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Abstract
Pure and doped thin solid films were prepared by Physical Vapour Deposition

(P\D) Technique on glass substrates. Temperature of substrates was changed iiom

50"C 1() 375oC. Gas sensing properties of the films was tested for various gases fbr

this temperatnre range using static gas sensing unit. Sensitiviiies ofthe undoped and

Bi-doped films were measured to be 5.83 and 9.53 respectively. These sensitivities

were found at operating temperatues 75oC and 150oC respectively.

Ke].words :- Tin oxide, PVD technique, thin films, sensitivity.

INTRODUCTION
Since decades metal oxide semiconductor, like tin oxide, thin films havebeen

widely used as gas sensorc. Such mateials are used for detection ofgaseslike acetone,

ammonia,methane, H2S wilh their sensing ability up to a 1'ew ppm levels [1-3].1'hese

materials sense the target gases by exhibiting change in resistance ofthe films with

refercnce to the film resistance in the absence of these gases The ratio of the

resistances gives sensitivity of the sensof or sensing material towards the gas under

consideration. [3-6].The sensitivity of these materials depends upon opeFting

temperatue mnge also. Therefore, perfonnance ofthe sensors is tested with variation

in its temperature. Generally, sensor perfomance is observed to be maximum at a

pafiicular operating temperature. Many metal oxjde semiconducting materials showed

these properties.LT l0l.Tin oxide is a versatile material which is sensitive to most of
the gases and hence is poor selective. To have a good compromise, doped metal oxide

thin filmsare being used recently.Selection ofthe dopant is obviously wantsimproved

selectivity towards the target gas, achieve betierstability of the sensjng Iayer over

longer dulationand athigher operating tempefatures. Doping alsoimproves thesensing

propertieity changing the grain size and structurethrough the jntroduction of surface

defects and impuritylevel. Various synthesis methods such as sol-gel RFsptitering,

electospinning, spray pyrolysis, vacuum evaporation etc. have been employed Ll I -

EXPERIMENTAL DETAILS
In the present work, the tin oxide thin films were pr€pared by physical vapour

deposition method. Pure tin metal was evaporate in vacuum ('lo_'torr) onto the pre-

cleaned standard glass subst€tes. The formed thin metal films were then heated ln

mume furnace at 150"C for 24 ho!t$ for getting oxidized. They were later on

annealed 300, 400 and 500oC each lbr 2 hours. Those film samples annealed at 400oC
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were observed to shor/ better pericrmances. Hence, all the characterizations were

perfomed for these film samples only. These films were then characterized to sfudy

stluctural, morphologicai, electrical and gas sensing pammeters by XRD, FESEM'

and sialic system L15].XRD pattems were used to determine interplanar spacing,

avemge texturc coefficient, lattice parameters etc. FESEM images were analized to

knovr' average grain size of the film material. Electrical resistance ofthe film was

measured with reference to fiim temperature by indirect method Ll5l.Graph of film

resistance versus tempemture'enabled us to evaluate TCR ofthe film material, which

in this case \n/as found to be negative, proved semiconducting nature Another graph,

logR versus 1/T was used to determine activation energy by trsing Arrhenius equation.

The same static system was used to measure film resistance in the presence of target

gases and sensitivity ofthe film was calculated at various operating temperatures.

RESULTS AND DISCUSSION
Ijg. I shows the vadation in film resistance with operating temperature lt is

found that the film resistance increases after the film r /as exposed to CO2 gas This is

because there in increase in oxygen sites on the film surlace which reduces

conductivity.

tr

Iig.l

Ftg.z

Similar trend has been obsewed in case of Bi-doped thin films also.
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ABSTRACT 

Thin films of Tin oxide (SnO2) were prepared by physical vapour deposition method. The as-

prepared films were further annealed at 300°C, 400°C and 500°C to study the effect of 

annealing on the physical as well as gas sensing properties of the thin films. Gas sensing 

performance of annealed SnO2 thin films was studied for different gases having different 

concentrations at working temperature of 250°C. Significantly, gas response changes for SnO2 

samples annealed at different temperatures, which is discussed herein.  

 
Keywords: SnO2 Thin films, PVD technique, XRD, FESEM, EDAX, gas sensing. 

 

Introduction 

Monitoring and controlling the toxic gases has become a serious topic not only in industries but also in day 
to day life. These toxic gases are used either as process gases or generated as byproducts from vehicles, 
industries, etc. In concern to this, detecting the harmful gases is of prime importance and hence, research in 
developing gas sensors is at its forefront these days. The semiconductor metal oxide gas sensors like SnO2, 
ZnO, WO3 etc. have been studied due to their range of conducting variability and their strong response to 
reducing as well as oxidizing gases [1-3].  
 
A variety of thin film preparation methods have been used by the researchers to synthesize metal oxide thin 
films in various nano-structured forms. Some of the synthesis methods are chemical vapour deposition [4], 
spray pyrolysis [5], sputtering [6], activated reactive evaporation [7] etc. Physical Vapour Deposition 
(PVD) method is straight forward and simple one. It has several advantages [8] such as (a) Minimum 
impurity concentration in the film, (b) sublimation of materials at lower temperature under vacuum, (c) 
considerably large mean free path of the vapour atoms at lower pressure and hence a sharp pattern of the 
film is obtained, (d) wide substrate selection. Another advantage of this method is that evaporation yields a 
large number of films of uniform thickness. The thin film deposition takes place in four stages [9]. In the 
first stage the formation of the vapor phase from the condensed phase. The transport of atoms or molecules 
from the source to the substrate constitutes the second stage. The third stage involves the deposition of 
atoms on the substrate. The final stage involves rearrangement of the atoms on the film to give the desired 
properties for the product. Moreover, the post treatments like annealing, etc. are important, too in obtaining 
the desired phases and the stoichiometry. Annealing of films is a necessary step to control grain growth, 
altering the stoichiometry of the film, introducing dopants and oxidizing the film, inducing compressive 
stresses in the film are some of the reasons for post-film deposition processing [10-11].  
 
Therefore, in the present paper, we prepared SnO2 thin films on the thoroughly cleaned glass substrates. 
The so prepared thin film samples were then heated in muffle furnace for 24 hours to allow maximum 
oxidation. These samples were further annealed at different temperatures (viz. 300°C, 400°C and 500°C). 
The gas response of the samples were studied and discussed. 
 

Experimental Details 

The pre-cleaned glass substrates were mounted on the specially designed mask arranged at about 15 cm 
above the evaporator. A tungsten spiral filament used as an evaporator was screwed to two copper 
electrodes connected to dimmerstat. The 99.999% pure tin (in the form of wire) purchased from Koch-
Light Ltd. Haverhill Sulfolk, England was placed in the evaporator. An appropriate amount of current was 
passed through the tungsten spiral to evaporate tin. Evaporated tin gets deposited on to the substrates [12]. 
The films formed were then placed in the muffle furnace at 200°C for 24 hours for allowing maximum 
oxidation of the samples. The samples were then annealed at three different temperatures 300°C, 400°C 
and 500°C each for 2 hours to get the desired SnO2 thin films. The thin film samples were examined by 
XRD (Model-D8 Advance, Make-Bruker AXS GmbH, Berlin, Germany) using CuKα radiation having 
wavelength 1.5402 Å. Surface morphology of the samples was analyzed by using FESEM (Model-S4800 
Type II, Make-Hitachi HiTechnologies Corporation, Tokyo, Japan) and Elemental composition of the films 
by energy dispersive spectrophotometer (Model-XFLASH5030 Detector, Make - Bruker Nano GmbH, 
Berlin, Germany). The film resistance was measured in air and in the target gas atmosphere over the same 
range of operating temperature (i.e. from 50°C to 375°C).  
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Figure1 Schematics of the Gas sensor unit. 

The schematics of experimental arrangement used for this purpose is shown in Fig.1. Gas response was 
studied for various gases such as acetone, chlorine, CO2, ethanol, H2S and NH3 having different 
concentrations ranging from 1cc to 15 cc in 15 l bell-jar, corresponding to 66.67 to 1000 ppm.   
 

Results and Discussion 

Structural, surface morphological and electrical studies were carried out; results were interpreted and 
systematically tabulated in our previous papers [12, 13]. To avoid repetition, details of only gas sensing 
studies are given over here.  
 
The gas response studies was carried out by exposing the annealed SnO2 thin film samples  surface to 
various gases such as acetone, Chlorine, CO2, ethanol, H2S and NH3. For each gas exposure, the change in 
the resistivity was observed at different operating temperatures i.e., from 50°C to 375°C. Good gas 
response was obtained for the samples annealed at 400°C, which were further considered for further 
measurements with these gases at different concentrations. 
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Figure2 (a) Gas response of SnO2 film samples annealed at 300oC (CO2 for 
               example). 
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Figure2 (b) Gas response of SnO2 film samples annealed at 400oC (CO2 for 
               example).  
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Figure2 (c) Gas response of SnO2 film samples annealed at 500oC (CO2 for 
               example). 

Fig.2 (a-c) explains relatively smooth gas response curves (e.g for CO2) of samples annealed at 400oC 
compared to those annealed at 300 and 500oC.  
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Figure3 (a) Histogram showing selectivity profile of the SnO2 thin film samples annealed at3 00°C temperature for 

various gases and their concentrations. 
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Figure3 (b) Histogram showing selectivity profile of the SnO2 thin film samples annealed at    400°C temperature for 
various gases and their concentrations. 
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Figure3 (a) Histogram showing selectivity profile of the SnO2 thin film samples annealed at 500°C temperature for 
various gases and their concentrations. 
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Fig.3 (a-c) exhibits the histogram of the annealed SnO2 samples at 300°C, 400°C and 500°C for different 
gases and different concentrations, respectively. This indicates that annealing SnO2 has a strong effect on 
the gas response properties, which indirectly depends on the oxygen contents, stoichiometry and the 
morphological evolution of the sample with annealing.  
 

Conclusions 

The thin film samples of tin oxide were prepared using the Physical Vapour Deposition technique. The 
XRD analysis of the samples proved that the film samples were polycrystalline. It is also confirmed from 
various structural parameters such as crystallite size, degree of crystallinity, texture coefficient etc. 
obtained for SnO2 thin films annealed at 400°C. A well compact and irregular shaped grain was also seen 
for samples annealed at 400°C. Moreover, samples annealed at 400°C indicated rich oxygen contents, 
thereby increasing the resistivity of the sample. SnO2 annealed at 400°C showed good gas response towards 
2 cc ethanol and moreover good sensor response to all other gases, too. Hence, one can obtain the necessary 
gas response of a particular gas using a single material and by just manipulating its physical properties with 
controlled annealing.  
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Abstract: Semiconducting mercury chromium sulfide thin films were deposited on glass substrate using simple, 

quick chemical bath deposition method using the mixed aqueous solution of mercury chloride, chromium 

trioxide, thiourea, EDTA and ammonia. The EDTA was used as the complexing agent. The preparative 

parameters such as temperature, molar concentration, deposition time and thiourea concentration have been 

optimized. Thin films of HgxCr2-xS4 (X=0.2) with different thickness were prepared by changing the deposition 

time at 65 
0
c.  The structural, morphological, optical   and electrical studies were performed by X-ray 

diffraction, scanning electron microscopy, UV-VIS spectrophotometer and TEP methods respectively. The films 

are very adherent to the substrate and cubic structure in nature with the preferential orientation (2 2 0). The 

optical studies showed a film of direct band gap is 2.13eV. Thermoelectric properties show a positive sign 

exhibiting P- type semiconducting nature of film. 

Keywords: Thin film, XRD, SEM, UV, TEP. 

  

I. Introduction 
Mercury chromium sulfide is a chalcogenide metal sulfide semiconductor of the II–VI group 

compound semiconductors. The technological interests in polycrystalline-based devices are mainly caused by 
their low production cost [1]. As a ternary Cr-based chalcogenide HgCr2S4 performed a variety of applications 
in various magneto-optical and optoelectronics devices [2,3] as well as magnetocapacitive or magnetoelectric 
effect devices [3–7]. Doping with chromium to HgS window material improves the electrical and optical 
properties of thin films. Mercury Chromium sulfide is a chalcogenide metal sulfide semiconductor with an 
insulating structure [8]. Many techniques have been reported in the deposition of thin films such as evaporation, 
sputtering, spray pyrolysis, molecular beam epitaxy, and photochemical deposition. There is a problem in each 
of these deposition methods [9, 10]. Amongst all, chemical bath deposition (CBD) is simple, easy to handle, low 
cost and is suitable for a large area deposition and capable of yielding good quality thin films [11]. The 
characteristics of chemically deposited HgCr2S4 thin films by CBD strongly depend on the growth conditions.  
In the present study, the chemical bath process is performed by slow release of S2- and controlled free Hg2+ and 
Cr2+ react to form HgCr2S4 nuclei on glass substrate and in the bath solution in the form of precipitation. The 
growth, structural, surface morphological, optical and thermoelectric properties have been studied. 
 

II. Experimental 
In the present investigation, thin films of HgxCr2-xS4 (X=0.2) are grown on glass substrate by chemical 

bath deposition technique. All AR grade (MERCK) chemicals are used for growth of HgxCr2-xS4 thin films. For 
the deposition of HgxCr2-xS4 solutions of HgCl2, CrO3 and NH2-CS-NH2 are prepared separately of concentration 
0.1 M using double distil water as solvent and mixing them in non-stoichiometric proportion. EDTA is used as 
complexing agent. pH (10-11) of the reaction mixture was adjusted by adding ammonia. The deposition carried 
out in borosil glass pot of capacity 100ml is used to put chemical reactant in the form of solution, served as 
chemical reaction bath. This chemical reaction bath is put under constant temperature oil bath. The chemical 
reactant in form of solution is stirred by magnetic stirrer. Well cleaned glass microslides are dipped vertically in 
the chemical reaction bath by providing support to glass pot of the reaction bath. The stirring speed of magnetic 
stirrer is so adjusted that the solution can stir slowly during the deposition process. After deposition ofHgCr2S4 
thin films, the substrate are taken out and washed with double distilled water and dried in air. Finally, they are 
preserved in an air tight container. Good quality samples were deposited at optimized temperature, time of 
deposition, speed of solution rotation and pH at 65 0 C, 120 min, 40 rpm and 10 values respectively.  The 
thickness of deposited thin films is measured by the weight difference technique. The structural properties of the 
films are analyzed by using Bruker AXS D8 Advanced model X-ray diffractometer (CuKα radiation; λ = 
0.15405 nm) and the grain size is determined from the Scherrer formula. The film surface morphology was 
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investigated using scanning electron microscopy (FE-SEM HITACHI S4800 II).  The optical absorption studies 
were carried out using UV-VIS spectrophotometer (UV-VIS 2400 SHIMADZU) in the 200-800 nm wavelength 
range. Thermoemf of the samples was measured by TEP by “Scientific Equipment and Services, Roorkee”. 

 
III. Results and Discussions 

3.1. Impact of Preparative Parameters  

3.1.1. Impact of Bath Temperature  
Figure 1 shows the variation of film thickness with deposition temperature, keeping other parameters constant. 
The temperature of chemical bath was changed from 40 0 C to 90 0 C with an interval of 5 0 C. It can be seen 
from Figure 1 that the thickness goes on increasing with bath temperature; it reaches maximum thickness at 65 0 

C and further decreases with increase in temperature after 65 0 C [12–15].  
   

 
Figure 1: Optimization of solution bath temperature for Hg𝑥Cr2−𝑥S4 (x = 0.2). 

 
3.1.2. Impact of Molar concentration.  
Figure 2 shows the variation of film thickness with molar concentration, keeping other parameters constant. The 
molar concentration of chemical bath was changed from 0.02 M to 0.2 M with an interval of 0.02 M. It can be 
seen from Figure 2 that the thickness goes on increasing with molar concentration; the film thickness was 
reached maximum and then it was constant.    
 

3.1.3. Impact of Deposition Time  

The impact of deposition time on thickness was studied in Figure 3, keeping the other parameters the same. The 
thickness of thin film went on increasing with time of deposition, reaching to maximum at 120 minute. 
 

3.1.4. Impact of Thiourea Concentration 
Figure 4 shows the variation of film thickness with volume of thiourea, keeping other parameters the 

same. The volume of thiourea was changed into a bath solution. The maximum and well uniformed thin films 
were obtained with the addition of 10mL thiourea into a chemical bath solution. pH of the chemical bath 
solution was 10 at room temperature. Figure 4 indicates that the thickness went on increasing with volume of 
thiourea reaching to maximum (10mL) and then decreases with further increase in volume of thiourea. 
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Figure 2: Optimization of molar concentration for Hg𝑥Cr2−𝑥S4 (x = 0.2). 

 

 
Figure 3: Optimization of deposition time for Hg𝑥Cr2−𝑥S4 (x = 0.2). 

 

 
Figure 4: Optimization of thiourea concentration for Hg𝑥Cr2−𝑥S4 (x = 0.2). 

 

3.2 Structural analysis 

The structural characterization was studied by using X-ray diffraction. The powder X-ray diffraction  is 
performed using Bruker D8 Advanced model, X-ray diffractometer (CuKα radiation; λ = 0.15405 nm). The 
average crystalline size (D) has been calculated from the line broadening using the Scherer‟s formula: D = K 
λ/βcosӨ, where K is a constant, λ is the wavelength, β is full width at half maximum (FWHM) and Ө is Bragg‟s 
angle. 
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The XRD pattern of the as- deposited Hg𝑥Cr2−𝑥S4 (x = 0.2) thin films with optimum growth parameters 
was carried out. It is shown in Figure 5. The observed XRD pattern shows cubic crystal structure with 
noticeable growth along the (220) plane [15-17], in addition to the other small peaks, namely,(3 1 1), (4 2 2), 
and (4 4 0). Table 1 shows the measured and standard XRD data of d-spacing. There was similarity between 
measured and standard d-spacing values suggesting the formation of Hg𝑥Cr2−𝑥S4 [18]. 
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Figure 5 XRD pattern of Hg𝑥Cr2−𝑥S4 (x = 0.2) 
 

Table 1              
h k  l 2Ө 

degree 
d   Å 

measured standard 
2 2 0 24.5800 3.61967 3.62000 
3 1 1 28.852 3.08123 3.0870 
4 2 2 43.2602 2.08982 2.09000 
4 4 0 50.3800 1.80983 1.81000 

 

3.3 Surface Morphology   

Figure 6 shows SEM image of chemically deposited HgxCr2-xS4 (X=0.2) thin film. SEM image, 
confirmed good quality of film formation. From this micrograph, profound observation reveals well resolved, 
compact grains with irregular shape are cluster structure to form homogeneous surface morphology on substrate 
surface without void spaces. The grain size measured from SEM image falling in the nanometer range was 
almost same as that of estimated by XRD studies. 

 

 
Figure 6 SEM image of HgxCrx-2S4 (x = 0.2) 
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3.4 Optical properties 

The optical absorption spectra were obtained in the 335 nm - 800 nm wavelength ranges by employing 
a Shimadzu 2450 UV-Visible model of the spectrophotometer. Figure 7a shows the optical absorbance spectra 
versus wavelength range nm of the films deposited in this work.  The fundamental absorption edge is one of the 
most important features of the absorption spectrum of a semiconductor. The increased absorption near the edge 
is caused by the transition of electron from the valance band to conduction band. Optical energy band gap (Eg) 
can be calculated using the relation [19]. 
                                                                   α   =  𝐴(ℎ𝑣−𝐸𝑔)𝑛ℎ𝑣                

Where „A‟ is a constant and „hv‟ is the photon energy and n = 2 for indirect band gap and n = 1/2  for direct 
band gap.                                                       

  Figure 7b shows the plot of absorption coefficient α against photon energy.  The value of fundamental 
absorption edge from the intercept lies at 1. 1.5600– 3.6494 eV and the corresponding absorption coefficient 
values were 5.605 x 105 to 9.040 x 105 cm -1 supporting direct transition of the material [14, 20]. The higher 
value of absorption coefficient in the UV region makes the material useful in forming p-n junction, solar cells 
with other suitable thin film materials for photovoltaic applications [21]. Figure 7c shows   (αhv)2 x 1012 verses 
photon energy (hv) for  HgxCrx-2S4 (x = 0.2) thin film, optical band gap was obtained by extrapolating these 
curve. The direct optical energy band gap of this sample was 2.139eV.  The reported values in literature are 
2.39- 2.70eV [14, 20]. . 

 

 
Figure 7 a Absorbance Vs Wavelength 

 

 
Figure 7b Absorbance coefficient Vs Photon energy 
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Figure 7c (αhv)2  Vs Photon energy(hv). 

 

3.5 Thermoelectric power 

In the thermo e.m.f. measurement, the temperature difference causes the transport of carriers from the 
hot end to the cold end and thus creates an electric field, which gives the thermal voltage. This thermally 
generated voltage is directly proportional to temperature difference created across the semiconductor. Thermo-
emf generated by the HgxCrx-2S4 ( x = 0.2) thin film was measured in the temperature range 308- 423 k and the 
graphical representation of thermoemf verses change in temperature is as shown in figure 8. The plot shows that 
the thermoemf increased with temperature in the sample, which can be attributed to increase in carrier 
concentration and mobility of charge carriers with temperature. The positive value of thermoelectric emf found 
over the entire temperature range studied that the majority charge carriers are hole and electron as a minority 
carriers i.e. p-type behavior. 
 

 
Figure 8 Thermoemf verse ΔT for as-deposited HgxCrx-2S4  x = 0.2) thin film onto glass substrate.  

 
IV. Conclusion 

HgxCrx-2S4 (x = 0.2) thin films have been successfully deposited by the simple and inexpensive 
chemical bath deposition method. The effect of various preparative parameters such as deposition temperature, 
molar concentration, deposition time and thiourea concentration on growth process is studied. XRD analysis 
confirms that the deposited films are cubic in nature. A well defined grains with closed packed structure and 
homogeneous film was observed by surface morphology. The size of grains mostly falls into nanometer range. 
The direct optical energy band gap of this sample was 2.213 eV. From TEP measurement the deposited films are 
of P- type semiconducting in nature. 
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ABSTRACT

Bi-do?ed thin fln sanpLes \,)erc prepared by physical wpa r depasition technique. The Bi-doped
tin melal was deposited on ?re cleaned standard glass substrates trith abare technique. The flm
samples were then annealed at rarious temperatures far 2 hrs. ancl were charucteized for
stucting structural morphalagical, electricdl and gas sensing prcperties by XllD, FESEM static
gas sensing system respectirely. Prcparutian af thin Jilm sanples, strlictural, suface
morphalagical and etemental analysis are explained in this pdper.

Kelyords: Bi-doped tin oxide, physical vapour depositioq XRD, FESEM.

INTRODUCTION:

Since last few decades, among various oxides, SnO2 (tin oxide) semiconductor iilms have been widely
employed in recognilion of volatile organic compounds as slable gas sensols. They afe also used in
monitoring the environnent, industries etc. [1], as window layer in solar cells [2], as gas sensors to sense
hazardous gases l;ke CH4, CO, NOx, CNG etc. 13-51. SnO2 and TiO2 are promising gas sensors because

[6-9] of their advantages like low cost, simple fabrication methods, and rapid response and recovery
times [10].
Doping is one expected method ol e.iancing rhe conducttvLry and slabilir) uf ihe sensor by incorporaling an

atom or ion into host material I I ] , I 2l. Altho ugh num erous srlrdies have been cond ucled. on rhe eleciro njc and
optical propeiies ol different semiconductor oxides doped with metals, only a few theoretical siudies exist on
neial (M)-doped semiconductorc oxides [ 13- l5]. The pfesent study aims to systematically stldy the eilect ofBi
doping concentration on the structural properties, conductivily and stabilio, of SnO2 by combining lheoretical
calculations with our expedments. We have successfully fabricated Bi-doped SnO2 thin soLid films by using
Plrysical Vapou Deposition. The prepared film samples were analyzed using X-my diffracrion (XRD), FESEM,
LDAX. Static "as sensinc sv\rc .l clc.

PREPARATION OF THIN FILM SAMPLES:

Thin film samples were prepared by using Physical Vapour Deposition Technique. Pre-cleaned srandard
glass substrates were placed on a specially designed mask exactly above the tungslen filanent containing
tin wire and a lump ofBi. Appropriate amoult of cureni was passed through the tilament with the help of
dimmerslat for evaporating i;n and Bi. The evaporated material got deposiled onto the glass substrates
mounted on the mask. These samples were then heated at about i25oc ibr 24 hrs for maximum oxidalion
ofthe deposited naterial. These samples later were rnnealed al 100, 400 and 500oC fof 2h|S. and stored in
a desiccator. They were then analyzed for structural, norphological, electrical and gas sensing
characterizations by XRD, FESEM and static gas sensing systen fespectively. Fig.l shows the vacuun
systen enployed for deposition purpose.

Intemational Refereed Research Journal Vo1. IX. Special Issue, Januarl, 2018[36]
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Fig,l: vacuum systcm

CHAR4CTERIZ ATIONS:

Structural Analysis by XRD:
Fig. 2 shows the;RD"pattem ol B i-doped S nO2 lhin film sam p les samples were scanned ovet the range of 2 0

fr;m 20-SOo. The (hkl) planes (120) and (111) comespond to orlhorhombic phase

Fig.2: XRD patterns ofBi-doped SnO2

Table l: Crystallite size

Peak Position 20 (bkl) Dlane FWHM (radians) Crvstallite size (nm)

27.t6 012 0.03349 4.2588

I1.61 120 0.01308 I1.0r48

34.15 1n 0.0 t4r 3 10.2654

39.61 110 0.01361 I0.8308

48.70 202 0.00785 19.3885

thin film sample

=l
2e

The data marched with rhat from the JCPDS data card [20] and rhe planes (012) and (1lo) correspond to

rhombohed.al phase. The obseNed data matched with JCPDS card [2] I This data confimed the malerial The

"rv.ruttit" 
.ir"i 

"ot"otut"d 
are systenatically tabulated in the table 4.1. l he structural paramelers of B;-doped

SriO2 thin film samples are reprisented in Table 2. Crystalline na$re oflhe films is clearly seen iiom the data

lntemational Refereed Research Joumal vol. IX. Special Issue, January 2018[37]
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Table 2: Structural Darrmeters of Bi-doped SnO2 thin film srmples

Annealing
Temp.

'c

Dislocation

densit/
Crystallite

Siz,e D
lnterplanar

Distance

dA"

Degree oi
crystallinity

DC T%)

Average

Coefficient

Lattice
Strain g
(%) x 10':

400 1.429 t52 s.4959 92.98 0.99987 4.',7936

Surface Morphology using FESEM:

The suface morphologl ofBi-doped SnO2 th;n filnl samples obtained by using FESEM are shown in Fig 3.

Average grain size ibr Bi-doped filln sanples. was obseNed to be 65.61 nm fespectively. The compaclness and

agglomefation ofthe grains ;s ciearly seen ftom the FESEM images ofdoped filn samples This is possibly due

to andealing ofthe samples.

Fig.3r FESEM image ofBi-doped SnO2 thin film samples annealed at 400oC

Elemental Analysis by EDAX:
Fig. 4 shows the EDAX spectra of Bi-doped SnO2 thin film
sampLes are sumnarized in Table 3.

samples. Elemental composition of lhe lllm

Fig.4r EDAX spectra ofBi-doped Sno2 annealed at 40ooc

Table 3: trlemental composition of Bi-dopcd Sn02 thin film samples

Troe ofsamDle Atomic Number Element $eisht 70

Bi-doped Sno,

50 Sn 12.48 1.89

8 o 87.43 98.1l

83 Bi 0.09 0.01

Total 100.00 100.00

Vol. lX. Speciai Issue. January 2018[38]lntemaiional Ref:reed Research Joumal
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CONCLUSIONS:

1 . The Physical Vapour Deposition method can be used to fabricare SnO2 thin film samples doped with Bismuth.
2. Once the appropriate vacuut is obiained, a large number of uniform samples can be fabdcated at room

temperature by this method. In addition, the samples are free from any contanination.
3. Grains fomed are ilregular shaped and uniformly dislributed. Average grain size f6r Bi-doped film samples

was 66.11 nm.

4. EDAX studies confinned the nonstoichimetry ofthe samples_
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ABSTRACT 

In this article, we have reported fabrication of various morphological of cobalt oxalate. Cobalt oxalate crystals 

were grown by agar-agar gel through the single diffusion technique. The tendency of cobalt oxalate crystals 

to spherulites growth was demonstrated. Also Liesegang ring are observed. The cobalt oxalate preparation 

method was played crucial role on the crystal structure and its morphology.  The optimum growth conditions 

cobalt oxalate was achieved by controlling the parameters like, concentration of gel, concentration of 

reactants, aging period and reversing of reactants. The crystal structure of grown material was determined by 

TGA, DTA and EDAX. 

Keywords: Crystal growth, cobalt oxalate, TGA, DTA and EDAX. 

Introduction: 
Growth of crystal ranges from a small inexpensive technique to a complex sophisticated expensive process 

and crystallization time ranges from minutes, hours, days and to months. The starting points are the historical 

works of the inventors of several important crystal growth techniques and their original aim. Crystals are used 

in semiconductor physics, engineering, as electro-optic devices etc., so there is an increasing demand for 

crystal [1-5]. For years, Natural specimens were the only source of large, well-formed crystals. The growth 

of crystals generally occurs by means of following sequence of process. Diffusion of the molecules of the 

crystallizing substance through the surrounding environment. Diffusion of these molecules over the surface 

of the crystal to special sites on the surface. Today almost all naturally occurring crystals of interest have been 

synthesized successfully in the laboratory [6-9]. It is now possible only by crystal growth techniques. 
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Materials and Methods 

Materials used to grow the cobalt oxalate crystals are cobalt chloride, oxalic acid, and agar-agar gel. All the 

chemicals used for the experiment were used without any further purification. Sodium silicate glass test-tubes 

were used as crystallizing vessels.  The test-tubes were filled with the first reactant (cobalt chloride) of desired 

volume and morality.  The second reactant, oxalic acid having a concentration range of 0.5 to 1.5 M, was 

poured along the walls of the test-tube into the set-gel, and allowed to diffuse into the gel medium. The open 

end of the tube was closed with cotton plugs and kept undisturbed. The said procedure was carried out at room 

temperature. The ions of the supernatant solution reacted with ions of the first reactant via capillaries formed 

in gel medium. After six to seven days, nucleation kick-started at the gel-solution interface. The chemical 

reaction that occurred between the two reactants is given as follows: 

                         CoCl2 + H2C2 O4                       CoC2O4 + 2HCL 

The diamond-shaped, spherulites, opaque crystals were obtained in the test-tube. The crystals were harvested 

by washing them carefully with acetone and collected for further characterization.  Table 1 shows the 

optimized crystal growth parameters for the cobalt oxalate crystals.  

Table 1 shows the Optimum condition of cobalt oxalate crystal 

 

 

 

 

 

 

 

 

 

 

Liesegang rings - are a phenomenon seen in many, if not most, chemical systems undergoing a precipitation 

reaction under certain conditions of concentration and in the absence of convection. Rings are formed when 

weakly soluble salt are produced from reaction of two soluble substances, one of which is dissolved in a gel 

medium [10]. The phenomenon is most commonly seen as rings in a Petri dish or bands in a test tube; however, 

more complex patterns have been observed, such as dislocations of the ring structure in a Petri dish, helices’, 

and Saturn rings in a test tube [11]. Despite continuous investigation since rediscovery of the rings in 1896, 

the mechanism for the formation of Liesegang rings is still unclear. 

 

Sr.No Condition Single Diffusion Condition Single Diffusion 

1 Percentage of gel 2.0 % 

2 Concentration of cobalt chloride 1.0M 

3 Concentration of oxalic acid 1.0M 

4 Volume of cobalt chloride 5.0 ml 

5 Volume of oxalic acid 15 ml 

6 Gel setting period 34 Hours 

7 Gel aging period 4 days 
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                     (a)    (b)  

Fig. 1(a) Shows the spherulites cobalt oxalate crystals (b) Shows the formation of Liesegang rings 

Result and Discussion-  

Thermogravimetric Analysis (TGA) of Cobalt Oxalate- The thermogram of cobalt oxalate crystal 

were obtained with the help of SDT Q600 V20.9 Build 20. TGA/DTA/DSC thermal analyser available at 

Materials Characterization Laboratory Department of Materials Science and Engineering, Yonsei 

University,Room No.B307,Engineering Hall 2,50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Republic of 

Korea.  The TGA curve of cobalt oxalate agar-agar gel grown crystal is as shown in fig (2), the percentage of 

the weight loss in the different stages of decomposition of cobalt oxalate are presented in the table (2) . There 

is good agreement between the observed and calculated weight. The four stages of decomposition are described 

as below: In the first stage decomposition occurs in the temperature range 300C to 1770C in which weight loss 

of 17.46% agrees very well with the calculated weight loss 17.58%. Thus it is clear that the crystals are hydrate 

and the weight loss calculation clearly indicate that cobalt oxalate crystals have nine water molecule as water 

of crystallization. It is notice that the sample losses water of hydration and becomes anhydrous at 1770C. 

In the second stage of decomposition in the temperature range 2000C to 2470C, the total weight loss 3.411% 

is seen which is due to the loss 3C and 3H2O this is well agreement with calculated weight loss of 3.50%. Then 

an anhydrous cobalt decomposes into cobalt oxalate.  
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 In the third stage of decomposition total weight loss 36.88% was observed in the temperature range 

2470C to 2600C which corresponds to the loss of 2CO. This weight loss agrees very well with the calculated 

weight loss 37.00%. Thus cobalt oxalate further decomposes into cobalt carbonate.  

 Finally in the temperature range 8920C to 9300C, total weight loss of 2.538% was obtained. This loss 

is attributed to the loss of CO2. This is in well agreement with the calculated weight loss of 2.8%. Thus the 

cobalt carbonate finally turns into cobalt oxide at 9300C. Which is confirmed by residual weight up to the end 

of analysis 2.538%. This is in good agreement with calculated residual weight of 2.80%.[12-14] 

 

Fig.2 Shows the TGA Curve of Cobalt oxalate crystal grown by agar-agar gel technique 

 

Table 2 Summarized data of TGA results of decomposition process of cobalt oxalate crystals 

Stage  Temperature 

range 0 C 

Observed 

Weight loss 

% 

Calculated 

Weight loss % 

Loss of Molecule 

in stage 

ɪ 30-1770C 17.46% 17.58% 9H2O 

ɪɪ 200-2470C 3.41% 3.50% 3C and 3H2O 

ɪɪɪ 247-2600C 36.88% 37.00% 2CO 

ɪv 892-9300C 2.538% 2.80% CO2 

 

Differential Thermal Analysis (DTA) – 
The DTA curve for cobalt oxalate agar- agar gel grown crystal is as shown in figure(3) and the DTA data 

collected from this curve is tabulated in the table(3). In DTA curve we observe two endothermic peak at 

208.250C and 9190C and one exothermic peak at 3100C are due to decomposition of hydrated cobalt oxalate 

into anhydrous cobalt oxalate. In the first stage of decomposition, peak at 208.250C is attributed to loss of first 
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4H2O molecules immediately followed by another endothermic peak at 9190C which corresponds 2H2O 

molecules. The endothermic peaks observed in the DTA curve corresponds to the total weight loss of Nine 

water molecule in TGA curve [15-17]. 

Table 3 DTA data of Cobalt oxalate 

Peaks recorded Nature 

208.250C Endothermic 

9190C Endothermic 

3100C Exothermic 

 

The exothermic peak at 3100C due to the decomposition of anhydrous cobalt oxalate into cobalt oxalate. The 

exothermic peak attributed to the loss of 4C molecule and endothermic at 208.250C is attributed to the loss of 

3 water molecules. The endothermic peak at 9190C is due to the decomposition of cobalt oxalate carbonate to 

cobalt oxide which is attributed to the loss of 2CO2. 

 

Figure 1 DTA curve for Cobalt oxalate 

Energy Dispersive Analysis by X-rays (EDAX) – 

The chemical composition of as grown crystals is analyzed by Energy Dispersive X-ray Analysis (EDX). Fig. 

4 shows the EDX spectrum which confirms the presence of expected elements O,C and Cu.The stoichiometric 

composition was computed using experimental and theoretical results of EDX. Energy Dispersive analysis by 

X-ray (EDAX) is used for the quantitative analysis of cobalt  oxalate and is also called as elemental analysis. 

It conclude that the (weight & atomic %)  of copper (Cu) in the grown crystal measured by EDAX are very 

close with the values calculated from the molecular formula.[18-22]. 
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Figure 2EDAX of Cobalt oxalate 

Table 4 EDAX of cobalt oxalate 

Element Weight% Atomic% Net.Int Error % K 

ratio 

Z R A F 

Ck 2.22 9.46 44.68 19.14 0.01 0.05 1.33 0.84 0.21 1.00 
Ok 2.41 7.71 227.93 10.39 0.01 0.05 1.28 0.86 0.42 1.00 

Cobalt 95.37 82.83 6779.47 1.88 0.97 0.80 0.98 1.01 1.0 1.03 
 

Conclusions – 
 The present work reports the growth and characterization of cobalt oxalate single crystals.  We have 

demonstrated the formation of cobalt oxalate single crystals in agar-agar gels. Cobalt oxalates exhibits star 

shaped, opaque and spherulites growth (flower) shape are observed. Further to obtain good quality single 

crystals of cobalt oxalate, both reactants –cobalt chloride and oxalic acid were interchanged. With cobalt 

chloride incorporated gels result only fibers. These facts have been explained by taking in account the 

interaction of the reactants ions with the sodium and silica ions.  The  effect  of temperature  on  growth  of  

cobalt  oxalate  crystals  showed  that  there  is  a decrease  in  nucleation  density  at  higher  temperature  

which  is  due  to  the increases of the aqueous solubility of cobalt oxalate.   

Conclusions- 

Transition metal cobalt (II) oxalate crystal was grown by gel method using agar agar gel in well size and 

shape.Red –pink colour crystal were observed. In contrast bigger and better shape of red pink block crystal 

of cobalt oxalate observed, however, longer growth time was needed to grow the crystal.  
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Abstract  

We have grown the cobalt oxalate crystals by adopting single diffusion technique via agar-agar gel. The tendency 

of cobalt oxalate crystals to form splices, twins, spherulites and dendrites was demonstrated. The growth dynamic 

of cobalt oxalate was studied by controlling the parameters like, concentration of gel, concentration of reactants, 

aging period and reversing of reactants. Physical properties of the grown crystals were analyzed by XRD, and 

FTIR techniques and the results are discussed. 

 

KEYWORDS: Gel, Crystal, Gel Growth, Crystal Growth, XRD, and FTIR 

 

Introduction 

Crystals grown by the gel method has gained interest in the research community because it is cheap and 

easy to grow single crystals of alkaline-earth metal oxalates[1] and transition metal oxalates [2]. These 

materials have interesting properties like low solubility in water [3], decomposition before freezing point 

[4], interesting optoelectronic properties. Their role in analytical chemistry and subsequently in industries 

[5, 6] has created an opportunity for the researcher to investigate every scientific aspect of these materials. 

Therefore, efforts are being made to investigate and study the physical and chemical properties of these 

materials. Recently, there are reports on the growth of mixed-ligand complex formation using cadmium 

oxalate [7]. In the present study, we have presented the optimization of growth parameters to grow the 

cobalt oxalate single crystals using the agar gel method. 
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Materials and Methods 

Materials used to grow the cobalt oxalate crystals are cobalt chloride, oxalic acid, and agar-agar gel. All the 

chemicals used for the experiment were  used without any further purification. Sodium silicate glass test-tubes 

were used as crystallizing vessels.  The test-tubes were filled with the first reactant (cobalt chloride) of desired 

volume and morality.  The second reactant, oxalic acid having a concentration range of 0.5 to 1.0 M, was poured 

along the walls of the test-tube into the set-gel, and allowed to diffuse into the gel medium. The open end of the 

tube was closed with cotton plugs and kept undisturbed. The said procedure was carried out at room temperature. 

The ions of the supernatant solution reacted with ions of the first reactant via capillaries formed in gel medium. 

After six to seven days, nucleation kick-started at the gel-solution interface. The chemical reaction that occurred 

between the two reactants is given as follows: 

                         CoCl2 + H2C2 O4                       CoC2O4 + 2HCL 

The diamond-shaped opaque crystals were obtained in the test-tube. The crystals were harvested by washing 

them carefully with acetone and collected for further characterization.  Table 1 shows the optimized crystal 

growth parameters for the cobalt oxalate crystals.  

 

 

 

 

 

 

 

 

 

 

 

 

Sr.No Condition Single Diffusion Condition Single Diffusion 

1 Percentage of gel 2.0 % 

2 Concentration of cobalt chloride 1.0M 

3 Concentration of oxalic acid 1.0M 

4 Volume of cobalt chloride 5.0 ml 

5 Volume of oxalic acid 15 ml 

6 Gel setting period 34 Hours 

7 Gel aging period 4 days 
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Figure 1:(a) in situo growth of Cobalt oxalate crystals in test-tube and (b) optical photograph of cobalt oxalate 

crystals  

 

Result and discussion  

The crystal structure analysis of the grown cobalt oxalate crystal was done via X-ray diffraction. X-ray pattern 

was recorded from the range of 10 to 80 degrees. The occurrence of highly resolved intense peaks at specific 

Bragg angles 2θ indicates the high crystallinity of the grown material and revealed monoclinic structure. The 

obtained crystal data has been compared with the JCPDS data and it closely matched with the reported JCPDS 

no. 037-0719.  The unit cell parameters (‘a’ = 5.39820 Å, ‘b’ = 5.03100 Å, and ‘c’ = 5.73590Å) are close to the 

reported cell parameters of CoC2O4.2H2O, indicating the monoclinic phase of cobalt oxalate crystal. 

Comparative data is tabulated in Table 2 for the gel-grown cobalt oxalate crystal. 

 
Table 2. Comparison of unit cell parameters of cobalt oxalate. 
 

Parameters Calculated JCPDS data 

System Monoclinic (P) Monoclinic 
a 9·67638 Å 6·4534 Å 

b 
 

6·7156 Å 7·5009 Å 

c 
 

8·6822 Å 10·940 Å 
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Figure 2: X-ray diffraction pattern of gel-grown cobalt oxalate crystal.  

4.2 Fourier transform infrared (FTIR) Spectra 

The Fourier transform infrared (FTIR) spectrum of cobalt oxalate was recorded at room temperature in the 

spectral range 500 – 4500cm-1 by KBr pellet method using SHIMADZU spectrophotometer at the department of 

Physics, Shivaji University Kolhapur. Figure 3 shows the   FTIR spectrum of cobalt oxalate. The spectrum shows 

various frequencies of vibrational modes which confirm the presence of oxalate in the crystal. 
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Figure 3: FTIR of Cobalt oxalate grown crystal 

The sharp peak at 3300.18 cm−1is attributed to the stretching of O−H group, indicating the presence of water of 

crystallization or water of hydration. However the peak at 1710. 00 cm−1  to 1665.00cm-1correspond to α,β-

unsaturated aldehydes, and ketones. The two identical sharp peaks around 1367.93 and 1327.43 cm−1 correspond 

to an asymmetric and symmetric stretch of C–H rock, respectively. Thus the FTIR spectroscopy confirmed the 

growth of cobalt oxalate crystals due to the presence of water of crystallization. 

 

Conclusions 

Cobalt oxalate crystals were grown by gel method using agar- agar gel in well size and shape. XRD powder 

diffraction patterns and analysis shows the crystalline nature of crystal with monoclinic phase. Different 

functional groups revealed by FTIR show the metal bond and different vibrations in the sample.  
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Abstract: The cobalt oxalate single crystals were grown in agar-

agar using gel method. In the present investigation, the cobalt oxalate 

single crystals were grown by single diffusion technique, such grown 

crystals were found in different size and colour. The physical and 

optical properties of cobalt oxalate crystals were characterized by 

different techniques such as SEM and UV-Vis spectroscopy and 

results are discussed.  

Index Terms: Cobalt oxalate, Crystal growth, Optical properties, 

SEM and Single diffusion. 

I. INTRODUCTION 

Single crystal growth is the rapid growing field in research 
because of increase in demand of single crystals for many 
applications there are various types of crystals which can be 
grown by gel method. It is simple and inexpensive technique. We 
have turned our attention towards the oxalates are having good 
application can be synthesized by gel method. Many research has 
grown the series of pure and mixed crystals to find out the new 
materials for various purpose (Bacchhav S. K. et al.,2014; Jhon 
M.V., et al.,2001; Gao P.,2008). There are various techniques for 
growing crystals like melt growth, Vapour growth, solution 
growth and etc. the gel technique attracted more attention towards 
it because of its simplicity and cost effectiveness. The crystals can 
be grown at ambient temperature.  

Cobalt oxalate is quite interesting compound as they are having 
good application. The cobalt oxalate crystals have been grown by 
the single diffusion and double diffusion technique using silica 
gel and also studied as precursor of Co4O4 nano particles (Yuniar 
P.,2012). In the present work of investigation, the cobalt oxalate 
single crystals were synthesized using single diffusion technique 
at room temperature and their characterization by EDAX, Powder 
XR, FT-IR and TGA-DTA. The work has been already published 

by the author (Pawar H.et al.,2021; Pawar H.et al.,2021).The 
crystals were analyzed by various characterization techniques. 
The physical and optical properties were studies by Scanning 
electron microscope (SEM) and UV-Vis Spectroscopy. 

II. EXPERIMENTAL 

A. Crystal Growth 

The growth of cobalt oxalate crystals has been carried out by 
single diffusion technique using gel method. The glass test tube 
of 25 mm diameter and 250mm length were used as crystal growth 
apparatus. 1% of agar gel was prepared by adding 1gm of agar 
powder into hot water. The solution of cobalt chloride (first 
reactant) and oxalic acid (second reactant) of 0.5, 1.0, 1.5 and 
2.0M concentration were prepared and store in clean glassware. 
Cobalt chloride solution and oxalic acid solution were used as first 
reactant and second reactant respectively. The solution of first 
reactant (oxalic acid) was taken in a test tube and 2% of hot agar 
gel was poured along the wall. Then test tubes were kept 
undisturbed for setting and aging gel, after setting and aging, 1M 
of second reactant (cobalt chloride) solution was gently poured 
over set gel. The open end of test tubes was closed with cotton 
plug to prevent evaporation and contamination of the exposed 
surface by dust particles and impurities of atmosphere and were 
kept undisturbed. After 28 to 42 days the good quality and 
different morphological crystals were grown and harvest them. 
The figures 1 (a) with working reaction during crystal growth in 
test tube and (b) shows that some good quality harvested cobalt 
oxalate crystals.  

The reaction between cobalt chloride and oxalic acid in agar – 
agar gel medium resulted in the growth of cobalt oxalate crystals. 
As grown crystals were characterized for structural, 
morphological, physical and optical properties. Growth of cobalt 
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oxalate crystals are gained by reacting the components cobalt 
chloride (CoCl2) and oxalic acid (H2C2O4). The expected reaction 
taking place in this work is as follows 

 

CoCl2 + H2C2O4                         CoC2O4 + 2HCl 

Fig. 1 (a) working reaction during crystal growth in test tube 

Fig. 1 (b) Harvested crystals of cobalt oxalate 

III. RESULTS AND DISCUSSIONS 

A.  Scanning Electron Microscopy (SEM) 

 

 

Fig. 2 (a), (b), (c) and (d) SEM images of as grown cobalt oxalate 

crystal  

SEM images gives the information about the nature and 
suitability for device applications and also it is used to check the  
presence of imperfections. SEM analysis was carried out using 
JEOL, JSM 7001F scanning electron microscope. The 
morphology and particles size were observed by scanning 
electron microscopy. Fig 2(a), (b) and (c) Shows typical SEM 
images of the cobalt oxalate at resolution X5000, X1000, X15000 
and X30000 respectively. 

SEM images revealed that the growth of cobalt oxalate crystals 
was composed of many rectangular sheets approximately greater 
than 5μm in length and of the thickness more than 5μm. However, 
in the high magnification of samples as shown in figure 2 (c) and 
(d). It revealed that the rods are actually bundle of rectangular 
plates those are in hexagon shape, which were stacked in parallel 
fashion. (Usha R.et al.,2012). Figure 2 (a), (b), (c) and (d) 
illustrate the SEM images of same sample. 

B. UV-Vis Spectroscopy  

Absorption spectrum of cobalt oxalate crystals was obtained by 
a SHIMADZU UV-2450, UV- Vis spectrophotometer. Figure 
5.15 shows UV-Vis absorption spectrum of cobalt oxalate crystal. 
The lower cutoff wavelength for CoC2O4 crystals was found to be 
300.31 nm were shows in fig.3 form the graph the value of band 
gap was found 4.12 eV. The absorption coefficient is high at low 
wavelength and low at high wavelength. Hence it is wide 
transparent crystal for wide range of wavelength (300-900). The 
wide band gap of CoC2O4 crystals confirms the less absorbance 
in visible region (Arun K.et al., 2008; Want B.,2006; Rohit 
P.S..,2020). The cobalt oxalate crystal can be used for the 
nonlinear optoelectronic device fabricating applications. The 
band gap energy of Cobalt oxalate crystals is found to be 4.12 
electron volt.  

 
 

 

 

 

 

 

 

 

 

 

 

IV.  CONCLUSION  

The present work reports the growth and characterization of 
cobalt oxalate single crystals grown by single diffusion technique 

Fig. 1 (a) working reaction during crystal growth 

Fig. 1 (b) Harvested crystals of cobalt oxalate 
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using agar-agar gel as a medium of growth. Scanning electron 
microscopic (SEM) analysis revealed that it consists of many 
rectangular sheets, those are in hexagonal shape and stacked in a 
parallel fashion. UV-Vis studies shows that the crystals have a 
wide transparency window from 300nm to 900nm enables it to 
good candidate for second harmonic generation.  
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Abstract: The Natural as well as Gel grown crystals plays an 

important role in modern technology development. Gel method for 

the growth of crystals which are insoluble or sparingly soluble in 

water is the best alternative for the growth of many crystals. Crystals 

grown by gel method are relatively perfect compared to the other 

methods. In the present investigation crystals of Li- tartrate, Cu-

tartrate and Mixed crystals of Li-Cu tartrate have been grown by 

single diffusion gel technique. The Thermal Analysis studies of these 

crystals are carried out in this work. The Thermal Analysis studies 

on these crystals. 

Index Terms: Gel method, Thermal Analysis, Li, Cu and mixed 

tartrate. 

I. INTRODUCTION 

It is well established that there is extensive study on tartrate-
based crystal grown by gel technique, however, we have found 
that there are few reports on the lithium tartrate-based crystal 
because of its chemical properties (Henisch H.,1970; Henisch 

H.,1986; Sawant D., et al., 2011; Patil H., et al.,2012). Therefore, 
in the present study, we have investigated the growth mechanism 
of lithium tartrate, copper tartrate and mixed lithium-copper 
tartrate crystals. All the three types of crystals were grown by gel 
method by using single diffusion techniques, the crystal growth 
procedures and various different parameters affecting the growth 
of the crystals are discussed. The present paper contains the 
comparative study of all crystals under investigation regarding 
their growth and Thermal Analysis study. All results obtained are 
put at a glance in present paper. 

II. GROWTH OF CRYSTALS 

In The crystals of lithium tartrate, copper tartrate, and lithium-

 
* Corresponding Author 

copper tartrate were grown by gel method by using single 
diffusion technique. 

Table 1 gives details regarding method and chemicals used, 
different habits of crystals obtained and their transparency etc. In 
the present work, we obtained semitransparent, shiny and star 
shaped lithium tartrate crystals. The copper tartrate crystals were 
of diamond shaped with bluish color, while the mixed lithium-
copper tartrate crystals were whitish blue in color and having a 
cubic shape. The adopted single diffusion gel technique proved to 
be beneficial because of it only we successfully obtained well-
shaped and good quality crystals. All the well-defined good 
quality crystals were found below 2 to 3 cm in the gel interface 
(Krishnakumar V., et al.,2009; Sawant. D.,2012; Sonawane 
S.,2015; Ahmad N.,2014). 

The optimum growth conditions for gel grown crystals 
established by varying the different parameters like pH of gel, gel 
setting time, gel density, room temperature etc. are reported in the 
Table 2 for the all these three crystals. The suitable value of gel 
density is found to be 1.04 gm /cm3 and the pH value is 4 to 4.2. 

 
III. THERMAL ANALYSIS 

Thermal analysis is the measurement of how specific physical  
or chemical properties of a substance changes with 

temperature. It measures the change in weight of the substance 
with respect to applied temperature. In present work, 
thermogravimetric analysis of lithium tartrate, copper tartrate and 
mixed lithium-copper tartrate crystals was done. It was noticed 
that the pure lithium tartrate crystal was more stable at high 
temperature than the copper tartrate and mixed lithium-copper 
tartrate crystals. We observed 60 % weight loss in the temperature 
range of 200-212 0C for copper tartrate crystals, whereas for 
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lithium tartrate crystal, weight loss is only about 28% in the same 
range of temperature. (Nandre S.,2013; Sawant D., et al.,2011; 
Yanes A., et al.,1996; Lopez T., et al.,1995). The details of weight 
loss with respect to temperature for all three the details of weight 

loss with respect to temperature for all three 
Similarly, for mixed lithium-copper crystals the total loss of 
weight was around 68 % in the temperature range of 0-310 0C. 

crystals is summarized in Table 3.1. 
 

Table 1 Summary of lithium, copper and lithium-copper tartrate crystals grown by gel technique 
  

Sr.No. Type Method Chemicals Used Solvent Quality Size (mm) 

1 Lithium 
Tartrate 

Gel method using single 
diffusion techniques 

Na2SiO3, 
C4H6O62LiCl 

Methanol or 
Ethanol 

Opaque, 
Transparent Good 

3 x 1 x 1 

2 Copper 
tartrate 

Gel method using single 
diffusion techniques 

Na2SiO3, 
C4H6O6CuCl2 

Distilled water Opaque, bluish 
color 

2.5 x 2 x 1 

3 Lithium 
-copper 
Tartrate 

Gel method using single 
diffusion techniques 

Na2SiO3, 
C4H6O6Cucl + 
2LiCl 

Methanol or 
Ethanol 

Opaque, good 2 x 2 x 1.5 

Table 2. Optimum growth conditions for gel grown tartrate crystals 
Sr.No. Parameter Lithium tartrate Copper tartrate Copper – lithium tartrate 

1 Concentration of tartaric acid 1M, 7ml 1 M, 7ml 1M, 5ml 
2 pH of the mixture 4 to 4.2 4.2 3.8 to 4.2 

3 Temperature 25 to 30oC 25 to 30oC 20 to 30oC 

4 Gel setting time 120 hours 96 hours 96 hours 

5 Density of sodium metasilicate solution 1.04 gm/cm3 1.04 gm/cm3 1.04 gm/cm3 

6 Period of growth 4 weeks 3-4 weeks 4 weeks 

7 solvent Ethanol  Water Ethanol or Methanol 

Table.3. Kinetic data of TGA analysis for lithium tartrate, copper tartrate and lithium-copper tartrate crystals. 

 

 

Compound Steps Temp. range oC Observed Weight 

loss % 

Calculated weight loss 

% 

Loss of Molecule 

 
Lithium tartrate 

I 25-95 18 18.18 2H2O 

II 95-260 10 11.90 2H2O 

III 260-750 15 15.50 2CO 
IV 750-950 30 32.10 2CO2 

Copper tartrate I 25-210 2.15 2.50 5H2O 
II 210-240 65.80 66.15 2H2O 

Mixed Lithium- 
Copper Tartrate 

I 30-100 18 19.8 3H2O 

II 100-210 1.5 2.0 CO 
III 210-320 49.5 50.42 CO2, 2H2O 
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Fig. 1 TGA spectrum of lithium tartrate crystal.  
Fig.2 TGA-DTA graph depicting the decomposition of lithium – 
copper tartrate crystal with respect to temperature 

 

Fig. 3 TGA -DTA graph depicting the decomposition of 
lithium – copper tartrate crystal with respect to temperature 

 
CONCLUSIONS 

The Thermal Analysis revealed the crystallinity of the grown 
crystals. Thermal analysis is the measurement of how specific 
physical or chemical properties of a substance changes with 
temperature. It measures the change in weight of the substance 
with respect to applied temperature. In present work, 
thermogravimetric analysis of lithium tartrate, copper tartrate and 
mixed lithium-copper tartrate crystals was done.  
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Fig. 1. SEM images of TiO thick film samples fired at2

(a) as deposited, (b) 350 C, (c) 450 C and (d) 550 C.
0 0 0

3.2. Elemental Composition:
Table 2 shows the composition of the films fired at different
temperatures. From the analysis it was found that the TiO2

films are non stoichiometry. The mass % of Ti and O in each
sample was not as per the stoichiometric proportion and all
samples were observed to be oxygen deficient. It is very
important for gas sensing applications. The deficiency or
excess of any type of atom in the crystal results in a distorted
band structure, with a corresponding increase in conductivity.
TiO looses oxygen on firing so that Ti is then in excess. The2

oxygen, of course, evolves as an electrically neutral substance
so that it is associated with each excess Ti ions in the crystal,
there will be two electrons that remain trapped in the solid
material, thus leading to non-stoichiometricity in the solid.
This leads to the formation of the n-type semiconductor [17].
The EDAX results show lot of variation Ti /O ratio with firing
temperature.

Table 2.Composition of TiO films.2

3.3. XRD spectra analysis:

Fig.2 shows X-ray diffraction patterns obtained for TiO thick2

films deposited on glass substrates and fired at 350, 450 and

550 C. In all XRD spectra, the respective diffraction peaks
0

corresponding to (101A),(004A), (112A),(200A) &

(211A),crystal planes of anatase phase and (110R), (111R) &

(112R)crystal planes of rutile phase were observed. Also the

minor diffraction peak (204A) corresponds to anatase phase

was observed in the XRD spectra of film fired at 450 C and
O
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550 C.The XRD spectra showed the presence of TiO , match
O

2

well with reported JCPDS data card  No. 83-2243 (Anatase)
and 83-2242 (Rutile) for confirming polycrystalline structure
of the film. It has been observed that the XRD peak
broadening decreases with an increase of the firing
temperature. The intensity of reflections increases with a rise
in the firing temperature. Also XRD analysis evaluates
thegrain size of the thick films as function of the
temperature. From this analysis all films were shown
random orientation of polycrystalline nature of the material.
The most pronounced and strongly reflected peak (101) was
observed at 25.2º. Also for further temperature surface area
decreases as grain size increases hence sensitivity decreases.

Fig. 2.XRD pattern of TiO at different firing temperatures2

3.4.Structural Parameters and their Analysis:
Dislocation density is defined as the length of

dislocation lines per unit volume of the crystal .Adislocation is
an imperfection in a crystal associated with the misregistry of
the lattice in one part of the crystal with another part. The
dislocation density calculated using equation-2[18] at
different firing temperatures indicates a decreasing trend with
firing temperature and is given in Table 3.

A stacking fault is a planar imperfection that arises
from the stacking of one atomic plane out of sequence with
another while the lattice on either side of the fault is perfect.
The presence of a stacking fault gives rise to a shift in the peak
positions of observed reflections with respect to the ideal
JCPDS positions of the sample [19]. From the XRD patterns of
films, the peak shift (∆ 01) plane was2θ) for the oriented (1
measured with a change in firing temperature. The stacking
fault probability was calculated using equation-3 [18] at
different firing temperatures is given in Table 3.

Texture Coefficient (T )calculated using equation-4C

[20-21], it was observed that Texture Coefficient approaches
less than unity. The lower values of T reveal that the filmsC

have poor crystallinity.
Auniform compressive or tensile strain (macrostrain)

results in a peak shift of the X-ray diffraction lines.Broadening
of X-ray diffraction line profiles is mainly caused by non-ideal

optics of the instrument, wavelength dispersion, and
microstructural imperfections in the crystals. The
microstructural line broadening can be subdivided into size
broadening and strain broadening. Strain broadening is
caused by a varying displacement of the atoms with respect to
their reference-lattice positions.

Table 3. Variation of structural parameters with firing

temperatures.

(a) Crystallite size (D) (b) Microstrain (e)
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(c) Stacking fault probability (α) (d) Dislocation density (ρ)

Texture Coefficient (T )C

Fig. 3.Variation of Structural Parameters with firing
Temperature.

The thick films as deposited and fired at temperatures
350, 450 and 550 C were found polycrystalline. Films fired at

O

550 C were observed mix anatase-rutile structure, more
O

crystalline, porous, oxygen deficient and good adhesion to
glass substrate. Increase in temperature improved the
crystalanity and thus increased the mobility of atoms at the
surface of the films. Crystallite size increased with an increase
in the firing temperature, whereasmicrostrain, dislocation
density and stacking fault probability decrease with an
increase in the firing temperature. Compositional and
structural analysis confirmed that TiO thick films were non-2

stoichiometry, which are suitable for gas sensing applications.
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ABSTRACT 

 

Nanocrystalline SnO2 thin films were successfully prepared using Physical Vapour Deposition technique 

and were annealed at 400
o
C. Structural, morphological, elemental, compositional, optical, and electrical 

and gas sensing properties were studied using XRD, FESEM, EDXS, UV-Vis Spectrophotometer, DC 

resistance measurement method respectively. Acetone, Cl2, CO2, Ethanol, H2S and NH3 sensing 

performance of Nanocrystalline physically vaporized SnO2 thin films were investigated and reported in 

this paper. The results were systematically tabulated, interpreted and discussed.  

 

Keywords: SnO2 thin film, PVD technique, XRD, FESEM, gas sensor, sensitivity. 
 

Introduction 

Since last few decades there has been an increasing interest to prepare inexpensive SnO2 thin films. Tin 
oxide is the most widely used metal oxide semiconductor in gas sensing because of its capability to detect 
combustible and hazardous gases such as methane, LPG, CNG, CO, CO2, Cl2, H2S etc[1-4]. It is an n-type 
semiconductor of tetragonal structure with band gap energy about 3.6 eV at room temperature. It is cheap, 
nontoxic and has strong oxidizing power, high photochemical corrosive resistance, good electrical, optical 
and piezoelectric behavior. In recent years, semiconductor metal oxide films have received considerable 
attention because of their potential applications [5] such as photochemical and photoconductive devices in 
LCD, lithium-ion batteries,[6-8] a transport conductive electrode for solar cells [9,10] a gas sensing 
material for gas sensor devices [11], transport conducting electrodes [12] etc. The majority of the 
applications adopted SnO2 as the sensing material due to its high sensitivity and stability at lower 
operational temperatures, in spite of its poor selectivity [13].Out of many thin film preparation techniques 
such as chemical vapour deposition [14], spray pyrolysis [15], sputtering [16], activated reactive 
evaporation [17], etc. Physical Vapour Deposition method is straight forward and simple one. Because of 
deposition in high vacuum and at room temperature, this technique produces contamination free uniform 
thin films. In the present study, we used Hind Hivac vacuum depositing unit for depositing pure tin onto 
the cleaned glass substrates at room temperature. The films were then heated in muffle furnace at 200oC 
for 24 hrs to allow oxidation. The so formed pure SnO2 thin films were then annealed at 300, 400 and 
500oC each for 2 hrs. Structural, morphological, electrical, optical and gas sensing characterizations of the 
samples were studied. 
 

2. Experimental 
 

2.1 Substrate Cleaning 

 Glass substrates were thoroughly cleaned by hot chromic acid to remove contamination. They 
were then rinsed with distilled water followed by acetone. Finally the substrates were dried under UV 
lamp at 60-80oC. 
 

2.2 Preparation of nanocrystalline SnO2 thin films 

 Pure SnO2 thin films were deposited onto the glass substrates by thermal evaporation technique. 
The cleaned substrates were mounted onto the mask placed ~15 cm above the tungsten basket. In this 
method, tin was vaporized by passing appropriate current through spiral of basket using dimmerstat (0-10 
A). The selection of a particular heater depends upon the form of the material to be evaporated. When the 
material is heated in vacuum (~10-5 mbar), it undergoes sublimation and atoms get transported to the 
substrates where they get deposited. The samples were then placed in a muffle furnace for 24 hrs at 200oC 
for allowing oxidation. Out of oxidized samples, a few samples were annealed at 400oC for 2 hrs.  
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3. Results and Discussion 

 

3.1 Electrical Characterization 
3.1.1 I-V Characteristics 

Simple series circuit of the sample and picoammeter with voltmeter in parallel was used to study 
I-V characteristics. The current versus voltage characteristics of the samples annealed at 400oC were 
plotted. They are almost symmetrical in nature and prepared samples are ohmic in nature. The resistance 
values were obtained from the slope of the graphs (Fig.1). 
3.1.2 Resistance versus Temperature Characteristics 

The electrical properties of the samples were studied. DC resistance measurement of the films was 
performed by using the voltage divider consisting of a standard high resistor in series with sample and a 
standard voltage source. Voltage across the standard resistor was measured at different temperatures 
(ranging from 400oC to 50oC) and film resistance was calculated. The film resistance R (Ω) was plotted 
against temperature t (oC) (Fig. 2a) and temperature coefficient of resistance (TCR) of the film material 
was calculated. Graph showed negative temperature coefficient of resistance and semiconducting nature 
of the samples. 

Graph of logR versus 1/T (T being sample temperature in K) (Fig.2b) was used to evaluate 
activation energy in high and low temperature regions. The results are tabulated in Table1. The activation 
energy of tin oxide films is due to the formation of donor levels below conduction band. Earlier 
researchers have obtained activation energy to be 0.26 eVand 0.2 eV[18]. Some other groups reported 
activation energy as 0.73 eV[19].   
 

3.2 Structural Characterization by XRD 
The crystalline structure of the thin films was examined by X-Ray Diffractometer (Model-D8 

Advance, Make-Bruker AXS GmbH, Berlin, Germany) using CuKα radiation having wavelength 1.5402 
Ao within 2 range of 20o to 80o. Fig.3 shows the XRD patterns of the samples annealed at 400oC. All the 
major peaks correspond to tetragonal phase. Open peaks correspond to the substrate (glass) material. 
Average Crystallite size was estimated using Scherrer formula. 

                                                    

           
(1)                          

βcosθ
0.9λ

D   

 
where,D is crystallite size,  is wavelength of radiation (1.5402 Ao), β is Full Width at Half Maxima in 
radians and  is Bragg’s angle in degrees. 
Interplanar distance d was determined using Bragg’s condition 2dsin = n . Degree of crystallinity[19], 
grain size, interplanar distance, average texture coefficient, dislocation density, lattice strain etc. were also 
determined using the relations (eq.1-7) [20-22] and systematically tabulated in Table 2.   
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where I = the measured intensity, I0= the standard intensity, N = number of diffraction peaks, Ic and Ia are 
respectively the intensities corresponding to crystalline and amorphous phases, ρ =density of the material 
in g/cc. The observed grain size from XRD patterns and FE-SEM were estimated, their values were 
compared. 

All these structural parameters have been determined and reported in Table 2. Since the averaged 
texture coefficient value was 1 the formed material in thin films is confirmed to be polycrystalline in 
nature. The corresponding (hkl) planes for 2 values matched with standard JCPDS data cards [23]. 
 

3.3 Surface Morphology by FESEM 
The surface morphology of the films were observed using FESEM technique (Model-S4800 Type 

II, Make-Hitachi HiTechnologies Corporation, Tokyo, Japan). 
Fig. 4 shows the FESEM micrograph images of pure SnO2thin film samples annealed at 400oC. 

The small spherical grains residing on some large, irregular shaped grains were observed from FESEM 
image. Micrograph shows that the grains are nano-crystalline in nature. Average grain size was estimated 
to be 140 nm which is much larger than 14.13 nm, the crystallite size obtained from XRD. It is found that 
films have uniform and smooth morphology having nanocrystalline nature with optical porosity. Optical 
porosity is advantageous for gas sensing. [24]. 
 

3.4 Elemental Composition: EDXS  
Elemental composition of the films was determined by EDXS (Model-XFLASH5030 Detector, 

Make-Bruker Nano GmbH, Berlin, Germany). The EDXS spectrograph for SnO2 thin film samples 
annealed at 400oC is presented in fig. 5 

Stoichiometrically expected at. % of Sn and that of O are 33.3 and 66.7 respectively. Observed at. 
% of Sn and O were as shown in the table above. They are much deviated from the expected values. 
Nevertheless, the prepared SnO2 polycrystalline films are nonstoichiometric in nature and it is beneficial 
for gas sensing. 
 

4. Optical Parameters by UV-Vis spectrophotometer 

Fig.6 shows the absorbance of tin oxide thin film.  Optical characterization of tin oxide films 
offers information about physical properties such as band gap energy, band structure and optically active 
defects etc. [25]. To obtain band gap, absorption coefficient was calculated from absorption data. Fig. 6 
graph of (α) versus ( ).Band gap was then calculated by plotting  
(α h )2 versus (h ) using the equation  
α h   = A(h  -Eg)

n 
where α is absorption coefficient, A is a constant, Eg is the optical band gap energy, h  is the 

photon energy and n is constant. Value of n can be 1/2 or 2 depending upon the presence of the allowed 
direct and indirect transitions [25]. Fig. 7 shows graph of (α h )2 versus (h ). Nature of the plot suggests 
direct interband transitions. 
Band gap is determined by drawing tangent to the curve near the energy axis. The point where the line 
intersects the axis gives the band gap value. It is observed to be about 3.8 eV.   
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5. Gas Sensing Properties 
5.1 Details of the Static Gas Sensing System 

The static system for examining the performance of test gases is shown in fig.8. It consists of a 
glass chamber of known volume which encloses the sample, a Cr-Al thermocouple and electrical heater. 
They were connected to various ports fitted to base plate of the system. These ports enabled external 
electrical connections to voltmeter, temperature controller and dimmerstat. A known amount of a test gas 
was injected in the chamber through a gas inlet port using a micro syringe. The sample was heated by 
electrical heater by passing current monitored through dimmerstat. The thermocouple output was given to 
temperature indicator to know the sample temperature. A constant DC voltage was applied to the sample 
and voltage across a standard resistor was measured by digital voltmeter. The voltage was recorded 
corresponding to fixed temperature intervals. After every cycle of readings, the chamber was removed to 
expose the sample to air.  
Sensitivity: Sensitivity is defined as S = Ra/Rg where, Ra is the resistance of the sample in dry air and Rg is 
that in the presence of a test gas measured at respective temperatures. It reveals from the graphs that the 
gas response increases with working temperature, reaches maximum at particular temperature (operating 
temperature) and then decreases. It is observed that gas responses are different for different gases and 
vary with gas concentrations of the same gas too. It reveals that operating temperatures also vary with 
different gases. The observations are depicted in Table 4. 
Selectivity: The selectivity or specificity of a sensor towards an analyzing gas is expressed in terms of 
dimension that compares the concentration of the corresponding interfering gas that produces the same 
sensor signal. The selectivity profile of different gases for various gas concentrations is depicted in the 
fig.10 below. Out of the tried test gases, ethanol showed maximum response for 2cc concentration at an 
operating temperature 200oC. 
 

6. Conclusions 

 The pure SnO2 thin solid films were prepared by physical vapour deposition technique in vacuum 
of about 10-5 mbar at room temperature and their various parameters were studied.  

 The so prepared pure tin oxide thin films were annealed at 400oC.  
 The structural and morphological properties of the prepared thin films were characterized by 

XRD, FESEM and EDXS. The crystallite size, average texture coefficient and grain sizes were 
calculated along with elemental composition of the samples.  

 The band gap values were obtained from the absorption spectra and found to be about 3.8eV. 
 Gas responses were obtained for different test gases. Maximum response was seen for 2cc ethanol 

at an operating temperature 300oC.    
 The samples show good sensitivity but poor selectivity. All above observations infer that pure tin 

oxide thin solid films prove to be good sensing material.  
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(Tables & Figures) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 I-V characteristics of SnO2 thin films 
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Fig. 2  Electrical Properties. 

Graph of (a) Resistance R versus temperature (oC) (b) logR versus 1/T (K-1) 
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Fig. 3 XRD patterns of samples annealed at 400oC 

 



IRA-International Journal of Technology & Engineering 
 

 111 

 

Fig. 4: FESEM micrographs of samples annealed at 400oC 

 

 

 

Fig. 5 Elemental analysis of samples annealed at 400oC 
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 Fig. 6 Plot of absorbance versus wavelength 
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Fig. 7 graph of (αhν)2 versus (hν) 
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Fig.8 Static Gas Sensing System 
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Fig. 9 SnO2thin film Sensitivity for various target gases 
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Fig.10 The selectivity profile of SnO2 for ethanol  
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Annealing 

temperature oC 

Resistance 

MΩ 

TCR  

/oC 

Activation Energy eV 

HTR LTR 

400 6.373 -0.0019 0.411 0.850 
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Table 2 

 

  

Table 3 

Elements Annealing temp. 

400oC 

 Mass % At. Wt.% 

O 49.10 64.73 

Si 45.75 34.36 

Sn 5.14 0.91 

Total  100.00 100.00 

 

Table 4 

Gas 
Gas Concentrations Operating 

Temp oC 15 cc 10 cc 5 cc 4 cc 3 cc 2 cc 1 cc 

Acetone 14.4362 17.9020 14.4362 10.7155 11.7303 12.9479 12.3101 250 

Chlorine 5.9602 8.8318 6.3404 6.9904 7.4134 7.9641 9.9377 300 

CO2 6.2199 10.9213 3.39194 5.8282 2.783 6.9162 8.0478 75 

Ethanol 12.8197 20.6769 22.1651 27.1342 28.5608 34.1464 27.7286 300 

H2S 24.816 10.7240 5.4777 5.7108 6.5156 8.1343 5.1554 300 

NH3 14.3698 13.0648 6.2278 3.78 4.6281 5.2595 7.2143 300 

 

 

 

 

Annealing  

Temp. 
oC 
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density 

x1015/m2 
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XRD  
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(nm) 

Average 

Texture 

Coeffi-

cient 

Lattice  

Strain 

g(%) 
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Distance 

d   
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DC 
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400 102 44.39 0.0050 14.13 145 1.00 0.874 2.038 70.60 
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Structural and optical properties of CdxCr2-xS4 thin films grown by CBD method for solar cell applications

1

Structural and optical properties of Cd
x
Cr

2-x
S

4
 thin

films grown by CBD method for solar cell applications

H.B. PATIL1*, S.V. BORSE2 and R.R. AHIRE3

1Department of Physics, R.C.Patel ASC College,Shirpur-425405 (M.S.), India
2Department of Physics, S. S. V. P. S. College, Shindkheda (M.S.) India

3Department of Physics, S.G.Patil ACS College, Sakri
*E-mail: h.patil7@gmail.com

Abstract
We report the structural and Optical properties of crystalline Cadmium Chromium sulfide (x=
0.6) thin films was deposited on glass substrate using the chemical bath deposition method. The
prepared thin films were characterized by X-ray diffraction analysis; scanning electron
microscopy. From UV spectroscopy, the value of fundamental absorption edge from the intercept
lies between 1.5528 - 3.7083 eV and the corresponding α values were 6.869 × 105 to 1o.4129 ×
105 cm–1. The direct optical energy band gap of this sample was 2.2735 eV lying in the range of
semi-conducting materials, suitable for solar cell applications.

Key words : CBD, XRD, SEM, absorption coefficient, direct optical band gap.

1. Introduction

Cadmium Chromium sulfide (CdCr2S4) is a
chalcogenide metal sulfide semiconductor of the II-
VI group compound semiconductors. The
technological interests in polycrystalline based
devices are mainly caused by their low production
cost[1]. The  uses of thin film polycrystalline
semiconductors have attracted much interest in an
expanding variety of application in various magneto-
optical and optoelectronic devices[2]. Many
techniques have been reported in the deposition of
thin films such as evaporation, sputtering, spray
pyrolysis; molecular beam epitaxy and photo-
chemical deposition. In these deposition methods
there are some problems in each of them[3-4]. Among
all, chemical bath deposition (CBD) is simple and low
cost technique and is suitable for a large area
deposition[5]. Ferromagnetic chalcogenite CdCr2S4
have outstanding properties such as giant magneto-
resistance, magnetocapacitive, red shift of the optical
absorption edge and giant Faraday rotation,
providing for design of devices with various
applications[6-8]. Thin films of diluted magnetic
semiconductors attract many researchers due to their
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wide range of applications in various fields. The films
of CdCr2S4 are usually crystallized in cubic structure
with lattice constants 10.2 Å[9]. As the trade of
fabricating smaller devices continued toward
nanoscale technology, new effects related to the small
size were realized in producing novel devices,
magneto- optical and optoelectronics[10, 11].

In the present study, the chemical bath process
is performed by slow release of S2– and controlled
free Cd2+ and Cr2+ react to form CdCr2S4 nuclei on
glass substrate and in the bath solution in form of
precipitation. The properties of the deposited thin
films basically depend on the deposition parameters
such as deposition temperature, complexing agent,
thiourea, deposition time, pH value, composition of
materials and film thickness. Finally, we report the
deposition of CdCr2S4 thin films and the investigation
of the different deposition parameters to obtain
uniform film having expected thickness.

2. Materials and Methods

In the present investigation, thin films of Cdx
Cr2-xS4 (X=0.6) were grown on glass substrate by
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chemical bath deposition technique. All AR grade
(MERCK) chemicals were used for growth of CdxCr2-

xS4 thin films. For deposition of CdxCr2-xS4 solutions
of CdCl2, CrO3 and NH2-CS-NH2 were prepared
separately of concentration 0.1 M using double
distilled water as solvent and were mixed in
stoichiometric proportion. EDTA was used as
complexing agent. pH of the reaction mixture was
adjusted by adding ammonia. The deposition carried
out in borosil glass pot of capacity 100ml is used to
put chemical reactant in the form of solution is serve
as chemical reaction bath. This chemical reaction bath
is put inside constant temperature oil bath. The
chemical reactant in form of solution is stirred by
magnetic stirrer. Well clean glass microslides are dip
vertically in the chemical reaction bath by supporting
to glass pot of reaction bath. The stirring speed of
magnetic stirrer is so adjusted that the solution can
stirr slowly during the deposition process. After
deposition of CdCr2S4 thin films, the substrate were
taken out and washed with double distilled water
and dried in air and finally, preserved in an air tight
container. The thickness of deposited thin films was
measured by the weight difference technique. The
structural properties of the films were analyzed with
using Bruker AXS D8 Advanced model X-ray
diffractometer (CuKα radiation; λ = 0.15405 nm) and
grain size was determined from a Scherrer formula.
The film surface morphology was investigated using
scanning electron microscopy (FE-SEM HITACHI
S4800 II). The optical absorption studies were carried
out using UV-VIS spectrophotometer (UV-VIS 2400
SHIMADZU) in the 200-800 nm wavelength range.

3. Results and Discussions

X-ray diffraction studies were carried out at room
temperature as shown in figure (1). The observed
peaks are matching well with reported JCPD'S data
card. The XRD pattern shows that the deposited films

are polycrystalline having cubic structure[11,12,13] with
noticeable growth along the (2 2 0) plane (JCPDS card
no. 03-065-7117). In addition the other small peaks
viz., (2 2 2), (3 3 1).  Table 1. represents the observed
and reported XRD data.

Table 1.

Planes (h k l) 2 Theta (degree) d-spacing values  d (°A)

JCPDS data card Experiment JCPDS Experiment

2 2 0 24.559 24.560 3.62180 3.62179
2 2 2 30.198 30.200 2.95719 2.95575
3 3 1 38.268 38.267 2.35013 2.35108

Fig. 1. XRD of CdxCr2-xS4 (X= 0.6)

Fig. 2. SEM image of CdxCr2-xS4 thin film



Structural and optical properties of CdxCr2-xS4 thin films grown by CBD method for solar cell applications

3

Figure 2 shows SEM image of CdxCr2-xS4 thin
film. The particles covered over the surface of
substrate are randomly oriented and elongated in
different directions with some voids. The grain size
measured from SEM images (24-41 nm) was almost
same as that of estimated by XRD studies. But, these
grain sizes are little bit more than that in XRD
observations. This may be due to two or more grains
fusing together to form the cluster type of structure.

4. Optical Properties

The optical absorption spectra were obtained in
the 355 nm - 735 nm wavelength range by employing
a Shimadzu 2450 UV-Visible model of the
spectrophotometer. Figure 3 shows the optical
absorbance spectra versus wavelength range nm of
the film deposited in this work.  The fundamental
absorption edge is one of the most important features
of the absorption spectrum of a semiconductor. The

increased absorption near the edge is caused by the
transition of electron from the valance band to
conduction band. Figure 4 shows the plot of
absorption coefficient α against photon energy.  The
value of fundamental absorption edge from the
intercept lies at 1.5599 - 3.6674 eV and the
corresponding absorption coefficient values were
5.624 × 105 to 9.097 × 105 cm–1 supporting direct
transition of the material[10]. The higher value of
absorption coefficient in the UV region makes the
material useful in forming p-n junction, solar cells
with other suitable thin film materials for photo-
voltaic applications[14].

The optical band gap of these films has been
calculated using the relation (Tauc 1974).

αhv  = A (hv – Eg)n

Where, hv is the photon energy, α is the absorption
coefficient, Eg the band gap, n = 2 for indirect band
gap material. Figure 5 shows (αhv)2 × 1012 verses
photon energy (hv) for  CdxCr2-xS4  thin film, optical
band gap was obtained by extrapolating these curve.
The direct optical energy band gap of this sample was
2.2735 eV.  The reported values in literature are 2.23-
2.61 eV[10, 11, 15]. The decrease in band gap energy
with increase in film thickness is commonly observed
phenomenon in semiconducting thin film[10, 16].

Fig. 3. α × 106 Vs hγ

Fig. 4. Absorbance (α) V s Wavelength (λ)

Fig. 5. (αhv)2 × 1012  Vs  hγ

5. Conclusions

1. The film was deposited successfully by CBD.
2. XRD analysis confirms that the deposited

film was polycrystalline in nature.
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3. From SEM, the particles are distributed
uniformly over the surface of the film with
some voids.

4. The direct optical energy band gap of this
sample was 2.2735 eV.
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Abstract
In the context of prevalence of high concentrations of arsenic in tubewell water, a wide range
technology has been tried for the removal of arsenic from drinking water. The most common
technologies utilized the conventional processes of oxidation, co-precipitation and adsorption
onto coagulated flocs, adsorption onto sorptive media, ion exchange and membrane techniques
for arsenic removal. The conventional technologies have been scaled down to meet the requirements
of households and communities and suit the rural environment. Some technologies utilized
indigenous materials for arsenic removal. This paper presents a short review of the technologies
used for arsenic removal in Bangladesh and India.

Key words : Arsenic removal, drinking water, membrane techniques

1. Introduction

Groundwater is available in shallow aquifers in
adequate quantity in the flood plains for development
tubewell based water supply for scattered rural
population. Bangladesh and West Bengal in India
achieved remarkable successesby providing drinking
water at low-cost to the rural population through
sinking of shallow tubewells in flood plain aquifers.
Unfortunately arsenic contamination of shallow
tubewell water in excess of acceptable limit has
become a major public health problem in both the
countries. Thousands of people    have already shown
the symptoms of arsenic poisoning and several
millions are at risk of arsenic contamination from
drinking tubewell water.  Arsenic toxicity has no
known effective medicine for treatment, but drinking
of arsenic free water can help the arsenic affected
people to get rid of the symptoms of arsenic toxicity.
Hence, provision of arsenic free water is urgently
needed to mitigate arsenic toxicity and protection of
health and wellbeing of rural people living in acute
arsenic problem areas of Bangladesh and India. The
alternative options available for water supply in the
arsenic affected areas include arsenic avoidance and
treatment of arsenic contaminated ground water.

Invertis Journal of Renewable Energy, Vol. 7, No. 1, 2017 ; pp. 5-16

Treatment of surface waters by low-cost methods,
rain water harvesting and water from deep aquifers
would be potential sources of water supply to avoid
arsenic ingestion through shallow tubewell water.
The use of alternative sources will require a major
technological shift in water supply. Treatment of
arsenic contaminated well water is an alternative
option to make use of a huge number of tubewells
likely to be declared abandoned for yielding water
with high arsenic content.

There are several methods available for removal
of arsenic from water in large conventional treatment
plants. The most commonly used  technologies
include oxidation, co-precipitation and adsorption
onto coagulated flocs, lime treatment, adsorption onto
sorptive media, ion exchange resin and membrane
techniques (Cheng et al., 1994; Hering et al., 1996, 1997;
Kartinen and Martin, 1995; Shen, 1973; Joshi and
Chaudhuri, 1996). A detailed review of arsenic
removal technologies is presented by Sorg and
Logsdon (1978). Jackel (1994) has documented several
advances in arsenic removal technologies. In view of
the lowering the drinking water standards by USEPA,
a review of arsenic removal technologies was made
to consider the economic factors involved in

DOI No. : 10.5958/2454-7611.2017.00002.9
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implementing lower drinking water standards for
arsenic (Chen et al., 1999). Many of the arsenic
removal technologies have been discussed in details
in AWWA reference book (Pontius, 1990). A
comprehensive review of low-cost, well-water
treatment technologies for arsenic removal with the
list of companies and organizations involved in
arsenic removal technologies has been compiled by
Murcott (2000) with contact detail.

Some of these technologies can be reduced in
scale and conveniently be applied at household and
community levels for the removal of arsenic from
contaminated tubewell water. During the last 2-3
years many small scale arsenic removal technologies
have been developed, field tested and used under
action research programs in Bangladesh and India.
A short review of these technologies is intended to
update the technological development in arsenic
removal, understand the problems, prospects and
limitations of different treatment processes and
delineate the areas of further improvement for
successful implementation and adaptation of
technologies to rural conditions.

2. Oxidation

Arsenic is present in groundwater in As (III) and
As (V) forms in different proportions. Most treatment
methods are effective in removing arsenic in
pentavalent form and hence include an oxidation step
as preteatment to convert arsenite to arsenate.
Arsenite can be oxidized by oxygen, ozone, free
chlorine, hypochlorite, permanganate, hydrogen
peroxide and fulton's reagent but Atmospheric
oxygen, hypochloride and permanganate are
commonly used for oxidation in developing
countries:
H3AsO3 + ½O2 = H2AsO4

– + 2H+ (1)
H3AsO3  + HClO = HAsO4 __+ Cl– + 3H+ (2)
3H3AsO3+2KMnO4 = 3HAsO4+2MnO2+2K+4H+H2O (3)

 Air oxidation of arsenic is very slow and can take
weeks for oxidation (Pierce and Moore, 1982) but
chemicals like chlorine and permanganate can rapidly
oxidize arsenite to arsenate under wide range of
conditions.

2.1 Passive Sedimentation

Passive sedimentation received considerable

attention because of rural people's habit of drinking
stored water from pitchers. Oxidation of water during
collection and subsequent storage in houses may
cause a reduction in arsenic concentration in stored
water (Bashi Pani). Experiments conducted in
Bangladesh showed zero to high reduction in arsenic
content by passive sedimentation. Arsenic reduction
by plain sedimentation appears to be dependent on
water quality particularly the presence of
precipitating iron in water. Ahmed et al. (2000)
showed that more than 50% reduction in arsenic
content is possible by sedimentation of tubewell
water containing 380-480 mg/L of alkalinity as
CaCO3 and 8-12 mg/L of iron but cannot be relied to
reduce arsenic to desired level. Most studies showed
a reduction of zero to 25% of the initial concentration
of arsenic in groundwater. In rapid assessment of
technologies passive sedimentation failed to reduce
arsenic tothedesiredlevelof50µg/Linanywell
(BAMWSP, DFID, Water Aid, 2001).

2.2 In-situ Oxidation

In-situ oxidation of arsenic and iron in the aquifer
has been tried under DPHE- Danida Arsenic
Mitigation Pilot Project. The aerated tubewell water
is stored in a tank and released back into the aquifers
through the tubewell by opening a valve in a pipe
connecting the water tank to the tubewell pipe under
the pump head. The dissolved oxygen in water
oxidizes arsenite to less mobile arsenate and also the
ferrous iron in the aquifer to ferric iron, resulting a
reduction in arsenic content in tubewell water. The
possible reactions of arsenate to ferric hydroxide are
shown  in Equations 7 to 8.  Experimental results show
that arsenic in thetubewell water following in-situ

oxidation is reduced to about half due to under-
ground precipitation and adsorption on ferric iron.

2.3 Solar Oxidation

SORAS is a simple method of solar oxidation of
arsenic in transparent bottles to reduce arsenic
content of drinking water (Wegelin et al., 2000).
Ultraviolet radiation can catalyze the process of
oxidation of arsenite in presence of other oxidants
like oxygen (Young, 1996). Experiments in
Bangladesh show that the process on average can
reduce arsenic content of water to about one-third.
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3. Co-precipitation and Adsorption Processes

Water treatment with coagulants such as
aluminium alum, Al2(SO4)3.18H2O, ferric chloride ,
FeCl3 and ferric sulfate Fe2(SO4)3.7H2O are effective
in removing arsenic from water. Ferric salts have been
found to be more effective in removing arsenic than
alum on a weight basis and effective over a wider
range of pH. In both cases pentavalent arsenic can be
more effectively removed than trivalentarsenic.

In the coagulation-flocculation process
aluminium sulfate, or ferric chloride, or ferric sulfate
is added and dissolved in water under efficient
stirring for one to few minutes. Aluminium or ferric
hydroxide micro-flocs are formed rapidly. The water
is then gently stirred for few minutes for
agglomeration of micro-flocs into larger easily
settable flocs. During this flocculation process all
kinds of micro- particles and negatively charged ions
are attached to the flocs by electrostatic attachment.
Arsenic is also adsorbed onto coagualtedflocs. As
trivalent arsenic occurs in non-ionized form, it is not
subject to significant removal. Oxidation of As(III) to
As(V) is thus required as a pretreatment for efficient
removal. This can be achieved by addition of bleach-
ing powder (chlorine) or potassium permanganate
as shown in Equations 2 and 3. The possible chemical
equations of alum coagulation are as follows:

Alum dissolution

Al2(SO4)3.18H2O = 2Al+++  + 3SO4 +  18H2O (4)

Aluminium precipitation (acidic)

2Al+++ +  6H2O = 2Al(OH)3 + 6H+ (5)

Co-precipitation (Non-stoichiometric, non-defined

product):

H2AsO4+Al(OH)3 = Al-As (complex)+Other Products (6)

Arsenic adsorbed on aluminiun hydroxide focs
as Al-As complex is removed by sedimentation.
Filtration may be required to ensure complete
removal of all flocs. Similar reactions take place in
case of ferric chloride and ferric sulfate with the
formation of Fe-As complex as end product which is
removed by the process of sedimentation and
filtration.

The possible reactions of arsenate with hydrous
iron oxide are shown below where [/FeOH°]
represents oxide surface site (Mok and Wai, 1994;
Hering et al., 1996).

Fe(OH)3 (s) + H3AsO4 → FeAsO4.2H2O + H2O (7)

/FeOH° + AsO4
3– +3H → / FeH2 +AsO4 + H2O (8)

/FeOH° + AsO4 + 2H3– → / FeHAsO4 + H2O (9)

Immobilization of arsenic by hydrous iron oxide,
as shown in Eqs. 7 to 9, requires oxidation of arsenic
species into As(V) form for  higher  efficiency.  Arsenic
removal is dependent on pH. In alum coagulation,
the removal is most effective in the pH range 7.2-7.5
and in iron coagulation, efficient removal is achieved
in a wider pH range usually between 6.0 and 8.5
(Ahmed and Raham, 2000).

3.1 Bucket Treatment Unit

The Bucket Treatment Unit (BTU), developed by
DPHE-Danida Project is based on the principles of
coagulation, co-precipitation and adsorption
processes. It consists of two buckets, each 20 liter
capacity, placed one above the other. Chemicals are
mixed manually with arsenic contaminated water in
the upper red bucket by vigorous stirring with a
wooden stick for 30 to 60 seconds and then flocculated
by gentle stirring for about 90 second. The mixed
water is then allowed to settle for 1-2 hours. The water
from the top red bucket is then allowed to flow into
the lower green bucket via plastic pipe and a sand
filter installed in the lower bucket. The flow is
initiated by opening a valve fitted slightly above the
bottom of the red bucket to avoid inflow of settled
sludge in the upper bucket. The lower green bucket
is practically at reated water container.

The DPHE-Danida project in Bangladesh
distributed several thousands BTU units in rural areas
of Bangladesh. These units are based on chemical
doses of 200 mg/L aluminum sulfate and 2 mg/L of
potassium permanganate supplied in crushed
powder form. The units were reported to have very
good performance in arsenic removal in both field
and laboratory conditions (Sarkar et al., 2000 and
Kohnhorst and Paul, 2000). Extensive study of DPHE-
Danida BTU under BAMWSP, DFID, Water Aid
(2001) rapid assessment program showed mixed
results. In many cases, the units under rural operating
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conditions fails to remove arsenic to the desired level
of 0.05 mg/L in Bangladesh. Poor mixing and
variable water quality particularly pH of
groundwater in different locations of Bangladesh
appeared to be the cause of poor performance in rapid
assessment.

Bangladesh University of Engineering and
Technology (BUET) modified the BTU and obtained
better results by using 100 mg/L of ferric chloride
and 1.4 mg/L of potassium permanganate in
modified BTU units. The arsenic contents of treated
water were mostly below 20 ppb and never exceeded
37 ppb while arsenic concentrations of tubewell water
varied between 375 to 640 ppb. The BTU is a
promising technology for arsenic removal at
household level at low  cost. It can be built by locally
available materials and is effective in removing
arsenicifoperated properly.

3.2 Stevens Institute Technology

This technology also uses two buckets, one to mix
chemicals (reported to be iron sulphate and calcium
hypochloride) supplied in packets and the other to
separate flocs by the processes of sedimentation and
filtration. The second bucket has a second inner
bucket with slits on the sides as shown in Figure 1 to

help sedimentation and keeping the filter sand bed
in place. The chemicals form visible large flocs on
mixing by stirring with stick. Rapid assessment
showed that the technology was effective in reducing
arsenic levels to less than 0.05 mg/L in case of 80 to
95% of the samples tested (BAMWSP, DFID, Water
Aid, 2001).  The sand bed used for filtration is quickly
clogged by flocs and requires washing atleast twice
aweek.

3.3 BCSIR Filter Unit

Bangladesh Council of Scientific and Industrial
Research (BCSIR) has developed an arsenic removal
system, which uses the process of coagulation/co-
precipitation with an iron based chemical followed
by sand filtration. The unit did not take part in a
comprehensive evaluation process.

3.4 Fill and Draw Units

It is a community type treatment unit designed
and installed under DPHE-Danida Arsenic Mitigation
Pilot Project. It is 600 L capacity (effective) tank with
slightly tapered bottom for collection and withdraw
of settled sludge. The tank is fitted with a manually
operated mixer with flat-blade impellers. The tank is
filled with arsenic contaminated water and required

Fig. 1.
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quantity of oxidant and coagulant are added to the
water. The water is then mixed for 30 seconds by
rotating the mixing device at the rate of 60 rpm and
left overnight for sedimentation. The water takes
some times to become completely still which helps
flocculation. The floc formation is caused by the
hydraulic gradient of the rotating water in the tank.
The settled water is then drawn through a pipe fitted
at a level, few inches above the bottom of the tank
and passed through a sand bed and finally collected
through a tap for drinking purpose as shown in Figure

2. The mixing and flocculation processes in this unit
are better controlled to effect higher removal of
arsenic. The experimental units installed by DPHE-
Danida project are serving the clusters off a milies
and educational institutions.

3.5 Arsenic Removal Unit Attached to Tubewell

The principles of arsenic removal by alum
coagulation, sedimentation and filtration have been
employed in a compact unit for water treatment in
the village level in West Bengal, India. The arsenic

Fig. 2. DPHE-Danida Fill and Draw arsenic removal unit

Fig. 3. Arsenic removal plants attached to tubewell (designed and constructed in India)
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removal plant attached to hand tubewell as shown
in Figure 3 has been found effective in removing 90
percent arsenic from tubewell water having initial
arsenic concentration of 300 g/L.  The treatment
process involves addition of sodium hypochloride
(Cl2), and aluminum alum in diluted form,  mixing,
flocculation,  sedimentation  and up flow  filtration
in a compact unit.

3.6 Naturally Occurring Iron

The use of naturally occurring iron precipitates
in ground water in Bangladesh is a promising method
of removing arsenic by adsorption. It has been found
that hand tubewell water in 65% of the area in
Bangladesh contains iron in excess of 2 mg/L and in
many acute iron problem areas, the concentration of
dissolved iron is higher than 15 mg/L. Although no
good correlation between concentrations of iron and
arsenic has been derived, iron and arsenic have been
found to co-exist in ground water. Most of the
tubewell water samples satisfying Bangladesh
Drinking Water Standard for Iron (1 mg/L) also
satisfy the standard for Arsenic (50 µg/L). Only about
50% of the samples having iron content 1 - 5 mg/L
satisfy the standard for arsenic while 75% of the
samples having iron content > 5 mg/L are unsafe for
having high concentration of arsenic.

 The iron precipitates [Fe(OH)3] formed by
oxidation of dissolved iron [Fe(OH)2] present in

groundwater, as discussed above, have the affinity
for the adsorption of arsenic. Only aeration and
sedimentation of tubewell water rich in dissolved iron
has been found to remove arsenic. The Iron Removal
Plants (IRPs) in Bangladesh constructed on the
principles of aeration, sedimentation and filtration
in a small units have been found to remove arsenic
without any added chemicals. The conventional
community type IRPs, depending on the operating
principles, more or less work as Arsenic Removal
Plants (ARPs) as well. A study suggests that As(III)
is oxidized to As (V) in the IRPs to  facilitate  higher
efficiency in arsenic removal in IRPs constructed in
Noakhali (Dahi and Liang, 1998). The Fe-As removal
relationship with good correlation in some operating
IRPs has been plotted in Figure 4. Results shows that
most IRPs can lower arsenic content of tubewell water
to half to one-fifth of the original concentrations. The
efficiency of these community type Fe-As removal
plants  can be increased by increasing the contact time
between arsenic species and iron flocs. Community
participation in operation and maintenance in the
local level is absolutely essential for effective use of
these plants.

Some medium scale Fe-As removal plants of
capacities 2000-3000 m3/d have been constructed for
water supplies in district towns based on the same
principle. The treatment processes involved in these
plants include aeration, sedimentation and rapid

Fig. 4. Correlation between Fe and As Removal in Treatment Plants
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sand filtration with provision for addition of
chemical,  if  required.

These plants are working well except that treated
water requirement for washing the filter beds is very
high. Operations of small and medium size IRP-cum-
ARPs in Bangladesh suggest that arsenic removal by
co-precipitation and adsorption on natural iron flocs
has good potential.

3.7 Chemical Packages

In Bangladesh, different types of chemical
packages have been distributed in the form of tea
bags, small packets and powder or tablet form for
the removal of arsenic from drinking water. The
principals involved in arsenic removal by these
chemicals involve oxidation, sorption and co-
precipitation. Application methodology and
efficiency of any of these chemicals have not been
fully optimized by long experimentation. Quality
assurance and dose control in rural condition are
extremely difficult. The residuals of added chemicals
in water after treatment can do equal harm. The use
of unknown chemicals and patented process without
adequate information should be totally discouraged.

4. Sorptive Filtration Media

Several sorptive media have been reported to
remove arsenic from water. These are activated
alumina, activated carbon, iron and manganese
coated sand, kaolinite clay, hydrated ferric oxide,
activated bauxite, titanium oxide, siliciumoxide and
many natural and synthetic media. The efficiency of
all some sorptive media depend on the use of
oxidizing agent as aids to sorption of arsenic.
Saturation of media by different contaminants and
components of water takes place at different times of
operation depending on the specific sorption affinity
of the medium to the given component. Saturation
means that the efficiency in removing the desired
impurities becomes zero.

4.1 Activated Alumia

Activated alumia, Al2O3, having good sorptive
surface is an effective medium for arsenic removal.
When water passes through a packed column of
activated alumina, the impurities including arsenic
present in water are adsorbed on the surfaces of

activated alumina grains. Eventually the column
becomes saturated, first at its upstream zone and later
the saturated zone moves downstream towards the
bottom end and finally the column get totally
saturated.

Regeneration of saturated alumina is carried out
by exposing the medium to 4% caustic soda, NaOH,
either in batch or by flow through the column
resulting in a high arsenic contaminated caustic waste
water. The residual caustic soda is then washed out
and the medium is neutralized with a 2% solution of
sulfuric acid rinse. During the process about 5-10%
alumina is lost and the capacity of the regenerated
medium is reduced by 30-40%. The activated alumina
needs replacement after 3-4 regeneration. Like
coagulation process, pre-chlorination improves the
column capacity dramatically. Some of the activated
alumina based sorptive media used in Bangladesh
include :

• BUET Activated Alumina
• Alcan Enhanced Activated Alumina
• ARU of Project Earth Industries Inc., USA
• Apyron Arsenic Treatment Unit

The BUET and Alcan activated alumina have
been extensively tested in field condition in different
areas of Bangladesh under rapid assessment and
found very effective in arsenic removal (BAMWSP,
DFID, Water Aid, 2001). The Arsenic Removal Units
(ARUs) of Project Earth Industries Inc. (USA) used
hybrid aluminas and composite metal oxides as
adsorption media and were able to treat 200-500 Bed
Volume(BV) of water containing 550 g/L of arsenic
and 14 mg/L  of iron ( Ahmed et al. , 2000). The
Apyron Technologies Inc. (ATI) also uses inorganic
granular metal oxide based media that can selectively
remove As(III) and As(V) from water. The Aqua-
BindTM arsenic media used by ATI consist of non-
hazardous aluminium oxide and manganese oxide
for cost-effective removal of arsenic.  The proponents
claimed that  the  units  installed  in  India and
Bangladesh consistently reduced arsenic to less than
10µg/L.

4.2 Granular Ferric Hydroxide

M/S Pal Trockner (P) Ltd, India and Sidko
Limited, Bangladesh installed several Granular Ferric
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Hydroxide based arrsenic removal units in India and
Bangladesh. The Granular Ferric Hydroxide
(AdsorpAs®) is arsenic selective adsorbent developed
by Technical University, Berlin, Germany. The unit
requires iron removal as pre-treatment to avoid
clogging of filter bed. The proponents of the unit
claims to have very high arsenic removal capacity and
produces non-toxic spent granular ferric hydroxide.

4.3 Read-F Arsenic Removal Unit

Read-F is an adsorbent produced and promoted
by Shin Nihon Salt Co. Ltd, Japan for arsenic removal
in Bangladesh. Read-F displays high selectivity for
arsenic ions under a broad range of conditions and
effectively adsorbs both arsenite and arsenate without
the need for pretreatment. The Read-F is Ethylene-
vinyl alcohol copolymer (EVOH)-borne hydrous
cerium oxide in which hydrous cerium oxide (Coe2·
n H2O), is the adsorbent. The material contains no
organic solvent or other volatile substance and is not
classified as hazardous material. Laboratory test at
BUET and field testing of the materials at 4 sites under
the supervision of BAMWSP showed that the
adsorbent is highly efficient in removing arsenic from
groundwater (SNSCL, 2000).

4.4 Iron Coated Sand

BUET has constructed and tested iron coated
sand based small scale unit for the removal of arsenic
from groundwater. Iron coated sand has been
prepared following a procedure similar to that
adopted by Joshi and Choudhuri (1996).  The iron
content of the iron coated sand was found to be 25
mg/g of sand. Raw water having 300 µg/L of arsenic
when filtered through iron coated sand becomes
essentially arsenic-free. It was found that 350 bed
volumes could be treated satisfying the Bangladesh
drinking water standard of 50 ppb. The saturated
medium is regenerated by passing 0.2N sodium
hydroxide through the column or soaking the sand
in 0.2N sodium hydroxide followed by washing with
distilled water. No significant change in bed volume
(BV) in arsenic removal was found after 5
regeneration cycles. It was interesting to note that iron
coated sand is equally effective in removing both As
(III) and As (V). Iron coated brick dust has also been
developed in Bangladesh for arsenic removal from
drinking water.

4.5 Indigenous Filters

There are several filters available in Bangladesh
that use indigenous material as arsenic adsorbent.
Red soil rich in oxidized iron, clay minerals,  ironore,
iron scrap or fillings and processed cellulose materials
are known to have capacity for arsenic adsorption.
Some of the filters manufactured using these
materials include:

• Sono3-KolshiFilter
• Granet Home-madeFilter
• Chari Filter
• Adarsha Filter
• Shafi Filter
• Bijoypur Clay/Processed Cellulose filter

The Sono3-Kolshi filter uses zero valent iron
fillings and coarse sand in the top Kolshi, wood coke
and fine sand in the middle Kolshi while the bottom
Kolshi is the collector of the filtered water (Khan et

al., 2000). Earlier Nikolaidis and Lackovic (1998)
showed that 97 % arsenic can be removed by
adsorption on a mixture of zero valent iron fillings
and sand and recommended that arsenic species
could have been removed through formation of co-
precipitates, mixed precipitates and by adsorption
onto the ferric hydroxide solids. The Sono 3- Kolshi
unit has been found to be very effective in removing
arsenic but the media habour growth of
microorganism (BAMWSP, DFID and Water Aid,
2000). The one-time use unit becomes quickly
clogged, if groundwater contains excessive iron.

The Garnet home-made filter contains relatively
inert materials like brick chips and sand as filtering
media. No chemical is added to the system. Air
oxidation and adsorption on iron-rich brick chips and
flocs of naturally present iron in groundwater could
be the reason for arsenic removal from groundwater.
The unit produced inadequate quantity of water and
did not show reliable results in different areas of
Bangladesh and under different operating conditions.
The Chari filter also uses brick chips and inert
aggregates in different Charis as filter media. The
effectiveness of this filter in arsenic removal is not
known.

The Shafi and Adarsh filters use clay material as
filter media in the form of candle. The Shafi filter was
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reported to have good arsenic removal capacity but
suffered from clogging of filter media. The Adarsha
filter participated in  the rapid assessment program
but failed to meet the technical criterion of reducing
arsenic to acceptable level (BAMWSP, DFID and
Water Aid, 2000). Bijoypurclay and treated cellulose
were also found to adsorb arsenic from water (Khair,
2000).

4.6 Cartridge Filters

Filter units with cartridges filled with soptive
media or ion-exchange resins are readily available in
the market. These unit remove arsenic like any other
dissolved ions present in water. These units are not
suitable for water having high impurities and iron in
water. Presence of ions having higher affinity than
arsenic can quickly saturate the media requiring
regeneration or replacement. Two household filters
were tested at BUET laboratories, These are:

• Chiyoda Arsenic Removal Unit, Japan

• Coolmart Water Purifier, Korea.

The Chiyoda Arsenic Removal Unit could treat
800 BV meeting the WHO guideline value of 10 µg/
L and 1300 BV meeting the Bangladesh Standard of
50 µg/L when the feed water arsenic concentration
was 300 µg/L. The Coolmart Water Purifier could
treat only 20 L of water with a effluent arsenic content
of 25 µg/L (Ahmed et al., 2000). The initial and
operation costs of these units are high and beyond
the reach of the rural people.

5. Ion Exchange

The process is similar to that of activated alumina,
just the medium is a synthetic resin of more well
defined ion exchange capacity. The process is
normally used for removal of specific undesirable
cation or anion from water. As the resin becomes
exhausted, it needs to be regenerated. The arsenic
exchange and regeneration equations with common
salt solution as regeneration agent are as follows:

Arsenic exchange

2R-Cl + HAsO4
– = R2HAsO4 + 2Cl– (10)

Regeneration

R2HAsO4 + 2N+ + 2Cl– = 2R-Cl +HAsO4 + 2Na (11)

Where R stands for ion exchange resin.

The arsenic removal capacity is dependent on
sulfate and nitrate contents of raw water as sulfate
and nitrate are exchanged before arsenic. The ion
exchange process is less dependent on pH of water.
The efficiency of ion exchange process is radically
improved by pre-oxidation of As (III) to As (V) but
the excess  of oxidant often needs to be removed
before the ion exchange in order to avoid the damage
of sensitive resins. Development of ion specific resin
for exclusive removal of arsenic can make the process
very attractive.

Tetrahedron ion exchange resin filter tested
under rapid assessment program in Bangladesh
(BAMWSP, DFID and Water Aid, 2000) showed
promising results in arsenic removal. The system
needs pre-oxidation of arsenite by sodium
hypochloride. The residual chlorine helps to minimize
bacterial growth in the media. The saturated resin
requires regeneration by recirculating NaCl solution.
The liquid wastes rich in salt and arsenic produced
during regeneration require special treatment. Some
other ion exchange resins were demonstrated in
Bangladesh but sufficient field test results are not
available on the performance of thoseresins.

6. Membrane Techniques

Membrane techniques like reverse osmosis,
nanofiltration and electrodialysis are capable of
removing allkinds of dissolved solids including
arsenic from water.  In this process water is allowed
to pass through special filter media which physically
retain the impurities present in water. The water, for
treatment by membrane techniques, shall be free from
suspended solids and the arsenic in water shall be in
pentavalent form. Most membranes, however, cannot
withstand oxidizing agent.

6.1 MRT-1000 and Reid System Ltd.

Jago Corporation Limited promoted a household
reverse osmosis water dispenser MRT-1000
manufactured by B & T Science Co. Limited, Taiwan.
This system was tested at BUET and showed a arsenic
(III) removal efficiency more than 80%. A wider
spectrum reverse osmosis system named Reid System
Limited was also promoted in Bangladesh.
Experimental results showed that the system could
effectively reduce arsenic content along with other
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impurities in water. The capital and operational costs
of the reverse osmosis system would be relatively
high.

6.2 Low-pressure Nanofiltration and Reverse

Osmosis

Oh et al. (2000) applied reverse osmosis and
nanofiltration membrane processes for the treatment
of arsenic contaminated water applying low pressure
by bicycle pump. A nanofiltration membrane process
coupled with a bicycle pump could be operated under
condition of low recovery and low pressure range
from 0.2 to 0.7 MPa. Arsenite was found to have lower
rejection than arsenate in ionized forms and hence
water containing higher arsenite requires pre-
oxidation for reduction   of total arsenic acceptable
level. In tubewell water in Bangladesh the average
ratio of arsenite to total arsenic was found to be 0.25.

However, the reverse osmosis process coupled with
a bicycle pump system operating at 4 Mpa can be
used for arsenic removal because of its high arsenite
rejection. The study concluded that low-pressure
nanofiltration with pre-oxidation or reverse osmosis
with a bicycle pump device could be used for the
treatment of arsenic contaminated ground water in
rural are as (Oh et al., 2000).

7. Discussions

A remarkable technological development in
arsenic removal from rural water supply based on
conventional arsenic removal processes has been
taken place during last 2-3 years. A comparison of
different arsenic removal processes is shown in
Table 1.

All the technologies described in this paper have

Oxidation/Precipitation

• Air Oxidation

• Chemical oxidation

Coagulation
Coprecipitation :

• Alum Coagulation

• Iron Coagulation

Sorption Techniques

• Actvated Alumina

• Iron Coated Sand

• Ion Exchange Resin

• Other Sorbents

Membrane Techniques

• Nano filtration

• Reverse osmosis

• Electrodialysis

Table 1. A comparison of main arsenic removal technologies.

Technologies Advantages Disadvantages

• Relatively simple, low-cost but
slowprocess

• Relatively simple and rapidprocess
• Oxidizes other impurities and kills

microbes

• Relatively low capital cost,
• Relatively simple operation
• Common Chemicals available

• Relatively well known and
commercially available

• Well defined technique
• Plenty possibilities and scope

ofdevelopment

• Well defined and high removal
efficiency

• No toxic solid wastes produced

• Capable of removal of other
contaminants

• The processes remove only a part
of arsenic

• Produces  toxic sludges
• Low removal of As(III)
• Pre-oxidation may be required

• Produces  toxic solid waste
• Replacement/regeneratio n

required
• High tech operation and

maintenance
• Relatively high cost

• Very high capital and running
cost

• High tech operation and
maintenance

• Toxic wastewater produced
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their merits and demerits and are being refined to
make suitable in rural condition. The modifications
based on the pilot-scale implementation of the
technologies are in progress with the objectives to:

• Improve effectiveness in arsenic removal

• Reduce the capital and operation cost of the
systems

• Make the technology user friendly

• overcome  maintenance problems

• resolve sludge and arsenic concentrates
management problems.

Arsenic removal technologies have to compete
with other technologies in which cost appears to a
major determinant in the selection of a treatment
option by the users. The rural people habituated in
drinking tubewell water may find arsenic removal
from tubewell water as a suitable option for water
supply. Inmany arsenic affected areas, arsenic
removal may be the only option in the absence of an
alternative safe source of water supply.

A rapid assessment of 9 household level arsenic
removal technologies has been completed recently
(BAMWSP, DFID and Water Aid, 2000). On the basis
of this study the Technical Advisory Group (TAG) of
Bangladesh Arsenic Mitigation  Water  Supply
Project  (BAWSP)  has  recently  recommended   the
following household arsenic removal technologies
for  experimental  use  in arsenic affected areas:

• Alcan Enhanced Activated Alumia

• BUET Activated Alumina

• Sono3-KolshiMethod

• Stevens Institute Technology

The widely used DPHE/Danida two buckets
system and Tetrahedron ion exchange resin filters will
be reviewed when more information on performance
of the systems and its revised version are available.
Few more technologies in addition to technologies
described in this paper are available for arsenic
removal at household and community levels. These
technologies need evaluation in respect of
effectiveness sin arsenic removal and community
acceptance.

8. Conclusion

The technologies found effective and safe for
arsenic removal from tubewell water need promotion
for wider implementation in the acute arsenic
problem areas to avoid ingestion of excessive arsenic
through tubewell water. The arsenic removal
technologies are expected to improve further through
adaptation in rural environment.
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Abstract
In the global environmental concern the various forms of solar energy like solar heat, solar
photovoltaic, solar thermal electricity, and the solar fuel the rising demand for energy offer a
clean, environmental-friendly, very promising and generous energy resource to mankind. In
this there is a brief discussion of early research and a description hot photovoltaic cells convert
sunlight to electricity.Solar powered is the conversion of sunlight rays into electricity using
semiconducting material that exhibit the photovoltaic effect or indirectly using concentrated
solar power. The research has been happen for the development of an affordable, in exhaustive
and clean solar powered energy for the long term benefits. It is one of the finest ways to hardness
the solar power energy. This paper reviews the progress and initiation of solar power generation
research and development.

Key words : Solar energy, solar photovoltaic technology, Renewable energy, MPPT.

1. Introduction

Photovoltaic (PV) is the field of technology and
research associated to the application of solar cells
for energy by changing sun energy (sunlight,
containing sun ultra violet radiation) directly into
electricity.Solar cells, also called photovoltaic (PV)
cells by scientists, directly convert sunlight into
electricity. This process of PV gets the name of
converting light (photons) to electricity (voltage),
which is known as PV effect and it was discovered in
1954, when scientists at bell telephone discovered that
silicon (an element found in sand) created an electric
charge when exposed to sunlight. Soon solar cells
were bringing used to power space satellites and
smaller items like calculators and watches.
Photovoltaic devices are sharp and simple in design
requiring very little maintenance and their largest
advantage being they give the output construction
as stand-alone systems from microwatts to
megawatts. Due to the rising demand for clean
sources of energy, the manufacture of solar cells and
photovoltaic arrays has extended dramatically in
recent years. Every two yearsPhotovoltaic production

Invertis Journal of Renewable Energy, Vol. 7, No. 1, 2017 ; pp. 17-28

has been expanding, increasing by an average of 48%
each year since 2002, making it the world's fastest-
growing energy technology. At the end of 2008, the
growing global PV installations reached 15,200
Megawatts. Roughly 90% of this generating capacity
contains of grid tied electrical systems. Such
installations may be ground-mounted or made into
the roof or walls of a building, known as Building
Unified Photovoltaic or BIPV for short.

Hence the power sources to be used such as, solar
home systems, pumping, remote buildings,
communications, satellites and space vehicles,
converse osmosis plants, and for even megawatt
scale power plants. With such a huge array of
applications, the demand for photovoltaic is growing
every year. A typical photovoltaic system employs
solar panels, each containing a number of solar cells,
which generate electricity power. The first step is the
photoelectric effect monitored by an electrochemical
process where crystallized atoms, ionized in a series,
create an electric current[1]. PV installations may be
ground-mounted, rooftop mounted or wall mounted.
They may be mounted in a permanent direction to
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maximize production and value or they may be
mounted on trackers that follow the sun across the
sky. Solar PV causes no pollution[2]. The direct
transformation of sunlight to electricity occurs
without any affecting parts. Photovoltaic systems
have been used for fifty years in specified application,
standalone and grid-connection PV systems have
been in usage for more than twenty years[3]. They
were first mass-produced in 2000, when German
environmentalist and the Euro solar organization got
government finance for a ten thousand roof
program[4]. On the other hand, grid-connection PV
system have the major difficulty that the power
output is dependent on direct sunlight, so about 10-
25% is lost if a tracking system is not used, since the
cell be indirectly facing the sun at all times[5]. Power
output is also harmfully affected by weather
conditions such as the amount of dust and water
vapour in the air or the amount of cloud cover[6, 7].
The potential of PV/T collectors has been predictable
since 1970 and has received increased care in the past
decade. Compared to using dispersed solar
technologies for heat and electricity and the
production are to be form the  same collector surface
is often considered more cost operative[8], requires
less space and shows significantly lower balance-of-
system expenses. The potential of PV/T collectors is
large, as many potential users have immediate
requirements for heat and electricity. Net metering
and financial reasons, like preferential feed-in tariffs
for solar generated electricity; have supported solar
PV installations in many countries including
Australia, Germany, Israel, Japan, and the United
States.

2. Concepts and benefits

2.1 Concept and feasibility studies

In 1839 the first time discovered the photovoltaic
effect by Becquerel[9]. Now, after some time in 1877,
the photovoltaic effect in solid selenium was observed
by Adams and Day[10]. The first photovoltaic cell
developed in 1883, and its effect was less than 1%[10].
Due on in 1904 paper on photovoltaic effect was
published by Einstein[10]. In 1927 various different
type of photovoltaic cell was developed by using
copper and semiconductor copper oxide, but the
effect of this device is less than 1%[9]. On 1941 the
silicon photovoltaic cells developed by Ohl[11]. In 1960

the photovoltaic power generation technology, the
space program continued to demand to improved.
Scientist requiredgetting as much electrical power as
likely from photovoltaic collector, and cost existed
secondary importance[12]. On earlier the conventional
energy sources reduction rapidly, environmental
concern, and high energy demand to investigate the
PV technology, many governments decided to
investigate the PV technology for large scale energy
application, both standalone and grid connected
(without storage) configuration. The latter has been
widely investigated and they form the reference
model because it performs as the most feasible
technology and economical solution. Right from the
start, the development has had a dynamic and
articulate characteristic and has been managed both
in R& D and demonstration field with particular
emphasis on technology feasibility ad cost efficacy.
The industrial has always looked at the actual
dimension of the unaided intermediate market as a
reference to increase the PV market continuously[13].
Production of cost has been reduced in recent years
for more wide range use through production and
technological advance, and is usual to fall in future.

2.2 Benefits and application

Solar energy is one of the most available forms
of energy on the Earth's surface, besides; it is very
promising and generous. As kind of renewable
energy, solar energy is paid more and more attention
in the world. Out of all renewable energy resources,
solar energy is one of the most feasible alternative
and sustainable energy resources in the world. Solar
power system derives clean, pure energy from the
sun direct use of heat resulting from the absorption
of solar radiation. Solar photovoltaic system and solar
power system is one of renewable energy system,
both the system uses PV modules to convert sunlight
into electricity through a simple solid-state device,
lack of moving parts, ability to function unattended
for long period low maintenance cost, long effective
life, high reliability, and quick response in output to
input radiation changes, high power handling
capabilities from micro to kilowatt and even
megawatt, which is more important for space
application than terrestrial (may be favorable for
some terrestrial application), amenable to onsite
installation, decentralized/dispersed power;
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therefore the power distribution problem by wires
might could be eliminated where the power is
required by the use of solar cells at the site[14]. The
electricity generated can be stores or use directly, fed
back into grid line or combined with one or more
other electricity generator or more renewable energy
sources. Solar PV system is very reliable and clean
sources of electricity and its range of application is
suit and wide, such as residential, industry,
agriculture, livestock, etc. The major factor that limits
the use of various applications of solar energy is that,
it is cyclic time-dependent energy source. So, solar
systems require energy storage to provide energy
during the darkness period[15]. In energy storage
technologies Inclusive research and advancement
proposals benefits for solar in energy application.
There is considerable work being done on fuel cell
technology, which should offer a very low-price and
more efficient mechanism for storing energy. Solar
systems, which when not connected to grid, store
energy in conventional lead acid battery. Similarly,
hydrogen offers considerable potential as a major
power source, and examinations are being done to
use solar to produce hydrogen asa power source[16].

This Solar system can be classified into two
categories; those are thermal system which convert
solar energy to thermal energy and photovoltaic
systems which convert solar energy to electrical
energy. Sun is the first uses as a direct source of heat
energy and is very common used for supplying hot
water to houses and swimming pools. In photovoltaic
process the solar electricity seeks to convert light from
the sun directly into electricity. Photovoltaic system
may be categorized as stand-alone photovoltaic
system for solar vehicles applications, grid-connec-
tion photovoltaic system and building systems.

The stand-alone solar systems are not connected
to a grid. Stand-alone solar power systems have been
used for a long time in areas where no public grid is
available. It may vary widely in size and application
ranging from wrist watches or calculator to remote
building or spacecraft. Billinton and Karki presenteda
simulation method and its objective provides to help
system planner decide on appropriate installation
sites, selection of PV arrays or diesel units in capacity
extension and optimal PV penetration levels when
utilizing PV energy in small isolated system[17].

Koutroulis E et al. have developed a methodology
for the optimal sizing of hybrid, stand-alone PV/WG
system. In this the selection standards for
commercially available system device we discussed,
the optimal number and type of PV modules, WGs
and PV battery chargers, the PV module's tilt angle
and the normal capacity[18]. Friling et alpresented the
Performance Enhancement of the heat transfer of
building integrated photovoltaic modules[19]. Fanni
L et al. presented comprehensive analysis of gains and
losses of fully-integrated flat roof amorphous silicon
photovoltaic plants[20].

Photovoltaic power generation widely used in
remote application with small power requirements
where the distribution running cost was not feasible.
As on reasonable price of PV power, the use of
photovoltaic for grid-connected application is
increasing. However, the high cost of PV modules
and large area they require continue to be difficulties
t using PV power to supplement existing electrical
utilities. Both of these problems the approach is the
integration of photovoltaic into building materials[14].

3. Photovoltaic system for Power generation

A photovoltaic power generation system contains
of multiple components like cells mechanical and
electrical assembly and mountings and means of
adaptable and/or modifying the electrical output.
These systems are valued in peak kilowatts (kWp)
which is an amount of electrical power that a system
is predictable to deliver when the sun is directly
overhead on a clear day. A grid connected system is
linked to a huge independent grid which in most cases
is the public electricity grid and feeds power into the
grid. They vary in Size from few kWp for residential
purpose to solar power station up to tens of GWp.
This is a form of dispersed electricity generation.
Poponi evaluated the prospects for diffusion of
photovoltaic (PV) technology for electricity
generation in grid-connected systems by the
methodology of experience bends that is used to
expect the different levels of increasing world PV
shipments required to reach the calculated break-
even prices of PV systems, supposing different trends
in the relationship between prices and the rise in
cumulative shipments[21]. Al-Hasan et al. discussed
optimization of the electrical load pattern in Kuwait
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using grid connected PV systems as the electric load
demand can be fulfilled from both the photovoltaic
array and the utility and found during the per-
formance evaluation that the peak load matches the
maximum incident solar radiation in Kuwait, which
would highlight the role of using the PV station to
minimize the electrical load demand and a significant
decrease in peak load can be achieved with grid
connected PV systems[22]. Rehman et al. utilized
monthly average daily solar radiation and sunshine
duration data to study the delivery of radiation and
sunshine duration over Saudi Arabia and also
examined the renewable energy production and
economical assessment of a 5 MW installed capacity
photovoltaic based grid connected power plant for
electricity generation[23].

Ito et al. studied a 100 MW very large-scale
photovoltaic power generation (VLS-PV) system
which is to be installed in the Gobi and assessed its
potential from economic and environmental
viewpoints inferred from energy payback time (EPT),
life cycle CO2 emission rate and generation cost of
the system[24]. Zhou et al. performed the economic
analysis of power generation from moving solar
chimney power plant (FSCPP) by evaluating cash
flows during the whole service period of a 100 MW
plant[25]. Muneer et al. discovered the long term
predictions of large scale PV generation in arid/ semi-
arid locations, around the globe and its transmission
using hydrogen as the energy vector[26]. Cunow et
al. described the megawatts plant at the new Munich
Fir Centre that represents a significant advance in
large PV plant technology and the components
employed, operational control and costs[27].

Bhuiyan et al. studied the economics of stand-a-
lone photovoltaic power system to exam its feasibility
in remote and rural areas of Bangladesh and related
renewable generation with non-renewable generators
by determining their life cycle cost by the method of
net present value study showed that life cycle cost of
PV energy is lower than the cost of energy from diesel
or petrol generation in Bangladesh and thus is
economically feasible in remote and rural areas of
Bangladesh[28].

4. Hybrid solar power generation system

Hybrid power generation system combines a

renewable energy source with other forms of
generation; usually a conventional generator
powered by diesel is even another renewable form
of energy like wind. Such hybrid system serves to
reduce the consumption of non-renewable fuel.

Barton et al. presented a novel method of
modeling an energy store used to match the power
output from a wind turbine and a solar PV array to
varying electrical load and validated the method
against time stepping methods showing god
agreement over a wide range of store power grades,
store productivities, wind turbine capacities and solar
PV capacities[29]. Katti and khedkarapplication of
wind-alone, solar-alone, and combined wind PV
generation for utilization as stand-a-lone generation
system, to be used as the remote areas which were
based on the site matching and an energy flow
strategy that satisfies the need with optimum unit
sizing by[30]. Deshmukh et al. presented methodology
to model hybrid renewable energy system (HRES)
components, HRES design and their evaluation
showing that the hybrid PV/wind energy systems are
becoming gradually popular and highlighted, the
matters related to penetration of this systems in the
present distribution network as it provides prospects
of incorporating in power generation capacity to
recover power quality, due to the isolated
generation[31]. El-Shatter et al. designed a hybrid
photovoltaic (PV)-fuel cell generation system using
an electrolyze for hydrogen generation and applied
a fuzzy progression model (FRM) for maximum
power point tracking to extract maximum available
solar power from PV arrays under variable insolation
condition[32]. Maclay et al. developed a model of a
solar-hydrogen powered residence, in both stand-a-
lone and grid parallel configuration using Matlab/
Simulink that assesses the feasibility of employing a
recreating fuel cell (RFC) as an energy storage devices
to be used with photovoltaic (PV) electrical genera-
tion and investigated the design requirement of RFC
sizing, battery sizing, charge/discharge rates, and
state of charge limitations[33]. Zervas et al. studied of
hybrid power generation system comprising of the
following main modules: Photovoltaic Array (PV),
Electrolyze, Metal Hybrids Tanks, and Proton
Exchange Membrane Fuel Cells (PEMFC), its can
efficient to store solar energy by transforming it to
hydrogen, which is the fuel supplied to the fuel cell
al[34].
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Helal et al. conducted a techno economic study
to analyze the economic feasibility of three alternative
design and the design option include a diesel- assisted
PV-RO plant, a fully diesel option include a diesel
driven RO plant and a fully solar-driven PV-RO plant
and performed detailed cost calculation for each one
of the suggested configuration to assess their
feasibility and cost effectiveness[35]. Schmid and
Hoffmann presented simulation showing that PV
systems with energy storage connected to prevailing
diesel generators that can be turned off during the
day deliver the lowest energy costs[36].

5. Light absorbing material

All solar cells require a light absorbing material
which is present-day within the cell structure to
absorb photons and generate free electrons via the
photovoltaic effect. The photovoltaic (PV) effect is the
basic of the transfer of light to electricity in photo-
voltaic, or solar cells. Sunlight, which is pure energy,
on striking PV cell, imparts sufficient energy to some
electrons (negatively charged atomic particles) to
increase their energy level and thus free them. A
build-in-potential barrier in the cell acts on these
electrons to produce a voltage, which in turn is used
to drive a current through a circuit.

5.1 Silicon

Bruton asserted that silicon technology has been
the leading one for the source of power modules into
photovoltaic applications and the likely changes are
a growing proportion of multi-crystalline silicon and
monocrystalline silicon existence used for high-
efficiency solar cells while thinner wafers and ribbon
silicon technology continue to grow[37]. Braga et al.
reviewed the current advances in chemical and
metallurgical ways for photovoltaic (PV) silicon
production and found that production of (solar-grade
silicon) SoGSi (expand the acronym) can be five times
extra energy efficient than the conventional Siemens
process that uses more than 200 kWh/kg[38].
Goetzberger et al. briefed the history of photovoltaic
material and tried to look at possible future scenarios
with silicon as min concern[39]. Vander Zwaan and
Rabble presented current PV production cost ranges,
both in terms of capacity installation and electricity
generation, of single crystalline silicon and other
thin film technology assessing possible cost

reductions expected according to the learning-curve
methodology[40]. Aouida et al. investigated the
structural and optic stability of porous silicon layers
(PSLs) planned to be used in silicon solar cells
technology with UV irradiation applied to PS-treated
solar cells improving their PV characteristic[41]. Keogh
et al. suggested that testing of silicon solar cells under
natural sunlight is simpler, cheaper, and more
accurate than all but the most careful simulator
measurements[42]. Hanoka discussed a silicon ribbon
development method, String Ribbon comparing it
with the two other vertical ribbon technologies
discussing the characterization of this ribbon,
particularly dislocated distribution and detailed the
growth progress of 100 µm ribbon[43]. Schlemm et al.
presented a magnetic field enhanced linear
microwave plasma source and its application for
removal of silicon nitride anti-reflective and
passivation layers on photovoltaic cells[44]. McCann
et al. showed that excellent bulk lifetimes and surface
passivation can be preserved with a low pressure
chemical vapour deposition (LPCVD) silicon nitride
layer put on a silicon wafer, even following high-
temperature treatment provided a thin layer of silicon
oxide is present under the nitride[45]. Adamian et al.
investigated the possibility of using porous silicon
layers as antireflection coating instead of anti-
reflection coatings in common silicon solar cells (ZnS)
and complete comparison of the photovoltaic and
optical characteristic of investigated samples of solar
cells with ZnS antireflection coating and with porous
silicon antireflection coating[46]. Balenzategui et al.

focused on the measurement of the angular response
of solar cells based on different silicon technologies
and analyzed the sources of aberration from the
theoretical response, especially those due to the
surface reflectance[47].

5.1.1  Amorphous Silicon

Amorphous silicon (a-Si) is the non- crystalline
form silicon. It is the well-developed of the thin film
technology having been on the market for more than
15 years. It is widely used in pocket calculation, but
it also powers some private homes, building and
remote facilities.  It its simplest form, the cell structure
has a single sequence of p-i-n layers. However, single
layer cell suffer from significant degradation in their
output (in the range 15-35%) when exposed to the
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Sun. the mechanism of degradation is called Staebler-
Wronski Effect, after its discoverers.UnitedSolar
Syatems Crop. (UniSolar) pioneered amorphous-
silicon solar cells and remains a major maker today,
as does Sharp and Sanyo.

Yang et al. discussed the advances made in
amorphous-Si PV technology that directed to the
achievement of an AM 1.5, 13% stable cell efficiency
and set the foundation for the spectrum splitting
triple-junction structure being manufactured by the
roll-to-roll continuous deposition process[48]. Lund
et al. reported on the laboratory and field studies
being undertaken on the nature of the Staebler-
Wronski effect in amorphous silicon cells and how
the stability of these cells is affected by different
operation conditions and proposed a number of
possible way to reduce the Staebler-Wronski effect
in a Si:H solar cells[49].

5.1.2  Crystalline Silicon

Crystalline silicon photovoltaic is the most widely
used photovoltaic, crystalline silicon photovoltaic are
modules built using crystalline silicon solar cells (c-
Si), developed from the microelectronic technology
industry. Crystalline silicon solar cells have high
efficiency, making crystalline silicon photovoltaic an
interesting technology where space is at a premium.
Crystalline silicon proposals to improve the efficiency
when compared to amorphous silicon while still
using only a small amount of material. The
commercially available multi-crystalline silicon cells
have efficiency around 14-19%.

Green et al. Developed crystalline silicon glass
(CSG) solar cell technology, the advantages of
standard silicon wafer-based technology with that of
thin-films, with the deepest likely manufacturing cost
of these contenders and confirmed efficiency for small
pilot line modules already I the 8-9% energy
conversion efficiency range, on the path to 12-13%[50].
Shah et al. proposed that intrinsic microcrystalline
silicon deposited at temperature as low as 200-250
ºC by the WHF-GD (very high frequency-glow
discharge) method has been used successfully as
photovolataically active material within p-i-n and n-
i-p type solar cells[51]. Lipinski et al. investigated
double porous silicon (d-PS) layers formed by acid
chemical engraving on a top surface of n+/p multi-

crystalline silicon solar cells with the aim to improve
the act of standard screen-printed silicon solar cells,
the PS layers helping as an antireflection coating with
the efficiency of the solar cells with this structure is
about 12%[52]. Franklin et al. described the novel sliver
cells made of single crystal silicon solar cells that
proposal the potential for a 10-20 times lessening in
silicon consumption for the same sized solar module,
though additional benefit, in an industrial production
environment, of requiring 20-40 times rarer wafer
starts per MW than for conventional wafer-based
technologies[53].

The manufacture of crystalline silicon PV module
is divided into several steps, starting with wafer
cutting, cell fabrication and module assembly. In
wafer stage, solar-grade multicrystalline or single
crystal silicon ingots are sliced into wafer 0.2 mm
thick. During the cell stage, a p-n junction is formed
by dopant diffusion, and electric contacts are created
by applying and sintering metallization pastes. In the
module stage, the cells are connected physically and
electronically and are then encapsulated by glass and
plastics (ethylene-vinyl acetate [EVA], Tedlar, etc.).

5.2 Organic and polymer cells

Jorgensen et al. presented a thoughtful of
stability/degradation in organic and polymer solar
cell devices and discussed the method for studying
and clarifying degradation and enhancing through
the stability for better active material, encapsulation,
application of getter materials and UV filters[54].
Bernede et al. studied different cell configurations:
two-layer D/A organic solar cells deposited by
vacuum evaporation and bulk D/A hetero junction
material based on a discontinuous D/A network thin
film obtained by spin coating[55]. Wei et al. demons-
trated efficiency white organic light-emitting device
based on excelled with higher luminance and
luminous efficiency and this bi-functional device with
electroluminescence (EL) and PV performance is
promising to be used as white displays or backlight
source in the upcoming as it can be charged by solar
energy through additional apparatus free of work and
can also be used as an optional sensor to UV light[56].

5.3 Hybrid photovoltaic cells

A hybrid solar cell contains of a combination of
both organic and inorganic semiconducting materials.
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The unique properties of inorganic semiconductors
with the film-forming properties of the conjugated
polymers[57]. Organic materials usually are inex-
pensive, easily process able, and their functionality
can be tailored by molecular design and chemical
synthesis. Further the inorganic semiconductors can
also be manufactured as process able Nano
particulate colloids. By varying the size of the
nanoparticles, their band gap can be tuned and their
absorption/emission spectra can be tailored[58].

An effective strategy for hybrid solar cell
fabrication is to use blends of Nano crystals with semi
conductive polymers as bulk hetero junction[57-62].
Exactions formed upon photo excitation are separated
freely charged carriers very efficiently at interfaces
between organic semiconductors and inorganic
semiconductor nanoparticles in a hybrid compound
thin film. The n-type and p-type solubility
components in the same solvent are in important
problem. Commonly the organic semiconductors are
dissolved in organic solvents, while the inorganic
semiconducting nanoparticles are also easily
dissolved in aqueous solvents. Using ligand
exchange, the nanoparticles can be made soluble in
common organic solvents. Hybrid solar cells have
been demonstrated in conjugated polymer blends
containing CdSe, CuInS2, CdS, or PbS Nano crystals.

High surface tension of very small inorganic
Nano crystals makes them unbalanced, and thus they
have a tendency to produce by a process called
"Ostwald ripening". Therefore, nanoparticles are
synthesized commonly shielded by an organic ligand.
These ligands prevent the combination and oxidation
of the nanoparticles and can alter the dispersion
characteristics of the particles into the polymer
matrices[57, 60]. This organic ligand, further it is a
barrier for transport of charges from nanoparticle to
nanoparticle. So the hybrid solar cells, such ligands
have to be removed to ensure intimate electrical
contact between the nanoparticles.

5.4 Thin film technology

As the name implies, thin-film technology are
made of layers of semiconductors typically a few
microns thick (approximately 100 times thinner than
those used in conventional single and multi-
crystalline silicon technologies). The property is

enabling by the absorption coefficient of these
semiconductors being higher than that of crystalline
silicon, resulting in lower material use and thus
cheaper technologies. A thin- film solar cell is a second
generation solar cell that is complete by depositing
one or more thin layers, or the photovoltaic material
of thin-film (TF) on a substrate, such as glass, plastic
or metal. Thin-film solar cells are commercially used
in many technologies, including cadmium telluride
(CdTe), copper indium gallium dieseline (CIGS), and
amorphous thin-film silicon (a-Si, TF-Si).

Barnett et al. investigated that solar cells utilizing
thin-film polycrystalline silicon can be achieve
photovoltaic power conversion efficiencies greater
than 195 as a result of light trapping and back surface
passivation with optimum silicon thickness[63].
Aberle reviewed the most promising thin-film c-Si
PV technologies that have arisen during the last 10
years and found that three different types of thin-
film c-Si PV technologies (SILVER, hybrid, CSG) can
be transferred to industrial production[64]. Ito et al.
present techniques to TiO2 film fabrication for dye-
sensitized solar cells that consists of pre-treatment of
the working photo electrode by TiCL4, variation in
layers thickness of the transparent nanocrystalline-
TiO2 and claim of a topcoat light-scattering layer as
well as the adhesion of an anti-reflecting film to the
electrode's surface resulting in a conversion efficiency
of global air mass 1.5 (AM 1.5, 1000W/m2) solar light
to electric power over 10%[65]. Sathyamoorthy et al.
discussed the electrical transport properties of flash
evaporated Zinc Phthalocyanine thin films and
studied the DC conduction mechanism in these films
(Al-ZnPc-Al structure) at altered temperatures along
with the field dependence behavior on activation
energy and possible conduction mechanism in the
ZnPc films under DC field[66].

The manufacturing stage for thin-film PV
technologies is relatively simple compared with
crystalline silicon (resulting in an additional cost
advantage). Thin-film PV manufacturing typically
relies on a series of semiconductor-layer depositions
on a glass or stainless steel substrate followed by
module fabrication steps (e.g., encapsulation) similar
to those used for crystalline silicon technologies.
Other flexible substrates can sometimes be used to
produce building integrated PV products.
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6. Performance and reliability

Researchers and scientists had proposed many
methods for evaluation of performance of a
photovoltaic system. A brief review of some methods
is present here.

Li et al. investigated the operational performance
and effectiveness characteristic of a small PV system
installed at the City University of Hong Kong and
the amount of solar irradiance data filling on the PV
panel was determine using the luminous efficacy
approach[67]. Yu et al. developed a novel two-mode
maximum power point tracking (MPPT) control
algorithm the modified constant voltage control and
incremental conductance method (IncCond) method
to improve the efficiency of the 3 kWPV power
generation system at different insolation condition
that provides excellent performance at less than 30%
insolation, covering the whole insolation area without
additional hardware circuitry[68]. Jaber et al.
developed a computer-simulation model of the
behavior of a photovoltaic (PV) gas-turbine hybrid
system, with a compressed-air store, to assess its
performance as well as to predict the total energy-
conversion efficiency and found that hybrid plant
produces approximately 140% more power per unit
of fuel expended compared with corresponding
conventional gas turbine plants and lower rates of
pollutant emission to the atmosphere per kWh of
electricity generated[69].   Keogh et al. existing a new
tester (commonly used for measuring solar cells and
modules) design that is simple, low cost, and reduces
transient errors by use of a constant voltage cell-bias
circuit and it excerpts a family of I-V curves over a
decade range of light intensity, which provides
comprehensive information on cell performance[70].
So et al. analyzed evaluated the performance of a large
scale grid-connected PV system and observing system
that are installed at SSDP in Daegu City in order to
observe the overall effect of meteorological condition
on their operation characteristic for monitoring
period[71].

7. Conclusion

Reducing the dependence on fossil fuel and
addressing the priority issues of environment, the
solar energy will play an increasing important
role in a future. Photovoltaic efficiency and

manufacturing costs not much not the point that
photovoltaic power generation can replace
conventional coal-gas, nuclear-powered generating
facilities.PV/T is a technology combining PVs and
solar thermal components of solo module to enhance
the solar conversion efficiency of the system and make
economic use of the space. Photovoltaic power
generation is quiet more costly than conventional
system in general. On the other hand, huge variations
in cost of conventional electrical power, and other
influences, such as cost of supply, create situation in
which the use of PV power is economically sound.
The some application of photovoltaic power
generation used in remote area such as
communications, villages and homes in developing
countries, water pumping, camping, and boating.
Also the application of grid-connection such s electric
utility generation facilities and residential rooftop
installations mark up a slighter but more rapidly
rising segment of PV use.Manufacturing and the
efficiency costs not reached at that point where the
photovoltaic power generation can replace
conventional coal-, gas-, and nuclear-powered
generating facilities. PV cost is much more than
conventional power. Moreover, as technological
developments narrow the cost gap, as more
applications are becoming economically feasible at
an accelerating rate. Many difficulties, related like
development of reasonable, clean and unlimited solar
energy technologies for long time period and the huge
benefits, desirable to policies to unlock the extensive
potential of solar energy for appropriate system
planning and power operation system to supply
excellent and dependable power electric source.
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Abstract
This paper presents a review about conventional and renewable energy scenario of India.Energy
is one of the major parameters for establishing growth and progress of the country, rather the
standard of living depends directly upon the per capita energy consumption.In India most of the
power generation is carried out by conventional energy sources, coal and mineral oil-based power
plants which are depleted day by day as population increase and contribute heavily to greenhouse
gases emission. Due to this world are moving for renewable energy source such as solar energy,
wind energy, tidal energy, geothermal energy and ocean energy. Last 30 years has been a period
of exuberant hunt of activities related to research, development, production and demonstration
at India. India has obtained application of a variety of renewable energy technologies for use in
different sectors too. This paper presents current status, major achievements and future aspects
of renewable energy in India. In this paper evaluationof current energy policies for conquering
the obstructions and implementing renewables for the future is also been presented.

Key words : Conventional Energy, Renewable energy, Solar Energy.

1. Introduction

Renewable energy (RE) has become an important
agenda of India's energy planning process especially
since climate change has taken centre stage in the
domestic and international policy arena. With high
economic growth rates and over 17.32 percent of the
world's population, India is a significant consumer
of energy resources. India, at 1.27 billion people, is
the second most populated country in the World.
Despite the global financial crisis, India's energy
demand continues to rise. India consumes its
maximum energy in Residential, commercial and
agricultural purposes in comparison to China, Japan,
Russia, EU-27 and US[1].

To demonstrate its commitment to renewable
energy, the government has set aggressive targets for
renewables and several incentives and policy
initiatives at the Central and State levels have been
put in place both for grid connected and off-grid
renewable energy.

Invertis Journal of Renewable Energy, Vol. 7, No. 1, 2017 ; pp. 29-34

1.1 Why are Renewable Sources better than Oil

Resources?

A broad comparison between renewable sources
of energy and oil resources based on some factors is
given below, see Table 1. It indicates that renewable
resources are the future for the country in the energy
sector and there is a Need to completely unleash the
potential of these resources.

2. Renewable Energy Scenario in India

Solar Energy : Radiant light and heat from the
sun, has been harnessed by humans since ancient
times using a range of ever-evolving technologies.
Solar radiation, along with secondary solar-powered
resources such as wind and wave power, hydro-
electricity and biomass, account for most of the
available renewable energy on earth. Only a
minuscule fraction of the available solar energy is
used. India is both densely populated and has high
solar insolation, providing an ideal combination for
solar power in India. The solar energy received on
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Table 1. Difference between renewable energy and oil resources

S.N Kind Renewable sources of energy Oil Reserves

1 Availability They are abundant in nature Oil reserves are limited in nature

2 Regeneration Can be Regenerated; Ore is drained, can't be regenerated

Inexhaustible resource
3 Emission Zero emission Releases Greenhouse gases

4 Environmental effect of use There is no adverse effect Harmful to the environment
on Environment. The whole system is
pollution free and environment Friendly.

5 Transportation Used where it is available or Has to be transported from its source
transported where needed site for further processing, exposing

the environment to pollution from
accidents

6 Distribution Evenly distributed in World. Uneven distribution which leads to
flow gap and price fluctuations

7 Development Leads to more Sustainable development Lesser sustainable Development
i.e. more jobs Opportunities

8 Storage Need storage between Production Portable form of energy. Easy to store
and consumption.

9 Climate Change Depends on altercation of climate Do not depend on weather
modifications

10 Area Large amount of land is Required Not large geographical area is required

11 Geopolitical Reduces our reliance on oil, Over-reliance on oil as a resource can
implications Safe guarding national security. undermine a country's energy

Allows for self-sufficiency [3] Security. [3]

12 Cost High Capital and Maintenance cost.[4] Cost of producing is low since they are
Naturally available. Furthermore they
are cheap to transform from one form
of energy to Another. [4]

13 Energy Supply Once generated, they produce high Limited supply only
amount of Energy.
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the earth are 20000 times of global requirements. In
solar energy sector, some large projects have been
proposed, and a 35,000 km² area of the Thar Desert
has been set aside for solar power projects, sufficient
to generate 700 to 2,100 gigawatts. India is endowed
with rich solar energy resource. The average intensity
of solar radiation received on India is 200 MW/km
square (megawatt per kilometre square). With a
geographical area of 3.287 million km square, this

amounts to 657.4 million MW. However, 87.5% of the
land is used for agriculture, forests and fallow lands
6.7% for housing, industry, etc., and 5.8% is either
barren, snow bound, or generally inhabitable. Thus,
only 12.5% of the land area amounting to 0.413 million
km square can, in theory, be used for solar energy
installations. Total energy consumption % in India
is, by type combustible.renewable and waste 27.2
Hydro 1.8 Oil 23.7 Nuclear 0.8 Coal/Peat 40.8 Natural

Table 2. State policy for Solar Energy

State Month of release Target addition

Andhra Pradesh September 2012 Has not set a target
Chhattisgarh October 2012 500-1,000 MW by 2017
Gujarat October 2009 500 MW
Karnataka September 2011 350 MW
Kerala November 2013 500 MW by 2017 and 2,500 MW by 2030
Madhya Pradesh January 2012
Punjab December 2012 1,000 MW by 2022
Rajasthan 2011 12,000 MW by 2022
Tamil Nadu October 2012 3,000 MW by 2015
Uttarakhand September 2013 500 MW by 2017
Uttar Pradesh 1st Quarter of 2013 500 MW by 2017
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Table 4. Total energy consumption in India

S.N Equipment Units

1 Number of solar street lighting systems 55,795
2 Number of home lighting systems 342,607
3 Solar lanterns 560,295
4 Solar photovoltaic power plants 1566 kW
5 Solar water heating systems 140 km2 of collect or area
6 Box-type solar cookers 575,000
7 Solar photovoltaic pumps 6,818

Table 5. Renewable Energy Capacity in MW

Source Installed capacity Current installed Target as per Revised
by end of 11th Plan Capacity 12th Plan Targets till

(March  2012) (March  2015) (March 2017) 2022

Solar Energy 941 3383 10941 100000
Wind Energy 17352 22645 32352 60000
Biomass Power 3325 4183 6125 10000
Small Hydro 3395 4025 5495 5000
Total 24914 34351 54914 175000

Fig. Chart for Renewable energy in India
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gas 5.6 other renewables 0.2 Even if 10% of this area
can be used, the available solar energy would be 8
million MW, which is equivalent to 5,909 mtoe
(million tons of oil equivalents) per year (Leone, 2011).
In July 2009, India unveiled a $19 billion plan, to
produce 20 GW of solar power by 2020.Under the
plan, solar-powered equipment and applications
would be mandatory in all government buildings
including hospitals and hotels. On November 18,
2009, it was reported that India was ready to launch
its National Solar Mission under the National Action
Plan on climate change, with plans to generate 1,000
MWof power by 2013[6]. India has a vast potential
for renewable energy sources, especially in areas such
as solar power, biomass and wind power. The current
installed capacity of renewable energy is around
92204 MW, constituting about 7.3 percent of India's
total installed generation capacity. Technological
breakthroughs for cost effective photovoltaic
technology could generate a quantum leap in the
renewable energy sector since India is well endowed
with solar insolation (average of 6 kWh/sq.mt./day).
India plans to announce increased subsidies for solar-
power generation, as the country looks to scale up
production of renewable energy and show it is
committed to mitigating climate change. India just
had 2.12 megawatts of grid-connected solar
generation capacity. As part of the National Solar
Mission, the ministry aims to bolster the annual
photovoltaic production to at least 1,000 megawatts
a year by 2017. With an installed capacity of 123 GW,
the country currently faces energy shortage of 8
percent and a peak demand shortage of 11.6 percent.
In order to sustain a growth rate of 8 percent, it is
estimated that the power generation capacity in India
would have to increase to 306 GW in the next ten years
which is 2.5 times current levels. However, as of
October 2009[7], India is currently ranked number one
along with the United States in terms of installed Solar
Power generation capacity.

3. Conclusion

There is an urgent need for transition from
petroleum-based energy systems to one based on
renewable resources to decrease reliance on depleting
reserves of fossil fuels and to mitigate climate change.
In addition, renewable energy has the potential to
create many employment opportunities at all levels,

especially in rural areas. So Isolated systems, whose
cost depends on load factor are needed to be linked
with rural industry. Innovative financing is also a
requirement. Mainstreaming of renewables is very
essential. Energy security, economic growth and
environment protection are the national energy policy
drivers of any country of the world. The need to boost
the efforts for further development and promotion
of renewable energy sources has been felt world over
in light ofhigh prices of crude oil. A disparaging part
of the solution lies in promoting renewable energy
technologies as a way to addressconcerns about
energy security, economic growth in the face of rising
energy prices, competitiveness, health costs and
environmental degradation. The cost-effectiveness of
Wind and Small Hydro power energy should also be
taken into account. An emphasis should be given on
presenting the real picture of massive renewable
energy potential; it would be possible to attract
foreign investments to herald a Green Energy
Revolution in India.
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Abstract
Bismuth sulfide chalcogenide was successfully synthesized inside the ampoule by conventional
high temperature solid state solvothermal reaction of bismuth and sulfur. It was prepared by
adjusting stoichiometric amount of the bismuth and sulfur heated in evacuated sealed quartz
ampoule at 850 °C for 12h, which is easy to be maintained and controlled. The key step was only
adjusting the sulfur content. Synthesized powder was characterized by Energy dispersive Analysis
by Energy Dispersive X-ray Spectroscopy (EDXS) and Thermo Gravimetric Analysis (TGA) in
an air atmosphere. TGA curves were used to study the decomposition step of the isolated
compounds. Activation energy (Eα) for decomposition has been calculated using Broido method.
The thermodynamic parameters such as change in enthalpy (∆H), change in entropy ( S) and
Gibb's free energy (∆G) are estimated. TGA analysis shows a remarkable thermal stability with
addition of sulfur content.

Key words : Bismuth sulfide, Solid State Solvothermal Route, EDXS, TGA, Activation energy
by Broido method, Thermodynamic parameters.

1. Introduction

The chalcogenides are recently attracting of all
the concern because of their practical applications in
various fields such as thermoelectric devices and
optoelectronics. Bismuth sulfide occurs in nature as
the mineral bismuthinite. It has a trigonal prismatic
crystal structure. In the past few year, main group
metal chalcogenides, AV2BVI3 (where, A=As, Sb, Bi
and B= S, Se, Te)[1] have received ever increasing
attention as a valuable semiconductor. Bismuth
sulfide has a direct band gap between   1.2 - 1.7 eV.[2]

Also, due to its high figure of merit (ZT) value, it is
widely used as a thermoelectric-cooling material
based on the Peltier effect[3].

Various types of Bi2S3 nanomaterials including
nanobeads,[2] nanowires,[4,5] nanotubes,[6]

nanoribbons[7] and nanorods,[1,8] etc. have been
synthesized using different types of techniques. This
method is a well established approach for fabricating

Invertis Journal of Renewable Energy, Vol. 7, No. 1, 2017 ; pp. 35-40

inorganic materials with desired micro/nano
structures and controlled crystalline orientation. The
advantage of this approach is it allows materials to
be prepared at temperature substantially below those
required by traditional solid state reaction route.[9]

In this paper we have synthesized Bi2S3 with excess
sulfur content in ampoule by conventional high
temperature solid state solvothermal route. It  may
be  predicted  that  up   scaling  of  this  method will
lead to large quantities of bismuth sulfide with high
purity and novel morphologies.

Thermal behavior of the chalcogenides is very
important for the researcher in various branches. It
is widely used in chemicals, Textiles, Aerospace,
Metals, Auto, Government, Academic, Petrochem,
Polymers, etc. Over a dozen thermal methods can be
recognized, which differ in the properties measured
and the temperature programs. These are used for
quality control and research applications on industrial
products, such as polymers, pharmaceuticals, clays
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and minerals, metals and alloys.[16,23,24] The well-
established thermogravimetric analysis (TG) has been
reliably and widely used over many decades in
studying thermal behavior and properties of various
types of material and evaluating the thermal
parameters for their degradation processes[17,18].

The aim of this research is to study the
degradation and evaluation of the kinetic and
thermodynamic parameters by Broido method to
obtain degradation kinetics data. In presence study
the thermal behavior (TGA) of the bismuth sulfide
was studied and kinetic parameters were determined
by Broido method[19]. The present author evaluates
some of the parameters, such as activation energy,
changes in enthalpy, changes in entropy and Gibb's
free energy using Broido method.

Thermogravimetric analysis (TGA) provides a
rapid method for determining the Temperature-
Decomposition (TD) profile of a compound material
and the kinetics of its thermal decomposition. Only
knowledge of the reaction process mechanism enables
a proper approach to intrinsic kinetic[22]. A group of
techniques in which a physical property of substances
and/or its reaction products is measured as a function
of a temperature whilst the substance is subjected to
a controlled temperature program[25].

2. Experimental Details

The starting materials were analytical grade,
which were purchased from Loba Chemie Pvt. Ltd.
And used as received without further purification.

In this process, Bi2S3 was synthesized from its
constituent elements, Bi and S, weighed in atomic
stoichiometric proportion (2:3) and sealed in a quartz
ampoule, in which pressure of 10–2 mbar was
achieved. Samples have been prepared with 5%, 10%
and 15% excess sulfur content, respectively, in the
raw mixture in evacuated ampoules. The melting of
elements mixed in ampoules was then carried out in
an indigenous electric furnace. The temperature of
the furnace was raised from room temperature to 1150
K at the rate of 3K/min. The ampoule was kept at
1150 K for 12 h to ensure homogenous crystallization.
It was cooled down up to room temperature inside
the furnace at a cooling rate of 4K/min. The solid
ingot was taken as powdered to a mean particle size

of ~100 µm using the process of grinding and then
sieving.

3. Results and Discussion

In order to investigate the compositional analysis
of the synthesized Bi2S3 compounds EDXS analysis
were carried out with an accelerating voltage of 30
kV.

 Fig. 1. Plot of EDXS images of Bi2S3 compound prepared
with 5%, 10% and 15% excess sulfur in raw mixture

Fig. 1, shows the results of EDXS measurements.
The EDXS results confirmed the presence of Bi & S
elements with the expected Bi:S ratio ~ 2:3. The EDXS
reveals that the required phase has present.
Moreover, the S-content in sample Bi2S3 + 5% is very
low, as expected, because of the low melting point
and highly volatile nature of the sulfur. Excess sulfur
has taken in the raw mixture in order to improve the
sulfur incorporation in the compound. The good
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stoichiometry occurs for the sample Bi2S3 + 10% and
Bi2S3 + 15%. This is due to the presence of excess
sulfur vapour in the sealed ampoule, which allows
the formation of Bi2S3 phase under the sulfur
environment during the growth process.

Thermogravimetric analysis (TGA) experiments
were undertaken to understand synergism between
bismuth and sulfur. Samples were prepared with
sulfur-to-bismuth ratio designed to give the correct
stoichiometry for Bi2S3. Changes in the mass of a
sample are studied while the sample is subjected to
controlled temperature program. The temperature
program is most often a linear increase in
temperature, but, isothermal studies can also be
carried out, when the changes in sample mass with
are followed. TGA is inherently quantitative, and
therefore an external powerful thermal technique, but
gives no direct chemical information. The ability to
analyze the volatile products during a weight loss is
of great value. Sample were prepared with bismuth
to sulfur ratio designed to give the correct stoichio-
metry for Bi2S3 compound prepared with 5%, 10%
and 15% excess sulfur in raw mixture. TGA data were
collected on TGA/851 (METTLER TOLEDO). An
experiment runs to ambient temperature up to 700°C
in an air atmosphere. The balance sensitivity is
usually around one microgram, with a total capacity
of a few hundred milligrams. A typical operating
range for the furnace is ambient to 1500°C, with
heating rates up to 10°C/min. Thermocouple as a

temperature sensor is placed close to the sample.
Heating is automatically resumed, at a constant rate,
until the next significant weight loss event. By this
process, we are able to nicely resolve closely occurring
decomposition events and provide better quantitative
analysis of a sample.  The samples were 1-4 mg and
contained in platinum pan. Thermogram is graph of
mass versus temperature. Sometimes given as "%" of
original mass. Temperature - mass points were
collected every 1 sec. Mass (mg) vs. Temperature
curve has been shown in Fig. 2  showed clearly a stage
of decomposition. TGA curve did not show an
appreciable mass loss in the temperature range 273-
393 K, 273-423 K and 273-443 K, respectively and
stability is increased with sulfur content and weight
loss decreases with it.

For the compounds, Bi2S3 + 10%, there is one
major loss of weight between the stage of degradation
began at 402 K and terminated in 534 K, Bi2S3 + 10%
the stage of degradation began at 413 K and
terminated in 543 K, Bi2S3 + 15% the stage of
degradation began at 433 K and terminated in 553 K,
and observed mass loss was 42%, 53% and 50%,
indicating the highest weight loss occur with 10%
excess sulfur.

It can be seen that the mass losses obtained from
the TG curves that calculated for the decomposition
product (i.e. final reside) are good agreement for the

 Fig. 2. Plot of  TGA curve of Bi2S3 compound prepared
with (a) 5%, (b) 10% and (c) 15% excess sulfur in raw

mixture (Model: Perkin Elmer, Pyris-6 TGA, COE, Vapi )

 Fig. 3. Plot of ln (ln 1/y) vs. 1000/T for Bi2S3 compound
prepared with (a) 5%, (b) 10% and (c) 15% excess sulfur

in raw mixture
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entire decomposition step. Thermal degradation
studies of the Bi2S3 compound prepared with 5%, 10%
and 15% excess sulfur in raw mixture indicated that
these compounds were thermally stable up to 393 K,
402 K and 423 K respectively. Degradation of these
compounds occurs in single stage and harmony with
the literature[17].

As shown in Fig. 3, ln (ln 1/y) vs. 1000/T gives
an excellent approximation to a straight line
indicating a very smooth thermal degradation. The
activation energy E  and frequency factor A can be
calculated from the slope and intercept, respectively.

Kinetic Studies : A variety of methods exist for
analyzing the kinetic features of all types of weight
loss or gain, either with a view to predictive or to
understand the controlling chemistry. In order to
determine kinetic parameters in a solid-state
degradation reaction, usually several equations[11,19]

have been proposed as means of analyzing a TG
curve.  In the kinetic studies of the thermal system,
the mass temperature relation, which can determine
the behavior of the degradation reactions, can be
examined. In the present study, four equations such
as FC (Freeman-Carroll), HM (Horowitz-Metzger),
CR (Coats-Redfern), and B (Broido) were used for
calculating the activation energy (E), exponential
factor (A) and thermodynamic parameters (G,  H and
S). The kinetics was studied for the stage of
degradation of the complex[19].

Broido[11, 19] has developed a model and put
forward the following equation for calculations of
kinetic parameters from the TGA curve.
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Here, Wt, W0 & Wα are weight of active material
at absolute Temperature T, weight of the material
taken initially and weight of the material at the end
of the reaction respectively. Y is the fraction of the
number of initial molecules not yet decomposed.

The plot of ln (ln 1/y) vs. 1000/T gives an
excellent approximation to a straight line indicating
a very smooth thermal degradation of the bismuth
sulfide is as shown in Fig. 3. The slope is related to
energy of activation as,

Eα  = –2.303 × R × slope (3)

The activation energies (Eα) for the processes
corresponding to the major steps in various TGA
curves were estimated by fitting the degree of
disassociation (α) over the respective temperature
ranges to equations by Broido relation. The changes

Table 2. Activation energy and thermodynamic parameters from Broido relation.

Sr. Bi2S3 Eααααα ∆∆∆∆∆S ∆∆∆∆∆H ∆∆∆∆∆G
No. (eV)  (eV/°K) (eV/mole) (eV)

1. Bi2S3+5% -5.724 × 1020 -1.395 × 1021 -4.853 × 1022 61.13 × 1022

2. Bi2S3+10% -6.493 × 1020 -1.389 × 1021 -5.00 × 1022 62.80 × 1022

3. Bi2S3+15% -7.4109 × 1020 -1.489 × 1021 -5.191 × 1022 68.26 × 1022

Table 1. Calculated values of weight loss and frequency factor.

Sr. Stability Weight Weight Frequency
No. Bi2S3 Stage Temperature Loss Loss Factor

T (°K) T (°K) (%) (A)

1. Bi2S3+5% 1st 393 402-534 42 18.67
2. Bi2S3+10% 1st 402 433-543 53 20.15
3. Bi2S3+15% 1st 423 433-553 50 24.10
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in enthalpy (∆H) were estimated by employing the
relations,

∆H = Eα – 2 RT (4)

Here, A, h, k, T are Frequency factor, Planck's
constant, Boltzmann's constant, average temperature
respectively and the Gibb's free energy,

∆G = ∆H – T ∆S (5)

The changes in entropy (∆S) was derived from
the relation,

∆S = 2.303 R log Ah

kT

 
 
 

(6)

A TGA measurement is the residual mass of the
sample at a given temperature, usually given as a
percentage of the original sample mass:

.(%) =  100%r T
res

S

M
M

M
(7)

Where, Mres (%) is the residual mass expressed
as a percentage, (Mr. T) is the mass remaining at as
specific temperature (T) in grams, Ms is the initial
mass of the sample in grams.

According to this method, the plot of ln ln (1/Y)
versus 1/T gives straight lines as shown in Fig. 3,
and activation energy E and frequency factor A can
be calculated from the slope and intercept,
respectively.

A negative value of activation energy (Eα) shows
the rate of reaction decreases with increase in
temperature. For an exothermic reaction ∆H is taken
to be negative associated with heat releasing
reactions. The entropy can be interpreted as a
measure of disorder indicates that the less disorder
of the system because the number of particles
decreases. The negative values of entropy indicate
that reaction were slower than normal and account
for the non-spontaneous nature of degradation
reactions of the compounds were supported by
positive value of ∆G shows endergonic reaction in
all the cases. In general, it can be concluded that it is
possible to obtain Bismuth sulfide with in thermal
stability and more applicable from the economic view
point. Calculations of the Gibb's free energy of
activation illustrate that bismuth sulfide is
thermodynamically more stable with addition of

sulfur content.

4. Conclusions

Bi2S3 compound prepared with 5%, 10% and 15%
excess sulfur in raw mixture was synthesized from
its constituent elements via facile, conventional and
low cost strategy by conventional high temperature
solid state solvothermal route in the evacuated quartz
ampoules. The EDXS results confirmed the presence
of Bi & S elements with the expected Bi:S ratio ~ 2:3.
The EDXS reveals that the required phase has present.
The present work is the first ever report including
the reaction mechanism of thermal decomposition
and application of the theory namely Broido method
for the stage of decomposition of the material.
Thermal analysis reveals that compounds of bismuth
sulfide are structurally stable in the temperature
range ca. 393 - 423 K and stability is increased with
addition of sulfur content and weight loss decreases
with it. After this temperature range compounds
become thermally decomposes with the evaluation
of oxygen and sulfur. It is a convenient and efficient
for producing pure metal sulfides. It can also be
extended to the 423 K and stability is increased with
addition of sulfur content and weight loss decreases
with it. After this temperature range compounds
become thermally decomposes with the evaluation
of oxygen and sulfur. It is a convenient and efficient
for producing pure metal sulfides. It can also be
extended to the preparation of some other types of
novel structures and morphologies of bismuth sulfide
by different techniques with unique properties.
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Abstract
Present investigation is aimed on the study of renewable energy options in Himalayan state
Uttarakhand. This paper deals with present status of Uttarakhand in production of renewable
energy and potential for increasing production and adoption of more renewable energy options.
Methodology of the present investigation includes data collection through study of Government
publications of national and international level on energy statistics and survey of Himalayan
ecology. At present Uttarakhand have 1.86 GW power production capacities, which is 0.76% of
total power capacity (245 GW) of India. Similarly Uttarakhand shares 0.21 GW renewable energy
power capacities, which is 0.66% of total renewable energy capacity of India.  Presently most of
the renewable energy in Uttarakhand comes from Small Hydro Projects (SHP) that amounts to
0.175 GW. Thus major part (83%) of renewable energy in Himalayan state Uttarakhand comes
from SHP and only small fraction from other renewable energy resources. The part of solar
energy production is  0.005 GW. At present there is no wind energy plant in Uttarakhand, but
state has potential of 0.534 GW. Beside solar and wind energy, there are hot water springs
available in Uttarakhand, which can serve directly thermal energy or may produce electricity.
Large amount of available biomass is one more option of renewable energy.

Key words : Uttarakhand, renewable energy, wind energy, geothermal energy, biomass
energy.

1. Introduction

Energy consumption by any society is indicator
of the development of that society. In the fast pace of
growth, energy demand is increasing year by year.
Conventional source of energy like, fossil fuel cannot
meet the requirements of ever growing demand.
More and more energy is required for present
generation and it must be made available for future
generation also. In this energy scenario, search for
other energy options are inevitable. For sustainable
growth of mankind, renewable energy resources
must be harnessed with full potential. Solar energy,
wind energy, tidal wave energy, ocean energy,
geothermal energy and biomass energy are options
of renewable energy sources. At present India
consumes 6% of total world energy, whereas
population of India is 18% of the total world
population[1]. Share of renewable energy power
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capacity in India is 13.1% of total power capacity in
the country, which is 5% of total world renewable
energy power capacity[2]. At present Uttarakhand
have 1.86 GW power production capacities, which is
0.76% of total power capacity (245 GW) of India.
Similarly Uttarakhand shares 0.21 GW renewable
energy power capacities, which is 0.66% of total
renewable energy capacity of India. Most of the
renewable energy in Uttarakhand comes from Small
Hydro Projects (SHP) that amounts to 0.175 GW. Thus
major part (83%) of renewable energy in Himalayan
state Uttarakhand is derived from SHP and only small
fraction from other renewable energy resources.
Present value for solar energy production is 0.005
GW. There is no wind energy plant in Uttarakhand
at present, but state has potential of 0.534 GW[3]. The
present paper is aimed to study other renewable
energy options in Uttarakhand beside solar energy.
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The status and the potential of those renewable
energy sources which are compatible with Himalayan
ecology will be discussed in the following.

2. Methodology

Methodology of the present investigation
includes study of data published by Government
authorities of national and international level on
energy statistics. The potential of new sources of
renewable energy in Uttarakhand has been looked
for through studies of specific topology and ecology
of Uttarakhand.

3. Results and Discussions

Recently, on May 10, 2016, EY (Ernst & Global
Limited, UK) has announced that India ranks third
in Renewable Energy Country Attractiveness Index
(RECAI), based on investment and deployment in the
area of renewable energy. In India current installed
capacity of renewable power is 34.5 GW, which has
to be increased as 175 GW till 2022[2]. Presently
electricity production in Uttarakhand is 1.86 GW, in
which 1.65 comes from hydroelectricity and 0.21 from
renewable energy. Table 1 shows the status of
Uttarakhand in India in electricity production.
Among various options of renewable energy most of

the energy (0.175 GW) is meet by Small hydro projects
(SHP) in Uttarakhand. A comparison of grid
interactive renewable energy of Uttarakhand and
whole country has been presented in Table 2. This
table shows that presently no wind energy is
produced in Uttarakhand. However, according to
Ministry of New and Renewable Energy (MNRE),
estimated potential of wind energy in Uttarakhand
is 2.271 GW. The estimated potential of renewable
energy in Uttarakhand is given in Table 3. This table
includes data on energy produced through wind,
SHP, biomass, co-gen bagasse and waste. In light of
Himalayan topology and ecology some of the
renewable energy sources are discussed here in
context to Uttarakhand in the following.

3.1 Wind Energy

The occurrence of wind with suitable speed and
aerodynamic condition are vital factors for harnessing
wind energy. On the basis of topology, open seas,
coastal areas, hills, valley, terrace and saddle are good
sites of wind energy harvesting. Low depression
saddles with water divides or river valleys have good
potentials for wind energy. They have suitable
aerodynamic conditions and are commonly found in
rural Garhwal Himalayas.  In local dialect these are

Table 1. Status of Uttarakhand in India in electricity production during 2013-2014 (GW) [3].

S.N. Particular India Uttarakhand % of Uttarakhand in India

1 Hydro 39.49 1.65 4.2
2 Thermal 168.25 0 0
3 Nuclear 4.78 0 0
4 Renewable Energy 31.69 0.21 0.7
5 Total 245.25 1.86 0.8

Table 2. Grid interactive renewable energy (GW) during 2013-2014  [3].

S.N. Particular India Uttarakhand % of Uttarakhand in India

1 Biomass 4.013 0.030 0.75
2 Waste 0.106 0 0
3 Wind 21.136 0 0
4 Small hydro project 3.803 0.175 4.6
5 Solar 2.6 0.005 0.19
6 Total 31.7 0.209 0.66
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known as Khals. In these regions, there is change in
altitude and change in air pressure. During the day
time, the air in the valleys is heated, consequently
pressure decreases. After sunset the temperature
decreases, thus an increase in pressure is observed at
the top of mountains (mountain summits). As a result,
the cool air drains from summits to valleys during
night. After sunrise the surface air of the valley again
warms up. Typically, a temperature difference of
0.5°C produces winds of 5m/s at 10m above ground
which is good wind energy potential. Survey records
indicate that about 135 Khals have been formed in
between the Alaknanda catchment in the north and
the Ramganga catchment in the south[4]. The potential
of wind energy in Uttarakhand has been estimated
as 0.534 GW (Table 3).

Till now only one wind farm has been proposed
in Uttarakhand on a hill top, in Bachhelikhal in Tehri
district. Three wind turbines will be set up with a
capacity of 800 kW each at Bachhelikhal to produce
2.4 MW of wind energy. The estimated cost is Rs 12.5
crore[5].

3.2 Geothermal Energy

Inside the earth crust, lots of molten rocks, metals
and minerals are present. As one go towards the
centre of earth the temperature increases conti-
nuously. There exists a temperature gradient of about
30°C/km towards the depth from earth crust. The
high temperature is due to radioactive radiations
emitted inside the earth crust. Hence a large amount
of energy exists inside earth in form of heat known
as geothermal energy. Geothermal resources are
available in the following form :

i. Hydrothermal or hydro-geothermal energy (heat

absorbed in ground water)
• Dry steam
• Wet steam
• Hot water

ii. Geo-pressured resources

iii. Hot dry rocks

iv. Magma

Geothermal sites are available mainly at the
boundaries of tectonic plates. These are also the
regions of earthquakes and volcanoes. This energy
can be used directly for heating purpose in domestic
and industrial sector or can be converted into
electricity. In India, Geological Survey of India has
identified about 340 geothermal hot springs in the
country[6]. There are about 50 hot springs in
Uttarakhand. The surface temperature of water of hot
springs of Uttarakhand varies from 25°C-90°C[7]. In
the Uttarakhand region, more than 50 individual
occurrences of moderate to high temperature springs
have been reported along the banks of the major rivers
- Tons, Yamuna, Bhagirathi, Mandakini, Alaknanda,
Dhauli Ganga, and Kali. Some of the wellknown hot
springs are located in Tapoban, Suryakund
(Yamnotri), Gagnani, Badrinath, Garam Pani near
Nainital, and Gaurikund (near Sonprayag). Several
hot springs occur between Pala and Gangnani, north
of Uttarkashi. Presently they are used only for holy
dip and bathing purpose. However they are the
potential resource for producing electricity and for
direct use as thermal energy to heat the space.

3.3 Biomass Energy

Biomass energy may be tapped as Co-generation
with waste of sugar, paper, fertilizer, chemical, textile

Table 3. Potential of Renewable Energy (GW) in Uttarakhand estimated during 2013-2014 [3].

S.N. Particular India Uttarakhand % of Uttarakhand in India

1 Wind Energy 102.772 0.534 0.52
2 SHP 19.749 1.708 8.65
3 Biomass 17.538 0.024 0.137
4 Co-Gen Bagasse 5 0 0
5 Waste 2.556 0.005 0.2
6 Estimated Potential 147.615 2.271 1.54
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and other industries, using biomass/agro residue and
waste and  urban, municipal and industrial liquid/
solid Waste. Uttarakhand has an estimated potential
of about 220 MW for cogeneration. It is estimated that
about 20 million Metric Tons of agro residues and
agro industrial/ processing waste is produced
annually in Uttarakhand. It holds promising potential
for generating decentralized power of about 300 MW.
At present about 1000 Metric Tons of Municipal,
Urban and Industrial solid/liquid waste is being
produced every day in the State[8]. Introducing
scientific processing and treatment of this waste
would lead to power generation along with
abatement of environmental pollution.

In this context electricity generation through Pine
needles is a new approach. According to the
Uttarakhand Renewable Energy Development
Agency (UREDA), the total area of Pine forest in the
state is about 3.43 lakh hectare. These pine forests
produce about 20.58 lakhs tonnes of dry biomass
every year in the state. Avani Bio Energy, an NGO
based out of Uttarakhand has set up a plant to
produce 9 kW capacities in Pittorgarh in 2009.  In
2014, the same company has set up another plant of
120 kW at Chachreda village in Pithoragarh to sell it
to state grid[9].

4. Conclusion

From above discussion it can be concluded that
beside solar energy, other renewable energy options
are also available in Uttarakhand in form of wind,
geothermal and biomass energy. Government and
private companies may take initiatives to harness this
energy to utilize the full potential of Uttarakhand
Renewable energy sources.
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Abstract
Major cold storages existing in India are all having 50 years old technology. These are basically
refrigeration units with no or minimum control on hhumidity, let aside aatmosphere ccontrol
ssystems. As a result the aapples stored in it gets non-crispy and freshness is gone,  India is a
ssecond llargest pproducer of ffruits & vvegetables in the world but there is great loss by spoiling
them worth Rs 40000 crores every year. Invest in apples is not like in gold but put up in a
controlled atmosphere cold storage (CACS) and it will earn gold, this only way to keep fruit and
vegetable as farm fresh. Have you ever wondered how the apples & other fruits from Australia &
China come to Indian market and still fresh and crispy? And we define the non-crispy (Bhus-
Bhus) apples a "Cold Storage Apple".

Key words : Humidity, Atmosphere, Domestic Products, Economy, Surging.

1. Introduction

Over the years India has achieved a significant
position as one of the fastest growing economy in the
world. In a robust demonstration of its nascent
strength India has emerged as one of the stars of
global economics in recent years, growing at 5.1 per
cent in 2012 and 6.9 per cent in 2013, emerging as the

Invertis Journal of Renewable Energy, Vol. 7, No. 1, 2017 ; pp. 45-55

second fastest growing economy in the world, thus
breaking all previous barriers and surging ahead in
the new millennium. However, agriculture growth
rate has not been significant, but it remains an
important contribution factor in India Gross Domestic
Product (GDP). This is due to the fact that the country
in mainly based on the agriculture sector and employs
around 65% of the total population in India. The
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Fig. 1. Rankin cycle TS Diagram for subcritical and ultra supercritical
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agriculture sector contributed around 18% to India
GDP in 2007. Within the agriculture sector
horticulture plays a very important role. Bestowed
with varied agro-climatic conditions, India is
favourable for growing a large number of
horticultural crops such as fruits, vegetables, root
tuber, aromatic and medicinal plants and spices and
plantation crops like coconut, areca nut, cashew and
cocoa. Presently, Fruit crops occupy around 30 per
cent of India's gross cropped area, producing 268,842
metric tonnes during 2012-13.

2. Current status of post harvest technology in
India

• India is the largest producer of milk and the
second largest producer of fruits, vegetables.

• Fruit production in India has recorded a
growth rate of 3.9% on an annual basis

• Total food grain production now stands at
about 255 Million Metric tons whereas
horticultural output is more than about 268
Million Metric tons.

• The value of losses of crops and livestock
produce at national level was estimated by
CIPHAT Ludhiana as Rs. 44143 crores at 2009
wholesale prices.

• It is estimated that 7% of the grain rots in
fields and open godowns.

• Annual wastage of fruits and vegetables is
estimated to range from 20% to 30% having
value of Rs. 8000 crores annually.

• Against the total production of more than 500
MMT of horticultural & non- horticultural
produces, the total cold storage capacity is
estimated approximately 31 MMT, which is
not even 10% of the total production.

• A study conducted by the National Spot
Exchange Ltd. (NSEL) in December, 2010.
estimated a cold storage requirements of
61.13 million tons in the country

• Most of the cold storage are stand alone
normal cold storage. Capacity of the state of
the art Controlled Atmosphere Cold Storage
chambers is very small.

3. Govt. Initiatives to Develop the Controlled
Atmosphere Cold Storages

NHB (National Horticulture Board) & NHM

National Horticulture Mission provides capital
investment subsidy for construction/expansion/
modernization of cold storages: Back-ended subsidy
@ 35% in developed areas and @50% in growing areas
of the project cost @ Rs 10,000/- per MT for normal
cold storages, @ Rs 20,000 per MT for Controlled
Atmosphere Cold Storages.

4. Use of Controlled Atmosphere (CA) storage

Controlled Atmosphere (CA) storage is used to
extend the storage life of seasonal perishable produce
when refrigeration alone is not sufficient. This
technique can be used for many fruits and vegetables
and, historically has been the principle storage
method for the world's apple crop.

CA storage is a completely natural process that
changes the ratio of the constituent gases in the
normal atmosphere so that the respiration activity of
the produce being stored is reduced to a minimum.
Apples are the pre-eminent product stored under CA
conditions but it is also an important storage
technique for many other commodities. The list of
products that can have some benefit from CA storage
is very long. The following lists are not exhaustive
but are products that are frequently stored on a
commercial basis in controlled atmospheres. It is
important to realize that local varieties, Climatic and
growing conditions can have significant effects on the
success of CA storage. Before committing to large
scale storage of any product few of them are as
follows, local testing should be done to establish the
benefits and optimum CA conditions for that crop.

• Apple • Pear
• Plum • Cherry
• White Cabbage • Lemon, etc.

5. Requirement of Controlled Atmosphere Cold
Storage (CA)

Cold storage in general is the gentlest method of
preserving the fruits and vegetables. It has relatively
few adverse effects on the taste, texture, nutritive
value, and other attributes of foods, provided simple
rules are followed and storage periods are not
excessive.  In a controlled atmosphere (CA), oxygen
is decreased and carbon dioxide increased to prolong
the storage life of fruit. Generally, in typical CA
storage, oxygen is decreased from the normal 21% in
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air to 1 - 3% and carbon dioxide is increased from
0.04% to 1.5%, depending on the commodity
Temperature of the chamber maintained between 0°C
to 1°C with the help of Refrigeration Machineries.
Ethylene, a gas produced naturally by many
commodities, can also be controlled. In CA storage
we try to extend the time that produce quality is
maintained, by slowing respiration and delaying
ethylene production.  For many fruit, both respiration
and ethylene production increase after harvest,
hastening the ripening and senescence processes,
thereby accelerating the deterioration of the fruit.

6. Controlled Atmosphere Storage (CA) For
APPLES

Eating crisp, juicy apples year-round is possible
due to controlled atmosphere storage. Known simply
as "CA" in the industry, controlled atmosphere

 Fig. 2. CA Cold Storage Layout

storage involves careful control of temperature,
oxygen, carbon dioxide and humidity. CA storage got
its start in England before World War II when farmers
discovered their produce kept longer if stored in an
airtight room. It was up to scientists to unravel the
reasons for longer storage. Apples take in oxygen and
give off carbon dioxide as starches in the flesh change
to sugar. In the sealed rooms, this respiratory process
reduced the oxygen, thus slowing the ripening
process. CA storage has come a long way since then,
and researchers in Washington State have been
among the leaders in this technology. CA was first
used in the United States in the 1960s and Washington
now has the largest capacity of CA storage of any
growing region in the world.

7. Methodology

1.7.1 Controlled Atmosphere Cold Storage Layout
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CA Chamber's 1 to 7 Sizes - 15.0 Mtr × 7.0 Mtr × 8.1 Mtr - 250 MT × 7 Nos - 1750 MT
CA Chamber's 8 to 15 Sizes - 15.0 Mtr × 5.7 Mtr × 8.1 Mtr - 205 MT × 8 Nos - 1640 MT
Total Capacity - 3390 Metric Tons

1.7.2 Design Consideration & Hear Load Calculation

Cold Store Design Consideration & Commodity Storage Requirements.

Type of Commodities/Produce Apple

Ideal/Recommended Storage Conditions
Temperature (DB in °C) +0 to 1°C
Humidity RH (%) Range 90 to 95%
CO2 Percentage 1 to 5%
O2 Percentage 1 to 3%
O2 Pull Down Duration (hrs) 48 hrs
Cooling Rate ( product Temp Pull Down Duration in hrs) 7/8 cooling
Air Circulation (CMH/MT of Produce) 165 cmh/MT of produce
Produce Freezing Point °C -1.4°C to -2.3°C
CA Chamber Dry bulb (DB in °C) 0°C  to 1°C
CA Chamber RH (%) 90 to 95%
Max Storage Period (month) 10 months
Max product Temp (°C)  - at the time of loading 15-20 °C
Daily Loading Rate(MT/day) in each cold chamber 82.5 (33%)
Loading Period (month) September-October
Temperature Pull Down Rate (°C / Day) As per 7/8 cooling
Unloading Period (months) Jan to July
Daily Unloading Rate (MT/day)

- From each cold chamber Variable (30 MT/day)
Ante Room Conditions (T °C & RH%) 15-20 °C & 65-70%
Sorting & Grading Area (T °C & RH%) 18-22 °C & 65-70%
Special Provisions - Ethylene Control Ethylene & the Air Purification are
- Air Purification    - Sanitation achieved by scrubbing the Air through

Dioxide Scrubber.

Heat Gain Load on Back Side Wall

Q = (A)(U)(TD)  3,548.94
A - area of side wall in sq.ft  1,307.15
TD - The temperature difference across the wall in F = = Toutside - Tinside      70.20
U - The overall coefficient of heat transmission in BTU/sq.ft/F = 1/R        0.04
Hi - Convection Coefficient of inside wall        1.65
Ho - Convection Coefficient of outside wall        4.00
X - Thickness of Wall in inches        4.00
K - Thermal Conductivity        0.16
R - Overall Thermall Resistance = 1/ Hi + x/k + 1/ Ho      25.86
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Heat Gain Load on Door Side Wall

Q = QWall + QDoor  3,548.94
Q of Wall  3,373.68
A - area of side wall in sq.ft  1,242.60
TD - The temperature difference across the wall in F = = Toutside - Tinside      70.20
U - The overall coefficient of heat transmission in BTU/sq.ft/F = 1/R        0.04
Hi - Convection Coefficient of inside wall        1.65
Ho - Convection Coefficient of outside wall        4.00
X - Thickness of Wall        4.00
K - Thermal Conductivity        0.16
R - Overall Thermall Resistance = 1/ Hi + x/k + 1/ Ho      25.86
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Heat Gain Load on  L & R Side Walls

Q = (A)(U)(TD) in BTU/Hr 1,656.17
A - area of side wall in sq.ft 610.00
Q of Door 175.26
A - area of side wall in sq. ft 64.55
TD - The temperature difference across the wall in F = = Toutside - Tinside 70.20
U - The overall coefficient of heat transmission in BTU/sq.ft/F = 1/R 0.04
Hi - Convection Coefficient of inside wall 1.65
Ho - Convection Coefficient of outside wall 4.00
X - Thickness of Door 4.00
K - Thermal Conductivity 0.16
R - Overall Thermall Resistance = 1/ Hi + x/k + 1/ Ho 25.86
TD - The temperature difference across the wall in F = = Toutside - Tinside 70.20
U - The overall coefficient of heat transmission in BTU/sq.ft/F = 1/R 0.04
Hi - Convection Coefficient of inside wall 1.65
Ho - Convection Coefficient of outside wall 4.00
X - Thickness of Wall in inches 4.00
K - Thermal Conductivity 0.16
R - Overall Thermall Resistance = 1/Hi + x/k + 1/ Ho 25.86

Heat Gain Load on Ceiling Wall

Q = (A)(U)(TD) 3,066.99
A - area of side wall in sq.ft 1,129.63
TD - The temperature difference across the wall in F = = Toutside - Tinside 70.20
U - The overall coefficient of heat transmission in BTU/sq.ft/F = 1/R 0.04
Hi - Convection Coefficient of inside wall 1.65
Ho - Convection Coefficient of outside wall 4.00
X - Thickness of Wall in inches 4.00
K - Thermal Conductivity 0.16
R - Overall Thermall Resistance = 1/ Hi + x/k + 1/ Ho 25.86

Heat Gain Load on Floor

Q = (A)(U)(TD)  1,561.42
A - area of side wall in sq.ft  1,129.63
TD - The temperature difference across the wall in F = = Toutside - Tinside      36.20
U - The overall coefficient of heat transmission in BTU/sq.ft/F = 1/R        0.04
Hi - Convection Coefficient of inside wall        1.65
Ho - Convection Coefficient of outside wall        4.00
X - Thickness of Wall in inches        4.00
K - Thermal Conductivity        0.16
R - Overall Thermall Resistance = 1/Hi + x/k + 1/Ho      26.19
X - Thickness of concrete in inches        4.00
K - Thermal Conductivity      12.00
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Heat Gain Load on  L & R Side Walls           1,656.17
Heat Gain Load on Back Side Wall           3,548.94
Heat Gain Load on Door Side Wall  Q = QWall + QDoor           3,548.94
Heat Gain Load on Ceiling Wall           3,066.99
Heat Gain Load on Floor           1,561.42

Total Transmission Load Btu/Hr          13,382.46

Total Equipment Load in TR 1.12

Equipment Load

Lighting load = Load × 3.42 × No. of Hrs. in BTU/hr           1,710.00
Electric Motors = Load of Motor × Heat Eqult. × No. of Hrs.           8,850.00
Peoples = No. of People × No. of Hrs. × Heat Eqult.          19,000.00

Total Equipment Load in BTU/hr          29,560.00

Total Equipment Load in TR 2.46.00
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Product Load

Sr. No Description Load Detail in TR

1. Transmission Load 1.12
2. Equipment Load 2.46
3. Product Load 12.09
4. Total Heat Load/Chamber 15.67
5. Safety Factor - 10% 1.57
6. Total Heat Load 17.24

Total Heat Load for 15 Chambers

Note : Holding Load/Chamber in Kw  - (Product
Load × (Respiration rate/ton))/12660/24/
0.284
During Holding we can save energy by using
the Variable Frequency Drives @ 34% only.

1.7.3 Refrigeration Equipments

Major Components/Working Principle :

Typical single stage vapor compression refrigeration

 Fig. 3. Working Principle

1.8. Benefits of ammonia & glycol refrigeration system

• Ammonia free cooling system.
• Using glycol achieving the humidity faster.
• No weight loss in the product.

• Plc based temperature and humidity
monitoring, results no shrinkage in apples.

• Ammonia charging is very less just about 400
kg
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 Fig. 4. Refrigeration Flow Diagram

 Fig. 5. Nitrogen Generator  Fig. 6. CO2 Scrubber

1.8.1 Controlled Atmosphere Equipments
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Fig. 7. Valve Station Fig. 8. GAS Analyzer

Nitrogen Generators : Nitrogen Generator is
being used to reduce the % of Oxygen Value inside
the chamber by increasing the % of Nitrogen inside
the chamber.

1.8.1.1 CO2 Scrubber

CO2 Scrubber is being used to maintain the
desired % of CO2 Value inside the chamber.

Valve Station : These are all pneumatic operated
valves being used for aspiration and delivery purpose
of N2/CO2 gases.

1.8.1.2 Gas Analyzer/Controller

These regulates and monitoring the level of O2/
CO2.

9. Conclusion

To safe guard the interest of the Farmers,
Controlled Atmosphere System was developed in
India especially for Apples, in earlier days the farmer
had no facility to store their product after harvesting,
which was forcing them to sell their product
immediately after the harvesting at a cheaper price
due to arrival of bulk quantity in market. With the
controlled atmospheric technology the farmer can
store their product for 6-8 months so that they can

sell their product as per the requirement of the
market, which can fetch them better price instead of
getting low price when the product is in Bulk.

India has a good resource base, adequate research
and development infrastructure and excellence in
several areas of horticultural interest. Production and
postharvest processing activities within the country
have, therefore, been changing at a rapid rate. The
demand for horticultural produce in India is on the
rise, owing to increasing populations, changing food
habits, the nutritional value of horticultural crops and
a greater emphasis on postharvest management,
processing and value addition. Advantages of growth
can be harnessed with well planned strategies, so as
to ensure a positive future outlook.

Food safety is of growing importance in food
production, processing and marketing. Investment in
food safety, while assuring risk-free ventures related
to horticulture, will increase the cost of fresh produce
and the processing of fruits and vegetables. Efforts
geared toward improving production technologies
for fruits and vegetables will become meaningful only
if the effective postharvest technology is developed
and wastage is reduced. Thus, proper growth of
postharvest technology of fruits and vegetables is
vital for development of India's economy.
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ABSTRACT 

Barium oxalate crystals were grown by agar-agar gel through the single diffusion technique. The tendency of 

barium oxalate crystals to cylindrical growth was demonstrated. The optimum growth conditions barium oxalate 

was achieved by controlling the parameters like, concentration of gel, concentration of reactants, aging period 

and reversing of reactants. The crystal structure of grown material was determined by X-ray diffraction technique 

and was found to be  monoclinic with lattice parameters ‘a’ = 6.6562 Å, b = 8.0464 Å, c = 2.8090 Å, β= 96.832°, 

and V = 149.38 Å3.   The FTIR spectrum indicates OH and carbonyl group along with the presence of metal-

oxygen bond. Morphology of grown crystals, investigated by scanning electron microscopy, exhibited compact 

grains including small and large sizes. Since the grown crystals are transparent, they show strong absorption in 

the ultra violet region above 290 nm wavelength.  

 

Keywords: Crystal growth, Barium oxalate, X-ray spectroscopy, FTIR, and SEM. 

 

1. Introduction 

A solid which consist of atoms or other microscopic particles arranged in a periodic manner in all directions is 

called as a crystal. The strong influence of single crystals in the present day technology is evident from the recent 

advancements ultra-small electronic gadgets. Crystals of different materials have several applications such as 

they are used in semiconductor devices like electrical diodes, photodiodes, transistors, integrated circuits, 

magnetic devices like tape heads, transformer cores, superconductors, optoelectronics, quantum electronics, 

quantum and nonlinear optics, telecommunication etc. hence today’s demand is to grow large crystals with good 

quality, high purity and symmetry. With this demanding requirement it is important to study the growth of single 

crystals and hence, investigation of their physical properties towards the fulfillment of device fabrication is 

crucial for both academic as well as applied research. Therefore, enormous amount of toil and treasure has been 

lavished on the development of crystal growth techniques. The in-depth explanation of various techniques can 

be obtained in the literature [1-6]. There are three major stages involved in this research. The first is the 

production of pure materials and improved equipment’s associated with the preparation of these materials. 
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Second one is the production of single crystals first in the laboratory and then extending it to commercial level. 

The third is the characterization and utilization of these crystals in devices.  

In present study, we have adopted the agar-agar gel technique to grow the barium oxalate single crystals. We 

have successfully grown the cylindrical transparent barium oxalate single crystals and studied their physical 

properties. 

2. Experimental 

In the present work, barium oxalate crystals were grown by single diffusion technique. The growth of barium 

oxalate crystals was carried out in agar-agar gel by adopting the similar technique as reported (Dalal and Saraf 

2009) [10]. Barium chloride (BaCl2, 99.9%), oxalic acid (H2C2O4, 99%), Agar-Agar powder (C14 H24 O9) were 

used as the starting materials. All chemicals were of AR grade. The borosilicate glass tubes were used as 

crystallization apparatus. The glass tubes used for single diffusion were of 25 cm in length having outer diameter 

of 2.5cm outer diameter and 250ml beaker. The solution of 0.5, 1.0, 1.2, 1.5, and 2M concentrations were 

prepared and stored in clean glassware. Agar-agar gel was prepared by mixing (0.5 to 2.0gm) of agar powder in 

100ml double distilled water at boiling temperature. Barium chloride of concentration 0.5 to 2M and oxalic acid 

of concentration 0.5 to 2M were used as reactants. 

            The prepared solution of oxalic acid were transferred into the test tube followed by addition of appropriate 

volume of agar gel and then kept undisturbed for aging period of few days. After setting and aging over the set-

gel, the solution of barium chloride (desire volume and molarity) which is the reactant, was poured gently along 

the wall and allowed to diffuse into the gel medium. The open end of test tube was closed with cotton plug to 

protect from dust particles and kept undisturbed at room temperature. 

  We keenly observed the reaction and noticed that a thin precipitation layer was formed on the surface of 

the gel. This precipitate band increased gradually and diffusion proceeded into the gel. After 5 to 6 days 

nucleation process observed at the interstitial sides inside the test tube and then some transparent, star, platy 

shapes crystals were noticed. The crystals were harvested by washing them carefully with acetone.  Prismatic, 

opaque, and platy shaped crystals were obtained with maximum size of a 3 × 4 × 2 mm3.  

The reaction which leads to the growth of crystals is expressed as  
 

BaCl2   +    H2C2O4                       BaC2O4    +    2HCl 

The optimum conditions for growing a well-defined crystals are given in table 1. 
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Table 1. The optimum condition established for growth of barium oxalate crystals 

 

 

 

 

 

 

 

 

 

 

 

 

3. Growth kinetics  

          The growth of barium chloride was observed while growing in a test tube and effect of various parameters 

such as percentage of gel, concentration of first and second reactants, reversing and aging periods were studied.  

 

3.1 Effect of aging period 

           To observe the effect of aging period on the growth of barium oxalate crystals. The aging period changes 

from 24 to 48 hours, while other parameters kept constant. We have found 24 hours aging period indicating the 

fast growth rate. 

3.2 Effect of percentage of gel 

            To observe the effect of percentage of gel on the growth of crystals, all other parameters were kept 

constant except the percentage of the gel. It was found that for lower percentage (0.5%) of gel, the growth was 

slow and form small particles which were in large in number. When percentage of gel increased from 1.0 to 1.5% 

dendrite shaped crystals growth was observed. The size and appearance of growing crystals found more precise 

for 1.0% of gel as compare to other percentage of gel.  As shown in Fig.1 (a)–(e) good, transparent crystals of 

barium oxalate having cubic to cylindrical shaped crystals were obtained. 

 

 

 

 

Sr. No Conditions Single Diffusion 

1 Percentage of gel  1% 

2 Con. of Barium Chloride  1M 

3 Volume of Barium Chloride  5 ml 

4 Con. of Oxalic acid 1M 

5 Volume of oxalic acid 10 ml 

6 Gel setting period 24 hours 

7 Gel aging period 32 days 

8 Temperature  Room temperature 

9 Quality  Star shaped, Needle shaped, Platy shaped 

10 Size 1 to 5 cubic mm 
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  Fig1 (b) Fig1 (c)       Fig1 (a) 

 
Fig1 (d) 
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 Fig 1(e) 

Figure 1 (a-e): Photographs of barium oxalate grown crystals. 

4. Result and discussion 

4.1 X-ray diffraction studies 

           X-ray diffractogram is useful method to analyze the crystal structure of unknown material. X-ray 

diffractogram of gel grown barium oxalate crystals was recorded using powder rotation photograph method on 

Minislex Regaku X-ray diffract meter at Dept. of Physics at Shivaji University Kolhapur. The sample was rotated 

in the range 100 -800 (2θ), scanning speed was kept 20/ min and chart speed was 2 cm/ min.  X-ray diffractogram 

of barium oxalate is  shown in fig. 2. 

        From the diffraction pattern, “d” values and (h, k, l) planes were computed. Calculated “d” values are well 

matched with the reported ones. The unit cell parameters and system calculated by the computed program are 

given in table 2. These parameters satisfy the conditions for monoclinic system. i.e. a ≠ b≠ c  & α ≠ β ≠ γ. 

 

Figure 2:  X-ray diffraction pattern of as grown barium oxalate single crystal. 
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4.2 Fourier transform infrared (FTIR)  

The Fourier transform infrared (FT-IR) spectrum of barium oxalate was recorded at room temperature in 

the spectral range of 500 – 4500 cm-1 by KBr pellet method using SHIMADZU spectrophotometer at the 

department of Physics, Shivaji University Kolhapur. Figure 3 shows the   FTIR spectrum of barium oxalate. A 

few of the prominent vibrational modes are empirically assigned here. The bands around 2950 to 3650cm-1 are 

attributed to asymmetric and symmetric –OH stretching of water. The – OH stretching frequency of barium 

oxalate appeared at 2923cm-1. The moderate absorption around the 3500 to 3200cm-1 is probably due to stretching 

of alcohol group. The fundamental FT-IR frequencies observed in all barium oxalate crystals [11]. Table 3 shows 

FTIR spectral and vibrational assignments of barium oxalate.   

 

Figure 3. FTIR of Barium oxalate crystal 

   

Table 3. FT – IR spectral and vibrational assignments of barium oxalate.  

Wave number cm-1 Intensity Assignments 

3640 - 3610 S,sh O – H Stretch  
3500 – 3200 S,b O–H Stretch 
3330 - 3270 n,s C=C -H Stretch 
3300 – 2500 m O –H Stretch 
3000 - 2850 m                                                 H-C = O Stretch 
1710 - 1665 s C = O stretch 
1370 -1350 s C – H rock 
1000 -650 
700 - 610 

m 
b 

 = C- H  bend 
C –H bend 

m= medium, W = weak, S = strong, B = broad, Sh = sharp, n = normal. 
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Scanning Electron Microscopy (SEM) 

In the present work powdered sample of barium oxalate crystals was examined by using SEM technique 

at the Dept. of Physics Shivaji University Kolhapur. The study of the surface of the crystal gives valuable 

information about its internal structure. Figure 4 (a) illustrates SEM photographs of single crystals of barium 

oxalate crystal. High resolution SEM image is shown in Figure 4 (b). It is observed that due to growth conditions 

voids are created at the grain boundary. SEM images revealed that the growth of barium oxalate crystals  consist 

of flat layered particles as well as spherical small grains. The individual flat grains possessed sharp edge [13]. 

   

 

 

 

 

 

 

 

Figure 4: SEM images of as grown (a) barium oxalate crystal and (b) high resolution  image.  

 

UV-Vis Absorption spectroscopy 

Absorption spectrum of barium oxalate crystals was obtained by a SHIMADZU UV-2450, UV- Vis 

spectrophotometer at the Dept. of Physics Shivaji University Kolhapur. Figure 5 shows UV-Vis absorption 

spectrum of barium oxalate crystal. Spectrum shows that the barium oxalate crystal allows to pass the entire 

visible and IR wavelengths and absorbs only ultra-violate wavelengths and therefore, the absorption coefficient 

is high at low wavelengths and high at short wavelengths.  Since it is transparent crystal for wide range of 

wavelength (350-900 nm), the barium oxalate crystals can be used for second and third harmonic generations of 

the 1064 nm radiation [14-15].  Optical band gap energy of the as-grown barium oxalate crystals is calculated 

using the following simple conversion equation; 

Band gap energy (ev) = 
1240
 (𝑛𝑚) 

The band gap energy of barium oxalate crystal is found to be 4.06ev and tabulated in table 4. 

 

 

 

(a) (b) 
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Table 4: the band gap energy of Barium oxalate crystals. 

Crystal Λ(nm) Band gap Energy(ev) 
Barium oxalate 305.00 4.06 

 

 

 

Figure 5: Optical absorption spectra of as-grown barium oxalate crystal.  

 

 

 

5 Conclusions 

 From systematic investigation on the single diffusion gel growth of the barium oxalate crystals. Best conditions 

have been established to get good crystals. 

1) Gel method is found suitable for growing barium oxalate crystals. 
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2) The growth of barium oxalate crystals was accomplished by allowing diffusion of barium chloride 

solution through ager-ager gel impregnated with oxalic acid in single diffusion gel tube system, with all 

growth conditions. Barium oxalate crystals possessed cubic and cylindrical shapes 

3) The crystals obtained in ager-ager gel with average size of 3 × 4 × 2 mm3 in single diffusion. 

4) Different habits of barium oxalate crystals can be obtained by changing parameters like gel density, gel 

aging pH of gel, concentration of reactant etc. 

5) The ‘d’ values of grown material obtained from the XRD are well matches with POWD Programmed. 

6) The FTIR, studies suggested different characteristics features and morphology of grown crystals. 

7) UV-Vis absorption spectra of barium oxalate crystal showed 4.06 eV optical band gap energy.  
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ABSTRACT 

Barium oxalate crystals were grown by agar-agar gel through the single diffusion technique. The tendency of 

barium oxalate crystals to cylindrical growth was demonstrated. The optimum growth conditions barium oxalate 

was achieved by controlling the parameters like, concentration of gel, concentration of reactants, aging period 

and reversing of reactants. The crystal structure of grown material was determined by TGA, DTA, DSC and 

EDAX. 

Keywords: Crystal growth, Barium oxalate, TGA, DTA, DSC, and EDAX. 

Introduction  

The growth of crystal occurs not only in the crust of Earth or in laboratory but also in a living body. Many 

crystals, particularly, bio-materials and proteins, cause various ailments and health related problems. The 

urinary stones are usually composed of either pure or mixed crystals of calcium oxalate, brushite, struvite, and 

hydroxyapatite and carbonate apatite [1]. Arthropathies, i.e., bone and joint diseases, are caused by crystals such 

as hydroxyapatite, calcium pyrophosphate and monosodium urate monohydrate [2]. There are other crystals 

which play important role in various ailments, for instance, f.c.c. type ferritin crystals in development of cataract 

[3] and cholesterol crystals for cardiovascular diseases and gall stones [4]. This bio-crystallization occurring in 

human body causes suffering and it is not desirable to occur. This has been discussed in detail by the 

predecessors of the present author [5-7]. There are several micro-organisms which synthesize crystals, for 

example, magneto-tactic bacteria synthesizing magnetite [8], chrysophytes [9] diatoms and act in opoda 

synthesizing siliconous materials and S. layer bacteria synthesizing gypsum and calcium carbonate surface 

layers [10]. Calcite crystals are found in mollusk shells [11] and as a component in gall stones [12]. The earlier 

crystal growth study was divided into two parts :(1) The study of the equilibrium between the crystal and 

surrounding medium(2) The study of the kinetics of growth. 

Experimental 

Experimental procedure 5 gm of agar-agar powder was dissolved in to hot double distilled water mixed with 

0.5 M to 1 M barium chloride solution was incorporated then again the mixture was stirred to make homogenous 

mixture. The crystallizing vessel were used essentially consist of standard glass tube having inner diameter 2.5 

cm and the length 25 cm. Gelling mixture poured in glass test tubes. These tubes were hermitically sealed to 

prevent evaporation and contamination of the exposed surface by dust particles of atmosphere or atmospheric 
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impurities and were kept undisturbed. Usually in 3 to 4 days the gel was to be set which depends on the 

environmental temperature. It was observed that the mixture in a glass tube was initially transparent and slowly 

turned light white. The water slowly evaporated and gel was completely set. After ensuring firm gel setting, it 

was kept for aging for 3 to 4 days. After that 0.5 M to 1 M solution of oxalic acid was added as a supernatant 

over the set get. Nucleation was observed after 5 to 6 days and crystals started to grow. White color, larger size, 

transparent and shining crystals were obtained in the gel, as shown in fig.1, Optimum condition tabulated in 

table 1, [13]. 

Table 1 Optimum conditions for barium oxalate crystal grown by agar-agar gel method  

 Concentration of agar-agar gel 5 % 
Concentration of reactant, strontium chloride 1M 
Concentration of supernatant, oxalic acid  1 M 
Room temperature   270C 
Gel aging period 4 days 
Growth period  25 - 40 days 
Quality of crystals  White colour, larger size (1mm × 1mm) 

transparent, shining crystals 
 

                                                                                      

Fig.1 (a) Barium crystal inside the test tube (b) Opaque and shiny crystals 

 

Result and Discussion- 

Thermo-Gravimetric Analysis (TGA) 

TGA was carried out at Department of Physics, Shivaji University Kolhapur, TGA curve for barium oxalate is 

shown in figuer.2. From the thermo gram of barium oxalate one can observe that 

i) The compound is stable up to 500C. 

ii) 5.165% weight loss in temperature range 500C. To 1720C may be due to dehydration of water molecule and 

up to 1720C there is no further loss of weight. 

iii) 25.68% weight loss in temperature range 1720C to 2770C from the dehydrated compound corresponds to 

loss of CO. 

iv) 36.68% weight loss in temperature range 2770C to 4350C corresponds to loss of CO2. 

v) 13.45% weight loss in temperature range 4350C to 4780C.  

v) The residue remains stable from 4780C and decompose the material. [14-16]. 
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.  

Figure 2 TGA of Barium oxalate crystal grown by agar-agar gel 

TGA data indicates that the grown crystals contains water molecule, 

Table 2   TGA Data of Barium oxalate 

Stage Temperature 

range 

Observed % 

weight loss 

Calculated % 

weight loss 

Loss of molecule 

in stage 

I 500C-1720C 5.165% 5.045% H2O 

II 1720C-2770C 25.68% 25.8% It may be CO 

III 2770C-4350C 36.68% 35.99% CO2  

IV 4350C-4780C 13.45% 13.56% - 

 

Differential Thermal Analysis (DTA) 

DTA was carried out at Department of Physics, Shivaji University Kolhapur.DTA curve for barium oxalate is 

shown in figure3. From the thermo gram of barium oxalate one can observe that. 

In DTA curve of barium oxalate by agar-agar gel at 37.510C an endothermic peak is observed due to the loss of 

bulk of water of crystallization. The decomposition of oxalate is observed at the onset due to complete 

dehydration. In DTA curve the exothermic peaks at 153.0C to 154.540C shows the decomposition of oxalate. 

Loss of weight at the temperature range 153.0C relates to the loss of water of crystallization which is 

endothermic in character. 

          Loss of weight at the temperature 250.070C endothermic peak is observed that means the weight loss with 

respect to temperature of the grown crystals was further supported by 

DTA results. DTA data is shown in table- 3 
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Figure 3 DTA of Barium oxalate 

Table no.3 DTA data of barium oxalate 

Peak recorded Peak 

height 

Nature ΔH(J/gm) 

37.510C -0.600 Endothermic -0.6406 

154.540c -0.5 Exothermic -0.5344 

250.070c -0.4 Endothermic -0.4613 

 

Differential Scanning Calorimeter (DSC) 

DSC was carried out at Department of Physics, Shivaji University Kolhapur, The DSC thermogram was 

recorded in the temperature range from 250C to 4500C.Microcrystalline (powdered) samples of barium oxalate 

crystals were taken for DSC studies and the weight of the sample 8.5230mg.The sample was hold for 10 min in 

air to evaporate water due to moisture and then heated from 250C to 4500C.at the rate 10c/min in Air .After 

reaching the temperature of 4500C,the sample was hold for I minute at 4500C and then again cooled from 4500C 

to 250C at the rate of 10C/min in Air. 

The DSC curve for barium oxalate gel grown crystal shown in figure 4. And the DSC data collected from this 

curve is tabulated in the table 4. 

Step-I 

i) The initiation temperature is 2250C and equilibrium temperature 2770C.At 2250C (initiation temperature) 

initiation of phase change start & is completed at peak endo-down temperature of 250.070C(transition 

temperature).The temperature at which the sample and the reference come to the thermal equilibrium by thermal 

diffusion appears to be at 2770C.The peak appeared in the DSC curve at 154.540C indicates the phase 

transformation due to loss of water molecules and formation of stable anhydrous barium oxalate. This is the 

good agreement with the TGA curve,   

ii) Area under the curve is 5707.384 mJ. 
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iii) Heat of transisiton ΔH i.e. enthalpy change of transisiton 517.56 J/g which 0.51756kJ/mole. Since molecular 

weight is 1g/mole, ΔHtr = ΔHf   i.e. heat of phase transformation is also 0.5756 kJ/mole, where   ΔHf is enthalpy 

change of new phase transformation or it is called heat of phase formation. 

Step-II 

i) The initiation temperature is 4300C and equilibrium temperature is 4500C.At 4300C (initiation temperature) 

initiation of phase change starts and is completed at peak endo- down temperature of 438.760C (transition 

temperature).The temperature at which the sample and the reference come to the thermal equilibrium 

diffusion appears to be 4500C.The further phase transition occurs at temperature 438.760C due to the loss 

of carbon and H2O and formation of stable barium oxalate. This is good agreement with TGA Curve. 

ii) Area under the curve is 232.43mJ. 

iii) Heat of transition ΔH i.e. enthalpy change of transition 21.99J/g which is 0.02199KJ/mole. Since molecular 

weight is 1 g/mole, Hence ΔHtr = ΔHf i.e. heat of phase transformation is also 0.02199KJ/mole. Where ΔHf 

enthalpy change of new phase transformation or it is called heat of phase formation. DSC data is shown in 

table- 4. 

 

Figure 4 DSC curve for Barium oxalate 

DSC data is shown in table- 4 

Sample Weight of the 

sample 

Stage Change in the 

enthalpy(ΔH) 
Transition 

temperature (Tr) 

Barium oxalate 0.8523gm I 0.51756KJ/mole 250.070C 
II 0.02199KJ/mole 438.760C 

 

Energy Dispersive Analysis by X-rays (EDAX) – 

Energy Dispersive analysis by X-ray (EDAX) is used for the quantitative analysis of barium oxalate and 

is also called as elemental analysis. Fig 5& Table No 5 shows, in present work elemental analysis of gel grown 

barium oxalate crystals was Department of Physics, Shivaji University Kolhapur. It conclude that the (weight 
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& atomic %)  of copper (Cu) in the grown crystal measured by EDAX are very close with the values calculated 

from the molecular formula.[17-20] 

 

eZAF smaryt quant Results 

Element Weight% Atomic% Net.Int Error % K 

ratio 

Z R A F 

Ck 7.36 34.64 443.18 7.82 0.05 0.05 1.47 0.75 0.47 1.00 

Ok 8.71 30.80 991.30 7.87 0.05 0.05 1.42 0.77 0.39 1.00 

Barium  83.93 34.56 5594.20 2.05 0.80 0.80 0.91 1.07 1.03 1.03 

 

Conclusions – 

 The present work reports the growth and characterization of barium oxalate single crystals.  We have 

demonstrated the formation of barium oxalate single crystals in agar-agar gels. Barium oxalates exhibits micro-

rod-like and spherulites growth (flower) shape are observed. Further  to  obtain  good  quality single crystals of 

barium oxalate, both reactants –barium chloride and oxalic acid were interchanged. With barium chloride 

incorporated gels result only fibers. These facts have been explained by taking in account the interaction of the 

reactants ions with the sodium and silica ions.  The  effect  of temperature  on  growth  of  barium  oxalate  

crystals  showed  that  there  is  a decrease  in  nucleation  density  at  higher  temperature  which  is  due  to  the 

increases of the aqueous solubility of barium oxalate.   
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a b s t r a c t

CdO nanonecklace like structure with interconnected nanobeads were produced by air annealed Cd(OH)2
nanowire structure thin film at 290 °C. Simple and low cost chemical route has been successfully em-
ployed for the synthesis of Cd(OH)2 nanowires on fluorine doped tin oxide (FTO) coated glass substrates
at room temperature (27 °C). Structural analysis confirmed the conversion of hydroxide phase to the
oxide phase by annealing which also leads to change in optical band gap from 3.5 to 2.34 eV. The
necklace like nanostructure represent unique surface morphology which can be emerged as a potential
candidate towards wide range of applications in different fields of nanotechnology such as solar cell, gas
sensor, supercapacitor and photo-catalyst.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Now a day's nanostructures were attracted wide research in-
terest because of their novel properties and potential technological
applications. They are also predicted to play important role in
optoelectronic, electrochemical devices and gas sensors [1]. Wide
efforts have been taken towards the synthesis of semiconducting
nanomaterials with different structures such as nanorods, nano-
wires, nanocrystals, nanobeads [2–7] etc. because of their size and
dimensionality dependence of functional properties. Cadmium
oxide (CdO) is one of the most promising n-type semiconductor
with a direct optical band gap of 2.5 eV and an indirect band gap of
1.98 eV [8] which have wide applications like photocatalysts,
transparent conducting oxide, and solar cells [9–12]. Various at-
tempts have been reported for the synthesis of CdO thin films by
using different synthesis methods such as spray pyrolysis, pulse
laser deposition, electrochemical deposition, successive ionic layer
adsorption and reaction (SILAR), and chemical bath deposition
[13–18]. Among which chemical bath deposition is very simple,
low cost method and operated at room temperature.

Present investigation has been focused on nanonecklace-type
morphology of CdO obtained by using Cd(OH)2 nanowires as

intermediate step synthesized by simple, and low cost wet che-
mical route onto fluorine doped tin oxide (FTO) coated glass
substrates at room temperature (27 °C) followed by heat treat-
ment. Structural, surface morphological and chemical bond for-
mation analysis was performed to characterize the samples and
obtained results are discussed herein.

2. Experimental details

Initially, Cd(OH)2 thin film consisting of nanowires was syn-
thesized at room temperature (27 °C) by using chemical method;
similarly as reported earlier [19,20]. Specifically, 100 mM (50 ml)
CdCl2 was complexed by addition of ammonia. The dropwise ad-
dition of ammonia (up to 10 ml) in the solution bath leads to the
formation of clear solution with resultant pH �12 (i.e. basic bath),
which is the basic requirement for the formation of Cd(OH)2 film
on the substrate surface. The solution was stirred for few seconds
and then gently immersed the pre cleaned FTO substrates verti-
cally in a solution along the wall of the beaker at room tempera-
ture. After 21 h, the white Cd(OH)2 film was deposited on the
substrate surface. Then, substrate was taken out from the solution,
rinsed with double distilled water and dried in air followed by
annealing at optimized temperature of 290 °C for 1 h in order to
get CdO film.
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3. Results and discussion

Structural properties of the films were measured by X-ray dif-
fractometer (XRD) (D8 Advance, Bruker) with Cukα radiations
(λ¼1.5406 Å) in the 2θ range from 20° to 80° is shown in Fig. 1.
The diffraction peaks at (100), (200), (231), (202) and (051) planes
were indexed to monoclinic crystal structure for Cd(OH)2 (Fig. 1
(a)) which is good agreement with standard JCPDS data (Card no.
88-1594). Fig. 1(b) shows the complete conversion of Cd(OH)2 into
CdO phase after heat treatment. The characteristic diffraction
peaks at (111), (200), (220), (311) and (222) planes confirms the
formation cubic crystal structure of CdO and is in well agreement
with standard JCPDS data (Card no. 05-0640).

Fig. 2 shows the variation of absorbance with wavelength in the
range of 300–800 nm using UV–vis (Shimadzu, model no.: UV
1601) spectrophotometer. At shorter wavelength, absorption
coefficient of Cd(OH)2 is lower to that of CdO. Absorption edge of
Cd(OH)2 shifts towards longer wavelength after its conversion into
CdO. The optical band gap values were calculated by plotting the
graph of (αhν)2 versus hν (Fig. 2 inset). The extrapolation of the
straight line at (αhν)2¼0 gives the value of band gap energy and
were obtained as 3.5 eV and 2.34 eV for as-deposited Cd(OH)2 and
annealed CdO, respectively. CdO with nanostructured morphology
can have diverse applications like photoanode for the formation of
solar cells with high surface area [21], as a sensor for detection of
hazardous gases [22], interconnected nanostructure with high
surface area towards energy storage application like super-
capacitor [23] and photo-catalyst for water treatment [24].

Fig. 3(a) illustrates a probable schematic representation for the
formation of CdO nanobeads resulting to nanonecklace. During
annealing, the bundles of Cd(OH)2 nanowires were separate out by
evolution of water molecule and try to assembles into spherical
nanodroplets (beads) of CdO to minimize its surface energy. Fig. 3
(b and c) shows the surface morphology of the nanostructures
using high resolution field emission scanning electron microscopy
(FE-SEM, JEOL 6360 A). The clear appearance of Cd(OH)2 in the
form of nanowires having porous structure with diameter in the
range of 50–100 nm is seen from Fig. 3(b). The individual wires
merge together resulting bundles formation. Fig. 3(c) shows the
FE-SEM image of annealed sample; exhibit a clear alteration in the
morphology. The diameter of nanobeads becomes heterogeneous
with particle size in between 20 and 50 nm. These nanobeads are
interconnected with each other along their length leading to form
‘nanonecklace’ like morphology. The random distribution of CdO
nanonecklace spread on FTO substrate with enough porous surface

area is observed. The formation of this structure is attributed to
the natural oxidation of the Cd(OH)2 nanowire surface when ex-
posed to air annealing at optimized temperature of 290 °C.

Due to more negative solubility product (ksp) value of Cd(OH)2
(2�10�14) than [Cd2þ][OH2�], stable cadmium hydroxide phase
can be formed as

+ + → ( ) + + ( )CdCl NH 2H O Cd OH NH Cl HCl 12 3 2 2 4

The CdO film was obtained by annealing of Cd(OH)2 film at
290 °C for 1 h in air as

( ) → + ↑
( )

Cd OH CdO H O
2

2
290 C

2
0

In this process, whitish Cd(OH)2 nanowires film was changed to
brown CdO film with the formation of necklace like nanostructure.

Fig. 4 shows the FTIR studies of Cd(OH)2 and CdO powder
samples using RX-1 Perkin Elmer, IR spectrometer. For Cd(OH)2
sample (Fig. 4(a)), the peak at 3510 cm�1 can be attributed to
stretching vibrations of hydroxyl group attributed to contain of
Cd(OH)2 [25]. The peaks 3346 cm�1, 3251 cm�1 may be assigned
to H-bonded O-H stretching which can be assigned to stretching
vibrations of H2O molecules. The peaks at 729 cm�1 attributed to
presence of C¼C bond of aromatic hydrocarbon. The broadening of
IR bands is observed for annealed sample (Fig. 4(b)). Peaks at
3346 cm�1, 3251 cm�1 and 2461 cm�1 are seen to be completely
disappeared and with poor resolved shoulders attributed to pre-
sence of CdO.

4. Conclusions

Chemical bath deposition method was used to form Cd(OH)2
nonowires thin film on FTO coated glass substrates at room tem-
perature. A clear alteration in morphology of CdO was observed by
air annealing of Cd(OH)2 film at optimized temperature (290 °C,
1 h). The nanobeads were interconnected with each other along
their length leading to the formation of ‘nanonecklace’ like mor-
phology. XRD and FTIR analysis confirm complete conversion of
hydroxyl phase to oxide phase. Due to annealing, the absorption
edge was clearly shifted to longer wavelength which is a con-
sequence of the conversion of Cd(OH)2 to CdO with optical band
gap reduction from 3.5 to 2.34 eV. Such unique morphology can
find potential applications in nanotechnology such as solar cells,
supercapacitor gas sensors and photo-catalyst.
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Fig. 1. X-ray diffraction patterns (a) Cd(OH)2 nanowires and (b) CdO nanonecklace.

400 500 600 700 800 900 1000

A
b

s
o

rb
a

n
c

e
 (

a
.u

.)

Wavelength (nm)

1.5 2.0 2.5 3.0 3.5 4.0
0

1

2

3

4

(α
h
ν
)

 X
1

0
 (

e
V

c
m

)

Energy (eV)

Cd(OH)
2

CdO

Fig. 2. Optical absorption spectra of as-deposited Cd(OH)2 and annealed CdO. Inset
depicts the plots of (αhυ)2 versus hυ for Cd(OH)2 and CdO.

N.B. Sonawane et al. / Materials Science in Semiconductor Processing 49 (2016) 81–8382



Acknowledgement

BRS is thankful to The Director, VNIT, Nagpur for ULR Grant
(2013-2014).

References

[1] Y.N. Xia, P.D. Yang, F. Kim, H.Q. Yan, Adv. Mater. 15 (2003) 353–389.
[2] G. Nagaraju, S. Ashoka, P. Chithaiah, C.N. Tharamani, G.T. Chandrappa, Mater.

Sci. Semicond. Process. 13 (2010) 21–28.

[3] P.R. Nikam, P.K. Baviskar, J.V. Sali, K.V. Gurav, J.H. Kim, B.R. Sankapal, Ceram.
Int. 41 (2015) 10394–10399.

[4] D.S. Dhawale, A.M. More, S.S. Latthe, K.Y. Rajpure, C.D. Lokhande, Appl. Surf.
Sci. 254 (2008) 3269–3273.

[5] P.K. Baviskar, P.R. Nikam, S.S. Gargote, A. Ennaoui, B.R. Sankapal, J. Alloy.
Compd. 551 (2013) 233–242.

[6] G. Singh, I.P.S. Kapoor, R. Dubey, P. Srivastava, Mater. Sci. Eng. B 176 (2011)
121–126.

[7] P.K. Baviskar, J.B. Zhang, V. Gupta, S. Chand, B.R. Sankapal, J. Alloy. Compd. 510
(2012) 33–37.

[8] Y.C. Zhang, G.L. Wang, Mater. Lett. 62 (2008) 673–675.
[9] S. Millesi, M. Schiliro, F. Greco, I. Crupi, G. Impellizzeri, F. Priolo, R.G. Egdell,

A. Gulino, Mater. Sci. Semicond. Process. 42 (2016) 85–88.
[10] S. Calnan, A.N. Tiwari, Thin Solid Films 518 (2010) 1839–1849.
[11] R.R. Salunkhe, V.R. Shinde, C.D. Lokhande, Sens. Actuators B Chem. 133 (2008)

296–301.
[12] S.B. Jambure, C.D. Lokhande, Mater. Lett. 106 (2013) 133–136.
[13] M.A. Rahman, M.K.R. Khan, Mater. Sci. Semicond. Process. 24 (2014) 26–33.
[14] R.R. Salunkhe, D.S. Dhawale, D.P. Dubal, C.D. Lokhande, Sens. Actuators B

Chem. 140 (2009) 86–91.
[15] T. Singh, D.K. Pandya, R. Singh, Mater. Sci. Eng. B 176 (2011) 945–949.
[16] B. Sahin, F. Bayansal, M. Yuksel, H.A. Cetinkara, Mater. Sci. Semicond. Process.

18 (2014) 135–140.
[17] M.A. Yildirim, A. Ates, Sens. Actuators Phys. 155 (2009) 272–277.
[18] H. Khallaf, C.T. Chen, L.B. Chang, O. Lupan, A. Dutta, H. Heinrich, A. Shenouda,

L. Chow, Appl. Surf. Sci. 257 (2011) 9237–9242.
[19] B.R. Sankapal, R.D. Ladhe, D.B. Salunkhe, P.K. Baviskar, V. Gupta, S. Chand, J.

Alloy. Compd. 509 (2011) 10066–10069.
[20] V.S. Bagal, G.P. Patil, A.B. Deore, P.K. Baviskar, S.R. Suryawanshi, M.A. Morec, P.

G. Chavan, Chem. Phys. Lett. 650 (2016) 7–10.
[21] R.S. Mane, H.M. Pathan, C.D. Lokhande, S.H. Han, Sol. Energy 80 (2006)

185–190.
[22] R.N. Bulakhe, C.D. Lokhande, Sens. Actuators B Chem. 200 (2014) 245–250.
[23] S.P. Mundinamani, M.K. Rabinal, Mater. Res. Express 2 (2015) 116401.
[24] S. Millesi, M. Schiliro, F. Greco, I. Crupi, G. Impellizzeri, F. Priolo, R.G. Egdell,

A. Gulino, Mater. Sci. Semicond. Process. 42 (2016) 85–88.
[25] M. Ristic, S. Popvic, S. Music, Mater. Lett. 58 (2004) 2494–2499.

Fig. 3. (a) Schematic representation for the formation of CdO nanobeads resulting to nanonecklace (b) Scanning electron micrographs of Cd(OH)2 nanowires and (c) CdO
nanonecklace.

3500 3000 2500 2000 1500 1000 500
0

20

40

60

80

60

70

80

734

85412023257

1392

1620

1791

3346

(a) Cd(OH)
2

Wavenumber (cm
-1
)

%
T

854

640
1437

(b) CdO

%
T

Fig. 4. FTIR spectra of (a) as-deposited Cd(OH)2 nanowires and (b) annealed CdO
nanonecklace.

N.B. Sonawane et al. / Materials Science in Semiconductor Processing 49 (2016) 81–83 83

http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref1
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref1
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref2
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref2
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref2
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref3
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref3
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref3
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref4
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref4
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref4
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref5
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref5
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref5
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref6
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref6
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref6
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref7
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref7
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref7
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref8
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref8
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref9
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref9
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref9
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref10
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref10
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref11
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref11
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref11
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref12
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref12
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref13
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref13
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref14
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref14
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref14
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref15
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref15
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref16
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref16
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref16
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref17
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref17
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref18
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref18
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref18
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref19
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref19
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref19
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref20
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref20
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref20
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref21
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref21
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref21
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref22
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref22
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref23
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref24
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref24
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref24
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref25
http://refhub.elsevier.com/S1369-8001(16)30073-7/sbref25


CdO necklace like nanobeads decorated with PbS nanoparticles: Room
temperature LPG sensor
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h i g h l i g h t s

� Conversion of Cd(OH)2 nanowires to CdO nanonecklace by air annealing at 290 �C.
� Decoration of PbS nanoparticles over CdO nanobeads by SILAR method.
� Formation of n-CdO/p-PbS nano-heterojunction as room temperature LPG sensor.
� Maximum gas response of 51.10% with 94.54% stability.
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a b s t r a c t

Simple chemical route has been employed to grow interconnected nanobeads of CdO having necklace
like structure through air annealing of cadmium hydroxide nanowires. This nanobeads of n-CdO with
high surface area has been decorated with p-PbS nanoparticles resulting in the formation of nano-
heterojunction which has been utilized effectively as room temperature liquefied petroleum gas (LPG)
sensor. The room temperature gas response towards C2H5OH, Cl2, NH3, CO2 and LPG was investigated,
among which LPG exhibits significant response. The maximum gas response of 51.10% is achieved with
94.54% stability upon exposure of 1176 ppm concentration of LPG at room temperature (27 �C). The
resulting parameters like gas response, response and recovery time along with stability studies has been
studied and results are discussed herein.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Recently, nanomaterials with diverse nanostructure surface ar-
chitecture such as nanoparticles, nanowires, nanotubes and quan-
tum dots has gain enormous interest due to their different surface
architectures in numerous applications for the variety of device
developments such as photovoltaics [1], gas sensors [2], super-
capacitors [3] and solar cells [4]. Direct fabrication of device by
using the nanostructure architectures towards sensor development
is a challenging task. Furthermore, development of gas sensors to

monitor combustible gases is becoming very imperative for safety
requirements in homes and industries. Among all, liquefied pe-
troleum gas (LPG) is one of the extensively used in very household
but potentially hazardous gases. The explosion may be caused
when LPG leaks accidentally or by mistake and hence, there is
prevailing need to detect LPG leakage at lower limit. In last few
decades, metal oxide semiconducting materials have extensively
used as gas sensor [5e7] but they suffer poor sensitivity along with
high operating temperatures. To overcome these limitations, the
fabrication of heterojunctions has gained essence importance.
Many reports are available on the fabrication of heterojunctions by
using physical or chemical methods [8e12]. The heterojunctions
show some interesting properties that have been widely studied.
For instance, Lee et al. reported that a TiO2/water solid-liquid het-
erojunction behaves similar to a Schottky diode andworks as a self-
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powered UV detector with excellent performance [13]. Zhang et al.
reported that a heterojunction of Bi2MoO6/TiO2 can effectively
separate photo-generated carriers by the photo-induced potential
at the interface of Bi2MoO6/TiO2 heterojunction [14]. ZnO/Cu2O
heterojunction shows good current rectifying behaviour reported
by Zhang et al. [15]. Therefore, more studies in fabricating devices
based on heterojunctions are necessary, especially in nanostructure
systems.

Present investigation focuses the synthesis of controlled
morphology of n-type nanobeads of CdO through room tempera-
ture chemical bath deposited cadmium hydroxide [Cd(OH)2]
nanowires with post thermal treatment on to fluorine doped tin
oxide (FTO) coated glass substrates. Anchoring of p-PbS nano-
particles has been performed to form n-CdO/p-PbS nano-
heterojunction in thin film form towards the detection of LPG at
room temperature (27 �C).

2. Experimental details

2.1. Materials

Cadmium chloride (CdCl2), lead nitrate (Pb(NO3)3) and sodium
sulphide flakes (Na2S) were purchased from Loba Chem., India with
analytical grade and used as received. Fluorine doped tin oxide
(FTO) coated glass was used as substrate (Sigma-Aldrich Glass,
thickness: 2 mm, sheet resistance: ~15 U/,). FTO were cleaned by
adopting the following process: FTO were initially rinsed in dilute
HCl for 5 s, ultrasonically cleaned with soap solution followed by
rinsing with ethanol for 5 min. and then finally rinsed with double
distilled water.

2.2. Synthesis of CdO nanostructure

Initially, Cd(OH)2 nanowires were synthesized at room tem-
perature by using chemical method. In detail, 0.1 M (50ml) solution
of CdCl2was complexed by dropwise addition of aqueous ammonia
(10 ml) with the resultant pH ~12. The solution was stirred for few
seconds and gently, FTO coated glass substrate was vertically
immersed along the wall of the beaker kept room temperature.
After 21 h, the white Cd(OH)2 film was deposited on the substrate
surface. Then, the substrate was taken out from the solution, rinsed
with double distilled water and dried in dry air. CdO necklace like
nanostructure film was obtained by air annealing Cd(OH)2 film at
optimized temperature of 290 �C for two hours and the complete
growth with reaction mechanism is reported elsewhere [16].

2.3. Coating of PbS nanoparticles on CdO nanostructure

The successive ionic layer adsorption and reaction (SILAR)
method was employed to anchor PbS nanoparticles onto CdO
nanonecklace at room temperature (27 �C). Lead nitrate [(PbNO3)3]
with concentration of 8 mM was used as a cationic precursor with
pH 9. Sodium sulphide (Na2S) solution (5 mM) was used as an
anionic precursor with pH 11. The immersion time in anionic and
cationic precursors was 20 s with rinsing time of 10 s in double
distilled water. The 10 immersion SILAR cycles were optimized to
get the complete coverage of PbS nanoparticles over CdO necklace
type nanostructure to form nano-heterojunction towards enhanced
gas sensing performance.

2.4. Experimental setup for LPG measurement

The setup consists of a 27 L closed glass dome, an air tight glass
bottle, half filled with double distilled water, an LPG cylinder, a
liquid level monitor for gas volume measurement and a vacuum

pump as per our earlier report [17]. The sample with the di-
mensions 1 cm2 was kept inside the dome duly contacted with
silver paste over the PbS as a front contact and the FTO coated glass
substrate as a back contact. These two contacts were connected to a
Potentiostat/Galvanostat model Super 1000S (SAP Instruments Pvt.
Ltd, India) for the currentevoltage measurements.

2.5. Characterizations

The structural properties of the filmsweremeasured by using X-
ray diffractometer (XRD) (D8 Advance, Bruker AXS) with Cuka ra-
diations (l ¼ 1.5406 Å) in the 2q range from 10 to 80�. A high
resolution field emission scanning electron microscopy (FE-SEM,
JEOL 6360A) coupled with an energy-dispersive X-ray spectrometer
(EDX) was employed to analyze the surface morphologies and
chemical composition of samples. The gas sensing properties of n-
CdO/p-PbS were studied under forward biases condition, between
0 and 2 V to obtain the current density versus voltage (J-V) char-
acteristics curves for the formed sensor at room temperature.

3. Results and discussion

3.1. Structural studies

The CdO nanonecklace were obtained simply by calcinations of
the Cd(OH)2 nanowires at 290 �C in air for two hours. Fig. 1(a) show
X-ray diffraction (XRD) patterns of CdO and PbS decorated CdO
samples. The peaks marked by stars (*) are contributed from FTO
substrates. The peaks corresponding to CdO (111), (200), (220),
(311), and (222) have been detected. The result shows that the CdO
has a pure cubic phase with space group Fm3m (225) and calcu-
lated lattice constant of a ¼ 4.73 Å (JCPDS Card no. 00-005-0640).
The peaks corresponding to PbS (006), (008), (116), (204), and (422)
gives better support towards the formation of PbS nanoparticles
over CdO nanonecklace (JCPDS Card no.01-080-1144) whereas
(111), (200), (220), (222), and (311) in the same XRD patterns
supports the existence of CdO material below PbS nanoparticles.

(d)(c)

(b)(a)

Fig. 1. (a) X-ray diffraction spectrum of CdO and PbS deposited over CdO. Scanning
electron micrographs of (b) Cd(OH)2, (c) CdO, (d) CdO/PbS on FTO coated glass sub-
strate. Inset shows the EDX patterns of CdO and PbS decorated CdO on FTO substrate.
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3.2. Surface morphological studies and elemental analysis

The SEM images of Cd(OH)2, CdO and CdO/PbS thin films are as
shown in Fig. 1(b), (c) and (d), respectively. Fig. 1(b) clearly depicts
the formation of bundles consisting of nanowires for Cd(OH)2. The

novel necklace like CdO nanostructure with interconnected small
beads is observed in Fig. 1(c). It is seen that the hydroxide part was
removed during air annealing leading to the formation of CdO by
quenching its diametric area which leads to the formation of
interconnected nanobeads whereas small nanoparticles with size

(a)

(b)

Fig. 2. (a) Gas response (%) of n-CdO/p-PbS nano- heterojunction with different gases at room temperature. (b) Forward biased current density-voltage (JeV) characteristics of FTO/
n-CdO/p-PbS nanonecklace type heterojunction in air and at various concentrations of LPG as curve (a) 0 ppm (air), (b) 294 ppm, (c) 588 ppm, (d) 882 ppm, (e) 1170 ppm, and (f)
1470 ppm. Inset shows variation in gas response (%) vs. LPG concentration (ppm) of n-CdO/p-PbS heterojunction at 2 V.
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ranges from 50 to 100 nm of PbS seems to be decorated on nano-
beads of CdO (Fig. 1(d)). The uniform deposition of p-type PbS over
n-type CdO necklace results in the formation of high surface area
pen junction at the nano level and hence, the formation of nano-
heterojunction (NHJ). Small agglomeration of PbS nanoparticles is
also observed at the interconnections of network structures. The
observed structure is porous with interconnected network having
high surface area which is beneficia towards gas sensing applica-
tion as it enables gas species to enter easily through porous struc-
ture which adsorb-desorb gas molecules easily at nano-
heterojunction interface.

The energy-dispersive X-ray spectrum (EDX) of CdO and CdO/
PbS nanonecklace on FTO substrates are shown as insets of Fig. 1(c
and d). The elemental analysis confirms the formation of CdO on
FTO reflecting the presence of Cd, and O peaks. The inclusion of Sn
and Si is from FTO coated glass substrate whereas presence of Au is
from coating of Gold (Au) over sample. Elemental analysis from
Fig. 1(d) inset confirms the formation of PbS over CdO showing the
presence of Cd, O, Pb and S peaks, which supports well with the
structural analysis.

3.3. Selectivity measurement

The gas sensing response values of nano-heterojunction device
at room-temperature are shown in Fig. 2(a). As results, the response
values of device for C2H5OH, Cl2, NH3, LPG, and CO2 under the same
test conditions with gas concentration of 1176 ppm at room tem-
perature are 9.42, 1.25, 2.65, 51.1, and 0.95%, respectively. It dem-
onstrates that the device has an excellent selectivity for LPG.

3.4. LPG sensing properties of n-CdO/p-PbS nano-heterojunction

The heterojunction formed between CdO and PbS was tested by
coating silver (Ag) paste over PbS layer. The complete device FTO/n-
CdO/p-PbS/Ag layer is designed and current density e voltage (J-V)
curves for the devices were measured. The forward biased current
densityevoltage (JeV) characteristics of the n-CdO/p-PbS nano-
heterojunction in air and under various concentrations of LPG is
as shown in Fig. 2(b). The formed n-CdO/p-PbS NHJ was tested as a
sensor towards liquefied petroleum gas (LPG) at room temperature
(27 �C). The current density of heterojunction in air (Ja) and in the
presence of LPG (Jg) weremeasured at a fixed voltage and following
equation was used to calculate the gas response.

S% ¼

Jg � Ja
Ja

� 100 ¼

DJ

Ja
� 100

Fig. 2(b), curve (a) depicts J-V characteristics of n-CdO/p-PbS
nano-heterojunction in air as a reference and under the various
concentrations of LPG from 294e1470 ppm (curve (b-f)). After
exposure of LPG towards the junction, the forward current density
enhances with LPG concentration. The maximum change in the
current density was observed for 1176 ppm concentration of LPG at
2 V.

The gas response at various concentrations of LPG was calcu-
lated at a fixed voltage of 2 V and is shown in inset of Fig. 2(b). The
gas response increases from 11.76% to 51.10% with increase in LPG
concentration and attained maximum 51.10% at 1176 ppm. This is
due to unimolecular layer of gas molecules would be expected to
form on the interface, whichwould interact with the interfacemore
actively, giving rise to higher response. Above 1176 ppm, a decrease
in response value was observed at 1470 ppm which is due to for-
mation of multilayer of gas molecules at the interface of the junc-
tion; the potential barrier height may increase at the interface or
may be due to recombination of charge carriers [11,18e20].

The response transient curves for first two exposures to LPG at
fixed voltage of 2 V and 1176 ppm of LPG are as shown in Fig. 3(a).
The n-CdO/p-PbS heterojunction shows good reversibility to LPG
that has shown maximum response of 51.10%. The response tran-
sient curve provides information of response and recovery times of
heterojunction. Upon exposure to LPG, the sensor reaches the
maximum response of 51.10% with response time 150 s. Further
when sensor exposed to fresh air, sensor shows recovery time 134 s.
The repeatability test was performed by exposing the junction to
fresh air followed by exposure to LPG. The device resulted into good
reversibility with response and recovery times of 148 s and 142 s,
respectively.

3.5. Stability studies

The stability study of NHJ is very important in order to design
and manufacture the long term stable gas sensor device for do-
mestic as well as industrial applications. The stability study for n-
CdO/p-PbS nanonecklace type heterojunction was carried out over
8 days. Fig. 3(b) shows the variation of gas response against the
number of days. It is clearly observed that the gas response falls
from 51.10% to 48.31% that means response value decreases up to
2.79% of its maximum value (51.10%) in 6 days and remains stable
even after 6 days which shows 94.54% stability. From all above
characteristics, it is cleared that the present inorganic/inorganic (n-
CdO/p-PbS) heterojunction is more stable and suitable for device
fabrication towards commercialization. On other hand, the organic
partner used in the fabrication of inorganic/organic heterojunction
for LPG detection is hygroscopic in nature and decomposes with
time and hence shows the less stability and repeatability of device.

(a) (b)

Fig. 3. (a) Shows gas response (%) vs. time (s) for n-CdO/p-PbS heterojunction at fixed
voltage of 2 V at 1176 ppm of LPG concentration and (b) shows the variation of gas
response (%) vs. time in number of days for n-CdO/p-PbS heterojunction at fixed
voltage of 2 V at 1176 ppm of LPG concentration.

Fig. 4. The schematic representation of energy band diagram of n-CdO/p-PbS
heterojunction.
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3.6. LPG sensing mechanism of nano-heterojunction

When n-CdO/p-PbS heterojunction is exposed to LPG, due to
reducing nature of the interacting species, the resistance of nano-
heterojunction decreases and gas response is increased as LPG
concentration goes on increasing. At higher concentration of LPG,
the gas response may decrease due to saturation of LPG molecules
at the junction. The sensing property of sensor to reducing nature of
LPG, may relates surface chemical oxygen absorption of sample,
also the role of chemisorptions or atmospheric oxygen adsorbs on
the surface by extracting electrons from sensing material results in
the reduction of barrier height, leading to decrease in resistance
and increase in gas response [19]. Fig. 4 shows schematic repre-
sentation of change in potential barrier height. Alternatively, upon
exposure to LPG, it likely seems to be dissociation of reducing LPG
at surface or interface of the junction. This leads to change in work
function of p-PbS and increases the carrier concentration near the
interface of nano-heterojunction. Hence in turn barrier height of
the nano-heterojunction decreases. The change in potential
barrier height and depletion width at the heterojunction interface
is responsible for current transporting through the nano-
heterojunction [21e24]. The similar behaviour for the change in
barrier height was reported by S. Patil et al. [19] where they have
measured the change with the aid of capacitance measurement. D.
Patil et al. proposed the model based on the principle of formation
of heterojunction to explain the LPG sensing behaviour of nano-
composite and observed shifting in the potential barrier
height with change in the resistance of heterojunction on exposer
of gas [25].

4. Conclusions

Necklace like nanostructure of CdO was obtained by air
annealing Cd(OH)2 nanowire film at 290 �C resulting into the for-
mation of interconnected nanobeads with necklace like porous
structure. p-PbS nanoparticles were successfully decorated on to n-
CdO by using successive ionic layer adsorption and reaction (SILAR)
method at room temperature (27 �C). Such nanostructures having
unique surface morphology may be potential candidates towards
gas sensing application. The n-CdO/p-PbS nano-heterojunctionwas
successfully used as liquefied petroleum gas (LPG) sensor at room
temperature (27 �C) with the maximum response of 51.10% under
exposure of 1176 ppm concentration of LPG at operating voltage of
2 V with low response and recovery times.
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