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We are reporting the synthesis along with magnetic, ac conductivity and dielectric properties of hematite
nanocrystallites. The prepared Fez0s is crystallizing in corundum structure which belongs to the rhombohedron
system with the space group R3-c.The magnetization data shows a typical Morin transition, Tn = 265 K for 110 nm
crystallites, whereas this transition is decreasing with decrease in crystallite size, Tn = 252 K for 33 nm. The value
of magnetization is increased with increasing crystallite size. The enhanced dielectric permittivity and ac
conductivity were observed in higher hematite crystallite size. The overall dielectric response has revealed
conduction mechanism is due to the extrinsic contribution from the dominant Maxwell-Wagner polarization.
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Introduction

Recently, iron (Fe) and its oxides (FesO4 and Fe;O3)
have attracted the field of research due to their potential
applications [1-10]. The most stable known Fe state due to
having lower Gibbs free energy and wide spread oxide
phase of iron is a-Fe;O3. They have been employed in
technology due to their non-toxicity and low cost as the
members of catalysis, magnetic storage, anticorrosive
agents and gas sensors. The crystal structure of a-Fe;Os is
rhombohedral or hexagonal with the space group R3c or
D®34 [11]. The magnetic state of bulk a-Fe,Os particles is
“canted antiferromagnetic (weak ferromagnetism)”
between 263 K and Neel temperature (~ 950 K) [12,13]. It
is because of their unique structural property of hematite
that the rhombohedral (1 1 1) planes form the layers of
Fe®* ions (T = 950 K to 260 K). These planes are separated
by layers of oxygen (O?") ions. The spins of Fe®* ions
remained parallel in any (1 1 1) plane, i.e., ferromagnet,
but adjacent planes are antiparallel, i.e., antiferromagnet.
The canting between (111) plane produces
uncompensated magnetic moments of Fe3* spins between
adjacent planes. Thus a weak ferromagnetism (or canted
antiferromagnetism) is observed in hematite. The spin
moments are completely turned perpendicular to the
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(1 1 1) plane below a typical temperature Tm ~ 260 K,
known as Morin temperature, and a-Fe;Os; becomes a
normal antiferromagnet [12,13]. This transition is a first
order magnetic phase transition, which is dependent upon
strain, particle size, crystallite, change at lattice
parameters, and particle shape. Compared with bulk a-
Fe,Os, the effects of lattice expansion, strain, defects,
unpaired spins and broken symmetries have a grounded
new magnetic behavior in nano sized a-Fe;Os. In this
paper, we present the synthesis along with the magnetic,
ac conductivity and dielectric properties of hematite
nanocrystallites.

I. Experimental Details

Fe,O3 nanoparticles were synthesized by co-
precipitation method. The metal nitrate
Fe(NQOs)s 0.02 mole were added into 100 ml distilled
water. A water solution of sodium hydroxide 50 ml with
molarity 2 M were slowly added into the iron solution
above. Precipitate is formed immediately. The precipitate
was washed thoroughly with distilled water then filtered
and dried at 80°C for overnight. After drying, the
hydroxed precipitate flakes were ground into powder. This
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powder was segregated into different parts and heated for
3 h at different temperatures ranging from 550°C to
1000°C in air. The ramping rate was set 2°C/min. and the
cooling rate was 5°C/min. After above procedure, the
powders were pressed into pellets (10 mm diameter and
1~2 mm thickness) and annealed at the corresponding
temperatures. These pellet samples were polished to
produce a flat uniform surface and electrode with silver
paint, then applied an AC voltage source for dielectric
measurement.

I1. Results and discussions

The a-Fe;O3 samples were prepared by co-
precipitation method, and annealed in five different
annealing temperatures Ta (550, 650, 750, 900, and
1000°C). The obtained nanocrystallites are of
Rhombohedral structure with space group R3-c [11]. X-
ray diffraction pattern of the different annealing
temperatures Ta (550, 650, 750, 900, and 1000°C) samples
are shown in Fig. 1 and no impurity being revealed. All
the obtained samples are revealed Rhombohedral structure
with space group R3-c [11]. The refined lattice constants
are decreasing slightly from a=5.028A, and
c=13.744 A for Ta=550°C to
a=5.024 A, c=13.713 A for Ta = 1000°C as shown in
Table I. The average crystallite sizes (determined from the
XRD peak width employing the Scherrer relation) were
found to be ~ 33 nm to ~ 110 nm with increasing annealing
temperature from 550°C to 1000°C, which is indicated in
Fig 1.
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Fig. 1. X-ray diffraction pattern of the a-Fe;O3

nanocrystallites with different annealing temperatures and
corresponding crystallite sizes.

Figure 2 shows the typical SEM micrographs for
a-Fe,0; particles prepared at different Ta’s (a) 550°C and
(b) 1000°C. The particle size and the morphology changes
with Ta were observed. These microstructures were
strongly influenced by Ta for all the particles.

The temperature dependence of magnetization of

Table 1.
The lattice constants of a-Fe;Osnanocrystallites
Ta =550°C Ta=650°C Ta=750°C Ta=900°C Ta=1000°C
d=33nm d=48nm d=65nm d=90nm d =110 nm
a=5.028 A a=5.027 A a=5.027A a=5.024 A a=5.024 A
b=5.028 A b=5.027 A b =5.027A b=5.024 A b=5.024 A
c=13.744 A c=13.726 A c=13.721 A c=13.714 A c=13.713 A
V=347.459 A3 V=346.866 A3 V =346.739 A® V = 346.149 A® V =346.124 A®
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Fig. 2. SEM photos of thea-Fe O3 samples of (a) 33 nm and (b) 110 nm.
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a-Fe,0s with different Ta’s was depicted in Fig. 3. It
revealed a magnetic transition around 265 K, named
Morin transition for higher crystallites size of 110 nm
(Figure 3a) whereas this transition is decreased with
decrease in crystallites size for 33 nm particles the
transition is at 252 K as shown in Fig. 3(b) [12,13].
Moreover, the magnetization value has increased with
increase in crystallite size as observed in these
nanocrystallites, which is related to quantum effects like
surface effects.
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Fig. 3. Temperature dependent magnetization of

o-Fe203(a) 110 nm and (b) 33 nm size crystallites.
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Fig. 4. ¢'-T and tand-T relation of all nanocrsytallites of
o-Fe;O3 at 1.5 kHz frequency.

Figure 4(a) shows the temperature dependent
dielectric permittivity £(T) at 1.5 kHz frequency for
a-Fe;03 with all crystallites sizes. £(T) curves indicate
that the & value increases with increasing crystallite size,
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which indicates the enhanced grain boundary. The
imaginary part of dielectric loss tan&(T) as a function of
temperature at 1.5 kHz frequency for a-Fe;O; with all
crystallites sizes as depicted in Fig. 4(b).

Figure 5(a) shows the temperature dependent
dielectric permittivity at different fixed frequencies for
a- Fe,O3 with crystallites size of 33 nm. Below 250 K,
£(T) is independent of temperature and frequency,
indicates intrinsic static dielectric constant value of
gs~ 7.1. Above 250 K, small increase in £'(T) is observed.
Figure 4(b) shows the data of loss tangent (tand) as a
function of temperature with selected test frequencies for
33 nm size crystallites of a-Fe,Os. The tand(T) curves also
exhibit similar behavior like &(T) curves and absence of
peak below measured temperature range.
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Fig. 5. &"-T and tand-T relation of 33 nm nanocrystallites
of a-Fe,0s3,

Figure 6 shows the temperature dependent dielectric
permittivity at different fixed frequencies for a-Fe;O3 with
crystallite size of 110 nm. Below 250 K, &(T) is
independent of temperature and frequency and a small
increase of intrinsic static dielectric constant value were
observed of es ~ 19. Above 250 K, small increase in £'(T)
is observed. Figure 6 shows the data of loss tangent (tand)
as a function of temperature with selected test frequencies
for 110 nm size crystallites of a-Fe»Os. The tand(T) curves
show a dielectric relaxation, where the step like increase
in &(T) curves. The relaxation is shifted to higher
frequency with increasing temperature.

Increase in & of all samples rapidly with temperature
at low frequencies could be either due to interfacial
polarization or due to the accumulation of charged species
at grain boundaries or dipolar polarizations which are
strongly temperature dependent. The dispersion occurring
in lower frequency regime may be attributed to interfacial
polarization due to the charge accumulated at grain
boundaries. The other reasons for dispersion may be due
to space charge polarization, Maxwell Wagner, long range
structural order and defect relaxations. The shifting of step
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like dispersion to higher frequency region in the real part
of the complex dielectric constant indicates that Maxwell
Wagner relaxation mechanism was responsible for
dispersive and large dielectric constant at low frequencies
[14]. The dielectric behavior of such a material consists of
a conducting or (semiconducting) grain separated by a
more insulating grain boundary. The permittivity
dispersion is insignificant at higher frequencies because
atomic, electronic and molecular polarizations are
responsible for high frequency permittivity which is
independent of measured frequency range. The increase of
£ with the rise in temperature over the entire frequency
range could be attributed related to the thermally activated
process like charge carrier transportation.
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Fig. 6. ¢-T and tand-T relation of 110 nm nanocrystallites
of o-Fey0s.

The AC conductivity ocac as a function of test
frequency f for different temperatures are shown in Figure
7 for a-Fe;O3 with crystallite size of (a) 33 nm and (b)
110 nm. The oac(f)curves show different behavior in two
ranges in all crystallite sizes. First, there is a strong rise at
low frequencies. This is the grain-boundary blocking
effect. Secondly, the conductivity does not increase as
rapidly at high frequency. It is the bulk conductivity
relaxation in which we are primarily interested. The cac
in the high frequency range can be described by “universal
dielectric response” (UDR) [15]

Oac = Opc + 0of* 1)
Where opc is the dc bulk conductivity, g, is a constant, f
is the rest frequency, and the exponent s is smaller than 1.
Equation (1) is a common feature for all amorphous
semiconductors and some other disordered systems. It is
typical of thermal assisted tunneling between localized
states.
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Fig. 7. Arrhenius plots for the observed relaxations of
a-Fe203 of 110 nm size crystallites.
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Fig. 8. Frequency dependent AC conductivity at fixed

temperature of a-Fe;Oznanocrystallites (a) 110 nm and (b)
33 nm.
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Conclusion

We report synthesis along with magnetic, ac
conductivity and dielectric properties of hematite
nanoparticles. As prepared Fe,Os crystallizes in corundum
structure which belongs to the rhombohedron system
(space group R3-c). The magnetization data shows a
typical Morin transition, Ty = 265 K for 110 nm
crystallites, whereas this transition is decreasing with
decreasing crystallite size, Ty = 252 K for 33 nm. The
value of magnetization is increased with increasing
crystallite size. The enhanced dielectric permittivity was
observed in higher hematite crystallite size. The overall
dielectric response has revealed conduction mechanism is
due to the extrinsic contribution from the dominant
Maxwell-Wagner polarization.
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H.b. I'atuyakasna,P.C. 1. Jakypy

CuHTe3, MArHITHI, IPOBIAHICTH 3MiHHOI0 CTPYMY Ta JieJJeKTPUYHI

BJIACTHUBOCTI Ta XapaKTCePUCTHKHU HaHOKpI/ICTaJIiTiB reMaTurty

Ximinuuti paxynomem, Yuieepcumemy Kpiwnu, Mavininamuam 521004, Anoxpa-Ilpadew, Indis,; dachuru@gmail.com

VY crarTi HaBeIeHO iH(OPMAIIiIO PO CHHTE3 Ta MarHiTHI BIACTHBOCTI, MPOBIIHICTE 3MIHHOTO CTPYyMY, a TAKOXK
JlieIeKTPHYHI BIACTHBOCTI HAHOKPHUCTAIITIB reMatuty. OtpuMannii Fe2O3 kpucTamizyeTsest B CTPYKTYpi KOPYHAY,
10 HAJIEXKHUTH JI0 CUCTEMH pOMOOE/IPIB 13 MPOCTOPOBOIO rpymoro R3-C. JlaHi HAMAarHiYeHOCTI MMOKa3ylOTh TUIIOBUI
niepexig Mopina, Tn = 265 K urst kpucraniTis 110 HM, TOAI K LIeH Tepexi] SMEHITY€ETHCS 31 3MEHIIIEHHSIM PO3MIpy
kpuctanity, Tn=252K mns 33 um. BenuunHa HamarHiueHocTi 30UTbLIyeThCs 31 30UIBLICHHAM pPO3Mipy
kpuctaiiTis. [TinBuIIeH] AieNeKTpUIHA NPOHUKHICTB i IPOBIIHICT 3MiHHOTO CTPYMY CIOCTEpIiTrallics y KpUCTaIIiB
reMaTuTy OIIBIIKMX PO3MipiB. 3aranbHa JieleKTpHYHA BiAMOBIAb MOKa3aja, 1[0 MeXaHi3M IIPOBiTHOCTI 3yMOBIEHHI
30BHIIIHIM BHECKOM JOMiHYIOUOi nossipu3anii Makcseiia-Baruepa.

KuwouoBi cioBa: Hanokpucramu rematuty; Touku Cole-Cole; mienexktpuuni BracTHBOCTI; 3MiHHA
MIPOBIIHICTB; IMITEIaHC.
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