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Hematite (α-Fe2O3) nanoparticles and hematite nanoparticles coated with polyvinylpyrrolidone (PVP) are
synthesized chemically by co-precipitation. Prolysis and microemulsion methods respectively. An average size
of nanoparticles (both coated and uncoated) was found by the broadening of the X-ray di�raction peaks using
Scherrer's formula. It was found that coating reduced particle sizes. The attachment of the polymer on the surface
of particles was con�rmed by the Fourier transform infrared spectroscopy and thermogravimetric analysis. Optical
ultraviolet/visible re�ectance test also indicated the presence of PVP in coated nanohematites. In magnetic studies,
it was observed that coating does not change main magnetic character of the α-Fe2O3 nanoparticles however it
reduces DC magnetization (as a function of applied �eld and temperature) to a considerable amount. Moreover
it was observed that after coating Morin transition temperature TM and its width ∆TM shifts to lower values,
which is another indication of size reduction.
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1. Introduction

Over the years nanotechnology has emerged as a multi-
disciplinary �eld of research, where scientists from di�er-
ent areas of specialization work together to increase their
understanding of nanomaterials at the fundamental level
as well as their possible applications in the industry [1�4].
Among a wide range of nanomaterials possible to man-
ufacture now, chemically synthesized nanoparticles have
their own individual importance due to their versatile ap-
plications based on their electrical, optical and magnetic
properties [5�7]. Especially iron oxide nanoparticles have
attracted a tremendous interest and an intensive research
since the �eld of nanotechnology started. This happened
because of iron oxides nanoparticles' novel properties par-
ticularly the type of magnetism present in them. Small
iron oxide particles (1�100 nm) exhibit unique features
that strongly di�er from those of bulk counterpart [8�
10]. These nanoparticles are of fundamental importance
in many industrial applications such as a contrast agent
for magnetic resonance imaging [11, 12], painting, coat-
ing, textile �nishing, building materials, and in the pro-
duction of ceramics as well [13]. Due to their hardness,
catalytic activity, surface resistivity and other properties
such as magnetic, optical and electronic they are also
used as polishing agents, catalysts, gas sensors, in color
imagining, in ferro�uid technology and in manufactur-
ing of magnetic recording media which are then used in
information storage devices [14, 15].
In our present work we have prepared hematite

(α phase of iron oxide) nanoparticles using chemical
co-precipitation prolysis method. Particles after syn-
thesis were coated using polyvinylpyrrolidone (PVP)
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as the coating agent. The advantage of using Fe2O3

nanoparticles for coating relies on their chemical stabil-
ity, in contrast to the commonly used ultrasmall parti-
cles of pure metals [16]. Also compared to other phases
of iron oxide (for example compared to γ-phase) α-phase
is stable for longer range of annealing times and tem-
peratures [17, 18]. For coating polymer we used PVP.
Use of PVP for encapsulation purposes is not new (see
for instance [19] where PVP is used to encapsulate Ag
nanoparticles). Our reasons for choosing PVP as surfac-
tant was based on its properties like its ability of solv-
ing into water and into other polar solvents and its easy
commercial availability. In solution form, it has excellent
wetting properties, too [20], which we found a necessary
factor in the synthesizing process.
The aim of the studies performed in this article is �rst

to investigate the size reduction in the hematite nanopar-
ticles when coated with polymer PVP. This particu-
lar goal can help in manufacturing ultra-small hematite
nanoparticles with superparamagnetic character which
have possible applications in biomedicine (targeted drug
delivery) [21�23]. Second key point of our work is to
study the e�ect of PVP on the physical properties of
α-Fe2O3 nanoparticles (in particular the magnetic and
optical properties). This study is crucial from the per-
spective of utilizing PVP coated α-Fe2O3 particles in bi-
ological and chemical industry. In next sections we will
exhibit our results and a detailed discussion of our �nd-
ings will be presented.

2. Experimental

Uncoated hematite nanoparticles were obtained
through the following co-precipitation prolysis method.
In the �rst step of precipitation, appropriate amounts of
ferrous chloride tetrahydrate (FeCl2 · 4H2O) in 2M HCl
and ferric chloride hexahydrate (FeCl3·6H2O) were mixed
at room temperature (Fe2+/Fe3+ = 1/2). Mixture was
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dropped into 200 ml of 1.5 NaOH solution under vig-
orous stirring for about 30 min. The pH of the solution
was constantly monitored and reactants were constantly
stirred using a magnetic stirrer as the mixture was added.
Next the precipitates were washed �ve times with deion-
ized water to remove impurities. To separate the pre-
cipitate further from impurities the beaker contents were
then centrifuged for one minute at 2000 rpm (rotations
per minute). By repeating the last step twice sample was
dried at 40 ◦C [24]. The acquired substance was �nally
grinded into a �ne powder. In the second step of prolysis,
the precursor was decomposed to hematite by annealing
at 450 ◦C for 4, 5 and 6 h and at 650 ◦C for 4 h in air.
PVP coated hematite nanoparticles were obtained via

the microemulsion approach: polyvinylpyrrolidone solu-
tion (5 mg in 50 ml of water) was heated at 90 ◦C for
1 h with continuous agitation (1000 rot/min) to form
microemulsion. Then 40 ml of 5M NaOH was added
to the solution. Ferrite solution (30 ml) containing
stoichiometric ratio of 1:2 of ferrous chloride tetrahy-
drate (FeCl2 · 4H2O) and ferric chloride hexahydrate
(FeCl3 · 6H2O) was added dropwise to the solution. The
suspension was incubated for 1 h at 90 ◦C with gen-
tile stirring. Afterwards 5M NaOH was added dropwise
to this solution. The precipitate was centrifuged and
washed with deionized water. The product was sepa-
rated by centrifugation (2000 rpm) and dried at 40 ◦C.
In the prolysis step, the precursor was decomposed to
PVP coated hematite by annealing in the tube furnace
at 450 ◦C for 4 h in air.

3. Results and discussion

3.1. Structural characterization

3.1.1. XRD analysis of uncoated hematite samples
The structure and phase purity of the samples were

con�rmed by performing powder X-ray di�raction (XRD)
with Cu Kα radiation of λ = 1.5405 Å at room tem-
perature. We used the XRD model JDX-11 of JEOL
Company Ltd. Japan, operated at 35 kV and 20 mA.
X-ray di�raction pattern of uncoated hematite samples
is shown in Fig. 1.
The crystallite size was calculated using Scherrer's for-

mula Dhkl = Kλ/β cos θ, where Dhkl is the particle di-
ameter in Å, K is the Scherrer coe�cient taken as 0.89, β
is the full width at half maximum (FWHM) and λ is
the wavelength of X-rays. It was found that samples an-
nealed at 450 ◦C for 4 h (HU-1), 5 h (HU-2) and 6 h (HU-
3) have some noise present but all major peaks are of pure
hematite phase of iron oxide. Comparing with already
reported results [25, 26], it was found that the Miller in-
dices (hkl) corresponding to the standard peaks i.e. at
2θ = 33.5◦, 35.6◦, and 55.4◦ are (104), (110), and (116),
respectively, match with those for hematite. Intensity
of peak at 33.5◦ was the largest of all and if supposed
to be 100% then the intensities of peaks at 35.6◦ and
55.4◦ were 68% and 48%, respectively, which when com-
pared with relative intensities of the peaks in the stan-
dard data [25, 26], again showed agreement. Hence even

Fig. 1. XRD pattern of sample HU-1, HU-2, HU-3,
and HU-4 with respective particle sizes which are cal-
culated from three main peaks of XRD pattern (peak
intensities are measured in arbitrary units).

though there is some noise present in XRD patterns, but
we can safely claim in each plot (sample HU-1, HU-2,
and HU-3) overall phase to be of α-Fe2O3. When sample
was annealed at higher temperature (at 650 ◦C for 4 h) we
note a considerable reduction in noise as well as hematite
peaks become more pronounced.
Our choice of annealing temperature and time is con-

sistent with literature [27] where it is reported that for
the preparation of impurity free hematite nanoparticles
annealing at high temperatures (600�700 ◦C) is adequate.

3.1.2. XRD analysis of coated nanoparticles
From preparation of uncapped α-Fe2O3 nanoparticles

it was clear that for pure alpha- phase annealing at 650 ◦C
for 4 h is su�cient. But keeping in view the burning
point of PVP (700 ◦C) [29], annealing temperature was
changed to 450 ◦C for 4 h in air atmosphere for the coat-
ing of nanoparticles. Powder XRD (Fig. 2) con�rmed the

Fig. 2. Comparisons of XRDs of: [1] coated sample,
d = 25 nm, [2] uncoated sample, d = 33 nm.

coated sample to be in hexagonal hematite phase with
some noise in the XRD data. Let us note that for most of
the phases of iron oxide (including hematite), this noise is
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very hard to avoid at such lower temperatures and times.
Peak positions are the same for both samples. But close
(enlarged) observation indicated broadening of peaks in
coated sample, which corresponds to smaller size par-
ticles according to Scherrer's formula. It was observed
that coating reduced particle size from 33 nm to 25 nm.
It was a signi�cant decrease, indicating that PVP disal-
lowed the hematite nanoparticles from agglomeration and
experiments conducted have achieved their main goal.

3.2. Con�rmation of coating

3.2.1. Fourier transform infrared spectroscopy results
The attachment of the PVP on the particle surface

was further con�rmed by Fourier transform infrared
(FTIR) spectroscopy (where we used Fourier transform
infrared spectrometer BIORAD in Excalibur series model
FTS 3000MX made in USA, between the wave num-
ber 400 cm−1 to 4000 cm−1 in the percent transmit-
tance mode). Figure 3a�c shows the IR transmis-

TABLE I

Assignment of the absorption bands in IR spectra.

Uncoated sample

λ [1/cm]
Assignments*

447 Fe�O lattice vibrations

550
Fe�O lattice vibrations

in uncoated hematite

920 C�N

* [28]

TABLE II

Assignment of the absorption bands
in IR spectra.

Pure PVP

λ [1/cm]
Assignments*

572 N�C=O bend

844 C�C ring

894 C�C ring

943 C�C ring

1016 C�N

1078 C�N

1224 CH2 twist

1290 N�OH Complex

1374 CH2 bend

1467 C�N bend

1656 C=O stretching

2957 asym. CH2 ring

3418 -OH stretching

* [29]

sion spectra of uncoated hematite nanoparticles, pure
PVP and PVP coated hematite nanoparticles, respec-
tively. Corresponding assignments λ of the absorption
bands in the spectra are listed below in Tables I, II,

TABLE III

Assignment of the absorption bands in IR spectra.

Coated sample

λ [1/cm]
Assignments*

462 Fe-O lattice vibrations

540

Fe�O lattice vibrations

in uncoated Hematite while due

to N-C=O bend in pure PVP

838 C�C ring

935 C�C ring

1019 C�N

1074 C�N

1291 N�OH Complex

1320 CH2 bend

1453 CH2 Scissor

1655 C=O stretching

2959 Asymmetric CH2 ring

3379 -OH Stretching

* [28, 29, 30]

Fig. 3. FTIR graph of uncoated (a), pure PVP (b),
and PVP coated (c) sample.
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and III. The spectra of the hematite nanoparticles coated
with PVP exhibits absorptions corresponding to both un-
coated and pure PVP samples with slight shifting in wave
numbers. Absorptions at 920 cm−1 wave number in un-
coated sample correspond to C�N mode vibrations (see
Table I and Fig. 3a).
This is most possibly due to the presence of some

organic impurity in our uncoated sample but of course
the amount of the impurity is very small as clear from
the XRD analysis (Fig. 2). Dominant bands in coated
sample at about 462 and 540 cm−1 are characteristics
of crystalline α-Fe2O3 [28] (see Table III and Fig. 3c),
whereas the remaining absorptions can be assigned to
pure PVP [29, 30]. This additive e�ect in absorptions
is a clear indication of the presence of PVP in our
coated sample.

3.2.2. Thermogravimetric analysis curves
The attachment of the PVP on the surface of the

hematite particles was furthermore con�rmed by thermo-
gravimetric analysis (TGA) measurements (where mea-
surements were performed on Thermogravimetric Ana-
lyzer imported from Mettler Toledo TGA/SDTA 851e
DSC 823e Thermo Scienti�c Nicolet 6700). Analysis
was performed in the presence of static air at a linear
heating rate of 10 ◦C from room temperature to 900 ◦C.
TGA curves of uncoated hematite, PVP and coated
hematite nanoparticles are shown in Fig. 4. It was
observed that the percentage of total weight lost is
larger when Hematite nanoparticles are coated with PVP
(52%) compared to that of uncoated Hematite particles
(10%). Thermogram for coated sample shows a continu-
ous weight loss in the range of decompositions tempera-
ture of PVP (compare parts of curves for pure PVP and
coated sample (Fig. 4).

Fig. 4. TGA curves of uncoated, pure PVP, and coated
sample with corresponding initial masses.

From the mass loss in percentage it is possible to make
a rough estimate of the PVP content i.e. thickness of the
surfactant layer on the hematite nanoparticles. Assume
for simplicity that particles are spherical and monodis-
persed. Let us note that strictly speaking such an as-
sumption about the shape and dispersity of nanoparticles

is not valid, but we are making this assumption just to
roughly estimate the dead layer thickness, which is other-
wise very hard to calculate for arbitrary shapes and dis-
persity of particles. From TGA curve of coated nanopar-
ticles it is quite clear that initial mass of the powder sam-
ple having say N number of particles is 8.01 mg (we shall
call this mass M1). We also know the average particle
size from XRD for coated sample (d = 25 nm). At about
750 ◦C all PVP (mass density i.e. ρ1 = 1.67 g/cc) van-
ishes from the sample and remaining is N number of un-
coated hematite particles ( ρ2 = 5.07 g/cc). At this tem-
perature mass of the remaining sample is 4.7 mg (M2).
Then

M1 = N [(4π/3)ρ2r
3
2 + (4π/3)ρ1(r1 − r2)3];

M2 = N [(4π/3)ρ2r
3
2]. (3.1)

As we know that coated particles have average size 25 nm
so corresponding radius is r2 = 12.5 nm, then by taking
ratio of above equations and putting known constants we
get r1 = 16.7 nm, which means that PVP layer is roughly
4.2 nm thick.

3.3. Magnetic characterizations

We studied the magnetic properties of the prepared
samples by using the vibrating sample magnetometer
(VSM model BHV-50 of Riken Denishi Company Ltd.,
Japan). To measure the magnetic properties of the par-
ticles we �lled Te�on capsule and in order to have the
actual response of our samples the magnetization of the
empty capsule is subtracted for each loop. The contri-
bution of the holder turned out to be less than 1% of
the samples. The masses were determined using elec-
tronic balance. Our measurements were focused on the
determination of the magnetization as a function of mag-
netic �eld, temperature and its cycling (hysteresis loop,
M(H)) and determination of various parameters from it.
Loops were studied at room temperatures. Typical �eld
range was between �7 kOe to +7 kOe. M(T ) measure-
ments were carried out from 100 K to room temperature
at di�erent �xed �elds.

3.3.1. M�H loops for uncoated particles
TheM�H loops for uncoated hematite samples showed

weak ferromagnetic hysteresis at room temperature
that is above the Morin transition temperature TM.
The hematite contains both a spin canted and a defect
moment. The defect moment is generally attributed to
foreign cations, but it also occurs from other defects,
such as the ordering vacancies in the basal plane and/or
chemical impurities. Both moments can contribute to the
magnetization above the Morin transition, while the spin
canted moment vanishes below the Morin transition [31].
The maximum �eld of 7 kOe was not enough to satu-
rate the magnetization, so the values given are not the
saturated values of magnetization.
Hysteresis loops of di�erent uncoated samples at room

temperature are shown in Fig. 5. The magnetization of
the bulk sample has been reported to be approximately
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0.75 emu/g at 10 kOe [32]. The di�erence in the val-
ues of magnetization could be due to the presence of
�dead surface layer� [33] in our nanoparticles. So that
in the core part of the hematite nanoparticles exchange
interactions play the main role and promote weak fer-
romagnetic behavior whereas, in the outer dead surface
layer, magnetic properties are modi�ed by defects, va-
cancies, stresses, and asymmetrical bond environment.
All these surface e�ects which eventually results in mo-
ments not contributing to magnetization cause this re-
duction in magnetization values as mentioned above.

Fig. 5. Hysteresis (MH) loop of uncoated samples:
(a) sample HU-1: Mr = 0.130 emu/g,Ms = 0.27 emu/g,
(b) sample HU-2: Mr = 0.02 emu/g, Ms = 0.31 emu/g,
(c) sample HU-3: Mr = 0.03 emu/g, Ms = 0.33 emu/g,
(d) sample HU-4: Mr = 0.05 emu/g, Ms = 0.48 emu/g.

Note that the thickness of the dead surface layer can
be estimated through the following equation:

t = (r/2){1− (MS/MSO)1/3}, (3.2)
where MS and MSO represent the saturation magnetiza-
tion of the powder sample and conventional bulk sample,
respectively. We �nd that the dead layer thickness (t) is
4.5, 4.4, 3.9, and 2.9 nm for samples HU-1, HU-2, HU-3,
and HU-4, respectively. The coercivity (Hc) was found
to be 337.9, 162.7, 148, and 133.9 Oe for samples HU-
1, HU-2, HU-3, and HU-4, respectively. Also we found
that, with increasing annealing time and temperature,
the saturation magnetization increases. We again em-
phasize that, by saturation magnetization (MS) we mean
the value of magnetization achieved by our samples at
the maximum applied �eld H (which is 7 kOe). This
may be attributed to the smaller surface/volume ratio
in larger particles and hence smaller dead layer contri-
bution. Although c-plane crystalline anisotropy is small
but large coercivity of nanohematites is most possibly
due to large magnetoelastic anisotropy caused by inter-
nal stresses. A large decrease in the coercivity with in-
crease in the particle size is indeed a generally observed
e�ect in many di�erent types of magnetic nanoparticles

e.g. Fe nanoparticles. It is attributed to the increas-
ing role of the surface (for smaller sizes) and its defects
in determining the anisotropy and hence the coercivity.
Our results regarding coercivity are consistent with the
results reported in literature [34] as well.

3.3.2. Comparison of M�H loops for uncoated and PVP
coated nanohematites

Comparison of M�H loops for uncoated and coated
samples at room temperature is shown in Fig. 6. We ob-
served that coating has reduced the saturation magne-
tization value to a considerable amount (0.75 emu/g to
0.5 emu/g), while coercivity has increased from 101.2 Oe
to 202.9 Oe. The suppression of the magnetization in
PVP-coated samples relative to the pure α-Fe2O3 parti-
cles is obviously due to mass e�ects as a result of coat-
ing of the polymer on the nanoparticles. The other pos-
sible reason is based on the fact that the polymer re-
duces the hematite crystallite size which resulted in the
reduction of interparticle exchange interactions due to in-
creased interparticle separations, thereby further reduc-
ing the magnetization.

Fig. 6. Comparison of hysteresis loop for [1] uncoated
hematite nanoparticles, d = 33 nm. [2] PVP coated
nanohematites, d = 25 nm.

Increment inHc value is remarkably unusual and needs
to be explored further. At this stage we can say that this
larger coercivity can be attributed to increased interpar-
ticle interaction which is working against the dipolar in-
teractions, as it is well known that dipolar interactions
try to lower Hc value.

3.3.3. M�T plots of uncoated hematite nanoparticles

Magnetization as a function of temperature for nanohe-
matite sample HU-4 at di�erent applied �elds is shown
in Fig. 7. Data has taken at three di�erent �elds in zero
�eld cooling (ZFC) modes. There is an abrupt change
in the value of magnetization at a particular value of
temperature. This change in literature is regarded as the
Morin transition and corresponding temperature is called
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the Morin transition temperature (TM) [32]. The e�ec-
tive Morin transition is derived from the temperature at
which the magnetization has its main in�ection point,
half way between the antiferromagnetic state and weak
ferromagnetic state values of theM�T curves. This tran-
sition is an intrinsic characteristic of hematite but it de-
pends on the hematite cluster size. At nanoscale the
transition occurs at relatively lower temperatures (in be-
tween 210 and 260 K) [35]. This is due to the di�er-
ence of anisotropy of bulk material resulting in suppres-
sion present under di�erent temperature conditions and
hence the Morin temperature shifts to lower tempera-
tures for smaller sized particles. The width of the Morin
transition ∆TM is de�ned as the di�erence of the tem-
perature at which the magnetization deviates from its
smoothly varying values in the antiferromagnetic state
and weak ferromagnetic state, respectively. It is quite
clear that Morin transition temperature decrease as the
applied �eld is increased. This behavior is also referred
in literature [36], which is based on the fact that the
high �elds make hematite more ferromagnetic and less
antiferromagnetic.

Fig. 7. Comparison of M(T ) for sample HU-4, d =
42 nm at [1] 2.5 KOe [2] 1.5 KOe, and [3] 100 Oe.

3.3.4. Comparison of M(T) curves for PVP coated and
uncoated hematite nanoparticles

The temperature dependence of M(T ) at 100 Oe �xed
applied �eld for both coated and uncoated samples are
reported in Fig. 8. The e�ective Morin transition tem-
perature in uncoated sample is 245.4 K, while for coated
sample it reduces to 236.2 K. Reason for this TM decrease
is the strong dependence of the Morin transition on fac-
tors like particle sizes [37], strain and defects (e.g. low
crystallinity of particles, vacancies) etc. Since size of the
particles after coating has reduced from 32 nm to 25 nm
so this smallness in TM is most possibly due to size re-
duction. Along with this it is also noted that throughout
the temperature range, magnetization is less in case of

coated sample as compared to its uncoated values. This
is due to the fact amount of mass is more in coated sample
(hematite + PVP) as compared to uncoated counterpart
and measurements of magnetization are done in emu/g.

Fig. 8. Comparison of M(T ) for [1] uncoated sam-
ple, TM = 245.4 K, [2] coated sample, TM = 236.2 K
at 100 Oe.

3.4. Optical measurements of uncoated and PVP coated
nanohematites

As despite intensive investigations, there is still con-
troversy concerning the semiconductor properties of
hematite. Hematite band gap is commonly considered
to be 2.1 eV [38] or 2.2 eV [39], Sherman (1990) [40]
has suggested that it corresponds to an O2−-Fe3+ charge
transformation with an energy of 4.7 eV. To address this
issue, in this section we present the results of optical
measurements of uncoated and PVP coated hematite
nanoparticles which were carried out by measuring the
re�ectance spectroscopy at room temperature. All spec-
tra were taken in the range 250 nm to 1600 nm wave-
lengths on spectrometer model Lemda-950 Perkin Elmer.
The optical band gap energy of the hematite nanoparti-
cles were calculated from their di�use re�ectance spectra
by plotting the square of the Kabulka�Munk (KM) func-
tion [41] F (R)2 vs. energy in electron volts. The linear
part of the curve was extrapolated to F (R)2 = 0 to get
the direct band gap energy.
3.4.1. Optical properties of uncoated nanohematite
Re�ectance spectrum of uncoated sample annealed at

450 ◦C for 4 h is shown in Fig. 9. Direct energy band gap
is calculated from the dip appearing at 536.3 nm (as in-
dicated by vertical arrow in the re�ectance spectrum plot
of Fig. 9). KM function was then used for the measure-
ment of band gap which turned out to be 2.1 eV and
compared well with the bulk band gap value reported in
literature [22].
3.4.2. Comparison of re�ectance spectra for coated and
uncoated samples
Percentage re�ectance of pure PVP, uncoated and

coated sample is shown in Fig. 10. In coated sample again
two dips in the spectra at 873.5 nm and 536.3 nm were
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Fig. 9. Re�ectance spectra of uncoated sample (d =
33 nm).

Fig. 10. Comparison of re�ectance spectra of [1] un-
coated, [2] coated, [3] pure PVP samples.

observed. Direct band gap was calculated from the dip
appearing at 536.3 nm. Band gap again (like uncoated
case) turned out to be 2.1 eV.
As far as the band gap is concerned, there is no change

observed after coating. But from the higher and lower
wavelength regions of the plot it is quite clear that af-
ter coating, PVP has its re�ectance signatures on the
coated sample. This PVP-like behavior of the coated
sample at lower and higher energy regions is another in-
dication of the presence of the surfactant in our encap-
sulated sample.

4. Summary and conclusions

We have synthesized the alpha phase of iron ox-
ide nanoparticles coated with PVP by microemulsion
method. We found that this synthesizing technique is

suitable for coating because it is relatively easier, bet-
ter resulting, low cost and less time consuming. Coat-
ing was successfully con�rmed by FTIR, TGA and op-
tical UV/Vis re�ectance test. We observed that surfac-
tant disallows the agglomeration which results in smaller
size particles. The particle size decreases from 33 nm to
25 nm for the same preparation conditions. Hence the
experiments have succeeded in the basic goal. In mag-
netic studies we have observed very signi�cant increase
in the coercivity of the coated samples, as compared to
uncoated. This is very remarkable considering that the
coated particles are smaller in size than the uncoated,
as it is well known that the coercivity of the nanoparti-
cles increases with the volume increase. This observed
increase needs to be explored further. Currently we be-
lieve it to be originating in the reduced interparticle in-
teractions in the coated nanoparticles. Also we found
that the Morin transition temperature TM and the satu-
ration magnetization moment decreased with decreasing
size of the particles which is re�ective of the basic feature
of phase transition in nanoscale system which employs
that the ordering temperature tends to decrease with de-
creasing size. The decrease of the saturation moment on
the other hand, is attributed to distorted surface layer of
spins that may be magnetically inert.
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