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Abstract
ZnCo2O4 and ZrO2/ZnCo2O4 composite thin films with (5%, 10%, 15%, 20%) wt ZrO2 are deposited by
the dip-coating
coating technique on glass substrates and silicon substrates. Structural, optical and electronic
properties of synthesized materials were characterized by ultra-violet-visible
ultra
visible spectroscopy (UV-visible),
(UV
X-ray diffraction,
ffraction, Fourier transform infrared spectroscopy and complex impedance spectroscopy. The X
X-ray
diffraction patterns show the spinel structure of ZnCo2O4 with a preferential orientation according to (311).
The average grain size of the samples varies from 19.4 to 16.8 nm. Infrared transmission spectra show bands
400 cm-1 and 800 cm-1 are attributed to M
M-O
O skeletal vibration of mixed oxides. All films exhibit high
transparency (80%) over the visible range. The optical bandgap decreases from 3.62
3.6 eV to 3.521 eV due to
the extent of electronic states introduced by ZrO2 incorporation. The impedance measurements show that the
equivalent circuit of the diagram of ZnCo2O4 films is an RpCp parallel .The resistance RP decreases while the
capacitance CP increases with ZrO2-doping.
Keywords: ZnCo2O4, ZrO2, thin films, Sol-gel,
Sol
Dip-coating.
1. Introduction
ZnCo2O4 has
attracted much attention
in
recent years due to its unique magnetic and
electrical propertiess and chemical stability. These
propertiess are important not only from a
fundamental
ntal point of view, for example
ferromagnetism [1]; and the ability to control carrier
types through the oxygen growth atmosphere[2],
but also for their potential applications, such as
semiconductor magnetic
tic dilution, spin electronics,
optoelectronics, hollow
low structures [3], mesoporous
structures [4], and anode material [5]. Its crystalline
structure is a spinel with Zn2+ occupying the
tetrahedral sites and Co3+ occupying
occupyin the octahedral
sites. Various methods, including physical and
chemical techniques, were
re used to prepare thin
film, nanoscale and thin film ZnCo2O4. Most of the
reported work focused on p-ZnCo
ZnCo2O4 growth and
characterization off their electrical and magnetic
properties [6]. Few works have studied the
heterostructures of ZnCo2O4 [7], but ZnCo2O4’s thin
films remain potential
otential candidates for several
applications [8]. The stoichiometry of the different
chemical elements can be easily controlled by
mixing
ing
the
different
precursors
in
the initial solution.
ion. Low viscosity (in general
general)
provides good molecular homogeneity [9].
Published 13 February 2020

2. Materials and methods
2.1. Preparation of ZrO2/ZnCo2O4 composite
ZnCo2O4 solutions are obtained by mixing two
types of preparations. The first preparation is
obtained by dissolving 2.
2.11 g of Zinc nitrate
hexahydrate (Zn(NO3)2.6H2O) in 20 ml of ethanol.
Magnetic agitation for 10 minutes leads to
the formation of a colorless solution. The second
is an ethanoic solution of cobalt nitrates obtained
by dissolving 4.70 g cobalt nitrates hexahydrate
(Co(NO3)2,6H2O) in 30 ml ethyl alcohol. After mixing
the two preparations, an ethano
ethanolic solution of oxalic
acid, which is prepared by dissolving 0.7g C2H2O4 in
50 ml of ethanol, is added drop by drop. The
mixture is heated slowly at 80°C for 2 h under
magnetic agitation this solution is characterized by a
dark violet color.
ZrO2/ZnCo2O4 solutions were prepared using
5 ml of 70wt% zirconium propoxide Zr(OCH(CH3)2)4
as precursor dissolved in 10 ml of isopropanol
(CH3CHOHCH3) under stirring for 10 min. Then 3 ml
of acetylacetone (C5H8O2) and 50ml of isopropanol
(CH3CHOHCH3) were added to the above solution
under stirring for 1 h. The solution obtained is
transparent, yellowish in color and slightly viscous
(Fig. 1).
). Pyrex substrates of 25×75×1.75 mm3
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were cleaned with distilled water, acetone and
ethanol respectively for 15 min using an ultrasonic
bath and then, dried at 100°C in air. The films were
then deposited by dip-coating at a drawing speed of
50 mm/min.
Zirconium
Propoxide
Zr(OCH(CH3)2)4
(5ml)

Isopropanol
CH3CHOHCH3
( 10ml)

Zn(NO3) 2,6H2O

C2H5OH

Co(NO3)2,6H2O

Stirring 30 min

C2H5OH

Stirring 30 min

Stirring10 min

Sol C2H2O4+ C2H5OH

ZnCo2O4 spinel structure with preferential
orientation according to (311) [10]: The phase has
been shown on the diffractograms display the
characteristic diffraction angles at 18.77°, 31.14°,
36.74°, 40.6°, 44.57°, 55.49°, 59.08°, 65.17°, 75.12°,
77.32° and 79.43° correspond to the planes (111),
(220), (311), (222), (400), (422), (511), (440) (620),
(533) and (622) respectively. Additional diffraction
peaks of the tetragonal structure of zirconium oxide
are detected at 2θ equal to 30.02° and 35.2°
corresponding to the crystal planes (111) and (200)
[11,12].

Acetylacetone
C5H8O2
(3ml)

Isopropanol
(CH3CHOHCH3)
(50ml)

Stirring at 80°C
2 hours

Stirring 1 hour

Sol ZrO2

Sol ZnCo2O4

Stirring 5 hours

Sol

Dip-Coating
Drying (T =100 °C)
Heat-treatment (T =500°)

Fig. 2. XRD patterns of ZnCo2O4 and ZrO2/ZnCo2O4 samples
Thin films ZnCo2O4 :ZrO2

Fig. 1. Schematic diagram of sol–gel synthesis of
ZrO2/ZnCo2O4.

2.2. Characterization
The crystal phase and the crystallite size of
ZnCo2O4 and ZrO2/ZnCo2O4 composite were
determined by X-ray diffraction (XRD) using Rigaku
MINIFLEX 600 with Cu.Kα (λ=1.5406Å) X-ray
diffractometer. The optical transmittance of the
films was measured using UV-1650 Shimadzu
spectrophotometer in the wavelength range from
300nm to900 nm. FTIR spectra of the samples were
recorded using a Shimadzu 8400 spectrometer in
the wave number range from 400 cm-1 to 4000 cm-1.
Impedance measurements were carried out using an
Agilent 4284A LCR-meter operating in the range of
75 KHz-1MHz with oscillation amplitude of 1V.
3. Results and discussion
3.1. X-ray diffraction studies
Fig. 2 shows the X-ray diffraction patterns of
ZnCo2O4 and ZrO2/ZnCo2O4 samples annealed at
450°C for 2 h. All reflections can be indexed to the
ZnCo2O4 (JCPDS #23-1390) centered cubic with
Published 13 February 2020

The average crystallite sizes are calculated at
half-maximum intensity using Debye–Scherrer
formula [13].
D=

0.9l
bcos

(1)

Where D is the grain size, λ is the wavelength of the
X-ray radiation (λCu-Kα = 1.541874 Å), β is the full
width at half maximum (FWHM) and θ is the Bragg
angle. Table 1 summarizes the structural
parameters.
Table 1. Crystallite sizes of undoped and ZrO2-doped
ZnCo2O4.
Samples

2

FWHM

D

B(rd)

τ (Å)

0%
5%
10%
15%
20%

36.69
36.741
36.869
37.11
36.67

0.43
0.42
0.56
0.54
0.50

2.44
2.44
2.43
2.54
2.44

0.0075
0.0073
0.0097
0.0094
0.0087

19.49
20.02
15.07
15.57
16.80

From Table 1, it is observed that the
crystallite size of materials decreases (from 19.49 to
16.80 nm) when the ZrO2 amount increases (from 0
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3.2. FT-IR spectroscopy
FTIR spectra of thin films are shown in Fig. 3.
The bands between 400 cm-1 and 800cm-1 are
attributed to M-O vibration skeletal mixed oxides. In
particular, the 483 cm-1 band is the characteristic
peak of ZnO and 680 cm-1 (ν1), 582 cm-1 (ν2) are
derived from the M-O stretching vibration modes for
tetrahedral coordination of Zn and Co-O ions for
octahedral Co, respectively, which confirms the
formation of the spinel structure characteristic
peaks of the ZnCo2O4 phase [15-16].Two wide bands
at 3434 cm-1 and 1634 cm-1 appeared due to O-H
stretching and bending frequencies, respectively,
mainly due to the presence of water molecules in the
samples[17]. The peak at 2343 cm 1 is attributed to
the vibration of absorbed CO2 from the ambient air
[18].

ZrO2:ZnCo2O4

1600

2000

2400

3434

1200

2343

1400

800

1634

400

1510

582

680

Transmittance (a.u)

T(%)

2800

3200

3600

ZnCo2O4
ZnCo2O4: ZrO2 (5%)
ZnCo2O4: ZrO2 (10%)
ZnCo2O4 : Zro2 (15%)
ZnCo2O4 : Zro2 (20%)

1000

1500

2000

2500

3000

3500

4000

Wavenumber (cm-1)

Fig. 3. FT-IR spectra of ZnCo2O4 and ZrO2/ZnCo2O4 films

3.3. UV–Visible spectroscopy
Fig. 4 shows transmission spectra of the
ZnCo2O4 and ZrO2/ZnCo2O4 films. The transmission
spectra have a general shape characterized by the
presence of two distinct regions. We note that the
films have a good transparency in the visible 7590%, which varies slightly with zirconium oxide
doping. This indicates a good optical quality of the
deposited layers and shows a negligible effect of
light diffusion and/or losses due to absorption. The
first region shows a high transmittance with an
average transmission over transparency over a wide
range of wavelengths from 400 to 900 nm. This high
transparency is one of the properties that explain
the interest in thin layers of ZnCo2O4 as a
transparent conductive material.
Published 13 February 2020
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ZnCo2O4: ZrO2 5%
ZnCo2O4: ZrO2 10%
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ZnCo2O4: ZrO2 20%

60

40

20

0
300

400

500
600
700
Wavelength (nm)

800

900

Fig. 4 UV–visible spectra of ZnCo2O4 and ZrO2/ZnCo2O4
films

In the second region 300-400nm, the
transmittance decreases due to absorption by the
inter-band electronic transitions. A region of high
absorption (λ=350 nm), which is due to the
absorption of radiation by the free load carriers in
the film, through inter-band electronic transitions.
The transmission variation in this region is used to
determine the optical gap. This region of strong
absorption is exploited to determine the optical
band gap (Eg) using Tauc formula [19]

4000

Wavenumber (cm-3)

500

100

Transmission (%)

to 20 wt %). The introduction of ZrO2 into the
ZnCo2O4 matrix probably disrupts crystallization
and slows the growth rates of crystals as observed in
later studies [14].

(a hu) =

hu-

(2)

Where A is a constant, hν is the photon energy and
m = 2 for direct allowed electronic transition. The
bandgap energy of the different samples was
obtained by extrapolation from the graphs of Fig. 5,
representing (hν)2 versus energy (eV).
Fig. 6 shows the variation in the Eg optical
gap as a function of the ZrO2 incorporation
rate. Based on the rate of these spectra, the optical
gap of the ZnCo2O4 layers decreases with the
increase of the ZrO2 doping rate from 3.62 eV for the
undoped up to 3.51 eV for the sample with 20% of
ZrO2, This is mainly due to distortions in the
network caused by the introduction of impurities
and the increase in the concentration of free
electrons.
Refractive index and porosity of the prepared
films are also calculated (Table 2) respectively by
the means of the following relations (Eqs. (3) and
(4) [20-21]:
3
(3)
=
2

© 2020 Madras Journal Series Pvt Ltd

20
%= 1

1
× 100(%)
1

(4)

26

Adv. Mater. App. 5 (2020) 24-30

Kharroubi et al

4
ZnCo2O4 : ZrO2 15%
3
4
ZnCo 2O 4 : ZrO 2 15%
3

2

2

(a h n)

(a h n)2

Where n is refractive index of the film, nd is
refractive index of free-pore matrix (nd = 2.8) and P
is porosity % [22].
Table 2 resumes the values of the optical gap,
refractive index and porosity of the samples
ZnCo2O4. These results show that the increase of
zirconium oxide doping concentration leads to an
increase of the refractive index and decrease in the
porosity, of the film, which can be justified by the
crystallization and the densification of the material.
It indicates the removal of pores and the
densification of the associated film as well as the
removal of organic compounds [23-26].
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Fig. 5. Plot of (αhν)2 versus hν of ZnCo2 O4 and
ZrO2/ZnCo2O4 films
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Fig. 6. Variation of the optical gap of of ZnCo2O4 and
ZrO2/ZnCo2O4 films
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Fig. 7. Values of n and P of ZnCo2O4 and ZrO2/ZnCo2O4films.
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Table 2. Values of the optical gap, refractive index and
porosity of ZnCo2O4 and ZrO2/ZnCo2O4 films

ZnCo2O4
ZnCo2O4: ZrO2
(5%)
ZnCo2O4 : ZrO2
(10%)
ZnCo2O4 : ZrO2
(15%)
ZnCo2O4 : ZrO2
(20%)

Gap
(eV)
3.62

Refractive
Index(n)
2.247

Porosity
P(%)
24.276

3.56

2.260

23.170

3.55

2.2628

22.983

3.53

2.267

22.607

3.51

2.271

22.227

ZnCo2O4
ZnCo2O4 : ZrO2 (5%)

350

ZnCo2O4 : ZrO2 (10%)
ZnCo2O4 : ZrO2 (15%)

300

(4)

R

Table 3. Values of fc, RP and CP of ZnCo2O4 and
ZrO2/ZnCo2O4films.
Samples
fc(KHz) Rp(Ώ)
Cp(nF)
Undoped ZnCo2O4
519
298
10.29
ZnCo2O4: ZrO2 (5%)
519
278
11.03
ZnCo2O4 : ZrO2 (10%)
519
241
12.89
ZnCo2O4 : ZrO2 (15%)
519
236
13.05
ZnCo2O4 : ZrO2 (20%)
519
201
15.41

1,6
300

RP
CP

1,5

280
1,4
260

1,3

240

1,2

220

1,1

200

1,0
0

5

10
Percentage (%)

15

20

Fig. 9. Evolution of resistance and capacitance of ZnCo2O4
and ZrO2/ZnCo2O4films.

ZnCo2O4 : ZrO2 (20%)

250
-Z''(ohm)

2πf

CP(n F)

3.4. Impedance spectroscopy
The results show that the resistance of grain
joints increases as the doping rate increases. This
variation is due to the introduction of defects in
films, which increases the potential barrier between
adjacent grains. The variation in capacity is related
to the formation of oxygen gaps at the interface of
these grease seals. In addition, the decrease in
capacity is linked to a good crystallinity in the
film. This corresponds to a denser and well
crystallized film while reducing the concentration of
interface defects on the grain surface. The height of
the potential barrier between adjacent joints is
modified.
Figure 8 shows Nyquist’s presentation of the
thin layers of ZnCo2O4 and ZrO2/ZnCo2O4 doped with
zirconium oxide, annealed for 1 hour.

1

Where fc is the frequency of the external applied
field at the apex of the circular arc. The resistance Rp
was determined by the intersection of the Nyquist
plot with the real axis. Table 3 resumes the values of
fc, Rp, and Cp for synthesized films. The resistance
decreases reaching a value of 51 Ω when the
incorporation rate of ZrO2 is increased to 20%.

Rp (ohm)

Samples

C =

200
150
100
50
0
0

100

200

300
Z'(ohm)

400

500

600

Fig. 8. Nyquist representation of impedance data of ZnCo2O4
and ZrO2/ZnCo2O4 films.

The Nyquist plots suggest that the equivalent
circuit is an RpCp parallel, where Cp is the
capacitance of the layer and Rp the corresponding
resistance. The capacitance of the zirconium oxide
doped ZnCo2O4 samples was determined from the
following equation (4):
Published 13 February 2020

We note that the resistance of the films varies
between 298 and 201 Ώ, while the capacity varies
between 10.29 and 15.41 nF. The increase in
capacity indicates a high concentration of oxygen
gaps on the grain surface, due to the substitution of
Co2+/Co3+ and Zn2+ ions by Zr3+ ions, which is a
continuous path for load carriers and reduces film
resistance [28]. The decrease in the thickness of the
films of the samples annealed for a long time, allows
one to have a good crystalline growth and the size of
the crystallites gradually grows under the effect of
annealing to 450°C during 1h. The number of grain
joints decreases and the concentration of defects is
sufficiently reduced resulting in a decrease in
capacity [29].
4. Conclusion
ZnCo2O4 and ZrO2/ZnCo2O4 thin films were
synthesized by sol-gel process from the
corresponding metal nitrates and deposited by dip-
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coating technique. For the identification of the
crystalline phases formed as well as the
determination of the properties of the thin films
produced, we used several characterization
techniques, such as X-ray diffraction (DRX), optical
transmission
spectroscopy
(UV-Visible
and
Infrared), complex impedance spectroscopy. The
deposited layers of ZnCo2O4 and ZrO2/ZnCo2O4
showed spinel structure of ZnCo2O4 with
preferential orientation according to (311). In
addition, the obtained layers show a good
transmission of the order of 75 to 90% in the visible
and the optical gap (Eg) varies from 3.62 eV for
ZnCo2O4 undoped to 3.51 eV for ZnCo2O4:ZrO2 (at
20%). The infrared spectra obtained for the
different ZrO2 incorporation rates show bands at
400 cm-1 and 800 cm-1, which are attributed to M-O
skeletal vibration of mixed oxides. The complex
impedance spectroscopy indicates that the effect of
the grain joints is dominant in the conduction
mechanism; we also note that the equivalent pattern
of ZnCo2O4 films for each incorporation rates is a
parallel RC circuit.
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