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e present study reports the structural and magnetic characterization of spinel zinc chromite (ZnCr2O4) nanocrystallines
synthesized by thermal treatment method. 
e samples were calcined at di�erent temperatures in the range of 773 to 973K.
Polyvinylpyrrolidone was used to control the agglomeration of the nanoparticles. 
e average particle size of the synthesized
nanocrystals was determined by powder X-ray di�raction which shows that the crystallite size increases from 19 nm at 773K to
24 nm at 973K and the result was in good agreement with the transmission electronmicroscopy images.
e elemental composition
of the samples was determined by energy dispersed X-ray spectroscopy which con
rmed the presence of Zn, Cr, and O in the 
nal
products. Fourier transform infrared spectroscopy also con
rmed the presence of metal oxide bands for all the samples calcined at
di�erent temperature. 
e band gap energy was calculated from UV-vis re�ectance spectra using the Kubelka-Munk function and
the band gap energy of the samples was found to decrease from 4.03 eV at 773K to 3.89 eV at 973K. 
e magnetic properties were
also demonstrated by electron spin resonance spectroscopy, the presence of unpaired electrons was con
rmed, and the resonant
magnetic 
eld and the �-factor of the calcined samples were also studied.

1. Introduction


e spinels are class of minerals of general formulation

A2+B2
3+O4
2− which crystallize in the cubic (isometric) crys-

tal system, with the oxide anions arranged in a cubic close-
packed lattice. 
e cations A and B occupy some or all of
the tetrahedral and octahedral sites in the lattice. A and B
can be divalent, trivalent, or quadrivalent cations, including
magnesium, zinc, iron, manganese, aluminium, chromium,
titanium, and silicon. Although the anion is normally oxy-
gen, the analogous thiospinel structure includes the rest
of the chalcogenides. Spinels and spinel-like materials are
attractive subjects of continuous scienti
c interest and have
been deeply investigated in materials sciences, because of
their physical-chemical properties and their wide range of

applications as a humidity sensor [1], semiconductors [2],
magnetic materials [3], catalysts [4], super hardmaterials [5],
high temperature ceramics [6], among others. In particular,
zinc chromite (ZnCr2O4) ceramic spinels are commonly used
as catalytic materials [4], humidity sensors [5], and magnetic
material [7].

Various methods have been previously reported on the
synthesis of ZnCr2O4 spinels, which include mechanical
activation [8], microemulsion method [9], chemical method
[10], microwave method [7], sol-gel method [11], thermal
method [12], solution method [13], ultrasonic spray pyrolysis
[14], ball milling method [15], and combustion method [16].
Most of the methods are di�cult to employ on a large
scale production due to the complicated procedures, longer
reaction times, high reaction temperatures, toxic reagents,
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and by-products involved in these synthesis methods [17]; in
this study we have used the thermal treatment method for
synthesizing spinel zinc chromite.


e synthesis of spinel ZnCr2O4 nanocrystals by a ther-
mal treatment method is reported in this study; aqueous
solution of only metal nitrates, poly(vinylpyrrolidone), and
deionized water was prepared. 
e solution was dried at
80∘C for 24 h, followed by grinding and calcination it at
temperatures of the range 773–973K. 
is method has the
advantages of simplicity, less expense, no unwanted by-
products, and being environmentally friendly [18].

In this paper, we have investigated the e�ect of calcination
temperature on the structural, optical, and the magnetic
properties of ZnCr2O4 synthesized by thermal treatment
method.

2. Experimental

2.1. Materials. Chromium nitrate Cr(NO3)3⋅9H2O and zinc
nitrate Zn(NO3)2⋅6H2O metallic salts were used as metal
precursors, polyvinylpyrrolidone (PVP) for controlling
the agglomeration of the nanoparticles, and deionized
water as solvent. 
e purchase of Cr(NO3)3⋅9H2O (99%),
Zn(NO3)2⋅6H2O (99%), and PVP (MW = 29,000) was from
Sigma-Aldrich.

2.2. Methodology. 3 g of PVP was dissolved in 100mL
of deionized water at 343K, before mixing 0.2mmol of
Cr(NO3)3⋅9H2O and 0.1mmol of Zn(NO3)2⋅6H2O (Cr : Zn =
2 : 1) into the polymer solution. 
e solution is constantly
stirred until a homogeneous solution is formed. 
e mixed
solution is poured into Petri dish and placed in an oven for
24 h to dry at a temperature of 353K. 
e resulting solid was
grinded into powder and calcined at temperatures of 773, 823,
873, 923, and 973K for 3 h.

2.3. Characterization. 
e structural characterization of the
synthesized ZnCr2O4 nanocrystals was carried out by pow-
der X-ray di�raction (XRD); themorphology and the average
particle size were also determined by transmission electron
microscopy (TEM). 
e atomic composition (%) of the
constituent elements in the synthesized samples was carried
out by energy dispersive X-ray spectroscopy (EDX). Fourier
transform infrared spectroscopy (FT-IR) was used to con
rm
the presence of metallic oxide in the 
nal samples. 
e
optical re�ectance spectra were recorded using the UV-
vis spectrometer (Shimadz-UV1650PC), and the band gap
energy was also evaluated from the re�ectance spectra using
the Kubelka-Munk function. 
e magnetic properties were
studied using an electron spin resonance spectroscopy (ESR)
at room temperature.

3. Results and Discussion

3.1. X-Ray Di�raction Studies. 
e XRD patterns of samples
calcined at di�erent temperatures of 773, 823, 873, 923, and
973K are shown in Figure 1. 
e re�ection planes of (111),
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Figure 1: XRD patterns for ZnCr2O4 powders calcined at tempera-
tures of 773, 823, 873, 923, and 973K.

(220), (311), (222), (400), (422), (511), and (440) con
rm the
presence of ZnCr2O4 with a face centered cubic structure.

e result matches well the phase reported in the powder
X-Ray di�raction data base with reference code 01-087-0028
of spinel ZnCr2O4 crystals in cubic face with a = 8.3267 Å,
volume = 577.32 Å, (no. 227). 
e result shows that the
di�raction peaks become sharper and narrower and their
intensity increases with increase in calcination temperature.

is indicates intensi
cation in crystallinity that originates
from the increment of crystalline planes due to the size
enlargement of the particles [18].
e average particle size was
also determined from the full width of the half maximum
(FWHM) peak broadening of the (311) peak of the XRD
patterns using Scherrer formula as follows:

� = 0.9 (��) cos 	, (1)

where� is the crystalline size (nm), � is the full width of the
di�raction line at half of the maximum intensity, � is the X-
ray wavelength of CuK
 = 0.15 nm, and 	 is the Bragg angle
[19]. 
e particle sizes estimated using the Scherrer formula
were found to increasewith the calcination temperature, from
about 19 nm at 773K to about 24 nm at 973K (Table 1).

3.2. EDX Studies. Figure 2 shows the EDX spectrum of
ZnCr2O4 synthesized by the thermal treatment method. 
e
corresponding peaks of Zn, Cr, and O were observed in
the sample which con
rms the formation of ZnCr2O4 and
further con
rmed the results obtained from XRD analysis.

e atomic composition (%) ratios of Zn and Cr were found
to be 15.74% and 29.92%, respectively, which match well the
amount of Zn and Cr used in the respective precursors. 
e
peaks ofAu are originated from the preparation process of the
sample for the EDXanalysis.Moreover, the thermal treatment
method is very e�ective, because no loss of element occurred
in the synthesis process.
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Figure 2: (a) 
e EDX pattern of calcined sample and (b) the atomic composition of synthesized ZnCr2O4.
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Figure 3: TEM image and particle size distribution of samples calcined at (a) 773K and (b) 973K.
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Figure 4: 
e FT-IR spectrum of the calcined samples at temperatures of 773, 823, 873, 923, and 973K.

3.3. TEM Studies. Figure 3 shows the TEM images and crys-
tal size distribution of ZnCr2O4 nanocrystallines calcined at
(a) 773 and (b) 973K. 
e result indicates that the samples
prepared by the thermal treatment method were uniform
in morphology and particle size distribution. 
e spinel
nanoparticles consist of uniform cubic crystallites with an
average size of 19 and 24 nm at temperatures of 773 and 973K,
respectively (Table 1), which are in good agreementwithXRD
results and also show that the particle size increases with
the increase in calcination temperature. 
is suggested that
as the temperature increases, several neighboring particles
fused together to increase the particle size by the melting of
their surfaces [20].

3.4. FT-IR Spectra Studies. 
e FT-IR spectrum of the cal-
cined samples at temperature of 773, 823, 873, 923, and 973K,
with the wave number ranging from 380 to 4000 cm−1, is
shown in Figure 4. 
e IR spectra show the two principle
absorption bands of Cr–O and Zn–O located at around the
range of 490 and 615 cm−1, respectively, for all the calcined
samples. 
ese bonds are associated with ZnCr2O4, and this
indicates the formation of spinel ZnCr2O4 nanocrystals, as
suggested by previously published data. 
ese two vibration
bands Cr–O and Zn–O corresponded to the intrinsic lat-
tice vibrations of octahedral and tetrahedral coordination
compounds in the spinel structure, respectively. 
e absence

of the peaks at 1000–1300 cm−1 and 2000–3000 cm−1 in the
samples con
rmed the nonexistence of the O–H mode, C–
O mode, and C=H stretching mode of organic sources in the
calcined samples [12].

3.5. Optical Properties of ZnCr2O4 by UV-Visible Re
ectance
Spectroscopy. 
e optical di�use re�ectance spectra of
ZnCr2O4 nanocrystals have been recorded using a DR-
UV-vis. Figure 5(a) shows the re�ectance spectra of the
nanocrystals calcined at 773, 823, 873, 923, and 973K in the
wavelength range of 220–650 nm. Two re�ection peaks were

seen at around 375 nm and 542 nm in samples. 
e energy
band gap of the nanocomposites was determined from
the di�use re�ectance spectra using the Kubelka-Munk
function by plotting the square of the Kubelka-Munk func-

tion �(�)2 versus energy and extrapolating the linear part

of the curve to �(�)2 = 0 as shown in samples calcined at
temperatures ranging from 773 to 973K in Figures 5(b)–5(f),
respectively; this yields the direct band gap energy of the
materials [21]. Optical band gaps of 4.03, 4.00, 3.98, 3.90,
and 3.89 eV were obtained for samples calcined at 773, 823,
873, 923, and 973K, respectively (Table 1); the values of
the energy band gaps were found to decrease with increase
in calcination temperature. 
e increase in calcination
temperature causes the increase in the particle size and thus,
this phenomenon may be attributed to quantum size e�ect
[22].

3.6. Electron Spine Resonance Studies. Figure 6 shows the ESR
spectrum of ZnCr2O4 calcined at 773, 823, 873, 923, and
973K. Broad and symmetrical signals which are due to the
presence of unpaired electrons of the conduction electrons
of transition Cr3+ ions located in the B-site in the samples
were exhibited by all the samples at di�erent temperatures,
which indicates that the sample has a paramagnetic property.
It is obvious that the values of �-factor increase from 1.9598
to 1.9616 when the calcination temperature increases from
773 to 973K, respectively (Table 2). 
is indicates that the
internal magnetic 
eld increases with increase in calcination
temperature which suggests that microscopic magnetic inter-
actions increase as particle size increases [23].

It was also found that the resonant magnetic 
eld
decreases in value from 3.3468 × 10−7 to 3.3437 × 10−7 A/m
with an increase in calcination temperature from 773 to
973K, respectively (Table 2). According to the following
equation:

� = ℎ]��� , (2)



Journal of Nanomaterials 5

200 600550500450400350300250
10

20

30

40

50

60

70

80

90

100

Wavelength (nm)

R
e�

ec
ta

n
ce

 (
%

)

773K

823K

827K

923K

973K

(a)

3.7 4.54.44.34.24.14.03.93.8

773K

[F
(R
)h
�
]2

(4.03 eV)

E (eV)

(b)

3.7 4.64.54.44.34.24.14.03.93.8

823K

E (eV)

[F
(R
)h
�
]2

(4.0 eV)

(c)

3.6 4.54.44.34.24.14.03.93.83.7

873K

E (eV)

[F
(R
)h
�
]2

(3.98 eV)

(d)

3.6 4.24.14.03.93.83.7

923K

E (eV)

[F
(R
)h
�
]2

(3.90 eV)

(e)

3.7 4.24.14.03.93.8

973K

E (eV)

[F
(R
)h
�
]2

(3.89 eV)

(f)

Figure 5: (a) Re�ectance spectra of the nanocrystals calcined at temperature 773–973K and plot of the square of Kubelka-Munk function
�(�)2 versus energy (b) 773, (c) 823, (d) 873, (e) 923, and (f) 973K.
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Figure 6: 
e electron spin resonance spectrum of ZnCr2O4 calcined at 773, 823, 873, 923, and 973K.

Table 1:
e average particle size of zinc chromitemeasured byXRD
and TEM compared with the band gap energy for samples calcined
at 773, 823, 873, 923, and 973K.

Calcination
temperature
(K)

Average
particle size
XRD (nm)

Average
particle size
TEM (nm) ±2

Band gap
energy (eV)

773 19 19 4.03

823 19 20 4.00

873 23 21 3.98

923 23 22 3.90

973 24 24 3.89

Table 2: Magnetic parameters of ZnCr2O4 observed for ESR
analysis.

Calcination
temperature
(K)

�-factor Resonance magnetic

eld (A/M)

773 1.95981 3.34678 × 10−7
823 1.96123 3.34436 × 10−7
873 1.96142 3.34404 × 10−7
923 1.96151 3.34388 × 10−7
973 1.96156 3.34380 × 10−7

whereh is Planck’s constant, ] is themicrowave frequency,� is
the Bohrmagneton (9.274 × 10−24 J⋅T−1), and�� is resonant
magnetic 
eld, the resonance magnetic 
eld should decrease
when �-factor increases, whereas the value of ] is constant
in EPR spectroscopy. Increases in �-factor and decreases in
Hr with an increase in calcination magnetization values have
been reported in previous studies of spinel nanoparticles

[24]. In e�ect, as the crystal size increases with increase

in calcination temperature, the Cr3+ ions located at the B-
site in the structure of the samples cause an increase in the
super exchange interaction, which leads to an increase in
the internal magnetic 
eld and decrease in the resonance
magnetic 
eld of the samples [24, 25].

4. Conclusions

Spinel ZnCr2O4 nanocrystals were successfully synthesized
using the thermal treatment method. Particle sizes ranging
from 19 to 24 nm were achieved with calcination tempera-
tures of 773 and 973K, respectively. 
e crystal sizes increase
with increase in calcination temperature. FT-IR spectroscopy
con
rmed the existence of metal oxide bands at all calci-
nation temperatures and the peaks of Zn, Cr, and O were
observed in the EDX analysis which con
rms the formation
of ZnCr2O4. Using the Kubelka-Munk function from UV-
vis re�ectance spectra, the band gap energy of ZnCr2O4 was
estimated to decrease from 4.03 to 3.89 eV as the calcination
temperature increases from 773 to 973K, respectively. ESR
spectroscopy con
rmed the existence of unpaired electrons
and the resonant magnetic 
eld (Hr) and the �-factor values
were also studied. 
e increases in �-factor and decreases in
Hr were observed as the calcination temperature increases
from 773 to 973K which indicates the increase in magnetic
properties of the samples as the particle size increases with
increase in calcination temperature.
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janović, “Spectroscopic study of spinel ZnCr2O4 obtained from
mechanically activated ZnO–Cr2O3 mixtures,” Journal of the
European Ceramic Society, vol. 27, no. 2-3, pp. 903–907, 2007.

[9] X. Niu, W. Du, and W. Du, “Preparation and gas sensing
properties of ZnM2O4 (M = Fe, Co, Cr),” Sensors and Actuators
B, vol. 99, no. 2-3, pp. 405–409, 2004.

[10] I. Esparza, M. Paredes, R. Martinez et al., “Solid State reactions
in Cr2O3-ZnO nanoparticles synthesized by triethanolamine
chemical precipitation,”Materials Sciences andApplications, vol.
2, pp. 1584–1592, 2011.

[11] H. T. Zhang and X. H. Chen, “Synthesis and characterization
of nanocrystallite ZnCrFeO4,” Inorganic Chemistry Communi-
cations, vol. 6, no. 8, pp. 992–995, 2003.

[12] M. Stefanescu, M. Barbu, T. Vlase, P. Barvinschi, L. Barbu-
Tudoran, and M. Stoia, “Novel low temperature synthesis
method for nanocrystalline zinc and magnesium chromites,”
�ermochimica Acta, vol. 526, no. 1-2, pp. 130–136, 2011.

[13] R. G. Chandran and K. C. Patil, “A rapid method to prepare
crystalline 
ne particle chromite powders,” Materials Letters,
vol. 12, no. 6, pp. 437–441, 1992.
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