanence magnetization (M,)
and coercivity (H,) of the samples do not increase with the
increase of the crystallite size. However, the (M,) and (H,)
follow a similar trend with the crystallite size variation. The
sample CF3 synthesized with the mixture of PEG (40 mg)
and urea (20 mg) shows higher (M,) and (H,) of 11.3 emu/g
and 311.6 Oe, respectively compared to other samples.
The low values of remanence and coercivity are due to the

presence of magnetization pinning defects incorporated into
the nanocrystallites with increase of crystallite size, low the
magnetic anisotropy constant, and the distribution of Co**
ions in [B] site as reported in the literature [32-34]. The
M, and H, values are varies from 9.8 to 11.63 emu/g and
211.3-311.6 Oe, respectively. The above results convey that
the interaction between the capping agents and cobalt fer-
rite NPs show an effect onM, M, and H, values. Moreover,
the addition of only urea improves the magnetization but
PEG do not influence on the M, value when compared to
the unmodified cobalt ferrite nanoparticles. Further, the suit-
able selection of urea and PEG ratio and different molecular
weight of PEG would be useful to fine tune the magnetic
properties at the desired value. Cobalt ferrite NPs synthe-
sized through the present simple route in a short reaction
time of 7 min exhibit appreciable magnetization values com-
pared to the samples synthesized at longer duration followed
by subsequent calcination processes [35-38].

6 Conclusions

PEG and urea-modified cobalt ferrite nanoparticles were
synthesized through microwave assisted co-precipitation
method for the short duration of 7 min. The effect of cap-
ping agents on the structural and magnetic properties was
discussed. All the samples exhibited single phase cubic spi-
nel structure without any secondary phases. The structural
analysis revealed that PEG and the combination of urea and
PEG do not significantly promote the nucleation and crystal
growth rate of particle formation rather it retained the aver-
age crystallite size of cobalt ferrite NPs within 10-11 nm.
The hydrophilic nature of the capping agents restrains the
movements of the hydroxyl cobalt and iron ions within the
solution thus hindered the metal ion coating over CoFe,0,
crystal nucleus thereby slowed down the crystal growth.
However, it was found that urea-modified cobalt ferrite NPs
exhibited the higher average crystallite size of 14 nm when
compared to others. The cobalt ferrite nanoparticles synthe-
sized using the selected ratio of capping agents exhibited
almost similar morphological features with nearly narrow
size distribution and good stoichiometric ratio. The weak IR
vibrations observed at ~2981, ~ 1637, and ~ 1474 cm™! con-
firmed the presence of PEG and urea on the surface of cobalt
ferrite nanoparticles through the possible electrostatic inter-
action of —OH groups. The intensity variation and shift in
the absorption band observed in the IR spectrum supported
the possible interaction between the capping agents and nan-
oparticle surface. Additionally, the change in the intensity of
vibration at 543-559 and 452463 cm™" revealed that there
was a possible variation of the bond length of metal-oxide
vibrations at tetrahedral and octahedral sites, respectively.
PEG and urea do not alter the nature of magnetism but the
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magnetic properties of cobalt ferrite nanoparticles were
affected by the crystallite size which was controlled by the
presence of capping agents. Overall, the higher magnetiza-
tion and coercivity of 58.3 emu/g and 235.8 Oe, respec-
tively was obtained for the sample synthesized only with
urea (60 mg) as a capping agent. Similarly, the appreciable
coercivity and magnetization of 311.6 Oe and 51.2 emu/g,
respectively was achieved if the mixture of PEG (40 mg)
and urea (20 mg) were used. The hydrophilic nature with
significant magnetic properties of cobalt ferrites realized in
the present simple and short reaction route would be a better
choice in biomedical, smart ferrofluids and other magnetic
applications.
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