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ABSTRACT: Cu-Zn ferrite with composition Cu0.6Zn0.4Fe2O4 was synthesized by oxalate co-precipitation 
method. Pre-sintering andsintering of resulting powder was carried out at3000C for 2hr and 600o C for 4 hrs. 
The ferrite sample characterized by X- ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), 
Field emission scanning electron microscopy (FESEM), Energy dispersive X-rayanalysis (EDAX). The formation 
of single phase cubic spinel structure of ferrite was confirmed by XRD analysis.The Debye-Scherrer formula was 
used to calculate the crystallite size of the ferrite. The FTIR spectrum shows two major absorption bands 
suggested by Waldron. Nano ferrite formation was approved by morphological analysis.EDAX spectra shows the 
appearance of appropriate elemental composition in the ferrite.  

 

  Keywords: Cu-Zn ferrite, Co-precipitation method, XRD, FTIR, FESEM  

 
I. Introduction 
 Soft ferrites are the important class of magnetic material exhibitsexcellent electrical and magnetic 
properties as compared to other materials and have several applications in various fields such as 
electronics, optoelectronic, electrical, automobile, medical, environment etc. The properties of ferrites are 
sensitive to various parameters such as synthesis technique, sintering temperature, sintering atmosphere 
[1], sintering time [2],concentration of dopant, impurity doping[3],cation distribution[4,5] etc. 
 Zinc substituted ferrites have been extensively studied because of its interesting electrical and 
magnetic properties.Several researchers have been studied properties of Ni-Zn [6-8], Mg-Zn [9, 10], Mn-Zn 
[11, 12],Co-Zn [13], Li-Zn [14, 15] ferrites.Most of the researchers synthesized Cu-Zn ferrite by ceramic 
technique [16-18].A little work has been carried out on properties of Cu-Zn ferrites prepared by chemical 
methods [19-23].Copper ferrite exhibits inverse spinel structure whereas zinc ferrite exhibits normal spinel 
structure, belonging to the Fd-3m space group and crystallize in face-centred cubic structure. Zinc ferrite 
material shows an abnormal anti-ferromagnetic behavior havingnearly 10 K Neel 
temperature(TN).Structural and magnetic properties of spinal ferritesinfluences by Zn2+ substitution.It was 
found that Zn2+substituted copper ferrite shows improved structural, electrical, optical and magnetic 
properties [4, 5, 24-31]. On account of cation distribution, Zn2+ ions strongly occupy the tetrahedral site 
whereas Cu2+ ions occupy to octahedral site while Fe3+ ions can accommodate to both tetrahedral and 
octahedral sites [32].  

Cu-Zn ferrites has wide range of applications because of their fascinating properties and hence they 
are widely used to fabricatethe electronic components such as transformer cores, radio frequency coil, 
antennas, and magnetic core of read-write heads for high speed, sensor, switches, isolators [33] etc. These 
ferrites has excellent soft magnetic properties at high frequencies and high electrical resistivity [20]. 
 Smay et al. [34] have shown that electrical and magnetic properties of Cu-Zn ferrites are influenced 
by the substitution of Nd3+ ions. Abbas et al. [35] have been prepared Cu-Zn ferrites by solid state reaction 
method and shows that lattice parameter, X-ray density, grain size, bulk density and porosity were changed 
with sintering temperature. Effect of zinc substitution on microstructure and magnetic properties of Cu-Zn 
ferrites were reported by Rana et al. [24]. They observed that the porosity, grain size,Curie temperature and 
coercivity of Cu-Zn ferrites were decreases withincreasing Zn2+ content.Samy [37] synthesized rare earth 
substituted Cu-Zn ferrite by ceramic technique. He observed that electrical resistivity, initial permeability 
and homogeneity increases whereas magnetization and energy loss of ferrites decreases with increasing 
rare earth content.  
 In present work, we prepared Cu-Zn ferrite by oxalate co-precipitation technique at lower sintering 
temperature and studied its structural properties 
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II. Experimental 
 Soft ferrite with chemical formula Cu0.6Zn0.4Fe2O4 was synthesized by oxalate co-precipitation 
method. Thomas Baker make AR grade chemicals such as copper sulfate (CuSO4-5H2O, 99.0%), zinc sulfate 
(ZnSO4-7H2O, 99.0%), iron sulfate (FeSO4-7H2O, 99.5%) and ammonium oxalate (COONH4)3-H2O, 99.5%) 
were used for the synthesis of ferrite material. Initially required amount of sulfates were weighed using 
digital microbalance and dissolve in double distilled water. The process of complete dilution of chemicals 
was obtained by adding drop wise con. H2SO4. For molecular level mixing,solution was heated until 
itsvolume reduces to its half.The precipitate of mixed metal oxalates was obtained by adding saturated 
solution of ammonium oxalates into the cooled solution of sulphates. The precipitated solution was placed 
on the sand bath for digestion. TheBuckner funnel with 41 size Whatman paper followed by vacuum pump 
was used to filtrate the precipitated solution.In order to remove sulphate ions, the precipitate was washed 
several times.The assurance of removal of sulphate ions was analyzed by using barium chloride test.The 
resulting precipitate was dried by exposing it with UV light for 2 hrs. The dried powder was pre-sintered at 
300oC for 2 hrin muffle furnace. The pre-sintered powder was milled in agate mortar with acetone base for 
1 hr and sintered at 600oC for 4 hrs. Finally sintered powder was milled in agate mortar using acetone. 
 The structural properties of prepared ferrite were investigated by using X ray, FESEM, EDAX and 
FTIR tools. The crystalline phase of ferrite nanoparticles was determined by X-ray diffractometer (Philips 
EXPERT MPD), Cu-Kα (λ = 0.154 nm) source, in the range of 20–80o. The morphological study of the ferrite 
was done by using a FE-SEM (Zeiss Ultra 55 FE-SEM with Oxford EDX system). Perkin– Elmer 
Spectrophotometer (Model 783) was used to obtain FTIR spectrum of the ferrite. 
 The elemental analysis of ferrite material was carried out by using EDAX (Zeiss Ultra 55 FE-SEM 
with Oxford EDX system). 
     
III. Result and discussion 
 

3.1 XRD analysis 
 The X- ray diffraction pattern ofCu0.6Zn0.4Fe2O4 is shown in Fig. 1. The presence of (111), (220), 
(310), (311), (320), (400), (420), (421), (422), (500), (511), (440) and (442)peaks confirms the formation of 
single phase cubic spinel structure of desired ferrite. Lattice constant (a) of ferritewas calculated for most 
intense peak (311)using Bragg’s formula and presented in the Table 1. It is observed that lattice constant 
(8.4471 Å) of the ferrite is slightly higher than reported for ceramic method [37]. This may be due to effect 
of synthesis technique of the ferrite under investigation. 
 

 
Fig. 1 – XRD pattern of Cu0.6Zn0.4Fe2O4 system 

 

The X-ray density (ρx) of the ferrite was obtained by using the relation 

                                                                               
3x

Na

8M
ρ                                (1) 

                                               Where, 
                                                       M is the molecular weight,  
                                                       N is an Avogadro’s constant 
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It observed that X- ray density (5.3022 gm/cm3) of the ferrite is 98 % higher than that of reported for bulk 
density[17, 18, 22, 38]. Li et al. [21] synthesized Cu-Zn ferrite by the sol-gel auto combustion method. They 
reported that the lattice constant and X-ray density of Cu0.6Zn0.4Fe2O4are 8.4273 Å and 5.3286 
gm/cm3respectively. These values are closely agreed with our resulting values. 
The crystallite size (D) of Cu0.6Zn0.4Fe2O4 was calculated for (311) plane using Debye Scherrer formula 
[40]. 

                                                                                βcosθ

0.94λ
D 

                             (2) 
Where λ–Wavelength of X- ray, 
θ- Braggdiffraction angle  
β-full width at half maximum (FWHM). 
The bond lengths (A-O, B-O), ionic radii (rA, rB) [41] and hopping lengths (LA, LB) [42] on tetrahedral (A) 
and an octahedral(B) sites of the ferrite were calculated by using the following relations   

    𝐀 − 𝐎 =  𝐮 −  
𝟏

𝟒
 𝐚𝟏/𝟐  (3) 

    𝐁 − 𝐎 =  
𝟓

𝟖
−  𝐮 𝐚  (4) 

                                                          𝒓𝑨 =  𝒖 −
𝟏

𝟒
 𝒂 𝟑 − 𝒓𝟎  (5) 

     𝒓𝑩 =  
𝟓

𝟖
− 𝒖 𝒂 − 𝒓𝟎  (6) 

     𝑳𝑨 = 𝒂 
𝟑

𝟒
    (7) 

     𝑳𝑩 = 𝒂 
𝟐

𝟒
-      (8) 

 
Crystallite size (D), bond lengths (A-O, B-O), ionic radii (rA, rB)and hopping lengths (LA, LB) of 
Cu0.6Zn0.4Fe2O4are presented in the Table 1. From table it is seen that the crystallite size of the ferrite lies 
in the nano-crystalline range (24.54 nm). It is revealed that the crystallite size of the ferrite is lower than 
that reported for ceramic [2, 37, 39] and sol-gel auto-combustion method[19, 21, 27, 40,43, 44,].This is 
attributed to effect of sintering temperature and duration followed during the preparation of ferrites.In 
ceramic method ferrites are obtained at higher sintering temperature (greater than 800 0C, 4 to 12 hr) [4, 
34, 37, 38, 45, 46] whereas in sol-gel auto combustion method ferrites sintered near about 10000C for 
4hr[44], 6500C for 4.5 hr [43], 14000 C for 2 hr [47] and 7500 C for 5hr [48]. In present work, it is clear that 
ferrite can be synthesized at lower sintering temperature as compared to othertechniques. 
 The bond length and the ionic radii on B site are greater than that of A site(table 1) and which is 
expectedsince octahedral site is larger than tetrahedral site. Also hopping length of A site is greater than 
that of B site (table 1). 

 
Table 1: Structural parameters obtained from X- ray data of Cu0.6Zn0.4Fe2O4 system. 

Lattice 
constant 

a 
(Å) 

Crystallite 
size 

D 
(nm) 

X-ray 
density 

ρx 

(gm/cm3) 

Ionic radii 
(Å) 

Bond length 
(Å) 

Hopping 
length 

(Å) 

rA rB A-O B-O LA LB 

8.4471 24.54 5.3022 0.598 0.740 1.918 2.060 7.315 5.973 

 
3.2 FTIR analysis 

Fig. 2 shows the FTIR spectrum of Cu0.6Zn0.4Fe2O4system. The presence of characteristic bands 
υ1 and υ2 near 600 cm–1 and 400 cm–1corresponding to tetrahedral and octahedral complexes confirms 
the formation of spinel ferrites[20].The band at 550.75 cm-1 is assigned to the vibrations between the 
tetrahedral metal ion and the oxygen ion (Mtetra-O) and the position at around 428.95 cm-1 is assigned to 
the vibrations of the band between octahedral metal ion and oxygen ion (Mocta-O). [16,23]. Similar results 
are reported by  Guner et al. [19] for Cu-Zn ferrite prepared by citric acid assisted sol–gel auto combustion 
process. The appearance of band position at 379.455 cm-1may be due presence of copper ions at octahedral 
sites. Such types of band positions are also observed in the spectra of Cu-Zn ferrites prepared by standard 
double sintering ceramic method [49].    
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Fig. 2 –FTIR spectrum of Cu0.6Zn0.4Fe2O4 system 

 

3.3 FESEM 
The micro-photograph of Cu0.6Zn0.4Fe2O4system is presented in Fig. 3. Photograph clearly 

showsthe formation of spherical grains and confirms that the sintering temperatures as well as sintering 
period are sufficient to prepare ferrite.The grain size of the ferrite was calculated by using the linerintercept 
method and isabout 50.66nm. It is observed that crystallite size and grain size of the ferrite lies in nano-
scale range. This indicates that the co-precipitation methodyields nano-size ferrite material at lower 
sintering temperature.It is reported that grain size of the ferrites prepared by ceramic method lies in the 
micrometer range [2, 37, 17, ] whereas that prepared by chemical methods lies nearly above hundreds of 
nanometer range [43, 40, 44].    

 
Fig. 3 – Field Emission Scanning Electron Microscopy of Cu0.6Zn0.4Fe2O4 

 

3.4 EDAX analysis 
The EDAX of Cu-Zn ferrite with composition Cu0.6Zn0.4Fe2O4ispresented in Fig. 3. From this 

spectrum, it is clear that there is a formation of desired ferrite in required stoichiometric ratio. It is also 
confirms that there is no any impurity phase observed in the spectrum. The elements present in the ferrite 
system according to weight % and atomic % are tabulated in table no. 2. 

 
Fig. 4 – EDAX spectrum ofCu0.6Zn0.4Fe2O4 
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Table No. 2 – Weight % and atomic % of elements obtained by EDAX 
Element Weight % Atomic % 

O K 30.82 62.05 

Fe K 45.45 26.23 

Cu K 9.60 4.86 

Zn K 13.94 6.86 

Total 100 100 
 

Conclusion  
 Nano-size copper-zinc ferrite material with composition Cu0.6Zn0.4Fe2O4 was successfully 
synthesized by oxalate co-precipitation technique at lower sintering temperature. X- ray diffraction analysis 
confirms the formation of single phase cubic spinal structure without any impurity phase.The presence of 
two absorption bands near about 400 cm-1and 600 cm-1 in FTIR spectrum confirms the well formation of 
spinel nano-ferrite. Microphotographs obtained from FESEM shows formation of nano-ferrite material. 
EDAX shows,resultant ferrite material obtained in required stoichiometric proportion. 
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ABSTRACT: A modified low temperature chemical deposition strategy is employ for the preparation of 
nanocrystlline zinc ferrite thin film on pre-cleaned glass substrate. Such deposition method is relatively less 
pricey and convenient for large area deposition. The crystal structural and chemical structure analysis of zinc 
ferrite thin films is investigated by X-ray diffraction and FTIR spectroscopy techniques respectively. XRD study 
clearly shows the formation of cubic spinel structure.  

 

  Keywords: Deposition, Zinc ferrite, FTIR Spectroscopy, XRD, Cubic Spinel Structure  

 
I. Introduction 
 Materials science in a primitive form is one of the oldest forms of engineering and applied science. 
In other terms, materials science is defined as the one which is concerned with the relation of composition, 
structure, processing of materials, their properties and uses. Chemistry plays a fundamental role in 
interdisciplinary field i.e. material science. Study of this field helps to correlate the chemical and physical 
properties of thin films and thus in solving variety of problems of practical and technological importance, it 
also offers to synthesize material having improved properties of thin films provides base for developing new 
applications. This branch of science has been utilized in studying the various aspects of materials as 
synthesis, characterization and applications to fulfill the need of human being. 
 To face upcoming challenges in twenty first century, we require the miniaturization of device in to 
nanometer sizes when their ultimate performance gets dramatically enhanced. In 1959, Richard Feynman 
said that, “ There is plenty of room at the bottom” and introduced  for the first time concept of 
nanotechnology. He suggested that the manipulation of individual atom could be revolutionary to science. In 
recent years, nonmaterial’s have attracted great attention from chemists, physicists and technologists due to 
their unique combinations of mechanical, thermal, electronic, optical, magnetic, and chemical properties. 
The prefix ‘nano’ in the world of nanotechnology means a billionth (1x10¯9) part. Nanotechnology deals 
with various structures of matter having dimensions of the order of a billionth size. The main emphasis on 
the synthesis, characterization and study of the variations in properties finds application in favor of human 
kind [ 1-4]. It is mentioned that, ‘ the small is beautiful’ due to shape, color and properties of nanosized 
materials [5,6]. Fundamentally, the nanoscience and nanotechnology are the parts of the material science. 
The nanosized materials are distinguished from bulk polycrystalline materials by the size of crystallite that 
composes it. When dimension of the particles is smaller than 100 nanometers, it is termed as nanomaterial. 
These are not only interesting from the scientific point of view but also hold great potential for varied 
applications. A nanocrystalline material might be ceramic. Metallic oxide, semiconducting material or alloy   
 Ferrite may be defined as magnetic material composed of oxide containing ferric ions as the main 
constituents along with other divalent or trivalent metal ions. Ferrite materials have along history in their 
preparation and applications. 
 

Types  of ferrite 
(i) Soft Ferrites 
(ii) Hard Ferrites 
(iii) Spinel Ferrites 
(iv) Garnet ferrites 
(v) Magnetoplumbite ferrites  

 
Modified Chemical Deposition Method (M-CDM) : 

In this modified chemical deposition method (M-CDM), thin films are obtained by immersing 
substrate into separately placed cationic and anionic precursors (rising between every immersion with 
distilled water is an option). The collection of (ions) substance on the surface of another substance is known 
as adsorption. [7] 
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II. Experimental setup 
Fig.1.exhibits schematic experimental set-up used for the deposition of the NiFe2O4 thin films. M-CDM setup 
consists of two containers for both precursors, usually a glass beaker, fixed in a water bath. The water bath 
is kept on the magnetic stirrer equipped with temperature control set up in order to maintain the desired 
temperature using temperature controller Selec DC-204. The substrates were alternately immersed in 
beakers containing the precursor solutions. 
 

 
Fig.1. Schematic presentation of M-CDM 

 

Define abbreviations and acronyms the first time they are used in the text, evenafter they have been defined 
in the abstract. Abbreviations such as IEEE and SI do not have to be defined. Do not use abbreviations in the 
title or heads unless they are unavoidable. 
 
Nature and cleaning of substrate 
  For gas sensing the ZF thin films were deposited on the glass substrates. Substrate cleaning plays in 
important role in the deposition of thin films. Extreme cleanliness of the substrate was required for M-CDM 
because, contaminated surface provides nucleation sites facilitating growth resulting into non-uniform films 
with different orientation and impurities. The glass micro slides of dimensions 75 mm x 10 mm x 1.35 mm 
have been used as the substrates. The following procedure has been adopted for cleaning the substrates : 
[1] The glass slides were washed with detergent and distilled water, 
[2] Then dipped in concentrated chromic acid for 5 hours, 
[3] The substrates were washed with double distilled water. 
[4] Then substrates were ultrasonically cleaned for 15 min, and 
[5] Finally, the substrates were dried, rinsed in AR grade acetone and were used for deposition. 
 
2.1 Synthesis of zinc ferrite thin films : 
  The deposition of ZF thin films was done on micro glass slides. Two-beaker system was used for 
the deposition onto the glass substrate by alternate immersion of substrate in cationic precursor and 
anionic precursor. The cationic precursor contains Ni²+ and Fe²+ in 1:2 proportions. The aqueous ammonia 
solution (29%) was used to adjust the alkaline pH of cationic precursor. It acts as complexing agent. First, 
the ultrasonically cleaned glass substrate was immersed in cationic precursor for 30 seconds termed as 
Adsorption period, so as to get zinc and iron hydroxides adsorbed onto the substrate. Double distilled water 
was used as anionic precursor maintained at 27° C Afterwards the substrate was rinsed with anionic 
precursor for 30 seconds termed as Reaction period. During reaction period the oxygen ions reacted with 
pre-adsorbed hydroxides species. These thin films were dried by hot air after each cycle, which results into 
oxidation of some of the Fe+²  To Fe+ ³ along with that iron ox hydroxide (goethite ) also formed as required 
to form ZF [8] This completes one deposition cycle; such types of numbers of depositon cycle were required 
for the ZF thin films. These thin films were air annealed at 450 ° C for 5 hours to form ZF thin film with cubic 
spinel phase by removing any hydroxide content. Fig.2. shows (A) as prepared and (B) annealed ZF thin film. 
The Ni Fe2O4 thin film prepared.     
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Fig.2. ZF thin film (A) as prepared and (B) annealed 

 

All the preparative parameters for the ZF thin films of various compositions are listed in following table.1. 
 

Table .1.Preparative parameters of ZF thin films 
Compositions 
of thin films 

pH Bath temperature (°C) 
Deposition 

Cycles 
Adsorption and 

reaction period (Sec) 

ZnFe2o4 9.50 55 42 30 
 

Mechanism of film formation  
The reaction of ZF thin films formation by M-CDM is represented by the following reaction First, the 
ultrasonically cleaned glass substrate was immersed in cationic precursor for 30 sec, so as to get zinc an 
iron hydroxides adsorbed onto the substrate. The reactions takes place same as, 
 

ZnCl2 + 2NH4  OH → Zn OH 2 + 2NH4Cl 
FeCl2 +  2NH4OH → Fe OH 2 +  2NH4Cl 

Afterwards the substrate was rinsed with anionic precursor (double distilled water kept at 27 °C, for 30 sec, 
during reaction period the oxygen ions reacted with pre-adsorbed hydroxides of zinc and iron on the glass 
substrate and also to remove loosely binded hydroxides species. These thin films were dried by hot air after 
each cycle which results into oxidation of some of the Fe+² to Fe+³ along with that, iron ox hydroxide 
(geothite) also formed as required to formed as required to form ZF[8,9]. 
                                                           𝐹𝑒 𝑂𝐻 2(𝑂𝐻)_2              𝑂2(𝐻𝑜𝑙.𝐴𝑖𝑟)        𝐹𝑒𝑂𝑂𝐻 +  𝐻_2 𝑂 ↑ 
Hot air drying improved adherence of the film. This completes one deposition cycle of ZF thin films by M-
CDM. Such types of multiple cycles were carried out. Finally, films were air annealed at 450 °C, to form pure 
ZF thin films with cubic spinel phase by converting hydroxide content. 

  Zn OH 2 +  2FeOOH             450°c                     ZnFe2O4 +  2H2O ↑ 
 
 

Changing the number of deposition cycles thickness of the film was controlled                                        
 
3. Results and Discussions 
3.1 X-ray diffraction study : 
 

 
Fig.3.X-ray diffraction pattern of ZF thin films 

 

 X-ray diffraction technique was used to investigate the structural identification, lattice parameters 
determination, phase and crystallite orientation of the material. Fig.3.shows the X-ray diffraction pattern of 
ZF thin films annealed at 450 °C for 5 hours. The sharp peaks indicate that, the well crystallized nature of 
ferrite. The XRD pattern oriented with high intense (311) plane which is the characteristic peak of the spinel 
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phase of ZF thin films. Other orientations corresponding to (220), (400), (511) and (440) planes are also 
present with relatively lower intensities compared to that of (311) plane are in best agreement with the 
cubic spinel (JCPDS card no:74-2397). This confirms that zinc ferrite phase has been formed.    
 

3.2 FT-IR Spectroscopy analysis 

 

 
 

 Fig.4.FTIR spectroscopy is used to detect the composition of the solid state reaction and study metal 
ion distribution in the material. Fig.4.shows the FT-IR spectrum of annealed ZF thin film. These spectra are 
taken in KBr, with sample to KBr ratio 1:300. In case of ferrite, two bands are observed around 400 cm-1 and 
600 cm-1. There are observed values of octahedral band at lower frequencies 377 cm-1 due to vibration of M-
O group and tetrahedral frequencies at around 577 cm-1 (hide due to peak broadening & can be separated 
by curve fitting). Thin film has tetrahedral peak and weak octahedral peak. This confirms stable oxide of 
Zinc ferrite formed. 
 
4. Conclusion: 
 A modified chemical deposition method is utilized for the synthesis of nanocrystalline zinc ferrite 
thin films onto glass substrates at low temperature i.e 55°C temperatures. This method is relatively less 
expensive and convenient for large area deposition of metal oxide films. Nanocrystalline Zine ferrite films 
have been deposited onto the glass substrates using zinc (II) Chloride and iron (II) chloride as cationic 
precursors. Double distilled water was used as an oxidizing agent. The structural and infrared 
characterizations of the films were studied using X-ray diffraction (XRD) and FT-IR spectroscopy. The 
results show that modified chemical deposition method (M-CDM) is successfully employed for the 
preparation nanocrystalline ZnFe2O4  thin films with spinel phase. 
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ABSTRACT: Ni-Cu-Zn nano-ferrite with composition Ni0.7Cu0.1Zn0.2Fe2O4 was synthesized by wet chemical rout. 
The structural parameters such as lattice constant (a), crystallite size (D), bond lengths (A-O, B-O), ionic radii 
(rA, rB), X- ray density (ρx), hopping lengths (LA, LB) were obtained from X- ray diffraction analysis. The presence 
of allowed planes in the X- ray diffraction pattern confirms the formation of single phase cubic spinel structure. 
It was found that the values of lattice constant and X-ray density of the ferrite are similar than that reported for 
ferrite prepared by citrate precursor method followed by microwave sintered technique. Crystallite size of the 
ferrite lies in nano-size range and which is much lower than that reported for ferrites prepared by ceramic as 
well as citrate precursor methods. Bond length (B-O) and ionic radii (rB) on octahedral site are higher than that 
of observed for tetrahedral site. Hopping length of ferrite on tetrahedral (A) site is higher than that of 
octahedral (B) site.  

 

  Keywords: nano-ferrite; wet chemical route; Ni-Cu-Zn ferrite; X-ray diffraction  

 
1.  Introduction 
 Recently researchers in different fields are engaged in the development of nano-materials in the 
form of nano-ferrites. A nano-ferrite material has excellent and improved properties as compared to that of 
reported for bulk materials. These materials are technologically important and used in many applications 
such as including magnetic recording media and magnetic fluids for the storage and or retrieval of 
information, magnetic resonance imaging (MRI) enhancement, magnetically guided drug delivery, catalysis, 
sensors and pigments [1-3]. Recently instead of Ni-Zn and Mg-Zn nano-ferrites, there is a growing interest 
on the synthesis of copper substituted nano-ferrites because of its growing applications.  
Various chemical methods such as reverse micelle method, auto-combustion method, oxalate based 
precursor method, microwave sintering method, sol-gel method etc were used to prepare Ni-Cu-Zn nano 
ferrites. Ghasemi et al. [4] prepared copper substituted Ni-Zn nano-crystalline ferrites by reverse micelle 
process. They reported that the saturation magnetization of Ni-Zn ferrites decreases with increasing copper 
content. Ni-Cu-Zn nano-ferrites prepared by auto-combustion method utilized for the fabrication of 
multilayer chip inductor [5]. Raghavender et al. [6] studied structural and dielectric properties of Ni-Cu-Zn 
ferrites synthesized by oxalate precursor method. They reported that the dielectric constant and loss of 
these ferrites are lower than that of reported by other synthesis methods. The structural, magnetic and 
electrical properties of Ni-Cu-Zn ferrites followed by microwave sintering technique have been reported by 
Reddy et al. [7]. They revealed that ferrite material obtained by microwave technique has improved electro-
magnetic properties. They also suggested that these ferrite materials are suitable for the fabrication of 
multilayer chip inductors used in the electronic devices. 
In present communication, we discuss structural parameters of Ni–Cu-Zn ferrite prepared by wet chemical 
method.  
 
2.  Experimental 
2.1 Synthesis of Ni-Cu-Zn ferrite. 
Ni-Cu-Zn nano-ferrite with composition Ni0.7Cu0.1Zn0.2Fe2O4 was prepared by wet chemical method using 
sulphates as the starting materials. AR grade ammonium oxalate was used as a precipitating reagent. The 
required sulphates were weighed in desired proportion with the help of higher accuracy digital micro-
balance and poured in the double distilled water. The dropwise conc. sulphuric acid was added in the 
solution of mixture with continuous stirring. The magnetic stirrer was used for stirring. Ammonium oxalate 
solution was added in the solution until precipitation process was completed. The precipitated solution was 
filtered and washed several times. The precipitate was dried and pre-sintered at 4000C for 2 hours. The pre-
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sintered powder was milled and finally sintered at 600 0C for 4 hours. Pre-sintering and sintering process of 
the material was carried out in auto controlled muffle furnace.   
The resulting ferrite powder was characterized by X-ray powder diffractometer of Phillips makes Model 
3710 with Cu-Kα radiation.  
 
3.  Result and discussion  
3.1 XRD Analysis  

 
Fig. 1.  X- ray diffraction pattern of Ni0.7Cu0.1Zn0.2Fe2O4   system 

 

 Fig. 1 shows XRD pattern of Ni0.7Cu0.1Zn0.2Fe2O4 system. The presence of (111), (220), (311), (222), 
(400), (422), (511) and (440) planes in the pattern confirmed the formation of single phase cubic spinel 
structure. The positions of allowed planes are well match with those reported for Ni-Cu-Zn ferrite prepared 
by soft chemical method [8]. 
The lattice parameter ‘a’ for most intense (311) peak was calculated using Bragg’s formula and it is found to 
be about 8.362 Å. It is seen that the lattice constant of the ferrite prepared under investigation is nearly 
same as that of synthesized by citrate precursor method carried out under microwave sintering technique 
[9] and is also slightly lower as compared to that reported by Ramkrishna et al. [10] for ferrite prepared by 
co-precipitation method.  
The calculated and observed interpleader distances ( dcal and dobs) of Ni0.7Cu0.1Zn0.2Fe2O4 with  diffraction 
angles and planes are presented in Table 1. From this table, it is seen that dcal and dobs values of each plane 
are approximately matched with each other and support for the confirmation of single phase cubic 
structure. Crystallite size of the ferrite was calculated for most intense (311) plane by using Debye Scherer 
formula (Table 2). It is observed that crystallite size of the ferrite found to be lower as compared to that 
reported for citrate precursor method [11], sol-gel auto combustion method [12] and Co-precipitation 
method [13]. It is clear that with wet-chemical method well nano-size ferrite can be prepared. 
 

Table 1 Inter-planer spacing’s of Ni0.7Cu0.1Zn0.2Fe2O4 system 
Angle 
2θ (deg.) 

Angle 
Θ (deg.) 

hkl 
planes 

Inter-planer spacing  (Å) 

dobs dcal 

18.355 9.177 111 4.8391 4.8335 

30.214 15.107 220 2.9633 2.9580 

35.523 17.761 311 2.5271 2.5272 

37.158 18.579 222 2.4195 2.4196 

43.305 21.652 400 2.0954 2.0894 

53.739 26.869 422 1.7108 1.7058 

57.188 28.594 511 1.6130 1.6108 

62.795 31.397 444 1.4816 1.4786 
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The X-ray density (ρx) of the ferrite was obtained by the following relation [14] 

𝝆𝒙 =
𝟖𝑴

𝑵𝒂𝟑
    -------------------------- (1) 

Where, 
                               M is the molecular weight,  
                                N is an Avogadro’s no. 
                                a is lattice parameter 

X-ray density of the ferrite is found to be about 5.3656 gm/cm3 and is nearly same as that of 
reported by Thangjam and soibam [9] for Ni-Cu-Zn nano-particles prepared by citrate precursor method.  

Bond lengths (A-O, B-O) and ionic radii (rA, rB) on A-site B- site are calculated by using Standley’s 
relations [14].  The hopping lengths on tetrahedral (A) and an octahedral (B) sites (LA & LB) are calculated 
by using the relations suggested by Chaudhari, et al. [15]. 

The tetrahedral (dAe), octahedral (dBe) and unshared octahedral (dBeu) edges are calculated by 
using the relations [16]. 

                                                          dAe = 𝒂 𝟐 (𝟐𝒖 − 𝟎.𝟓)____________ (2) 

                                                          dBe = 𝒂 𝟐 (𝟏 − 𝟐𝒖)  _____________ (3) 
                                                         dBeu = 𝒂(𝟒𝒖𝟐 − 𝟑𝒖 + 𝟎.𝟕𝟑 )𝟏/𝟐_____ (4) 

Structural parameters such as, crystallite size (D), X-ray density, bond lengths (A-O, B-O), ionic radii 
(rA, rB), hopping lengths (LA and LB), tetrahedral edge (dAe), octahedral edge (dBe) and octahedral unshared 
edge (dBeu) are presented in Table 2  

 

Table 2 XRD structural parameters of Ni0.7Cu0.1Zn0.2Fe2O4 system 
Crystallite 
size 
D  
(nm) 

X-ray 
density 
ρX 

(gm/Cm3) 

Ionic radii  
 (A0) 

Bond length (A0) Hopping length  
  (A0) 

Tetrahedral, 
octahedral and 
unshared edge 
(Å) 
 

rA rB A-O B-O LA LB dAe dBe dBeu 

21.2 5.3656 0.583 0.724 1.903 2.044 7.258 5.926 3.101 2.812 3.424 

From table 2. it is observed that bond length (A-O) and ionic radii (rA) on A- site is less than that of 
B-sites. Similar type of result was reported by Shinde et al. [14] for Ni-Zn ferrites synthesized by co-
precipitation method. Hopping length on A- site is greater than that of B- site. It may be due to the presence 
of more divalent metal ions on A- site than that of B- site.     

 
4. Conclusion 

By wet-chemical method Ni0.7Cu0.1Zn0.2Fe2O4 nano-material was easily synthesized at lower 
sintering temperature and smaller duration. The formation of single cubic spinel structure was confirmed 
by X-Ray diffraction analysis. The crystallite size of the ferrite is about 21.2 nm and is much smaller than 
that reported for other methods. It is seen that lattice constant of the ferrite is nearly same as that of 
reported for citrate precursor method followed by microwave sintering technique. Bond length and ionic 
radii on A-site are smaller than that of B-site  
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ABSTRACT: In the present study, vanadium pentoxide (V2O5) thin films have been successfully deposited by a 
simple hydrothermal method at 180°C. These thin films were characterized for thermal, structural, 
morphological and surface wettability by using TGA-DTA, X-ray diffraction (XRD), Fourier transformation 
Raman (FT-Raman) spectroscopy, scanning electron microscopy (SEM) and contact angle measurement 
techniques. The electrochemical capacitor performance was examined by using cyclic voltammetric and 
galvanostatic charge-discharge method. The specific capacitance 286 F/g was obtained in 1 M Na2SO4 solution 
within the potential range of 0.2 V to 0.6 V versus SCE. The supercapacitor exhibited a good cycling performance 
and can be used to fabricate supercapacitor device.  

 

  Keywords: V2O5; hydrothermal method; thin film; supercapacitor.  

 
1. Introduction 

Supercapacitors, are known as a new generation of electronic devices and have attracted much 
attention because of their simple principle, long cycle life,  pulse power supply and high dynamic of charge 
propagation [1-2]. Supercapacitors are classified mainly into two types; first one electric double layer 
capacitor (EDLC) which stores charge electrostatically or non-faradaic and there is no transfer of charge 
between electrode and electrolyte. Second type is pseudo capacitor in which charge storage is faradaic 
through the transfer of charge between electrode and electrolyte [3]. Hybrid capacitor is the combination of 
EDLC and pseudocapacitor in which charge is stored using both faradaic and non-faradaic processes. 

Vanadium oxides (V2O5) have been widely examined as an electrode material for electrochemical 
capacitors that use organic electrolytes. Vanadium also exhibits numerous oxidation states (II–V), but its 
poor electronic conductivity (ςbulk ≈ 1x10–4–1m–1) renders the oxide unsuitable for use in high-rate 
electrochemical devices. V2O5 is the most attractive and promising material because of its layered structure 
[4-5] and received a research interest due to its potential applications in lithium ion batteries [6-8], 
catalysts [9-11], electrochromic devices (ECDs) [12-14] and supercapacitor [15-17]. V2O5 thin film is a 
promising material because of its high specific capacitance. Up to now V2O5 has been synthesized by 
different synthesis methods such as chemical vapor deposition [18-21], sol gel method [22], electrochemical 
deposition [23] and hydrothermal [24-25] etc. In present study, the hydrothermal method is used because 
hydrothermal is simple, inexpensive method is a low temperature (180oC) and a short reaction time (3 h) as 
compared to the conventional hydrothermal method. This technique to prepare V2O5 thin film using NH4VO3 
as an initial material and HNO3 pH control and this process needs no stirrer and surfactance. Neutral 
Aqueous electrolytes rechargeable supercapacitors have attracted much more attention because of their 
advantages like high ionic conductivity, low-cost, non flammability, no specific requirements for battery 
assembly and good safety [26-27]. V2O5 material has large theoretical capacity of 294 fg-1, [28] which is 
rather higher than that of commonly used cathode materials, like LiCoO2 (140 fg-1), LiMn2O4 (148 fg-1) and 
LiFePO4 (170 fg-1).  

In the present work, V2O5 thin films are successfully deposited by a simple, inexpensive and novel 
hydrothermal method. The thin films are characterized for thermal, structural, surface morphological and 
wettability studies. The electrochemical properties of V2O5 thin film are examined using cyclic voltammetry 
(CV). Galvanstatic charge-discharge. The electrochemical reaction of V2O5 in neutral aqueous electrolyte is 
elucidated by analyzing the electrochemical behavior of V2O5 in 1 M Na2SO4 and their corresponding 
structure & composition changes during charge-discharge. Also V2O5 thin films are successfully deposited by 
hydrothermal reduction of NH4VO3 as an initial material. The thin films formation mechanism of 
orthorhombic V2O5 nanostructure is briefly discussed. 
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2.  Experimental  
The commercially available AR grade ammonium metavanadate (NH4VO3) (98.0 % Loba Chemie 

Pvt. Ltd.), nitric acid (HNO3) (69-72 % Loba Chemie Pvt. Ltd.) and sodium sulfate (Na2SO4) (99.0 % Loba 
Chemie Pvt. Ltd.) are used as received without further purification. All the chemicals are prepared in double 
distilled water. V2O5 thin films are deposited on stainless steel substrate surface from a bath of NH4VO3 
solution. For deposition of good quality thin films the experimental conditions, such as pH of the reaction 
bath, reaction temperature and duration of the hydrothermal treatment are examined. In a typical synthesis, 
an appropriate amount of 0.5 M HNO3 solution is added to 25 ml of 0.05 M NH4VO3 solution, to adjust pH in 
the range of 2–3. The solution is placed into a 50 ml stainless steel autoclave with a teflon liner and 
maintained at temperature 180 °C for 3 h and then cooled to room temperature naturally. The as obtained 
thin film washed three times in deionized water and finally annealed at 450 0C in air for 3 h to get pure V2O5 
thin films. 

The thermal analysis tests (TGA & DTA) conducted in nitrogen atmosphere at a heating rate of 10o 

C/min, from room temperature to 1000o C using an SDT Q600 Build 20 instruments. X-ray diffraction (XRD) 
pattern of final product  recorded in the 2θ rang of 10° - 80° by using Cu Kα radiation (λ= 1.5418Ao) (Bruker 
D-8 diffractometer). Raman study carried out in the spectral rang of 100-1200 cm-1 using Bruker RAM. The 
surface morphological study of thin film carried out by using scanning electron microscope (SEM) (JEOL 
model 6360). The water contact angle of V2O5 film surface was measured using digital Goniometer (Rame-
Hart NRL CA). The cyclic voltammetry (CV) & galvanostatic charge discharge measurement carried out using 
automatic battery cycle (WBCS 3000). The electrochemical characterization carried out in three electrode 
cell configuration by using graphite as a counter electrode, saturated calomel electrode (SCE) as a reference 
electrode and & V2O5 thin film as a working electrode in 1 M Na2SO4 aqueous electrolyte. 
 
3.  Results and Discussions  
 

 
Fig. 1. Schematics of synthesis of V2O5 thin film by hydrothermal method 

                                   

Fig.1. shows schematic of hydrothermal deposition of V2O5 thin film. The deposition is done by 
using aqueous solution of NH4VO3 in little amount of HNO3 and pH is adjusted to ~2. The solution was put 
into a teflon liner with a stainless steel autoclave and cleaned substrate was immersed in to solution. The 
autoclave is put into a furnace and maintained temperature and after 3 h cooled down naturally. The 
process may involve chemical reaction (1). 

4 3 2 3 2 5 4 32 2 (1)NH VO H O HNO V O NH NO      

        The thickness of the V2O5 thin film is calculated by a gravimetric method. The typical working 
electrode is 0.120 mg in weight with a surface area of 1 cm2 and its thickness was 357 nm, which was 
calculated by using the formula (2) 

2 1 (2)
m m

t



 


                                                   

Where, ‘m1’ is mass of electrode material before the deposition and ‘m2’ is mass of electrode 
material after deposition, ‘’ is the density of electrode material (3.36 gcm3), ‘A’ is active area of the 
electrode material deposited on the steel substrate (cm2) and‘t’ is thickness of thin film electrode (nm).  
       Fig.2. shows TGA-DTA results performed in nitrogen atmosphere and were also carried out to determine 
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potential reactions during heat treatment at a heating rate of 10° C/min. The loss of water from the 
precursor is attributed to the observed endothermic peaks. The V2O5 exhibits two weight loss slopes, first 
weight loss is up to 110°C due to the loss of weakly bound water and retained weight 10.85 %. The second 
wave of weight loss extends up to 15.62 % around 450°C, which is an indication of the thermal 
decomposition of the precursor. 

 
Fig. 2. TGA and DTA of (V2O5) thin film deposited by hydrothermal method 

                                                                                  

The formation of V2O5 phase is confirmed by an exothermic peak around 315° C in DTA spectrum. 
There is an endothermic peak around 675°C which may be due to the melting of sample and close to that of 
the reported melting point of V2O5. 

 
Fig.3. shows XRD pattern of V2O5 thin film on a stainless steel substrate. 

 

It exhibit diffraction peaks along 2θ = 14.94, 19.77, 25.61, 30.93, 44.13, 74.59 degree and 
correspond to the lattice planes (200), (001), (201), (301), (202) and (313) respectively. The main 
diffraction peak indexed at 44.13° can be assigned to the (202) reflection. The diffraction peaks are in good 
agreement with  standard JCPDS Card (no. 41-1426) of the V2O5 having orthorhombic crystal structure [29-
38]. The * peak is due to the stainless steel substrate surface. The crystallite size is determining by using 
Scherer’s formula (3) 

(3)
cos

KD 
 

           

Where ‘D’ is crystalline size, ‘K’ is constant 0.9, ‘λ’ is wavelength of monochromatic X-ray (1.5418 Å) ‘’ is full 
width at half maxima of the peak and ‘’ is diffraction angle. The crystallite size for (202) plane is found to be 
24.21 nm.  
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Fig..4. FT-Raman spectrum of V2O5 thin film deposited by hydrothermal method 

 

The FT-Raman spectrum of V2O5 thin film is recorded over 110-1100 cm-1 and is shown in fig. 4. The 
Raman peaks observed in present spectrum at low and high frequency region. The spectrum shows well 
defined peaks at 143, 286, 473, 702 and 994 cm-1. The most intense peak observed at 143 cm-1 is attributed 
to the skeleton bend vibration [39], while the narrow peak at 994 cm-1 corresponds to the terminal oxygen 
(V ≡ O) stretching mode [40]. Peak at 702 cm-1 is due to coordination of vanadium atom with the three 
oxygen atoms. The V-O-V stretching and bending modes are assigned to the frequency 286 cm-1 [41-42]. 

 

 
Fig.5. SEM images of V2O5 thin film with different magnifications 

 

The surface morphological architecture of thin film is studied by using SEM. Figure 5 show high and 
low magnification images of V2O5 thin film. The SEM images show total coverage of substrate surface with 
V2O5 nanofibers. The fibrous networks have an average diameter of about 40 to 100 nm and length up to 6 - 
7 μm. Such surface structure offer better performance in supercapacitor devices, because this surface 
provides efficiently minimum distance and time to travel charge carriers.  

 

 
Fig.6. Contact angle image of V2O5 thin film surface (water droplet used as solvent) 
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Fig. 6. shows contact angle image of V2O5 thin film surface. Surface wettability test is investigated 
for the determination of hydrophilic (θ < 90o) or hydrophobic (θ > 90o) nature of thin film surface. If the 
wettability is high or low then strong or weak interaction between electrode and electrolyte solution refers 
to hydrophilic or hydrophobic nature of a V2O5 film surface. The V2O5 thin film exhibits contact angle of 20o, 
which confirms super hydrophilic (20o > θ) nature. The super hydrophilic nature of film surface can give 
enhancement the electrochemical performance and good interfacial interaction between electrode 
electrolyte interfaces. 
 
4. Supercapacitive performance 
4.1. Cyclic voltammetry of V2O5 Thin Films  
 The hydrothermal deposited V2O5 thin film electrode is used in electrochemical capacitors and their 
performance is tested using cyclic voltammetry (CV). Fig.7. show cyclic voltammetry (CV) curve of V2O5 
electrode at a scan rate of 10 mV/s within potential from -0.2 to +0.6 V vs. SCE in 1 M Na2SO4 electrolyte. 
 

 
Fig.7. CV curves of V2O5 electrode in 1 M of Na2SO4 electrolyte 

 

 From shape of CV it is confirmed that capacitance arises from redox transition and EDLC within the 
electrode/electrolyte and electrolyte/electrode interface, respectively. The capacitance of film is calculated 
by using equation (4)  

𝐶 =  
𝐼

𝑑𝑉
𝑑𝑡 

                                                             (4) 

Where ‘I’ is average current, ‘dV/dt’ is scanning rate of the electrode. The specific capacitance of the 
electrode is obtained by dividing the capacitance to weight (0.0001 g) dipped in the electrolyte. The specific 
capacitance of the electrode is found to be 286 F/g in 1 M Na2SO4 electrolyte. 
 

4.2. Galvanometric Charge-Discharge Cycling Measurements  
 

 
Fig.8. Charge discharge curve of V2O5 electrode in 1 M Na2SO4 electrolyte at current density of 1 mA/cm2 
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The charge-discharge behavior of V2O5 electrode is studied by galvanometric charge-discharge 
method. Fig.8. represents charge-discharge behavior of electrode at current density of 1 mA/cm2. The shape 
of the discharge curve does not show the capacitance characteristics of pure double layer capacitor. During 
discharging curves, linear variations of the time dependence of the potential (-0.2 to 0.6 V) indicate electric 
double-layer capacitance, which is the charge separation across the interface between the electrode and the 
electrolyte. 
 
5. Conclusions  
  In summary, V2O5 thin films were successfully deposited onto stainless steel substrate by 
hydrothermal method. The XRD measurements confirmed that deposited V2O5 having orthorhombic crystal 
structure. The SEM analysis showed that the substrates were well covered with nanofibers. The 
electrochemical study revealed that the hydrothermal deposited V2O5 electrode had a specific capacitance of 
286 F/g. Charge-discharge curves confirmed that capacitance was consisted from EDLC and 
pseudocapacitance. The hydrothermal method is a low cost and promisingly used for deposition of 
nanostructured thin film material for electrochemical supercapacitor. 
 
6. Acknowledgment 

The authors would like to acknowledge the University Grants Commission (UGC) New Delhi (India) 
for providing financial support through project scheme no.41-885/2012 (SR)  
 
References   

1. A. Burke, Ultracapacitors: why, how, and where is the technology, Power Sources., 91 (2000) 37., b) B. E. 
Conway, M. Winter and R. J. Broad, What are batteries, fuel cell, and supercapacitors?, Chem. Rev., 104 (2004) 
4245.  

2. L. L. Zhang and X. S. Zhao, Carban based materials as supercapacitor electrodes, Chem. Soc. Rev., 38 (2009) 
2520.  

3. B. E. Conway, Electrochemical supercapacitors, scientific fundamentals and technological applications, kluwer 
academic/plenum., New York, (1999) 452. 

4. Y. Wang and G. Z. Cao, Developments in nanostructured cathode materials for high-performance lithium-ion 
batteries, Adv. Mater., 20 (2008) 2251. 

5. A. M. Cao, J. S. Hu, H. P. Liang and L. J. Wan, Self-assembled vanadium pentoxide (V2O5) hollow microspheres 
from nanorods and their application in lithium-ion batteries, Angew. Chem., Int. Ed., 44 (2005) 4391.  

6. P. Poizot, S. Grugeon, L. Dupont and J. M. Tarascon, Nano-sized transition-metal oxides as negative-electrode 
materials for lithium-ion batteries, Nature., 407 (2000) 496. 

7. C. Julian, E. Haro-Poniatowski, M. Camacho-López, L. Escobar-Alarcón, and J. Jiménez-Jarquín, Growth of V2O5 
thin films by pulsed laser deposition and their applications in lithium microbatteries, Mater. Sci. Eng. B.,65 
(1999) 170. 

8. K. Takahashi, S. J. Limmer, Y. Wang and G. Cao, Synthesis and electrochemical properties of single-crystal V2O5 
nanorod arrays by template-based electrodeposition, J. Phys. Chem. B., 108 (2004) 9795. 

9. M. Ponzi, C. Duschatzky, A. Carrascull and E. Ponzi, Obtaining benzaldehyde via promoted V2O5 Catalysts, Appl. 
A Catal., 169 (1998) 373. 

10. Q. Sun, J. M. Jehng, H. Hu, R. G. Herman, I. E. Wachs and K. Klier, In situ raman       spectroscopy during the 
partial oxidation of methane to formaldehyde over supported vanadium oxide catalysts, J. Catal., 165 (1997) 
91. 

11. M. A. Benares, Supported metal oxide and other catalysts for ethane conversion: a    review, Catal., 51 (1999) 
379.  

12. A. Talledo and C. G. Granqvist, Electrochromic vanadium pentoxide based films: structural, electrochemical and 
optical properties, J. Appl. Phys., 77 (1995) 4655. 

13. P. Liu, S. H Lee, C. E. Tracy, J. A. Tuener, J. R. Pitts and S. K. Deb, Electrochromic and chemochromic performance 
of mesoporous thin-film vanadium oxide, Solid State Ionics., 165 (2003) 223. 

14. K. Takahashi, Y. Wang and G. Z. Cao, Growth and electrochromic properties of single-crystal v2o5 nanorod 
arrays, Appl. Phys. Lett., 86 (2005) 662. 

15. T. Kudo, Y. Ikeda, T. Watanabe, M. Hibino, M. Miyayama, H. Abe and K. Kajita, Amorphous V2O5/carbon 
composites as electrochemical supercapacitor electrodes, Solid State Ionics., 152 (2002) 833. 

16. H. Y. Lee and J. B. Goodenough, Ideal supercapacitor behavior of amorphous V2O5 nH2O in potassium chloride 
(KCl) aqueous solution, J. Solid State Chem., 148 (1999) 81. 

17. I. H. Kim, J. H. Kim, B. W. Cho, Y. H. Lee and K. B. Kim, Synthesis and electrochemical characterization of 
vanadium oxide on carbon nanotube film substrate for pseudocapacitor applications, J. Electrochem. Soc. A., 
153 (2006) 989.  



UGC Approved: 43602                                                                                                e ISSN 2348 –1269, Print ISSN 2349-5138 
http://ijrar.com/                                                                   

    22         IJRAR- International Journal of Research and Analytical Reviews                                                   Special Issue 

18. A. Mantoux, H. Groult, E. Balnois, P. Doppelt and L. Gueroudji,  Vanadium Oxide Films Synthesized by CVD and 
used as positive electrodes in secondary lithium batteries, J. Electrochem. Soc.,151 (2004) A368. 

19. D. Vernardou, M. E. Pemble and D. W. Sheel, tungsten-doped vanadium oxides prepared by direct liquid 
injection MOCVD, Chem. Vapor Depos., 13 (2007) 158. 

20. D. Vernardou, M. E. Pemble and D. W. Sheel, The growth of thermochromic VO2 films on glass by atmospheric-
pressure CVD: A comparative study of precursors, CVD methodology, and substrates, Chem. Vapor Depos., 12 
(2006) 263. 

21. D. Vernardou, M. E. Pemble and D. W. Sheel, Vanadium oxides prepared by liquid injection MOCVD using 
vanadyl acetylacetonate, Surf. Coat. Technol., 188 (2004) 250. 

22. J. Livage, Vanadium pentoxide gels, Chem. Mater., 3 (1991) 578.  
23. G. T. Duan, W. P. Cai, Y. Li, Z.G. Li, B. Q. Cao and Y. Y. Luo, Transferable ordered Ni hollow sphere arrays induced 

by electrodeposition on colloidal monolayer, J. Phys. Chem. B., 110 (2006) 7184. 
24. G. T. Chandrappa, N. Steunou, S. Cassaignon, C. Bauvais, and J. Livage, Hydrothermal synthesis of vanadium 

oxide nanotubes from V2O5 gels, Catalysis Today., 78 (2003) 85. 
25. L. Mao and C. Liu, Hydrothermal synthesis of VO2 (B) nanoribbons by a mixed-oxidation state precursor route, 

Solid State Commun., 146 (2008) 403. 
26. W. Li, J. R. Dahn and D. Wainwright, Rechargeable lithium batteries with aqueous electrolytes, Science., 264 

(1994) 1115. 
27. G. Wang, L. J. Fu, N. H. Zhao, L. C. Yang, Y. P. Wu and H. Q. Wu, An aqueous rechargeable lithium battery with 

good cycling performance, Angew. Chem., Int. Ed., 46 (2007) 295.  
28. X. Chen, E. Pomerantseva, P. Banerjee, K. Gregorczyk, R. Ghodssi and G. Rubloff, ozone-based atomic layer 

deposition of crystalline v2o5 films for high performance electrochemical energy storage, Chem.Mater., 24 
(2012) 1255. 

29. E. Uchaker, N. Zhou, Y. Li and G. Cao, Polyol-mediated solvothermal synthesis and electrochemical performance 
of nanostructured V2O5 hollow microspheres, J. Phys. Chem. C., 117 (2013)  1621. 

30. L. Mai, L. Xu, C. Han, X. Xu, Y. Luo, S. Zhao and Y. Zhao, Electrospun ultralong hierarchical vanadium oxide 
nanowires with high performance for lithoim ion batteries,  Nano. Lett., 10 (2010) 4750. 

31. H. Yamada, K. Tagawa, M. Komatsu, I. Moriguchi and T. Kudo, High power battery electrodes using nanoporous 
V2O5/carbon composites, J. Phys. Chem. C., 111 (2007) 8397.  

32. A. Sakunthala, M. V. Reddy, S. Selvasekarapandian, B. V. R. Chowdari and P. C. Selvin,  Energy storage studies of 
bare and doped vanadium pentoxide, (V1.95M0.05)O5, M = Nb, Ta, for lithium ion batteries, Energy Environ. Sci., 4 
(2011) 1712. 

33. F. Coustier, S. Passerini and W. Smyrl, Dip-coated silver-doped V2O5 xerogels as host materials for lithium 
intercalation, Solid State Ionics., 100 (1997) 247. 

34. F. Coustier, Doped vanadium oxides as host materials for lithium intercalation, J. Electrochem. Soc., 146 (1999) 
1355. 

35. H. Park, Manganese vanadium oxides as cathodes for lithium batteries, Solid State Ionics, 176 (2005) 307; b) D. 
M. Yu, S. T. Zhang, D. W. Liu, X. Y. Zhou, S. H. Xie, Q. F. Zhang,Y. Y. Liu and G. Z. Cao, Effect of manganese doping 
on Li-ion intercalation properties of V2O5 films, J. Mater. Chem., 20 (2010) 10841. 

36. H. Yu, X. Rui, H. Tan, J. Chen, X. Huang, C. Xu, W. Liu,D. Y. W. Yu, H. H. Hng, H. E. Hoster  and Q. Yan, Cu doped 
V2O5 flowers as cathode material for high-performance lithium ion batteries, Nanoscale., 5 (2013) 4937. 

37. Y. Li, J. Yao, E. Uchaker, M. Zhang, J. Tian, X. Liu and G. Cao, Sn-doped V2O5 film with enhanced lithium-ion 
storage performance, J. Phys. Chem. C., 117 (2013) 23507. 

38. J. G. Radich, Y. S. Chen and P. V. Kamat, Ni-doped MnO2 nanowire-reduced graphene oxide composite for rapid 
cycling cathode in lithium ion batteries, ECS J. Solid State Sci. Technol. 2 (2013) M3178. 

39. T. Zhai, H. Liu, H. Li, X. Fang, M. Liao, L. Li, H. Zhou, Y. Koide, Y. Bando and D.   Golberg, Centimeter-long V2O5 
nanowires: from synthesis to field-emission electrochemical electrical transport and photoconductive 
properties, Adv. Mater., 22 (2010) 2547. 

40. S. H. Lee, H. M. Cheong, M. Je Seong, P. Liu, C. Edwin Tracy, A. Mascarenhas, J. R. Pitts and S. K. Deb, Raman 
spectroscopic studies of amorphous vanadium oxide thin films, Solid State Ionics., 165 (2003) 111. 

41. C. Julien, G. A. Nazri and O. Bergström, Human scattering studies of microcrystalline Phys. Status Solidi. B., 201 
(1997) 319. 

42. L. Abello, E. Husson, Y. Repelin and G. Lucazeau, Vibrational spectra and valence force field of crystalline V2O5, 
Spectrochim. Acta Part A., 39 (1983) 641. 

 

  



International Conference on Advances in Pure and Applied Sciences ICAPAS-2019 
Organized by Balwant College, Vita 

Special Issue                                                  IJRAR- International Journal of Research and Analytical Reviews   23 

H2S GAS SENSING PERFORMANCE OF UNDOPED CADMIUM OXIDE AND 
MIXED CADMIUM ZINC OXIDE ADVANCED SPRAY DEPOSITED THIN 

FILMS: A COMPARATIVE STUDY 
 

C. R. Bobade1, S.A.Mane1, S.M.Ravatale1, A.P.Kumbhar1 & M.D.Uplane2 
1Department of Physics, Balwant College, Vita (affiliated to Shivaji University, Kolhapur), 

Dist:Sangli (M.S.), India- 415 311 
2Department of Instrumentation Science. Savitribai Phule Pune University, Pune(M.S.), India 

 
 

 
ABSTRACT: Polycrystalline cadmium oxide (CdO) and cadmium zinc mixed oxide (CdXZn1-XO) thin films were 
deposited onto glass at low substrate temperature using advanced spray pyrolysis (ASP) technique. A 0.02 M 
aqueous solutions of high purity cadmium acetate [Cd (CH3COO)2. 2H2O] (Thomas Baker, India) and  an 
equimolar  solution of zinc acetate [Zn (CH3COO)2. 2H2O] (Thomas Baker, India)  were used as initial 
ingredients. The films were grown at optimized preparative parameters and the physical, morphological, 
optical & gas sensing properties of the films were investigated. X-ray diffraction (XRD) studies show that films 
thus prepared were polycrystalline in nature. Undoped CdO films have preferential orientation along (111) 
plane and mixed oxide films show shift in crystal structure with increase in zinc content. Scanning electron 
microscopy (SEM) micrographs revealed that the films have granular surface morphology. Optical properties 
were investigated using UV-VIS spectroscopy in the range 300 to 900 nm and was observed that films were 
transparent in nature. Typical samples of undoped and mixed oxide films were subjected to different 
concentrations of H2S gas at different operating temperatures. The undoped CdO film showed maximum 
sensitivity ~ 4.8 % at while mixed oxide film showed maximum sensitivity around 34.2% when subjected to 200 
ppm of H2S gas.  

 

  Keywords: Undoped Cadmium Oxide; Mixed oxide: Advanced spray pyrolysis technique; surface morphology, Gas 
sensing.  

 
1.0 Introduction 

Industrial revolution since nineteenth century has brought about drastic changes in the living 
standards of human population around the globe and has made it more comfortable. This has lead to 
extensive use of combustible gases like LPG, petrol and petroleum products over the years resulting into 
environmental hazards such as air pollution and global warming. Additionally, release of toxic gases like H2S 
emerging from industrial waste is causing serious health problems to mankind. It is therefore inevitable to 
design and fabricate the technology in the form of devices comprising semiconductors, metal oxides etc. 
which can detect and display their concentrations in the environment during the early stages of release. 
Recently, thin film metal oxides have shown great character in gas sensing and optoelectronics. The n-type 
semiconducting oxides (n-TCOs) such as tin oxide (SnO2) [1], zinc oxide (ZnO) [2], cadmium oxide (CdO) [3], 
have shown their applicability in the field of gas sensing. 

Several thin film deposition techniques viz: chemical bath deposition (CBD) [4], thermal oxidation 
[5], pulsed laser deposition (PLD) [6,7], successive ionic layer adsorption and reaction (SILAR) [8] spray 
pyrolysis (SP) [ 9-13] and advanced spray pyrolysis (ASP) etc.[14]  have been developed by researchers to 
synthesize semiconducting metal oxide thin films. The spray pyrolysis (SP) is technique is one of the 
effective and low cost technique as it is simple and gives reproducibility of results as compared to other 
techniques [13]. The advanced spay pyrolysis (ASP) technique involves modification in spray mechanism 
due to addition of furnace in its design [15,16]. Here, metal oxide thin films are deposited on to a pre-heated 
substrate by atomizing very fine droplets of a precursor solution, usually in the form of salt of metal oxide. 
Compressed air or neutral gas forces the fine droplets of solution into core of furnace and then arrive at 
preheated substrates mounted on the top of furnace. The constituents of precursor undergo pyrolytic 
decomposition inside the core of furnace (reaction chamber) and undergo nucleation when they reach the 
hot substrates so as to form a desired metal oxide thin film on top of the substrate. Hence, core and 
substrate temperature are important parameters of ASP technique in thin film formation and they control 
the physical and chemical properties of the metal oxide films.     
 

2.0 Experimental 
 A pre-optimized, 0.02 M aqueous solution of high purity (99.9%) cadmium acetate (Thomas Baker, India) 
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was prepared in double distilled water to obtain undoped CdO thin films. A 300ml chemical solution was 
atomized through a glass nozzle and the reactants were allowed to undergo thermal decomposition in the 
core of furnace (reaction chamber). The metal oxide particles were pushed towards glass substrates and 
were deposited on it. During the course of deposition, the nozzle to substrate distance was kept at 41 cm 
and compressed air at a pressure of 10.5 LPM (litre per min.) was maintained to control the solution spray 
rate at ~5 ml/min. Undoped CdO thin films were synthesized at optimized core and substrate temperature 
of 325oC & 210oC respectively. 

Similarly, 0.02 M, 300 ml spray solution was prepared in doubled distilled water by mixing 0.02 M 
solutions of high purity cadmium acetate [Cd (CH3COO)2. 2H2O] (Thomas Baker, India) and  zinc acetate [Zn 
(CH3COO)2. 2H2O] (Thomas Baker, India). The solutions were mixed in appropriate proportion so as to get 
300 ml of spraying solution and were atomized through a glass nozzle at core temperature of 325oC and 
substrate temperature of 210oC. The reactants undergo pyrolytic decomposition inside the core of furnace 
to form oxide particles and are pushed on to the glass substrates tightly fitted to the substrate holder. The 
substrate holder was mounted on top of furnace. Initial deposition parameters were retained as above. To 
study the effect of percentage of mixing on CdXZn1-XO film properties, films were deposited onto glass slides 
kept at constant substrate temperature 210oC.  Ho and Lee [17] reported that stable ZnO phase can be 
obtained from Zinc acetate in the temperature ranging from 180 to 315 oC ; hence, the core temperature 
where the actual decomposition occurs was optimized at constant at 325 oC. The films formed with the 
variation of x from x=1, 0.4 and 0 were designated as M0, M60 and M100 respectively. 

As synthesized undoped CdO and mixed oxide CdXZn1-XO films were characterized for XRD, UV-VIS 
spectroscopy, SEM and H2S gas sensing studies. The structure and phase formation of the films was 
characterized using X-ray diffraction method [Analytical instruments, Pvt. Ltd. Germany] in the scanning 
range of 20–80° at a step size of 0.1o. The Cu Kα (λ = 1.5406 Å) radiation was used as incident radiation. 
Surface morphology of typical samples was studied by field emission scanning electron microscopy FESEM ( 
Nova NanoSEM 200) and JEOL JSM-6360 scanning electron microscope (SEM). Transmittance and 
absorbance was measured by using UV-VIS-NIR spectrophotometer (made by Schimadzu, Japan) in the 
scanning range 300-900 nm. A homemade gas sensing unit was used to study gas sensing performance of 
H2S gas. 
 

3.0 Results and Discussion 
3.1.1.  X-ray diffraction analysis 
         XRD patterns of typical CdXZn1-XO thin films M60 and M100 are compared with undoped CdO sample 
M0 is shown in Fig.1.  From the figure, it is seen that the films deposited with variation of x are 
polycrystalline in nature. However, peak intensities are found to decrease with increase in zinc percentage 
in the film. For x=1, i.e. for pure CdO (Mo sample), the film exhibits polycrystalline nature having rock salt 
type crystal structure with preferential orientation along (111) and (200) planes and all the peaks match 
with the JCPDS card no 05-640 indicating the formation of pure CdO. For x=0, i.e.  for pure ZnO (sample M100 
)  there is complete shift in the structure from rock salt to wurtzize and the peaks match with those given by 
JCPDS card no 05-664 indicating the formation of pure ZnO. For sample M60, the peak positions resemble to 
those of CdO, in addition to this, two peaks near to CdO peaks are seen, the shift in position of the peaks with 
respect to those of CdO may be due to presence of ZnO. Such type of behavior is reported by other 
researchers [18-20].      
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Fig.1:  XRD patterns of undoped CdO and CdXZn1-XO thin films[16] 



International Conference on Advances in Pure and Applied Sciences ICAPAS-2019 
Organized by Balwant College, Vita 

Special Issue                                                  IJRAR- International Journal of Research and Analytical Reviews   25 

3.1.2. Surface morphological analysis 
Fig.2. shows SEM and FESEM micrographs of sample M0 and sample M60.  It is seen that the surface 

of the films is uniform and granular in nature however, for sample M60, uniformly porous grains are seen 
with relatively less grain size (~54 nm) indicating that the sample is nanocrystalline with relatively large 
specific ratio which is requisite for exhibiting good gas sensing performance. 

 
Fig. 2: SEM micrographs of samples(a) M0 and(b) M60 

 

3.1.3:  Optical analysis 
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Fig.3: Plot of (αhν) 2 vs. (hν) for the samples M0, M60, M100 [14] 

 

     The optical absorption data was further analyzed to determine the band gap of typical samples. To 
obtain band gap, the graph of  (αhν) 2 versus hν was plotted  for all samples as shown in Fig 3. The band gap 
energy ‘Eg’ is determined by extrapolating the linear portion of the curve to the x- axis [21]. The measured 
value of the band gap varies from 2.42 to 3.18 eV indicating that films are semiconducting in nature and 
band gap was found to increase with increase in zinc content. 
 

3.1.4:  Gas sensing analysis 
   Typical samples of undoped cadmium oxide (M0) and cadmium zinc mixed oxide (M60) thin films 
were subjected to known concentrations of H2S gas at different operating temperatures. Fig.4. shows 
variation in sensitivity shown by sample M0 of undoped cadmium oxide thin film at various concentrations 
of H2S gas at operating temperature of 200oC, it is found that sensitivity increases with increase in 
concentration of H2S gas.  
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