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CDS FILMS FOR OPTOELECTRONIC APPLICATIONS DEPOSITED BY SPRAY PYROLYSIS 
TECHNIQUE 

Shivaji Munde1, Devidas Halge2, Jagdish Dadge3, Megha Mahabole4, Rajendra Khairnar5 and Kashinath 
Bogle6 

1,2,4,5,6Thin Film and Devices Laboratory, School of  Physical Sciences, Swami Ramanand Teerth Marathwada 
University, Nanded 

3Department of Physics, College of Engineering, Pune 

ABSTRACT 
This work demonstrates an easy method for synthesis of uniform nano-crystalline CdS films deposited on glass 
substrate by spray pyrolysis technique. In order to detect incident light, variation in current signals were 
measured. For photo-sensitivity, the current response of incident light was measured when exposed to different 
wavelengths ranging from 450 to 700 nm. The synthesized film showed significant detection of low-power (~13 
mW/cm2) light. The present study show that synthesized CdS film may be useful in fabricating a low-power, 
highly photosensitive, CdS based device for optoelectronic applications. 

Keywords: CdS films, photo-sensitivity, low power operation. 

INTRODUCTION 
Looking at current scenario, there is a growing need for systems to be applied in observation and monitoring for 
scientific, commercial and military area [1]. For monitoring purpose most of these system needs to know light 
condition in that area and to know that photo-detectors are used. These photo-detectors are expected to work at 
low as well as high intensity regime of incident light. Traditional photo-detectors are the photoresistors/light 
dependent resistors (LDR) made of a high resistance semiconductor, as shown in Figure 1. In the dark, a 
photoresistor can have a resistance as high as several megohms (MΩ), while in the light, a photoresistor can 
have a resistance as low as a few hundred ohms. If incident light on a photoresistor exceeds a certain frequency, 
photons absorbed by the semiconductor give bound electrons enough energy to jump into the conduction band. 
The resulting free electrons (and their hole partners) conduct electricity, thereby lowering resistance. The 
resistance range and sensitivity of a photoresistor can substantially differ among dissimilar devices. Moreover, 
unique photoresistors may react substantially differently to photons within certain wavelength bands. 

Commercial photoresistors of today are almost exclusively based on Si, Ge, CdS, CdSe, CdTe, PbS, PbSe, PbTe 
[3]. Of these materials, CdS photoresistors are very popular because of the high sensitivity response in the 
visible range matching well with the human eye. In this particular respect, CdS photoconductors come very 
close to an ideal photoconductor and find a variety of applications in fields including detection of visible light, 
buffer layers for solar cells, light emitting diodes (LEDs) and etc. [4-6]. The film thickness, grain size and 
morphology play a fundamental role in the performance of devices based on CdS films [7-8]. The band gap of 
CdS is in the range of visible light and the photosensitivity in the visible range is very high for CdS films [1,9]. 
A high photosensitivity is required for photo-detector applications. CdS films in thin or thick forms have been 
deposited using various methods including electrochemical deposition, spray pyrolysis, successive ionic layer 
adsorption and reaction, sputtering and chemical bath deposition [10]. Among these methods spray pyrolysis is 
a cost effective method and has deposited nanostructured thin/thick films due to its various benefits, such as 
simplicity, low temperature and coating of large area substrate without the need of vacuum atmosphere. 

To the best of our knowledge, lot of attempts have been reported about the use of CdS thin films or 
nanostructures for photo-detectors. Yanli Pei, et al. achieved very narrow (~ 3 ms) rise and decay time in case of 
CdS nanowires mixed with Ag nanowires [11]. Husham et al. reported the photodetector properties of CdS thin 
films with the photosensivity (Iph/Id) in the range of 1.39–10.52 and have also synthesized CdS thin films by 
microwave assisted- CBD method with the photosensivity of 54 [1,12]. Whereas, use of thick film technology is 
of relatively recent origin in the field of photoconducting devices. Thick films of photoconducting CdS possess 
almost all the advantages of commercially viable sintered photoconductors namely superior photosensitivity, 
high mechanical strength, uniformity and relative ease of impurity incorporation. In addition, there are certain 
other advantages like amenability to large area fabrication and ease of mass production which are inherent in the 
technology itself. 

In this work, we report synthesis of nano-crystalline CdS thick film on glass substrate using spray pyrolysis 
technique. Fast response time, fast decay time, and high photo sensitivity were demonstrated in thick CdS films. 
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EXPERIMENTAL 
Nano-crystalline CdS thick films were fabricated using spray pyrolysis method on glass substrate at 250 0C. For 
synthesis cadmium chloride (CdCl2) and thiourea (CS(NH2)2) are used as a source of cadmium and sulfur 
respectively. The synthesis processes described as follows: 

0.1 M of cadmium chloride (LOBA chemie, 99%) and 0.1 M thiourea (Merck specialities private limited, 99%) 
were dissolved in a mixture of methanol and water (3:1). The solution was stirred for 15 minutes to get a 
homogeneous solution. 

Thick films were fabricated on a substrate (soda lime glass slides) having dimensions of 7.5 x 2.5 x 0.1 cm. The 
substrate was first washed with soap solution then kept in aqua regia solution for 12 hrs. These substrates were 
again washed with distilled water and finally cleaned with ethanol. Before spray pyrolyzing the above made 
solution on glass substrate, the substrate was kept on heating plate and temperature of the substrate was 
increased to 250 0C. The solution containing cadmium and sulphur source was filled in 100 ml perfume spray 
bottle and kept ready for spraying. The solution was spray manually on hot glass substrate from a distance of 15 
cm. CdS films were synthesized for 200 spray. A yellow colour CdS film was obtained after cooling down the 
substrate to room temperature. 

Above glass slide was cut into 1 x 1 cm piece and used for characterization as well as photo-detection 
measurement. The crystal structure of the thin films was determined by X-ray diffraction (XRD), using CuKα 
radiation in Rigaku Miniflex x-ray diffractometer. Morphology and particle size were determined by field 
emission scanning electron microscopy (FE-SEM) The chemical composition was performed by energy 
disperse spectrometer (EDS, BRUKER). Optical band gap was determined by the optical Spectrometer 
(Shimazu 1800). Metal–semiconductor–metal (MSM) photo-detectors were fabricated by Ag as electrodes. The 
photo response properties of CdS thick films were measured using current–voltage (I–V) curves at dark and 
illumination conditions, by a Keithley 6514 electrometer and Scientech 4078P power supply. The photo-
response was measured at visible range and the photon intensity was 80 mW/cm2. 

RESULTS AND DISCUSSION 
1. Structural analysis 
X-ray diffraction (XRD) is a non-destructive technique, which reveals distinctive diffraction pattern 
“fingerprint” of crystalline materials and used for analysis of crystallographic structure, crystallite size and 
stress-strain of materials. The XRD spectra of CdS film deposited on glass substrate is shown in Figure 1. 

 
Figure-1: XRD patterns of 200 spray CdS film deposited on glass substrate via spray pyrolysis technique at 250 0C. 

The XRD spectra for all films show existence of multiple reflection peaks for (100), (002), (101), (102), (110), 
(103), (200), (112), (201), (004) and (202) crystalline planes signifying pure hexagonal wurtzite CdS crystal 
structure with polycrystalline nature. These results match well with the JCPDS card no. 41-1049. The diffused 
background in XRD spectra may be due to amorphous glass substrate. We can see from the diffraction patterns 
that the peak intensity increases as the film thickness increases. 
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The lattice parameters a = 2*31/2d100 and c = 2d002 were obtained from the positions of (100) and (002) peaks 
[13]. The estimated lattice constant is found to be lower compared with standard value, indicate increasing 
defect (vacancy) density along a and c crystal axis. The ratio of the lattice constants (c/a) is approximately 1.62, 
which is almost identical with the values reported for the powder samples [14], but less than the ideal value 
(1.633) of the close-packed hexagonal structures [14]. This indicates that the film deposited via spray pyrolysis 
is under tensile strain along the (002) plane. The a and c values of the strain-free samples are, respectively, 4.16 
and 6.756 Ao [15]. In general the strain in material appears when there is a change in the stoichiometry or 
introduction of lattice imperfections/defects (vacancy or interstitial) in the material. The most probable defects 
in CdS are either sulfur vacancy or cadmium interstitial donor defects. The increase/decrease in strain indicates 
an increase/decrease in the concentration of lattice imperfections as the film thickness increases [13]. 

2. Morphological and compositional analysis 
SEM displays the surface features and grain boundaries on CdS films. Figure 2 shows the SEM images of CdS 
film deposited on glass substrate at 250 0C. Irregular shaped grains with average size ~ 100 nm were observed 
with distinct grain boundaries (Figure 2(a)). EDS analysis was used for identifying the elemental composition of 
CdS film. Figure 2(b) illustrates the EDS spectrum containing prominent peaks for Cd and S with Cd/S ratio of 
~ 1, which indicates good stoichiometry of CdS in the film. The evidence of Silicon in EDS (E = 1.8 keV) 
analysis is related to the detection of silicon in glass substrate. 

 
Figure-2: SEM image of 200 spray deposited CdS film at 250 0C. 

This is explained based on the film growth mechanism in spray pyrolysis. At the initial stages of the film 
growth, droplets impact on the substrate surface, spread it into a disk shaped structure, which undergo thermal 
decomposition. Consequently, the film is composed of overlapping CdS disks of size > 100 nm, as seen in 
Figure 2(a) and Figure 3(a). For a constant rate of deposition, the deposition time is very short for thinner films 
when compared to the thicker films. As the deposition time increases, the small crystallites nucleate and grow 
on larger ones formed on a layer of smaller grains, as shown in Figure 3(b). During further increase in film 
thickness, a cloud of hot vapours formed between droplet and hot substrate, which evaporates the solvent in the 
droplet [16], which results in formation of small particles of CdS. These small particles get deposits on the 
surface of earlier CdS film. At higher film thickness, the time of deposition is large which allow coalescence of 
the small particles to form bigger grains in the film along with an improved crystallinity as observed from the 
XRD analysis. The average surface roughness of the films is observed to be 20 A0 for the film deposited at 200 
spray. 

 
Figure-3: Schematic illustration of the film growth 

3. Optical properties 
UV–Vis spectroscopy was used to study optical properties of the CdS film. The film is found to be highly 
transparent in the visible region as seen in Figure 4. 
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Figure-4: UV-Vis absorption spectra for CdS film 

The absorption of light by the material is the property of that material and the absorbance at 520 nm is related to 
CdS material. Tauc equation was utilized for the determination of optical band gap as a function of film 
thickness. The optical band gap (Eg) value is ~ 2.4 eV. 

4. Photo-detection measurement 
To study the photo-detection property of nano-crystalline CdS film a setup is designed in laboratory consisting 
Keithley 6514 electrometer, Scientech 4078P power supply and 10 Watt LED (for red, green and blue light) 
source. Electrodes on the film were made using silver paste in “L” shape. Figure 5 illustrate the comparative I-V 
curves of the nano-crystalline CdS film measured under exposure of blue (450 nm), green (520 nm) and red 
(700 nm) light at an intensity of ~ 13 mW/cm2. The photocurrent is found to be very low for red light, whereas, 
it increases to 8.6 and 24 μA for green and blue light (Figure 5). The photocurrent increases along with the 
decreasing wavelength of light. The estimated ratio of Ion/Ioff is about 45 for blue light (450 nm, intensity of 13 
mW/cm2), 13 for green light (520 nm, intensity of 13 mW/cm2) and 1.5 for red light (700  nm, intensity of 13 
mW/cm2), respectively. 

 
Figure-5: I-V curves for CdS films as a function of incident light wavelength 700 nm (red), 520 nm (green) and 

450 nm (blue). 

In CdS film, at higher (700 nm) wavelength lower photocurrent was observed, since the incident light has 
insufficient energy to excite electrons to the conduction band, which contributes to a lower photo current. 
Whereas, higher photo current was observed for green and blue light because of the energy imparted to the 
electron by the incident radiation is higher than the band gap [17]. Moreover, this attributes to the good quality 
nano-crystalline CdS thick films with lower density of trap states in the energy band gap between the fermi 
level and the conduction band edge. However, the presence of large percentage disorders in the film may leads 
to favour these films for development of high sensitivity of our photo-detector. 
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CONCLUSION 
In summary, nano-crystalline CdS films were deposited via spray pyrolysis technique at temperature 250 0C. 
The CdS thick film deposited on glass substrate show grain with lower residual strain indicating lower defect 
density in the film. The excellent photocurrent reproducibility and stability revealed that the synthesized nano-
crystalline CdS thick film based photo-detector is a remarkable candidate for applications involving visible light 
detection. The present study introduced a simple and cost-effective technique for synthesize CdS films for a 
low-power, highly photosensitive, CdS based device for optoelectronic applications. 
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TOTAL IONIZATION CROSS SECTION OF INORGANIC ATOM (CA) BY ELECTRON IMPACT 

Praveen Bhatt1, Sushil Kumar2 and Jai Shri Kumar3 
Professor1, Department of Applied Science and Humanities, Asia Pacific Institute of Information Technology, 

Panipat 
Research Scholar2, Department of Physics, Banasthali Vidyapith, Banasthali 

Assistant Professor3, Department of Physics, Govt. College Kharkhara, Rewari 

ABSTRACT 
We have made a study of the total ionization cross-sections of a inorganic atoms caused by electron impact for 
a single ionization. Total ionization cross-sections (TICS) have been calculated from threshold energy to 2100 
eV. The theoretical technique, developed by Jain and Khare, has been used to calculate the TICS for organic 
compound. 

Keywords: ionization, cross section 

I. INTRODUCTION 
Electron-molecule and electron-atom collisions either in the gas phase, on surfaces or in the condensed phase, 
kick off and compel almost all the relevant chemical processes associated with radiation chemistry, atmospheric 
chemistry, stability of nuclear waste repositories, plasma-enhanced chemical vapor deposition (CVD), plasma 
processing (Belic et al, 2010)[16] of materials for microelectronic devices and other applications, and in 
everyday illumination applications. Collisions of electrons with molecules and atoms generate the energetic 
species that drive chemical and physical changes of matter in environments that vary from plasmas to living 
tissue. The molecules used to scratch semiconductor materials do not respond with silicon surfaces unless they 
are subjected to electronic collisions in the low-temperature, high-density plasmas used in plasma etching and in 
CVD. A number of experimental and theoretical investiga¬tions of collision processes involving hydrogen 
molecules and molecular ions in electron impact have been and are still being performed widely because they 
are of the most essential significance in electron-molecule collisions. Indeed, understanding of electron-
molecule collision pro¬cesses is indispensable in many applications such as chemistry, astrophysics, plasma 
chemistry (Fogle, 2010)[17] plasma fusion research,[1-5] and plasma material processing. Thus, there are a 
number of review articles on molecules and molecular ion collisions with electrons available presently. The 
cross sections for a variety of collision processes such as excitation, dissociation, ionization or photon emission 
have to be known with correct accuracies for such applications, modeling and diagnostics. Also diverse 
features, such as energy distributions and angular (spatial) distributions, of products, ions, atoms, molecules or 
photons, are key parameters necessary in understanding electron-molecule or electron-molecular-ion collisions 
and also in modeling of molecule-related phenomena such as plasma behavior. For example, the energy 
distributions of atomic hydrogen produced through dissociative processes are significant in deter-mining the 
mean free path for ionization in media such as plasmas. Ionization of atoms and molecules by electron impact is 
of primary importance in atmospheric science, plasma processes, and mass spectrometry. 

Our objective is the calculations for differential cross sections as a function of secondary electron energy and 
angle at fixed impinging electron energy, corresponding to the formation of various cations in electron impact 
dissociative ionization of the atoms and atomic molecules, organic and inorganic compound have been carried 
out by employing a semi empirical formalism based on theoretical approach. 

1.1 Electron Impact Ionization 
Electron Impact is the original mass spectrometry ionization method and is still perhaps the most widely used of 
all ionization methods. In the Electron Ionization process, the sample of interest is vaporized into the mass 
spectrometer ion source, where it is impacted by the beam of electrons with sufficient energy to ionize the 
molecule. 

The process may be summarized by the equation: 

X (g) + e -    →   X + (g)   +   2 e - 

The ion source is intended so that when the ions are formed they are pushed out of the source and into the mass 
analyzer. 

The ion M+ is known as the molecular ion.  This species indicates the molecular weight, and thus provides very 
useful analytical information. The molecular ion will often undergo fragmentation in EI: 
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X 1 +    →    X 2 +    +     X n 

Where X1  is the molecular ion. 

X2 is the fragment ion. 

Xn  is the neutral fragment. 

The fragmentation process is dependent upon many qualities; including primary structure, electron energy and 
ion source temperature.  In the top circumstances, fragmentation is advantageous, because one gathers structural 
information about the molecule under analysis in addition to the molecular weight information.  However, in 
some cases, the entire molecular ions fragment and no molecular information is gathered. 

Electron impact ionization is used in mass spectroscopy to ionize and fragment the sample molecules before 
mass analysis. The process is a relatively insensitive form of ionization producing a wide range of molecular 
fragments. The electron impact source consists of a heated filament that produces electrons which are 
accelerated to another electrode called the ion trap. Sample vapor diffuses into the electron beam and become 
ionized and fragmented the size depending on the electron energy which is controlled by the accelerating 
potential on the ion trap electrode. Low energy electrons produce molecular ions and larger fragments[7-9], 
whereas high energy electrons produce many smaller fragments and possibly no molecular ions. After the ions 
are formed, they are motivated by a potential applied to an ion-repeller electrode, away from the ion source into 
the accelerating section of the mass spectrometer, where mass analysis takes place. 

Electron impact ionization is engaged to produce positive and negative ions in many areas of physics and 
chemistry. Applications range from analytical mass spectrometry, where electron bombardment is used in high 
and low pressure ion sources to produce positive and negative ions for partition and analysis by a mass 
spectrometer or mass filter, plasma studies, fusion modeling, radiation physics and gas discharges to more 
abstract applications such as astrophysical applications and modeling of planetary atmospheres. As the list of 
molecules that have been detected in interstellar space continues to grow, the significance of understanding the 
relations between these molecules and elemental charged particles, such as electrons, increases. Besides to these 
applications, concerns have freshly been raised about the potential damage that low energy electrons can cause 
on DNA. (Mark Bart, 2003). This has provoked several groups to investigate electron impact ionization of 
biological molecules: uracil, thymine and cytosine, using low energy electrons, thus opening up new research 
areas of electron impact in biophysics 

According to the widely subscribed mechanism of the gas-phase breakdown, the primary electrons are created 
in the gas phase by the impact of naturally occurring ionizing-radiation, such as cosmic rays, and cause the 
subsequent ionization and bombardment of ions on the cathode surface, which causes the emission of the 
secondary electrons and ionization of gas. This mechanism is based on Townsend’s theory with the assumption 
of the gas-phase ionization, which we do not agree to consider as a fact. 

The recent discovery of the cathode glow in the deposition plasma of organic vapour, which showed that the 
dissociation of molecules occurs prior to the ionization, defies the above-mentioned classical mechanism. 

II. THEORETICAL METHODOLOGY 
Even on the theoretical side several more methods are available to compute the cross sections over a wide range 
of atoms and molecules. For example, there is no explanation for dissociate, total, single and double ionization 
cross section. This formula is also applicable to calculate partial, photo, integral ionization cross sections of 
atoms and molecules. 

The formula is useful for finding the rate coefficient of any atoms and molecules. Semi-empirical formalism 
developed by Jain and Khare [10-13]. This formula is also applicable to calculate partial, photo, integral 
ionization cross sections of atoms and molecules. The formula is useful for finding the rate coefficient of any 
atoms and molecules. This is a theoretical approach. In brief, the single differential cross sections in the 
complete solid angle ( = 4Π =   dsin2 ) as a function of secondary electron energy ε corresponding to the 
production of ith type of ion in the ionization of a molecule by incident electron of energy E is given by equation 
1: 
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Where, W (=ε + Ii) is defined as energy loss suffered by the incident electron. 

Ii = the ionization threshold for the production of  ith type of ion, 

a0 = the Bohr radius, 

ε0 = energy parameter, 

Ci = collision parameter, 

Si = number of ionizable electrons, 

R = Rydberg constant and 

 = the scattering angle respectively. 

In the present formulation, the dipole oscillator strengths dfi /dw are the key parameters.  The oscillator strength 
is directly proportional to the photo ionization cross section [10-15]. Summation of PDDCS (Partial double 
differential cross section) over the system gives the total (DDCS) (Double differential cross section) 

 .,,),,(  WEQWEQ
i

i
t
i   

Here it is interesting to note that  ,,WEQi
 is isotropic and hence the material property of molecule, i.e., the 

oscillator strength must be isotropic in nature. Here ),,,( KWdfi
the differential generalized oscillator strength 

(DGOS) in the optical limit  0K  has been used. From Lassettre’s Theorem [8-9] the DGOS in the Bethe 
regime is reduced to the cosine distribution form of the linear optical oscillator strengths   ,/)0, dWWdfi

i.e. 

       ,/0,cos14/1),,( 2 dWWdfPKWdf ii    
Where   is the asymmetric parameter and    1cos3

2
1cos 2

2  P   is the second order Legendre polynomial. In 

the present treatment,   is chosen as the probability of ionizing electrons in the ionization processes however, it 
depends on the ejected electron energy. The oscillator strengths are directly proportional to the photo ionization 
cross sections. 

Further integration of Equation (1) with respect to the scattering angle  (from 0 to 2) gives the PSDCS 
(Partial single differential cross section) 

  ,,,),(   dWEQWEQ ii   

where differential solid angle dΩ is 2  

Similarly, SDCS (Single differential cross section) are given as 
   .,, 

i
i

T
i WEQWEQ

 
Further integration of PSDCS with respect to W from I to Wmax (= .E ) results in PICS (Partial integral cross 
section), i.e. 

    ., dWWEQEQ ii  
The present formulation requires the major input data of the Photo ionization cross-sections in terms of the 
optical oscillator strengths. 
III. RESULTS AND DISCUSSION 
In this paper the results of the absolute partial ionization cross section measurements for the inorganic atoms are 
calculated from threshold to 2100 eV by the use of modified Jain-Khare approach. Table 1 

The Total ionization cross sections along with the total ionization cross section are also summarized in Table 1. 

Table-1 
Total ionization cross-section values for organic compound. 
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Energy (eV) TIC Energy (eV) TIC 
11 1.12966 200 4.361069 
20 3.60562 300 4.035917 
30 4.476 350 3.88031 
40 4.72468 400 3.72569 
60 4.839064 450 3.574782 
80 4.823761 500 3.430103 
100 4.809639 650 3.04367 
150 4.567427 700 2.931065 

Energy (eV) TIC 
1000 2.395485 
1100 2.258477 
1200 2.136894 
1300 2.028353 
1400 1.930922 
1500 1.842899 
1700 1.690331 
1900 1.562421 
2000 1.505867 

 
IV. CONCLUSION 
The accuracy of the present formula is linked with the accuracy of oscillator strength. Theoretically, the 
accuracy of the present calculation can be increased if we have the more accurate experimental data for the 
photo-ionization cross-section for the production of various ions. 
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ABSTRACT 
Total ionization cross-sections of an inorganic atom scandium caused by electron impact for a single 
ionization.  Total ionization cross-sections (TICS) have been calculated from threshold ionization energy to 
2150 eV. The modified model, developed by Jain and Khare, has been used to calculate the TICS for inorganic 
compound (scandium). 

Keywords: ionization, cross section 

I. INTRODUCTION 
An accurate hypothetical treatment of the low energy electron impact ionization problem is unfeasible at present 
due to the complexity of representing the asymptotic form of the wavefunction when two slow electrons are in 
the continuum. It is however possible to think about ionization by a very fast incident electron (k20 > 1), in 
which the ejected electron has a low energy. It is now possible, however to use the Born approximation (or 
Coulomb-Born approximation) with a well correlated multi configuration initial states wavefunction and R-
matrix final state wavefunction. A detailed theoretical description of this has been offered by Robb et al (1975) 
[1]. 

Even though the physical processes of interest in astrophysics and plasma chemistry/physics involve mainly low 
energy incident electrons (k20 = 1), exact Born calculations can be helpful in two respects. First, they can be 
used to normalize experimental data and second, they can offer estimates for many applications where, at the 
moment, no other reasonable estimates exist. 

Protons in the beam may be scattered from the edges of collimator apertures and also from collisions with the 
target gas. If the scattered protons hit metal surfaces such as the grid or the beam suppressor, secondary 
elec¬trons are formed[1-5]. It is hard to estimate the scatter¬ing from the collimator, but it can be minimized. 
This is accomplished by making the edges of the aperture as sharp as possible, thus limiting the area from 
which scattering into the measuring region can take place, and by having a shield past the collimator just large 
enough to permit the main beam pass but little enough to prevent most scattered particles. The scattering from 
target only for extremely low proton energies and for heavy targets, and even then, excluding for unusual 
geometries, must not generate many secondary electrons[6-9]. 

Our objective is the calculations for differential cross sections as a function of secondary electron energy and 
angle at fixed impinging electron energy, corresponding to the formation of various cations in electron impact 
dissociative ionization of the atoms and atomic molecules, organic and inorganic compound have been carried 
out by employing a semi empirical formalism based on theoretical approach. 

Electron Impact Ionization 
The main atomic processes that give rise to the line spectra of astronomical objects are of two sorts, radiative or 
collisionnal. In the first type the atom or ion interacts with a photon while the second type involves collisions 
between an atom (ion) and an electron. The most important processes are: 

Photo-excitation and radiative decay: 

Xi  + hv   Xf 

Photo-ionization: 

Xi+hv Af+  

Recombination: 

Xi+ Xf+hv 

Electron impact excitation: 

Xi  + ⇌ Xf ( N ) +  



 International Journal of Research in Science and Technology   
Volume 6, Issue 1 : January - March, 2019 
 

12 

ISSN  2394 - 9954 

Where   X corresponds to the target ion, X indicates that the ion has  + 1 electrons. 

The subscripts i and f are for initial and final states. 

In order to explain such processes and derive atomic data of use for applications, we have to signify a system 
made of a nucleus of nuclear charge Z and 'many' electrons. The full description can be achieved by solving the 
time independent Schrodinger equation, 

 

Where H is the Hamiltonian,  is the eigenfunction linked to the eigen energy E. 

Here the atomic unit system in which e = m = ħ = 1. 

In order to be complete the Hamiltonian should account for all the interactions among the different particles 
present in the system. This includes the kinetic energy of the electrons, their potential energy generated by the 
nucleus, the repulsive interaction between electrons, the spin-orbit for each electron, the spin-spin, spin-other 
orbit and orbit-orbit interactions between electrons. In the case of a light element of low charge, we can use the 
non-relativistic Hamiltonian. 

II. THEORETICAL METHODOLOGY 
Even on the theoretical side several more methods are available to compute the cross sections over a wide range 
of atoms and molecules. For example, there is no explanation for Irect dissociate, total, single and double 
ionization cross section. This formula is also applicable to calculate partial, photo, integral ionization cross 
sections of atoms and molecules. 

The formula is useful for finding the rate coefficient of any atoms and molecules.semi-empirical formalism 
developed by Jain and Khare [10-13].This formula is also applicable to calculate partial, photo, integral 
ionization cross sections of atoms and molecules. The formula is useful for finding the rate coefficient of any 
atoms and molecules. This is a theoretical approach.In brief, the single differential cross sections in the 
complete solid angle ( = 4Π =   dsin2 ) as a function of secondary electron energy ε corresponding to the 
production of ith type of ion in the ionization of a molecule by incident electron of energy E is given by 
equation 1: 

    
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Where, W (=ε + Ii) is defined as energy loss suffered by the incident electron. 

Ii = the ionization threshold for the production of  ith type of ion, 

a0 = the Bohr radius, 

ε0 = energy parameter, 
Ci = collision parameter, 
Si = number of ionizable electrons, 
R = Rydberg constant and 

 = the scattering angle respectively. 
In the present formulation, the dipole oscillator strengths dfi /dw are the key parameters.  The oscillator strength 
is directly proportional to the photo ionization cross section [10-15]. Summation of PDDCS (Partial double 
differential cross section) over the system gives the total (DDCS) (Double differential cross section) 

 .,,),,(  WEQWEQ
i

i
t
i   

Here it is interesting to note that  ,,WEQi
 is isotropic and hence the material property of molecule, i.e., the 

oscillator strength must be isotropic in nature. Here ),,,( KWdfi
the differential generalized oscillator strength 

(DGOS) in the optical limit  0K  has been used. From Lassettre’s Theorem [8-9] the DGOS in the Bethe 
regime is reduced to the cosine distribution form of the linear optical oscillator strengths   ,/)0, dWWdfi

i.e. 
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       ,/0,cos14/1),,( 2 dWWdfPKWdf ii    
Where   is the asymmetric parameter and    1cos3

2
1cos 2

2  P   is the second order Legendre polynomial. In 

the present treatment,   is chosen as the probability of ionizing electrons in the ionization processes however, it 
depends on the ejected electron energy. The oscillator strengths are directly proportional to the photo ionization 
cross sections. 

Further integration of Equation (1) with respect to the scattering angle  (from 0 to 2) gives the PSDCS 
(Partial single differential cross section) 

  ,,,),(   dWEQWEQ ii   

Where differential solid angle dΩ is 2  

Similarly, SDCS (Single differential cross section) are given as 

   .,, 
i

i
T
i WEQWEQ

 
Further integration of PSDCS with respect to W from I to Wmax (= .E ) results in PICS (Partial integral cross 
section), i.e. 

    ., dWWEQEQ ii  
The present formulation requires the major input data of the photo ionization cross-sections in terms of the 
optical oscillator strengths. 

III. RESULTS AND DISCUSSION

 

In this paper the results of the absolute partial ionization cross section measurements for the organic compound 
are calculated from threshold to 350 eV by the use of modified Jain-Khare approach. Table 1 

The Total ionization cross sections along with the total ionization cross section are also summarized in Table 1. 

Table-1 
 

Total ionization cross-section values for inorganic atom Scandium. 

 
Energy (eV) TIC 

11 0.945833 
20 3.359094 
30 4.708091 
40 5.250914 
50 5.498426 
60 5.731677 
70 5.756662 
80 5.713267 
90 5.63688 

Energy (eV) TIC 
100 5.644043 
150 5.302907 
200 4.943341 
300 4.383427 
400 3.938518 
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500 3.566515 
600 3.254682 
700 2.992361 
800 2.769815 
1000 2.414292 
1100 2.270404 
1200 2.143688 
1300 2.031238 
1400 1.930669 
1500 1.840348 
1700 1.684551 
1800 1.616773 
1900 1.554641 
2000 1.497408 
2100 1.444664 
2150 1.419794 

 

Figure no.-01 
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ABSTRACT 
In the present investigation, we have determined here the mass attenuation coefficients (µm) of germanium oxide 
for 122 -1330 keV. Photons are measured using the radioactive sources Co57, Ba133, Cs137, Na22, Mn54 and Co60. 
In the current work to detect gamma rays NaI(Tl) scintillation detection system was used. The investigated 
attenuation coefficient values were then used to determine the important parameters i.e. total atomic cross 
sections (t) for germanium oxide. Graphically it is observed that the variations of µm, t with energy The values 
of µm, t, are higher at lower energies and they decrease sharply as energy increases. The XCOM data is used 
to calculate Theoretical values. We were observed that the Theoretical and experimental values are found to be 
in a good agreement (error < 3-4%). 

Keywords:  attenuation coefficient; total atomic cross sections 

INTRODUCTION 
The mass attenuation coefficient values of partial photon interaction processes such as photoelectric effect, 
Compton scattering, pair production and all these are available in the form of software package XCOM from 
Berger and Hubbell (1987) by substituting the chemical composition of compound or mixture the mass 
attenuation coefficient of the In recent years the study of photon atom interaction with different materials has 
becomes more importance because of extensive use of radioactive sources in different field like industrial, 
chemical and other field. The proper characterization is must require for scientific study of different interaction 
of radiation with matter and also the penetration ability and diffusion of gamma radiation in external medium is 
required. The nature of the material is also important factor because from many studies it is observed that the 
Mass attenuation coefficient (µm) usually depends upon the energy of radiations and nature of the target 
material. 

The Oxide covers a wide range of applications almost in every field. The study on the interaction of gamma 
rays with oxide materials are of great interest from theoretical and experimental point of view. It is found that 
the values of  mass attenuation coefficients, total atomic cross section of metal oxides in the energy range of 
122-1330 keV are studied. These studied values are compared with theoretical values calculated using XCOM 
program (Berger M.J. and Hubbell J.H., 1987,1999).are found to be good match between each other. Mass 
attenuation coefficient (µm) is a most important and measure factor of the average number of interactions 
between incident photons and substance that occur in a given mass per unit area thickness of the material under 
investigation (Hubbell, 1999). Because of their diverse applications in industrial, chemical, biological, medical, 
shielding, agricultural applications also in food technology, biosensor, photovoltaic cell and solar cells ultra 
sound are more recent applications. The useful parameters, like total atomic are critical parameters in applied 
field as well as fundamental science is obtained by using mass attenuation coefficient. The Shielding materials 
will be generated in the different energy range.  Hubble (1982) are published tables of mass attenuation 
coefficients and the mass energy absorption coefficients for 40 elements and 45 mixtures and compounds for 1 
keV to 20 MeV . Hubbell and Seltzer (1995) replaced these tables in form of tabulation for all elements having 
1 ≤ Z ≤ 92 and for 48 additional substances for dissymmetric interest. XCOM program converted to windows 
version is now called as Win XCOM  Gerward et al.(2001,2004). 

Oxides and biological material plays an important role. The knowledge of Interaction of photons with different 
substances (i.e. alloy, plastic, soil, role in radiation biology, nuclear technology, and space research as 
radioactive sources such as Co57 (122 keV), Ba133 (356 keV), Na22 (511 and 1275 keV), Cs137 (662 keV), Mn54 
(840 keV) and Co60 (1170 and 1330 keV) are more significant in biological studies, radiation sterilization, 
industry (Hall, 1978). Photons in the high energy range are vital for radiography and medical imaging, the giga-
electron-volt energy range are important in astrophysics and cosmology (Manohara et al. 2008).There have 
been several experimental and theoretical investigations for the determination of mass attenuation coefficient 
(µm) of different materials can be used to determine other related parameters like, total atomic cross (t) (El-
Kateb and Abdual-Hamid, 1991; Gowda et al., 2005; Manjunathaguru and Umesh, 2006; Pawar P.P. and 
Bichile sections (t), molar extinction coefficients (), electronic cross sections (e), effective atomic numbers 
G.K., 2013; Sandhu et al., 2002). 
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Many researcher are interested and attracted towards the study of mass attenuation and different values of 
complex molecules in the energy range 5-1500 keV as the photons in this energy range are widely used in 
medical and biological applications (Hubbell, 1999) via different methods (Murut Kurudirek, 2013, 2014a, 
2014b, 2014c, 2015; Midgley, 2004, 2005; Manohara and Hanagodimath, 2007; Demir et al., 2012; Murat 
Kurudirek and Tayfur Onaran, 2015; Danial Salehi et al., 2015). 

2. CALCULATION METHODS 
2.1 Mass attenuation coefficient 
The inverse exponential power law that in the present work we study some theoretical parameters of some oxide 
that have been used to determine the mass attenuation coefficient µm .  And other related parameters which are 
based on it. A parallel beam of the measured intensity I of the transmitted mono-energetic X-ray or -photons 
passing through matter is related to the incident intensity I0 is is usually referred to as Beer-Lambert law is 
given by the relation. 

XmeII  0             (1) 

Where, I0 and I are incident and transmitted photon intensities respectively, 

X is mass per unit area (g/cm2),  µm is mass attenuation coefficient (cm2/g) given by the following equation for a 
compound or mixture of elements (Jackson D. F. and Hawkes D.J., 1981; Hubbell and Seltzer, 1995). By using 
the Eq. (1) we obtain the following equations for linear attenuation coefficient; 

µ =1/t ln ( Io/I )            (2) 

The mass attenuation coefficient of the sample is measured by using the following equation: 

i
i

ii W )/()/(               (3) 

Where Wi is the weight fraction and (µ/)i  is the mass attenuation coefficient of the ith constituent element. 
Weight fraction is given by 

j
j

iiii AnAnW  /             (4) 

Where Aj is the atomic weight of ith element and ni is the number of formula units. 

2.2 Total atomic cross section 
Total attenuation cross section (t) is a fundamental parameter to describe the photon interaction with matter. 
The value of mass attenuation coefficient (µm) is used to determine Total atomic cross section (t) by using the 
following relation (Hubbell, 2006; Erzeneoğlu et al.,2006). 

)/ln( II
XN

A
o

A
t             (5) 

Where, A is molecular weight and NA is Avogadro’s number (6.02486×10^23). 

3.  EXPERIMENTAL DETAILS 
In the presented studies we measured incident and transmitted photon energies by using a narrow-beam good 
geometry set up. Fig. 1 shows the schematic view of experimental set up.  The six radioactive sources, Co57 (122 
keV), Ba133 (356 keV), Na22 (511 and 1275 keV), Cs137 (662 keV), Mn54 (840 keV) and Co60 (1170 and 1330 
keV) used in this investigation were obtained from Bhabha Atomic Research Centre, Mumbai, India. Gamma 
rays emitted by these radioactive sources were collimated and detected by a NaI(Tl) scintillation detector. The 
Signals from the detector (2''2'') NaI (Tl) crystal having energy resolution of 8.2% at 0.662 MeV gamma rays 
from the decay of Cs137 after suitable amplification were recorded in an EG&G ORTEC 13-bit plug-in-card 
coupled with a PC/AT. Stability and reproducibility of the arrangement were checked before and after each set 
of runs. In order to minimize the effects of small-angle scattering and multiple scattering events on the 
measured intensity, the transmitted intensity was measured by setting the channels at the full-width half-
maximum position of the photo-peak. 

Pellet shaped uniform thickness of chosen oxides such as Germanium oxide (GeO2) under investigation were 
confined in a cylindrical plastic container with diameter similar to that of the sample pellet. The diameters of the 
sample pellets were determined using a traveling microscope. The attenuation of photons in the empty 
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containers was negligible. Each sample pellet was weighted in a sensitive digital balance with an accuracy of 
0.001 mg several times to obtain the average value of the mass. The mass per unit area was determined in each 
case using the diameter of the pellet and mean value of the mass of the pellet. The sample thickness was 
selected in order to satisfy the following ideal condition as far as possible (Creagh D.C., 1987): 

.4)ln(2 
I
I o  

The Mass attenuation coefficients (/ρ) of Germanium oxides were determined from the measured values of 
incident photon intensity I0 (without sample) and transmitted photon intensity I (with sample) Eq. (2). The 
experiments were conducted in an air-conditioned room to avoid possible shifts of the photo-peaks. Room 
temperature of 24  1°C was maintained throughout the experimental period. Other sources of error, excluding 
multiple scattering and counting statistics, are small-angle scattering, sample impurity, nonuniformity of the 
sample, photo built-up effects, dead time of the counting instrument, and pulse pile effect which were evaluated 
and reduced. 

The maximum angle of scattering was maintained <30 min by properly adjusting the distance between the 
detector and source (30cm < d < 50 cm), as the contribution of coherent and incoherent scattering at such angles 
in the measured cross sections at intermediate energies is negligible (Hubbell, 1999). Hence, no small-angle 
scattering corrections were applied to the measured data. All the oxides samples used in this study were of high 
quality sigma Aldrich and of high purity (99.9 %) without high-Z impurities. Hence, sample impurity 
corrections were not applied to the measured data. 

In the presented investigation, uncertainty in the mass per unit area and the error due to nonuniformity of the 
sample are <0.05% for all energies of interest. Optimum values of count rate and counting time were chosen to 
reduce the effects of photon built-up and pulse piles. The photon built-up effect, which is a consequence of the 
multiple scattering inside the sample, depends on the atomic number and sample thickness, as well as the 
incident photon energy. A built-in provision for dead time correction was present in the MCA used during this 
investigation. 

4. RESULTS AND DISCUSSION 
In the current work, the values of the variation between experimental and theoretical values of μm (cm2/g) for 
germanium oxide (GeO2) studied at 122, 360, 511, 662, 840, 1170, 1275- and 1330-keV photon energies are 
shown in Table 1, and those for all oxide samples are plotted in Figure 2. It can be observed from the figure and 
table that m decreases with increasing photon energy. It is observed that he experimental values of m agree 
with the theoretical values calculated using the XCOM program. 

The total uncertainties in experimental values of the m depend on the uncertainties of I0 (without attenuation), I 
(after attenuation) measurements of mass thickness values, and counting statistics. The estimated total 
uncertainty in the measured experimental values of m was found to be in the range of 2-3%. The another 
important parameter, the measured total atomic cross section (t) of GeO2.oxides are studied and displayed in 
Tables 2 the typical plots show the variation of t versus E shown in Figure. It is observed that the behavior of 
t with photon energies is almost similar to that of m. 

5. CONCLUSION 
The present experimental study was carried out to obtain information on mass attenuation coefficient, μm and 
related parameters t for Germanium oxide samples. It has been found that μm is an extremely useful and 
sensitive physical quantity for the determination of these parameters for the chosen oxide samples. The total 
atomic cross sections of GeO2 with low and medium-Z elements are determined in the chosen energy range 
(122-1330 keV) which is emitted by the radioisotopes 60Co, 57Co, 133Ba, 54Mn, 22Na, and 137Cs.  For the 
interaction of photons with matter the values of that m depend on the physical and chemical environments of 
the samples. These values were found to decrease with increasing photon energies. From the study it is 
observed that the parameters t changed similar to that of  μm and it is clear that ε depends totally on the number 
and nature of atoms. In the present work, it has been observed that the data on mass attenuation coefficient (μm) 
and other parameters are very useful in industrial, biological, medical, shielding and other technological 
applications, solar cell and recently in sensors field. The measured data were compared against Win-XCOM- 
based data the agreement within 4%. 
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FIGURE CAPTIONS 
Fig.  1 Narrow-beam good geometry set-up. 

Fig. 2 Plot of m versus photon energy for Germanium (GeO2) oxide. 

Fig. 4 Plots of σt versus photon energy for Germanium (GeO2) oxide. 

 
Fig-1: Narrow beam good geometry set up. 
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Fig-2: Typical plot of μm versus energy for oxides. 

 
Fig-4:  Typical plot of t versus energy for GeO2. 

Table-1:  Mass attenuation coefficient of ( μm) and (t) of Germanium oxide. 
Energy μm t 

Kev Expt. Theo. Expt. Theo. 
122 0.292 0.296 50.72 51.42 
356 0.103 0.101 17.89 17.37 
511 0.086 0.083 14.93 14.41 
662 0.071 0.073 12.33 12.68 
840 0.066 0.064 11.46 11.11 

1170 0.061 0.062 10.42 10.77 
1275 0.057 0.054 09.96 09.38 
1330 0.048 0.045 08.33 07.81 
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ABSTRACT 
Thin films of cadmium sulfide with varying thicknesses have been deposited on glass substrate from aqueous 
solutions of cadmium sulfate and thiourea, using ammonia solution and TEA as complexing agent. The films 
have average thickness between 132nm to 272nm which are uniform and adherent. The structural and 
morphological properties have been studied by X-ray diffractometer (XRD) and scanning electron micrograph 
(SEM). All the films have cubic structure. The optical constants such as absorption co-efficient (α), refractive 
index (n), extinction co-efficient (k), real and imaginary dielectric constants and optical conductivity (σ) were 
computed using the absorbance and transmission measurement from Perklin-Elmer UV-VIS lambda-35 
spectrophotometer at normal incidence of light in the wavelength range 200-1000nm. The films have high 
absorbance of greater than 85% in the UV region were as the average transmission in VIS-NIR region is 
greater than 75%. The average refractive index is between 1.8 and 2.5 while the average extinction co-efficient 
is between 0.047 and 0.089. The band gap obtained is in the range of 2.34 eV to 2.51 eV. 

Keywords:  Chemical bath deposition, optical study, protective coating, thin films. 

1. INTRODUCTION 
Materials like sulfides, selenides and tellurides are of great importance due to wide range of technological 
applications for successful fabrications of low cost, high efficiency thin film solar cells[1-3], photodetectors, 
laser diodes[4] etc. Cadmium sulfide (CdS) thin films are one of the most promising materials for 
heterojunction thin film solar cells. Wide bandgap CdS (Eg = 2.42eV) has been used extensively as a window 
layer with Cu2S/CdTe/CuInSe2 with efficiency 14-16%. Keeping these aspects in view, more attention is being 
given in producing good quality CdS thin films for comprehensive optical studies and their various applications 
[5]. 

Spray pyrolysis, sputtering, electro deposition, vacuum evaporation, chemical vapour deposition and chemical 
bath deposition (CBD) are widely used techniques for deposition of thin films. Particularly CBD is attractive as 
a low cost and simple compared with other new and sophisticated methods. Also it is a controllable chemical 
reaction at close to room temperature. Another advantage of the CBD method with respect to the other 
techniques is that films can be deposited on different kinds, shapes and sizes of substrates [6-8,9]. 

In this work, good quality CdS thin films were prepared and their structural, morphological and optical 
characterization was reported, which is very important in many scientific, technological and industrial 
applications in the field of optoelectronic devices, especially solar cells. 

2. EXPERIMENTAL DETAILS 
All chemicals used in the experiments were of the highest purity grade available. Solution of 0.001M cadmium 
sulfate and an equal volume of 0.01M thiourea were prepared in double distilled water. pH was adjusted by 
adding ammonia solution slowly in the prepared solution. The solution was stirred and transferred to another 
container containing substrate. The resulting solution was kept at 70±2ºC for different deposition time. The 
substrate used is glass slide. Cleaning of substrate is important in deposition of thin films, cleaning steps and 
growth procedure is reported elsewhere [5,10-11]. The crystallographic structure of films was analyzed with a 
diffractometer (EXPERT-PRO) by using Cu-Kα lines (λ= 1.542Å).The average grain size in the deposited films 
was obtained from a Debye-Scherrer’s formula. Surface morphology was examined by JEOL model JSM-6400 
scanning electron microscope (SEM). Optical properties were measured at room temperature by using Perklin-
Elmer UV-VIS lambda-35 spectrometer in the wavelength range 200-1000nm. 
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3. RESULTS AND DISCUSSION 
1. Influence of deposition time on Film thickness 

 
Fig-1: Variation in film thickness with deposition time for CdS film 

Fig.1 shows the variation in film thickness with deposition time for the as-deposited CdS thin film. The plot 
shows that the thickness of film increases with deposition time. Here, the deposition process clearly shows two 
different growth phases: quasi linear phase and saturation phase. At the initial stage of deposition process the 
thickness increases; it may be due to the high concentration of Cd2+ and S2- ions available in the solution. As the 
time goes, more and more CdS is formed on the substrate and the solution becomes deficient in ions, giving 
lower rate of deposition and film attains terminal thickness. These results are in good agreement with the results 
observed by many researchers [12-14]. 

The deposition time is optimized by measuring the thickness of the deposited film for each 10 minutes during 
the process. It is observed that the film thickness increases up to the time 60-70 minutes; called the quasi linear 
phase, then the thickness remains nearly constant, known as saturation phase. The average growth rate obtained 
is 3.24nm/min. 

2. Structural and Morphological Properties 

 
Fig-2: XRD pattern of CdS films for thicknesses 178nm and 272nm. 

Fig. 2 shows the XRD pattern of CdS films for different film thicknesses. The CdS film shows two dominant 
crystalline peaks (200) and (311). A comparison of the peak position (2θ values) of the JCPDS XRD spectra 
data for CdS suggests that the as-deposited CdS films have the cubic structure with the X-ray diffraction peaks 
corresponding to (200) and (311) peaks. 

The average grain size (g) has been obtained from the XRD patterns using Debye-Scherrer’s formula [15-16], 

g = Kλ / β cosθ                                   … (1) 
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Where, 

K = constant taken to be 0.94; λ = wavelength of x-ray used (1.542Å) 

β = FWHM of the peak  and  θ = Bragg’s angle 

The grain size obtained from SEM matches with the grain size obtained by XRD. 

3. Optical and solid state Properties 
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Fig-3: Optical transmission spectra of CdS thin films for varying thicknesses 
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Fig-4: Optical reflection spectra of CdS thin films for varying thicknesses 

Fig. 3 shows the optical transmission spectra of CdS thin films for different thicknesses. All the films show 
more than 75% transmittance towards VIS-NIR region, and poor transmittance (<10%) in UV region. However 
all the films show high reflectance (~14%) in the VIS-NIR region as shown in Fig. 4. The sharp rise in 
transmittance near 500nm is an identification of good crystallinity of the films. The poor transmittance in UV 
region made the films suitable for protective coatings from UV radiations. The film is sensitive in the range 
400nm-700nm and peaked near 500nm (photopic vision). This made a good material for solar cell fabrication. 

Also it is observed that with the increase in film thickness the transmittance edge shifts towards the longer 
wavelengths. Similar behaviors in the optical spectra of CdS films prepared by other technique have been 
reported elsewhere [17-18]. 

From the transmission data, the absorption co-efficient α was calculated using Lamberts law [16], 

ln (I0/It) = 2.303 log 1/T = α d                  …(2) 

Where, I0 and It  are the intensity of incident and transmitted light respectively. T the optical transmission and d 
the film thickness. The absorption co-efficient α was found to follow the relation [17], 

αhν = A (hν-Eg)½                                        …(3) 

The band gap Eg was determined from each film by plotting (αhν)2 versus hν and then extrapolating the straight 
line portion to the energy axis at α =0. The band gap energy Eg obtained for each thickness is different. For 
higher film thickness the band gap is 2.34eV and for lower it is 2.51eV. The band gap of other films is 
intermediate (Fig. 5). 
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Fig-5: Plot of (αhν)2 vs hν for all CdS thin films. 

Table 1 shows the variation in optical properties with the film thickness and Table 2 shows the variation in solid 
state properties with the film thickness prepared at 70±2°C respectively. 

Table-1: Optical properties and thickness of CdS thin films prepared at 70±2°C 

Sample Film thickness 
t (nm) 

Maximum 
n 

Maximum 
k 

Maximum 
σ x1013 

S-1 
X1 132 2.23 0.25 22.23 
X4 178 2.26 0.34 35.71 
X5 214 2.47 0.24 32.20 
X8 272 2.49 0.16 16.10 

Table-2: Solid state properties and thickness of CdS thin films prepared at 70±2°C 

Sample Film thickness 
t (nm) 

Maximum 
εr 

Maximum 
εi 

Energy bandgap 
Eg (eV) 

X1 132 4.93 1.04 2.51 
X4 178 5.02 1.39 2.50 
X5 214 6.05 1.09 2.48 
X8 272 6.18 0.67 2.34 

4. CONCLUSIONS 
Good quality, nanocrystalline CdS thin films with varying thicknesses and energy band gaps between 2.34 and 
2.51eV have been grown successfully by CBD technique. The films have been characterized using optical 
measurements as T-R-A spectra, optical band gap energy as well as thickness, structure, surface morphology. 
The high absorbance in UV region of the films made them good materials for large area selective coatings for 
photo thermal conversion of solar energy and as a solar absorber for solar cells. Due to poor transmission in the 
same region, the films could be effective as coatings for protection from UV radiations. 
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ABSTRACT 
In present investigation pure and Bis Thiourea Nickel Nitrate doped KDP crystals were grown by slow solution 
evaporation method at room temperature. The incorporation of Bis Thiourea Nickel Nitrate in KDP has been 
qualitatively analyzed by Fourier transform infrared analysis. The second harmonic generation (SHG) 
efficiency of doped KDP crystal was tested by Kurtz-Perry powder technique and was found to be 1.65 times 
that of KDP material. The optical transparency of the grown crystal was examined in the range of 200-900 nm 
using UV-visible studies. The transmittance data was used to determine the optical conductivity, refractive 
index and extinction coefficient of grown crystal for possible nonlinear optical (NLO) applications. 

Keywords: 1 Slow evaporation method, 2 Nonlinear optical, 3 Optical studies, SHG efficiency. 

1. INTRODUCTION 
The Nonlinear optical (NLO) crystals have wide applications in the field of optical storage communications and 
optical computing system. Also, NLO materials exhibits excellent electro optical and non-linear optical 
properties, is used in several applications as the frequency conversion and electro-optical modulation [1-2]. The 
Potassium dihydrogen phosphate (KDP) is reference system for nonlinear optic device applications. The 
attempts have been made to uplift the properties of KDP crystal either by doping various impurities or by 
growing crystal using specific crystal growth technique [3-4]. Thiourea molecules play an important role in the 
growth of nonlinear optical crystals. The thiourea molecule is an interesting inorganic matrix modifier due to its 
large dipole moment and ability to form extensive network hydrogen bonds. The metal complexes have high 
optical nonlinearity excellent transmittance in UV Visible region, good thermal and mechanical stability, so 
attracted by many researchers [5-6]. 

In literature, there is least work on thiourea metal complex mixed KDP crystals, P. Kumaresan et al have 
reported the effect of copper thiourea complex on KDP in view of structural, optical and thermal behavior [7], 
hence in the present investigation; the attention is focused on the influence of thiourea metal complex, Thiourea 
Nickel Nitrate (TNN) on optical, spectral properties of KDP for its improved NLO applications. 

2. EXPERIMENTAL PROCEDURE 
Thiourea and Nickel Nitrate were dissolved in the deionized water in the molar ratio 2:1and solution is well 
stirred. After six hours the prepared mixture was filtered by no.1 whatman filter paper and kept for evaporation 
[8]. The purity of BTNN salt was achieved by successive recrystallization method. The high purity KDP salt 
was dissolved in double distilled deionized water until the supersaturation was achieved. The measured quantity 
of 0.1 mole% BTNN was slowly added to the supersaturated solution of KDP. The solution was allowed to 
agitate for 6 hrs on magnetic stirrer to acquire the homogeneous doping. This doped solution was filtered and 
kept for slow evaporation at room temperature. The well phased, good quality transparent seeds were harvested 
within 12-14 days. The photograph of 0.1 mole% BTNN doped KDP crystal of dimension 15×6×3 mm3 is 
shown in Fig. 1. 

                        Fig-1: 0.1BTNN doped KDP crystal   Fig-2: FT-IR spectrum of doped KDP crystal 
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3. RESULT AND DISCUSSION 
3.1 FT-IR analysis 
The FT-IR spectra of 0.1BTNN doped KDP solid crystal was recorded using Bruker a-ATR instrument in the 
range 500-4000 cm-1 to confirm the incorporation of BTNN. The recorded absorbance FT-IR spectrum of grown 
crystal is depicted in Fig. 2. The absorption bands between 2750-3860 cm-1 represents the Symmetric and 
asymmetric stretching of NH2 molecule. Free O-H stretching hydrogen bonded of KDP was observed at peak 
3738 cm-1. The band observed at 3380cm-1 represents N-H Hydrogen bonded stretching. The peak 2359 cm-1 

was assigned to P-O-H bending of KDP. The absorption band at 1623cm-1was observed due to O=P–OH 
stretching of KDP. The peak at 1519 cm-1 in the spectra is assigned to C-N stretching. Absorption band at 1410 
cm-1 is in the spectra due to N-H Stretching. The P-O-H stretching of KDP in the spectra was observed due to 
939 cm-1. The absorption at 1015 cm-1 can be assigned to C-N stretching. The peak at 827 cm-1 in the spectra is 
attributed to C=S stretching [8-9]. 

              Fig-3: Plot of SHG output intensity vs.  Fig-4: Transmittance vs. wavelength 

 
3.2 Kurtz-Perry powder test 
The effective frequency doubling behavior of the 0.1BTNN doped KDP crystal was determined by Kurtz-Perry 
powder SHG test [10]. The incident Q-switched Nd:YAG laser used of wavelength 1064 nm with repetition rate 
10 Hz and pulse duration 6 ns delivering the input energy of 5.4�J/pulse. The KDP and doped KDP crystals 
were finely grounded to micro granules of uniform size and the individual sample was multishot by a polarized 
gaussian beam of Nd:YAG laser. The output signals were collimated through the array of photomultiplier tube 
to record the output SHG intensity of the sample. The emission of sharp green light from the crystalline powder 
confirmed the second order NLO behavior of doped crystal and the output SHG intensities are plotted in Fig.3. 
The enhanced SHG efficiency of doped crystal is found to be 1.65 times that of KDP material. 

         Fig-5: Optical conductivity vs. Photon energy Fig-6 (a) Refractive Index vs. wavelength 
                                                                                  (b) Extinction Coefficient vs. wavelength 

 
3.3 UV-Visible Studies 
The pure and BTNN doped KDP single crystals of 1 mm thickness were subjected to UV-visible study using the 
Shimadzu UV-2450 spectrophotometer to assess the optical transparency within the range of 200 to 900 nm. 
The recorded transmittance spectrum (Fig. 4) reveals that transmittance of BTNN doped KDP crystal is up to 
81% in entire visible region. It is observed that the transmittance of BTNN doped KDP crystal sharply falls near 
200 nm which is expressed due to strong n to π* transition associated with nitro chromophore of BTNN [11]. 
The optical conductivity is a measure of frequency response of the material when irradiated with light. The 
optical conductivity is calculated by using formula n C/The plot between optical conductivity against 



 International Journal of Research in Science and Technology   
Volume 6, Issue 1 : January - March, 2019 
 

28 

ISSN  2394 - 9954 

photon energy was depicted in Fig. 5. The refractive index is determined by using formula n = [1/T + (1/T - 1)], 
where T is Transmittance. The extinction coefficient was calculated by using the equation, K = λα/2π. The 
variation of extinction coefficient (K) helps to evaluate the loss of electromagnetic energy in visible region. The 
plots refractive index and extinction coefficient vs. wavelength is as shown in Fig. 6(a) and (b) respectively. 
The improved optical transparency, high optical conductivity of the grown crystal causes to enhance the SHG 
efficiency which is found to be 1.65 times KDP [12]. This suggest that 0.1 BTNN doped KDP crystal suggests 
its prominence for NLO applications [13]. 

CONCLUSIONS 
The 0.1BTNN doped KDP crystal was grown successfully by slow evaporation solution technique at room 
temperature. The FTIR analysis established the incorporation of Bis thiourea nickel nitrate in KDP crystal. The 
NLO studies confirmed the superior non-linear behavior of doped crystal than KDP crystal. The SHG efficiency 
of doped crystal is higher by 1.65 times that of KDP crystal. The UV-Visible study reveals that optical 
parameters of the grown crystal are improved in the entire visible region suggest its suitability in NLO 
applications. 
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ABSTRACT 
Barium hexaferrite (BaFe12O19) nanoparticles were prepared by sol-gel auto combustion method.Analytical 
grade chemicals were used for the synthesis of BaFe12O19 hexaferrite nanoparticles. The magnetic and 
electrical properties were investigated. The magnetic behaviour of the samples was studied using vibrating 
sample magnetometer technique. The magnetic properties such as saturation magnetization, remanence, and 
coercive field of samples were calculated based on magnetization curves. The M-H curves recorded at room 
temperature exhibits a typical hysteresis loop indicating the ferromagnetic nature of the prepared samples. The 
DC electrical resistivity studies of the prepared samples were carried out in the temperature range of 300–873 
K using a standard two-probe method. The DC resistivity decreases with increase in temperature, which 
indicates the semiconducting nature 

Keyword: Nanoparticles, VSM, ferrite. 

1. INTRODUCTION 
Permanent magnetic materials have acquired great scientific, as well as industrial and technological interest due 
to their crucial role in the fabrication of essential components for a multitude of devices and  machine in active 
use nowadays [1]. The search for new magnetic materials for high performance magnet applications has led to 
an exponential growth in both the scientific research in this field, and the investment in the development of such 
materials.  The discovery of M-type hexagonal ferrites (MFe12O19, where M = Ba, Sr, Pb) in early 1950s can be 
considered one of the most important discoveries in the field of materials development, functionalization, and 
commercialization during the past few decades [2]. Among the several types of ferrites, BaFe12O19 is a hard 
ferrite with a hexagonal magneto-plumbite structure belonging to space group P63/mmc. It is important material 
due to its high Saturation Magnetization (MS), High Coercivity (HC) and High magnetic anisotropy [3]. -type 
Strontium and  Barium hexaferrite  continuing its dominance in permanent magnet market due to its high 
saturation magnetization (Ms), moderate  Coercivity (Hc) and high magneto crystalline anisotropic field [4]. 
The characteristic magnetic properties of M-type ferrite lie in its hexagonal crystal structure, where 24 Fe3+ ions 
are distributed among five different crystallographic sites. There are some methods, offering to produce 
nanocrystalline materials barium hexaferrite like mechanical alloying [5], sol-gel [6], and hydrothermal method 
[7], solution combustion. Among them sol gel auto combustion method was used to prepared Barium 
hexaferrite nanoparticles. The aim of the present paper is to synthesis and understands structural and electrical 
properties. 

2. EXPERIMENTAL DETAILS 
2.1 Synthesis and Characterization 
Analytical grade chemicals like barium nitrate Ba(NO3)2, Ferric nitrate Fe(NO3)3.9H2O and citric acid 
(C6H8O7.H2O) as a fuel were used as starting materials. The metal nitrate to citric acid ratio was taken as 1:3. 
The pH value was adjusted to 7 by adding the ammonia solution drop by drop. Then the solution was heated on 
hot plate at 200o C with constant stirring until gel was formed. Instantaneously gel ignites with the formation of 
large amount of gas, resulting in to light weight voluminous powder. The resulting precursor powder was 
calcined at 9500C for 8 hrs to obtain pure BaFe12O19 hexaferrite powder. The prepared nanoparticles were used 
for further characterization. The magnetic measurements were recorded at room temperature using vibrating 
sample magnetometer. In order to measure DC electrical resistivity was measured by two probe technique as a 
function of temperature. 

3. RESULTS AND DISCUSSION 
3.1. Magnetic properties 
The magnetization (M) versus applied magnetic field (H) that is M-H plots of the samples is shown in Fig. 1. 
The plot indicates the normal hysteresis loop and was used to evaluate the values of saturation magnetization 
(Ms), remenance magnetization (Mr) and Coercivity (Hc).  All the obtained magnetic parameter from M-H loop 
is in reported range [8] .  The magnetization behavior is similar to that of hard magnetic materials. The 
saturation magnetization at 9 kOe field is 1.6 emu/gm and coercivity is found to be 3 kOe. 
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Fig-1: M-H loop of Barium ferrite nanoparticles 

3.2 DC resistivity Measurement 
The DC electrical resistivity measurements was  measured using two probe method within the temperature 
range of 300–923 K. Fig.2 shows the It is clear from Fig. 2 that the resistivity plot exhibit semiconducting 
behaviour and obeys Arrhenius relation [9]. 

)exp(0 Tk
E

B

a   

where, ρ0 is the pre-exponential factor, Ea is the activation energy, kb is the Boltzmann constant and T is the 
temperature.  From the analysis of Dc resistivity plot, it is observed that a resistivity plot is divided into two 
regions high temperature (paramagnetic region) and low temperature (ferromagnetic region) [9]. 

It was found that the activation energy in paramagnetic region is greater than that of ferromagnetic region. It 
was found that the DC electrical resistivity decreases as temperature increases, which indicates the 
semiconducting nature. The conduction mechanism operating at these two levels can be explained on the basis 
of electron hopping between Fe2+ and Fe3+ at octahedral sites [10]. 

 
Fig-2: Variation of DC electrical resistivity with reciprocal of temperature og Barium hexaferrite nanoparticles 

4. CONCLUSIONS 
The nanocrystalline BaFe12O19 hexaferrite was successfully synthesized by sol-gel auto combustion synthesis 
technique.  The M-H curves recorded at room temperature exhibits a typical hysteresis loop indicating the 
ferromagnetic nature of the prepared samples. All the magnetic parameters viz. saturation magnetization (Ms), 
remanence magnetization (Mr) and coercivity (Hc) are in reported range. DC electrical resistivity decreases 
with increase in temperature obeying Arrhenius relation. 
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ABSTRACT 
The ferrite composition [Ni 0.25-x Mg x   Cu.2 Zn0.55] Fe2O4 with values x= 0.00, 0.05, 0.1, 0.15, 0.2, 0.25 were 
synthesized by auto combustion method. XRD analysis of prepared ferrite powder shows the cubic spinal 
structure. The resultant powder were calcined at 650 0

C / 2hr and the pressed ferrite were sintered at 950 0c / 
4hr. The initial permeability  were measured with frequency range 100Hz to 5MHz.  High permeability in the 
composition x=0.15 was due to better densification and lower magnitostriction constant. There is no noticible 
change in the lattice parameter. 

INTRODUCTION 
Present day  information technology  plays important role in human life.  The electromagnetic components are 
more  demanded having very small size, low prize and high efficiency. The ferrites are used in various field like 
surface mounting technology  component which is widely used in electronic things such as digital camera, 
Cellular phone and computer. NiCuZn ferrite is material for M.L.C.I. due to its better magnetic properties at 
perticuler higher frequency  The Mg -Cu-Zn ferrite is  magnetic material for wide applications for 
environmental stability.  The initial permeability is high at low magnitostriction constant  The magnitostriction 
constant of Mg- Cu-Zn is lower than Ni-Cu-Zn [1-6]. Here expectation is that by adding the Mg, the Mg-Cu-Zn 
ferrite is to be prepared. 

3. EXPERIMENTAL. 
The analytical grade magnesium nitrate [Mg [N03]2.6H2O], zinc nitrate [Zn [NO3]2.6H2O], copper nitrate [Cu 
[NO3]2.6H2O], iron nitrate [Fe [NO3]2.9H2O] and citric acid [C6H8O7H2O] were used to prepare [Ni 0.25-x Mg 0.20 
Cu 0.20 Zn 0.55] Fe2O4 with x=0.0, 0.05, 0.1 0.15, 0.2, 0.25  by autocombusion method. The metallic nitrates and 
citric acid were dissolved in de-ionized water and mixed in 1:3 m ratio of nitrate to citric acid. The solution was 
heated to transfer it in to gel. Then the dried gel burnt in self propagating combustion manner until all gel was 
completely burns out to form fully loose powder.  The burnt precursor powder was calcined at 650 0C / 2hr. The 
calcined powder was granulated by using PVA as binder. It is uniaxially pressed at 1.5 to 2 ton / cm2 to form 
pellet and toroidal specimen. These specimens were sintered at 950 0C / 4hr. In air atmosphere the sintered 
ferrites were characterized  with respect to phase identification, crystallite size, and lattice parameter determined 
using X-ray diffraction with CuKα   radiation [ λ  =1.5406Å].   Bulk density was measured by using formula, dx 
= ZM/Na3. For obtaining the value of permeability, the inductance was measured with L-C-Q-R meter 

Table-1: Various parameters for [N i 0.25-x Mg x Cu 0.20 Zn 0.55] Fe2O4 ferrite. 
Sr. No. Content x Mg Bulk density gm/cm3 Permeability (µ) 

01 0.00 5.17 429 

02 0.05 5.55 290 

03 0.1 6.12 372 

04 0.15 6.99 1177 

05 0.2 6.48 305 

06 0.25 6.66 118 

RESULT AND DISCUSSION 
In the present work bulk density increases with Mg addition. The lower bulk density of Ni-Cu-Zn at x=0 is due 
to the absences of Mg in the composition. 

The permeability is large at x=0.15 composition of Mg-Cu-Zn ferrite. It is primarily attributed to increase in 
bulk density. It is seen that the ferrites with large bulk density, posses’ higher permeability. The high initial 
permeability was observed at composition x = 0.15 [7] 

The permeability can be calculated by using inductance and following formula. 

µi  =  L / 0.0046 N2.h .log 10 [d2/d1] where, L-Inductance in micro hennery.   d1-inner diameter, d2-outer 
diameter of toroid, h-height in inches. 
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Fig-2: Permeability v/s Mg content. Of Ni 0.25-x Mg x Cu 0.20 Zn 0.55] Fe2O4. ferrite 

However the initial permeability of composition, x=0 is lower than the composition x=0.15.this may be 
attributed due to lower grain size and absence of Mg in composition. 

In [Ni 0.25-x Mg x.Cu 0.2.Zn 0.55] Fe2o4 the permeability is stable in frequency range 

100Hz to1Mhz.its dispersion occur above 1 MHz. 

 
Fig-3: Plot of frequency dependency of permeability of Ni 0.25-x Mg x Cu 0.20 Zn 0.55] Fe2O4 ferrite. 

4. CONCLUSIONS 
The experimental results given above indicate that the Mg addition in Ni-Cu-Zn ferrite has significant role in 
improvement of  magnetic properties. .  With increasing Mg content, the initial permeability increases  up to 
x=0.15  The bulk density are increased with Mg addition. The obtained results provide important information 
for improving significant properties of Ni-Cu-Zn ferrite. 
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ABSTRACT 
Nickel ferrite nanoparticles are synthesized by using sol gel auto combustion method. The sol gel method is 
excellent, inexpensive and low temperature synthesis technique for formation of nickel ferrite nanoparticles. 
Ammonia plays an important role for adjusting pH neautral. Temperature provided lies in between 800C-
900C.The prepared nickel ferrite nanoparticles are characterized by X-ray diffraction technique (XRD), 
vibrating sample magnetometer (VSM) and Fourier transform infrared spectroscopy (FTIR). By using XRD 
technique synthesized nickel ferrite nanoparticles having spinal structure and crystallite size is 44nm for more 
intense peak. VSM technique used for finding saturation magnetization, coercivity, retaintivity with the help of 
hysteresis graph having values 32.856emu/g, 200.59G, 8.5136emu/g. Fourier transform infrared spectrometer 
confirms the streching frequencies of corresponding bonds. 

Keywords: Ferrite XRD, VSM, FTIR. 

1. INTRODUCTION 
Last few years researches has interest to form magnetic nanoparticles because of its applications in high density 
recording, colour imaging, ferrofluids, high frequency devices, magnetic refrigerators(1). Ferrites are a ceramic 
compound consists of a mixture of iron oxide and one or more other metals which shows ferromagnetic 
properties. To synthesized nanosized ferrites have attracted attention because of its applications. Ferrite has 
general formula Mfe2o4 where M represents metallic cations like Fe, Mn, Ni, Co, Zn, Cu, Al or a mixture of 
these(2). Ferrites are synthesized by using different techniques like hydrothermal method(3-4), citrate 
precursor(5), freeze drying(6),sol-gel method(4), Spray drying(7). 

The sol-gel technique is excellent, inexpensive and low temperature to form powder (solid) nanoparticles. The 
inverse spinal nickel ferrites shows interesting magnetic properties in nanocrystalline form compaired with 
those of the micrometer size grains (8). The crystal structure is FCC with unit cell contains 32 O2-, 8Ni 2+ and 
16Fe3+ ions. 

In present work, sol-gel auto-combustion method is used for synthesis of NiFe2O4 nanoparticles by using metal 
nitrates, citric acids and ammonia. The prepared samples are characterized by different techniques likes XRD, 
VSM, FTIR. 

2. MATERIALS AND METHODS 
2.1. Materials 
All the reagents are of analytical grade and are used as received without further purification. Nickel nitrate 
[Ni(NO3)2.6H2O], magnesium nitrate [Mg(NO3)2·6H2O],ferric nitrate [Fe(NO3)3·9H2O], Citric acid and 
Ammonia. 

2.2. Methods 
The 1M ferric nitrate, 1M nickel nitrate and 1M citric acids are prepared in separate beakers. The molar ratio of 
nitrate to citric acid is 1:1. Firstly added two nitrates and stirred for 5 minutes get homogeneous solution. After 
that add citric acid and again stirred. By using ammonia pH should be adjusted. Then prepared solution is 
heated so that is converted into sol. Continuous heating and stirring it transform into a xerogel. When ignited 
points observed the dried gel burnt by self combustion manner to form powder. The experimental details give 
with the help of flow chart in fig. 1. 
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Fig-1: Flow chart of Synthesis of Nickel ferrite nanoparticles 

3. RESULTS AND DISCUSSION 
3.1. XRD 
Nickel ferrite nanoparticles synthesized by sol-gel auto combustion method is characterized by  X-ray 
diffraction pattern is as shown in fig.1. The mean crystallite size of the sample were estimated from most 
intense peak using sherrer’s formula 

D=0.9λ/ (βcosθ) 

Where  λ is wavelength of X-ray. 

From XRD graph analysis, calculate crystallite size full width half maxima and hkl plane. These XRD data 
agrees well with the standard JCPDS values with ref.code [01-074-2081]. 

 
Fig-2: XRD pattern of Nickel ferrite nanoparticles by sol-gel auto combustion method. 
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2θ FWHM d-Spacing[Ao] hkl Crystallite size(nm) 
30.3080 0.1574 2.9490 220 54.64 
35.7079 0.1968 2.5145 311 44.31 
37.2923 0.2362 2.4112 222 37.09 
43.3657 0.2362 2.0866 400 37.82 
53.8783 0.4723 1.7016 422 19.72 
57.3828 0.3149 1.6058 511 30.05 
62.9778 0.3360 1.4747 440 28.97 

Table-1: XRD analysis 

3.2. VSM 
Magnetic measurements were carried out using a vibrating sample magnetometer. Fig. 2 shows the hysteresis 
loops of nickel ferrite nanoparticles. The saturation magnetization (Ms),  remanent magnetization (Mr) and 
coercivity (Hc) are summarized in table 2. 

 
Fig-3: Hysteresis graph of Nickel ferrite magnetic nanoparticles. 

Sample Ms(emu/g) Mr(emu/g) Hc(G) 
Nickel Ferrite 32.856 8.5136 200.59 

Table-2: Values of Saturation magnetization, retentivity, coercivity. 

3.3. FTIR 
FTIR means Fourier transform infrared spectrometer. FTIR spectral analysis helps to confirm the formation of 
spinal structure of nickel ferrite nanoparticles. The wave number range from 600-3800 cm-1. The one is 
observed in 650cm-1 is caused by the stretching vibrations of the tetrahedral metal oxygen bond. The bond near 
1400cm-1 is due to antisymmetric NO starching vibrations arising from the nitrate group. This band is very 
weak in sol-gel derived sample which indicates the purity of nickel ferrite nanoparticles synthesized by sol gel 
method. 
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4. CONCLUSION 
Sol –gel auto combustion method is used for synthesis of nickel ferrite nanoparticles. This method produce 
single phase cubic nickel ferrite nanoparticles. Nickel ferrite nanoparticles having crystallite size varies from 
19-55nm and having ferromagnetic nature. The nickel ferrite nanoparticles also exhibits hysteresis having 
saturation magnetization 32.856(emu/g), retentivity 8.5136(emu/g) and coercivity 200.59(G). FTIR confirms 
the stretching vibrations of metal oxygen bond and NO stretching vibrations. 
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A BRIEF REVIEW OF STUDIES OF SUBSTITUTED ABO3 TYPE COMPOUNDS 

R. J. Topare 
Yogeshwari Mahavidyalaya, Ambajogai 

ABSTRACT 
The effect of substitution in the various ABO3 type compounds by various researchers have been discussed. The 
substitution at both sites is studied by these researchers and they have got interesting results. These results are 
briefly illustrated in this article. 

Keywords: BT & BIT compounds, BFO and PLZMST ceramics. 

INTRODUCTION 
Out of the various ABO3 type materials, BaTiO3 is the most widely used ferroelectric material.  Over the 
yearsBaTiO3 has been used in a wide variety of applications in various forms of crystal, bulk ceramics, 
multilayers and thin films. The ability to be used in so many different applications is a consequence of the 
complex coupling and the various interactions associated with ferroelectric phenomenon. The environment 
friendly lead free perovskite structured BaTiO3based materials are one among low dielectric loss 
materialswhich have wide range of applications in the field of wireless communication and microwave devices 
[1-3]. 
Bismuth Sodium Titanate abbreviated as BNT is one of the important ferroelectrics with perovskite structure 
[4]. Moreover it is an A site substituted distorted perovskitecompound which is a rarer than the B site one. 
Although most investigations have been concentrated on the modification of BNT for applications such as 
piezoelectric and pyroelectric devices,this material is supposed to be the good candidate for high temperature 
relaxor. 
This paper takes a review of the properties of these materials after substitution of different elements at different 
sites. 
BT AND BIT COMPOUNDS 
In recent years, modified Bismuth Titanate (BIT) structured materials have extensively been studied as a 
suitable candidate for non-volatile ferroelectric random access memory capacitors, lead free piezoelectric 
applications, electro-optic switching behaviour, optical displays because of its high Curie temperature and many 
more applications [5-8]. The BaTiO3 (BT) is an insulator at room temperature major changes in its behaviour 
can be obtained by substitution studies it is an established fact adding fraction of a percent of acceptor 
impurities greatly increases the resistance near TC[9] . A positive temperature coefficient of resistance (PTCR) 
is usually observed in BT ceramics doped with donor impurities such as covalent ions at A andB sites of 
perovskite compound.Maria Teresa Buscaglia et al [10] have reported atomistic stimulation of incorporation of 
the first series of transition metals and lanthanide series ions in BT compound.Due to transition element ions 
such as Mn, Fe, Cr etc, the PTCR effect is also observed insamples doped with donor impurities [11]. The need 
to compensate the excess charge state is accomplished by an increase in grain size and transfer of impurities 
from the inter-into integral space [12]. Doping with low concentration of donor impurities, leads to 
semiconducting ceramics, and showing PTCR behaviour. 
Shivanand Madolappa et al [13]have studied the doping of Gadolinium(Gd) and Chromium (Cr) doping in BT 
compounds. They have prepared BT compounds by substituting Gd and Cr at the A site with solid state reaction 
technique. They have found that the structure is cubic, the lattice parameters and cell volume decreases with 
increase in the concentration of Cr. the dielectric study shows the nonlinear dielectric property change with 
different concentration of Cr. DC resistivity shows the lower PTCR behaviour. Thermoelectric measurement 
proved electrons has majority charge carriers and sample as an n-type semiconductor.The calculated tolerance 
factor values of the samples are given in table 1. The electrical data of the doped samples is given in table 2. 
Nagbasavanna Sharanappa et al [14] studied Lanthanum (La) doped BIT ceramics by preparing the nano 
powder ceramics using solid state reaction method. They found that the crystal structure is not affected by 
lanthanum doping in BIT compounds. The Curie temperature was decreased with increase of La content, except 
x=0.30, which shows lattice distortion caused due to the difference of ionic radii of Bi and La. Thermal 
measurements show crystallization temperature of pure and La doped be BIT. Percentage weight loss is also 
negligible and synthesized samples are stable at higher temperatures. Anomalous dielectric behaviour as a 
function of temperature at various La compositions was illustrated by the synthesized samples. Change in DC 
conductivity of the samples show evidence of PTCR. 
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Raghavendra Sagar et al [15] studied the dielectric and impedance studies of Ce doped 
Ba(Zr0.52Ti0.48)O3compound. Ce was doped at Ba site with X=0.1 and 0.2. The frequency dependent tan δstudy 
shows the nonlinear dielectric properties change with different concentration of Ce. Relative permittivity shows 
the moderate values in all studied temperature range. Impedance measurement proves excellent electrical 
behaviour of the samples. 

PLZMST CERAMICS 
Bismuth (Bi) and lanthanum (La) doped lead manganeseantimoinezirconate titanate (PZMST) ceramic 
powderhave been synthesized by high temperature solid state reaction method by Hayet Menasra et al [16]. 
They found that all the compounds where crystallized in pure pervoskite phase with the predominant tetragonal 
phase. The grain sizewas obtained in the order of 2.28 micrometre and uniform grain distribution wish is in 
accordance with the density. The increase in core temperature and dielectric constant can be attributed to the 
emerging lead vacancies creation by donor cations (Bi), and acceptor to reduce the oxygen vacancies mobility 
to balance charge in the modified PLZMST.Figure 1 shows the XRD patterns of PLBZMST ceramics. 

BFO CERAMICS 
Erbium (Er) and lanthanum (La) substituted BiFeO3(BFO) ceramics have been prepared through solid state 
conventional route by Pragya Pandit et al [17]. They have reported decrease in TC value with subsequent Er 
doping which indicates lowering of Curie temperature.It was observed that the magnetic properties of pure BFO 
have been improved by Er doping and weak ferromagnetism was observed with subsequent Er doping. 
Dielectric permittivity was constant at all frequencies and low dielectric loss was observed for all compositions. 
Proper ferroelectric hysteresis loop is obtained for BFO. The decrease in ferroelectric polarization was observed 
for Er doped samples due to the decrease in the stereochemical activity of the A-site ions. It implied thatEr 
doped samples exhibited improved magnetic and reasonable ferroelectric properties for low levels of doping. 
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SYNTHESIS, CRYSTALLOGRAPHIC AND MAGNETIC PROPERTIES OF NI DOPED 
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ABSTRACT 
The present work focuses on the synthesis, structural, microstructural and magnetic studies of the 
nanocrystalline nickel doped magnesium ferrite (Mg0.6Ni0.4Fe2O4). The sample of Mg0.6Ni0.4Fe2O4 
nanocrystalline spinel ferrite has been synthesized by sol-gel auto combustion method using citric acid 
(C6H8O7) as a fuel, the prepared sample was sintered at 600 ˚C for 5 hrs. The structural properties were 
estimated from X-ray diffraction (XRD) studies. The microstructural studies were investigated through Field 
Emission Gun Scanning electron microscopy (FEG-SEM) technique. X-ray patterns confirmed the formation of 
single phase cubic structure. The magnetic properties were investigated by vibrating sample magnetometer. The 
crystallite size of synthesized ferrite nanoparticle is within the range of 10-35 nm. The saturation magnetization 
was27.43emu/g. 

Keywords: Nanocrystalline, sol-gel, XRD, FEG- SEM. 

INTRODUCTION 
In recent years, spinel ferrites have been investigated for their useful magnetic properties and applications in 
information storage systems, sensors, actuators, magnetic fluids, microwave absorbers and medical diagnostics 
[1-5]. Thus much attention has been focused on the preparation and characterization of nanoparticles of spinel 
ferrites. For the applications of nanomaterials in various diverse fields [6, 7], it is necessary to be designed and 
exploited new materials of more predictable properties than what are currently available. Ni doped Magnesium 
ferrite (Mg0.6Ni0.4Fe2O4), owing to strong ferromagnetism and high Curie temperature, is used in electronic 
appliances since it stays magnetized even when the applied magnetic field is removed. This leads towards a 
useful way of information storage [8, 9]. 

Ni doped Mg-ferrite is an interesting material because of its high coercivity, moderate saturation magnetization, 
good chemical stability and mechanical hardness; therefore it can found applications in magnetic drug delivery 
and high density information storage [10-12]. 

The most widely used wet chemical method for the synthesis of spinel ferrites is the sol-gel auto combustion 
method. This method has several advantages over the other synthesis methods due to its low processing 
temperature, high chemical homogeneity, thermal stability of controlling the size and morphology of particles 
etc. [13-16]. 

The aim of the present work is to synthesize and study the structural, microstructural and magnetic properties of 
Ni doped magnesium (Mg0.6Ni0.4Fe2O4) ferrtie nanoparticles. 

MATERIALS AND METHOD 
The nanocrystalline samples of Ni doped magnesium ferrite (Mg0.6Ni0.4Fe2O4), were prepared using sol-gel auto 
combustion method. AR grade chemicals such magnesium nitrate (Mg(NO3 )2. 6H2O), nickel nitrate( Ni(NO3)2 . 
6H2O) ferric nitrate (Fe(NO3)2 . 9H2O) and citric acid (C6H8O7) were used for the synthesis. The metal nitrates 
to fuel (citric acid) ratio was taken as 1:3. Ammonia solution wasadded to maintain the pH 7. The temperature 
required for the synthesis of Ni doped Mg-ferrite nanoparticles was low that is around 110 ˚C. The as-
synthesized powder is sintered at 600 ˚C for 5 hrs. and used for further investigations of structural properties. X-
ray diffraction (XRD) technique was employed to characterize the prepared nanoparticles using REGAKU X-
ray diffractometer. Morphology of the prepared samples was studied using Scanning electron microscope 
(SEM) JEOL-JSM 840 Model. Its morphology was studied with a field emission gun scanning electron 
microscope (FEG-SEM, model –JSM-7600F). The magnetic properties studied with vibrating sample 
magnetometer. 

RESULTS AND DISCUSSION 
The X-ray diffraction pattern of the Mg0.6Ni0.4Fe2O4 spinel ferrite nanoparticles is shown in Fig.1(a)The XRD 
pattern shows the reflections belonging to cubic spinel structure; no extra peaks have been observed in the XRD 
patterns. Rietveld refined powder X-ray diffraction patterns confirmed nanocrystalline single phase formation of 
all the ferrite samples in the face centered cubic spinel structure in the space group of Fd3m is shown in Fig. 1 
(b).The intensity of (311) plane is more as compared to other planes like (220), (222), (400), (422), (511) and 
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(440) and is chosen for the determination of crystallite size. The average crystallite size of the sample was 
calculated using Scherer’s formula [9]. 

 D =   (1)  

Where k is the grain shape factor (0.9) and λ, θ, and β are the X-ray wavelength, Bragg diffraction angle, and 
full-width at half-maximum of the diffraction peak respectively. 

 
Fig-1(a) XRD pattern of Mg0.6Ni0.4Fe2O4(b) Rietveld refined powder X-ray diffraction patterns 

The crystallite size of Mg0.6Ni0.4Fe2O4 ferrite nanoparticle s has been calculated using above equation and 
calculated average size to be 28 nm. The lattice constant, X-ray density, unit cell volume was calculated using 
XRD data and values are given in table 1. 

Table-1: The Lattice constant, X-ray density, unit cell volume and Average particle size. 

 
Fig.2 shows morphological pattern of the prepared Ni doped magnesium ferrite nanoparticles taken by Field 
emission gun scanning electron microscope (FEG-SEM). Evidently, from FEG-SEM image it was seen that the 
morphology of the particles were almost cubical in shape, but agglomerated to some extent due to the 
interaction between magnetic nanoparticles. The formation of nano size crystallites was confirmed through 
FEG-SEM image. 

 
Fig-2: FEG- SEM image of Mg0.6Ni0.4Fe2O4ferrite nanoparticles 

The magnetic properties of ferrites depend on the chemical composition and cation distributions in the 
octahedral and tetrahedral sites. Moreover, it was reported that coercivity of these materials depends on several 
factors such as size distribution, micro strain, anisotropy and temperature. The magnetic properties of the 
Mg0.6Ni0.4Fe2O4ferrite nanoparticles were analysed at room temperature by using a vibrating sample 
magnetometer (VSM) with an applied field -20 kOe ≤ H ≤ 20 kOe. 
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Fig-3: Magnetic hysteresis loops of Mg0.6Ni0.4Fe2O4nanoparticles 

Fig.3 shows the magnetization (M) versus the applied magnetic field (H) for Mg0.6Ni0.4Fe2O4ferrite 
nanoparticles. The value of saturation magnetization (Ms), remnant magnetization (Mr) and coercivity (Hc) for 
Mg0.6Ni0.4Fe2O4ferrite nanoparticles were 27.43emu/g, 5.29emu/g and 91.28 Oe. 

CONCLUSIONS 
The nanocrystalline Ni doped magnesium (Mg0.6Ni0.4Fe2O4) ferrite successfully synthesized by sol-gel auto 
combustion technique. The XRD results showed the formation of single phase cubic spinel structure. The 
formation of nano size crystallites was confirmed through FEG-SEM image and the particle size of the sample 
was obtained to be 28 nm. The value of saturation magnetization (Ms) from vibrating sample magnetometer was 
obtained to be 27.43emu/g. This material is suitable for data storage device and microwave absorption. 
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ABSTRACT 
The intermolecular interactions of urea and physical variants of solute-solvent have been studied by ultrasonic 
methods. At various concentrations the experimental values of Ultrasonic Velocity (u) and density (ρ) have been 
obtained for aqueous urea solution at a temperature 313.15 K and at 2MHz frequency. From experimental data 
the acoustical and temperature dependent parameters such as intermolecular free length (Lf), adiabatic 
compressibility (β) and specific acoustic impedance (Z) have been obtained. These thermodynamic parameters 
have been further utilized to predict the ion-ion and solute-solvent interaction in the binary mixtures. The 
results are interpreted in the light of structure making/breaking mechanisms of Urea- aqueous solution. 

Keywords:  Ultrasonic velocity, Density, Intermolecular free length, Adiabatic compressibility, Specific 
acoustic impedance. 

INTRODUCTION 
The ultrasonic techniques are widely employed and studied to determine Physico-chemical behavior of various 
liquid systems [1]. The main aim of several earlier researchers have been to study the molecular interactions 
between the components of pure, binary and ternary liquid solute and solvent using ultrasonic techniques and 
thermodynamic parameters [2]. Ultrasonic velocity studies in aqueous and nonaqueous electrolytic solutions led 
to new information in the salvation process. Depending on the charge density of electrolytes that evenly spread 
in water were classified as structure makers or breakers. Some researchers have reported that ions with low 
charge density are net dissociative structure breakers; ions with high charge density show net associative 
structure makers. In recent years, there are extensive study of thermodynamical properties of electrolytes in 
aqueous[3] or non-aqueous solutions but literature survey reveals that no work is done on aqueous urea  as a 
temperature dependence[4] . The adiabatic compressibility, acoustic impedance and intermolecular free length 
of binary system of aqueous urea at various concentrations and at 313.15K temperature have been studied in the 
present paper. 

MATERIALS AND METHODS 
The purified AR grade sample of urea was used in fine solid powder as available. In the experimental part, all 
chemicals were utilized directly without any refinement/purification process. To prepare binary liquid mixture 
of (urea+water) system, the deionized and double glass distilled water was used. The specific conductivity of 
the deionized and glass distilled water was ~10-6 Siemens-cm-1. The binary mixture of (urea+water) having 
different concentrations (1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9% and 10% mole/lit) were prepared by using a 
Switzerland matter balance with a precision of 0.01 mg. The special air tight or sealed glassware were used for 
preparations and storage of solutions. These solutions were used within 12 hours to reduce bacterial 
adulterations. 

ULTRASONIC VELOCITY MEASUREMENTS 
The Ultrasonic velocity measurements were carried out using F-81 model for crystal interferometer operating at 
2MHz frequency, supplied by Mittal Enterprises, Ltd. New Delhi. The ultrasonic interferometer was calibrated 
by using  standard double glass-distilled water at 298.15K. The present crosschecked experimental value is 
1497.08ms-1 which is in well agreement with reported literature value (1496.69 ms-1) [5]. 

DENSITY MEASUREMENTS 
The Density Measurements were performed with  the help of a specific gravity bottles of 25 ml. Measurements 
of density were carried out by an accuracy of ±2x10-2 kg m-3. To minimize error in measurements average of ten 
measurements are considered. Accuracy in experimental temperature was maintained at ±0.1K by means of 
thermostatic water bath. 

THEORETICAL ASPECTS AND CALCULATIONS 
From the experimental values of the ultrasonic velocity(u) and density(ρ) the various acoustical parameters such 
as the adiabatic compressibility(β), acoustic impedance(z) and intermolecular free length(Lf)  were calculated 
by using the empirical Jacobson’s relations[6,12] which are as follows: 
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Ultrasonic velocity:                   u = n x λ       ----------- (1) 

Adiabatic compressibility:       β = [1/u2]xρ     ---------- (2) 

Specific Acoustic impedance:    Z = u x ρ     ----------- (3) 

Intermolecular free length:    Lf =[K/u] x ρ1/2   ----------(4) 

Where K is temperature dependent constant called as Jacobson’s constant. The values of K is taken as  306 x 10-

8 at 313.15K. T is the absolute temperature,  ρ and  u are the density and ultrasonic velocity of binary solution. 

RESULTS AND DISCUSSION 
The experimental data of ultrasonic velocity (u) and density(ρ) of the binary solutions as well as calculated 
thermodynamical-acostical parameters specified  as adiabatic compressibility (β), acoustic impedance (z) and 
intermolecular free length(Lf) are reported in Table.1 for the binary liquid mixture systems (water+urea). 

1. Ultrasonic Velocity (u) 
By using F-81 model of ultrasonic interferometer  operating at 2 MHz Ultrasonic velocity of (water+urea) has 
been measured. The  ultrasonic velocity variation study of urea at various concentrations and at 313.15K 
temperatures in solvent of water shows the variations to be non-linear. This indicates that there is strong 
interaction in the (water+urea) systems Adiabatic compressibility (β) is influenced by experimental data of 
ultrasonic velocity and the density (ρ). The changes in ultrasonic velocity of a urea in water as a function of 
concentration can be expressed in terms of adiabatic compressibility and density by eq. (5). 

du/dc = u/2 x 1/d x d/dc + 1/β x dβ/dc ----------- (5) 

The sign and magnitude of quantity dρ/dc and dβ/dc indicate that H-bonded structure of H2O is disrupted by 
increasing concentration of urea in water. Consequently, a variation of ultrasonic velocity of system depends on 
the structural properties of the solutes of binary liquid [7]. The increasing variation in ultrasonic velocity of 
given solute in liquid system was structure maker . In (water+urea) binary system the behavior of ultrasonic 
velocity was directly proportional to concentration. This is due to maximum possible association in aqueous 
urea solution because of the presence of OH-groups. The urea occupies the interstitial space of water and tends 
to break the original ordered state of water due to its self-association. But at temperature 313.15K, there occurs 
structural rearrangement as a result of hydration [8] leading to a comparatively more ordered state as shown in 
Fig.1. 

2. Density (ρ) 
Density of (water+urea) binary system was determined at various concentrations at temperature 313.15K, is as 
shown in Fig.2. Density in general, depends upon ion-solvent and solvent-solvent interactions. As expected for 
given composition density increases as concentration of urea increases in binary mixture of (water+urea). Due 
to increase in concentration of urea, number of ion particles also increases that leads to increase in 
electrostriction, thereby decreasing effective volume of the mixture and effective density increases [9]. This 
shows that there is dipole-dipole interaction between binary liquid mixture systems. 

3. Adiabatic Compressibility (β) 
The adiabatic compressibility (β) is a measure of intermolecular bond enhancement or formation of bond 
fragments. In (water+urea) binary system adiabatic compressibility (β) decreases with increase in conc. of urea 
in water. Due to decrease in amount of water molecules which are replaced by urea molecules, thereby resulting 
in net decrease in compressibility. It is well known fact that enhanced electrostriction leads to net decrease in 
the compressibility of the solution, resulting in Hydrophilic [10] solutes having negative compressibility as 
well. Also due to ordering of the molecules of water-urea is induced by them in water structure. In the present 
study dβ/dc is negative which strongly indicates the presence of electrostriction effect of water molecules as 
shown in Fig.3. 

4. Acoustic Impedance (z) 
In (water+urea) binary liquid mixture system, it is noticed that the values of acoustic impedance (Z)varies with 
increase in solute concentration at 313.15K temperature. As shown in Fig.4, the curve exhibits exactly reverse 
variation compared to adiabatic compressibility (β). Because adiabatic compressibility and acoustic impedance 
are inversely related to each other [11]. That indicates strong presence of molecular interaction in the system. It 
also indicates the presence of bond enhancements between solute-solute, solute-solvent and vice-a-versa in the 
present binary system. 
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5. Intermolecular free Length (Lf) 
The change in ultrasonic velocity depends on the intermolecular free length (Lf) of a mixture. The 
intermolecular free length (Lf) is a predominant factor in finding the variants of ultrasonic velocity in the fluids 
and their solution. In (water+urea) binary system intermolecular free length decreases with conc. of solute at 
313.15K temperature as shown in Fig.5. This behavior indicates significant interaction exist between the solute-
solvent, solvent-solvent structures promoting behavior. 

CONCLUSION 
Ultrasonic velocity and density have been measured for (water+urea) binary system at temperature 313.15K as a 
dependent variable of concentration. The variation in ultrasonic velocity(u), density(ρ) and other related 
thermodynamic variables viz. adiabatic compressibility, acoustic impedance and intermolecular free length for 
(water+urea) binary system at temperature 313.15K and as a dependent variable of concentration shows the 
behavior to be non-linear. Consequently, ultrasonic velocity of system increases with the enhancement of  
structural modifications of solute properties. It is fairly considered that solutes causing electrostriction 
modifications that lead to decrease in the compressibility of the mixture solution. The water liking solutes 
(Hydrophilic) often show negative compressibility. Thereby leading to structural enhancement in solute that 
supports the hypothesis that ultrasonic velocity parameter is structure maker. The non-linearity behavior 
confirms presence of strong possibilities of formation of clusters of hetero-molecular interactions. This provides 
useful information about inter and intra molecular interactions of the mixture as existing in the liquid system. 

Table-1: Ultrasonic velocity (U), density (ρ) ,adiabatic compressibility (β), intermolecular free length (Lf), 
specific acoustic impedance (Z), for (water+urea) BINARY LIQUID MIXTURE solution at  313.15K 

Conc. % 
(mole/lit) 

u 
(m/s) 

 
(*103kg/m3) 

β 
(10-10 m2/s) 

Z 
(* 10-6 Kg/m2 s) 

Lf 
( * 10-6 m) 

1 1552 1.0231 4.058 1.5878 0.1293 
2 1560.93 1.0308 3.982 1.609 0.1281 
3 1561.33 1.0329 3.971 1.6127 0.1279 
4 1562.66 1.0356 3.954 1.6182 0.1277 
5 1565.2 1.0553 3.868 1.6517 0.1263 
6 1570.66 1.0622 3.816 1.6683 0.1254 
7 1583.33 1.075 3.711 1.702 0.1237 
8 1596 1.0941 3.588 1.7461 0.1216 
9 1658.13 1.0996 3.308 1.8232 0.1168 

10 1635.06 1.1015 3.236 1.845 0.1155 

 
Fig-1:  Plot of Variation of ultrasonic velocity (u) 

 
Fig-2: Plot of Variation of density with conc with conc..for urea + water system at 313.15K for (water+urea)  

system  at 313.15K 
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Fig-3: Plot of Variation of adiabatic comp (β) 

 
Fig-4:  Plot of Variation of acoustic impedance with Conc .for(water+urea) system at 313.15K . with conc.for 

(water+urea) system at 313.15K 

 
Fig-5: Plot of Variation of intermolecular free length with conc.for (water+urea) system at 313.15K. 
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THE TREATMENT OF SKIN DISEASES WITH ULTRAVIOLET LIGHT 

S. S. Arsad 
M F M, Warud, Amravati 

AABBSSTTRRAACCTT  
The phototherapy is being used for treatment of many skin diseases like psoriasis, hair removal, tattoo removal, 
skin resurfacing, vitiligo etc.The utility of UV radiation in the treatment of skin diseases is proven by various 
systematic studies on case to case basis. Phototherapy has undergone multifaceted improvements over few 
decades. While conventional phototherapy was based on body part exposure to UV radiation which included 
both affected and unaffected areas, targeted phototherapy using optic fiber cable and laser or nonlaser light 
with few mJ energy dose and spot size ranging from 1cm to 4 cm. In recent years, the research in the targeted 
phototherapy made availability of radiation with specific wavelength and intensity in portable models. 
Phototherapy is being used for effective treatment of about 20 dermatological problems1. It is found that Lasers 
with 337.1 nm are also useful for many of these diseases. 

IINNTTRROODDUUCCTTIIOONN  
Conventional phototherapy used Ultraviolet spectrum (200nm-400nm) for the treatment of dermatological 
problems. It included Broadband UVB Therapy, UVA therapy, Selective phototherapy (310-318 nm), 
Narrowband UVB (311 nm) therapy, Ultraviolet A1 (UVA1) and Ultraviolet A2 (UVA2) therapy.  
Conventional phototherapy is based on the use of tube light having radiation of desired wavelength. 

In recent years, Targeted phototherapy in which Excimer laser were used are replaced by excimer lamps. , 
Intense pulse light therapy, Light-based targeted phototherapy, Photodynamic therapy Low-level laser and light-
emitting diode therapy are the new terminology used in phototherapy. All these devices have the source of 
radiation designed with the aim of improved wavelength and energy standards. These are smaller in size and 
their spot size is reduced with Controlled energy dose. 

MMEETTHHOODD  
Coventinoal phototherapy have the main disadvantage of exposure of unaffected areas to UV light. In this 
method the treatment continues for long session with step by step increment in doses. The devices used are not 
handy so patient has to visit the clinic for long period. Certain body parts cannot be treated due to risk involved. 
Especially children patients do not cope with such type of treatment. 

Targeted phototherapy is emerging as a more effective treatment tool for various dermatological problems but it 
has some drawbacks. Since the spot size is reduced to few cm the treatment of large affected areas become 
difficult. If the affected skin area is above 10% of the body then the targeted phototherapy is not recommended 
due to cost and time required for satisfactory results. 

Along with these phototherapy modalities the use of topical or systemic agents was also tested which is refered 
as combination therapy. 

CCOOMMBBIINNAATTIIOONN  TTHHEERRAAPPYY  
Phototherapy may be combined with topical or systemic agents to achieve higher clearance rates, longer disease 
free intervals and a lower carcinogenic risk.8 Topical agents include anthralim,vitamin D analogues, retinoids, 
glucocorticoids, emollients, saltwater baths and tar. The combination of either broad band UVB or 311 nm UVB 
therapy with calcipotriol increases the therapeutic efficacy of phototherapy and reduces the irritation caused by 
calcipotriol.[9] 

In psoriasis tazarotene gel applied topically along with narrowband or braodband UVB which promotes fast and 
effective cleaning of the disease.[10] This combination therapy can be initiated at lower doses than usual when 
used in combination with tazarotene.[11] 

LLAASSEERR  TTHHEERRAAPPYY  
The Excimer laser power and exposure time were so adjusted that the number of photons in both the cases were 
same. Final evaluation was done after every one month of the treatment. The patches exposed to UVB radiation 
i.e. Excimer laser radiation clearly showed pigmentation. No serious or adverse side effects were observed. 

UVA radiation phototherapy and 337.1 nm pulsed nitrogen laser [12] were targeted to affected lesions only. The 
use of laser in the treatment limits the total skin exposure to UV radiation and hence the risk of skin cancer may 
also be reduced. It also brings faster therapeutic effect and the total treatment time also reduced after getting 
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more experience. It limits the cumulative exposure to the UV radiation as compared to the conventional 
phototherapy. Thus we conclude that nitrogen laser can be used as a major pigmentary tool in all types of 
vitiligo treatment.[13] It is helpful in preventing further spread of vitiligo patches. Decrease of depigmentation 
versus time found to be exponential in behavior. These studies were carried out at the university lab. 

CCOONNCCLLUUSSIIOONN  
The phototherapy is playing vital role in the treatment of dermatological disorders from ancient times. The 
modalities of treatment include variety of research. The use of small portion of light spectrum had been found of 
great importance for curing a number of diseases related to skin. In coming years new research in this field with 
analytical and statistical data of patients may come out with remarkable success against the fight with skin 
diseases. 

 
             Conventional Unit             Targeted Unit 
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STUDY OF SEGMENTAL VITILIGO AND ITS TREATMENT WITH NBUVB FOR BETTER RESULTS 

S. S. Arsad and U. R. Kathale 
Department of Physics, M. F. M. Warud, Amravati 

ABSTRACT  
The vitiligo is a commonly found skin disorder in which the skin color is lost and white macules are visible.It is 
due to lack of melanin formation activity. The melanin decides color of the skin The vitiligo is classified by the 
appearance of patches, its pattern, areas affected by it and size.Oneof the sub types of vitiligo  is segmental 
vitiligo. The purpose of treatment is to regain original skin color at the sites which are white. The vitiligo is 
treated  by various methods like phototherapy, herbal medicine therapy, allopathic medicines and homeopathic 
treatment is also one of the options for patient .The present paper is based on study of segmental vitiligo and its 
treatment with NBUVB. 

BACKGROUND 
Segmental vitiligo is a small but unique subset of vitiligo requiring due importance due to its lack of response to 
medical treatment but excellent response to surgical treatment. Characterization of the pattern of segmental 
vitiligo will also help to understand the pathogenesis of the disease.[1].Its possible to treat it with phototherapy 
in better manner. 

Aim:  To study the role of NBUVB in the treatment of segmental vitiligo. 

INTRODUCTION   
Vitiligo is an acquired pigmentary disorder of the skin presenting as depigmented or hypopigmented macules. It 
affects 0.1-2% population worldwide, [2],[3] and its prevalence in India is about 0.5-2.5%. [4],[5] Vitiligo can 
be classified into segmental and non-segmental vitiligo. Segmental vitiligo has depigmented macules arranged 
in a dermatomal or quasi-dermatomal distribution, which does not cross the midline. It differs from non-
segmental vitiligo in terms of clinical features, natural history, and also treatment response. [6] Segmental 
vitiligo usually has an early onset in childhood in contrast to non-segmental vitiligo, which predominantly 
affects adults. In segmental vitiligo, the lesions develop rapidly over short span of time in a localized area and 
then remain stable, whereas non-segmental vitiligo has a highly variable course with periods of progression, 
remission, and stability. [6] Segmental vitiligo responds poorly to medical treatment, [7],[8] and surgical 
methods are the treatment of choice. [7] The characteristic feature of segmental vitiligo is the distribution 
pattern of the lesions. In most cases, it is fairly easy to recognize segmental vitiligo due to its unilateral and 
patterned distribution.In a study on 450 patients of vitiligo at AIIMS, New Delhi, segmental vitiligo was seen in 
6.7% cases. An additional 1.7% had lesions of segmental vitiligo along with other types of vitiligo (mixed 
vitiligo). [10] Previous reports have described certain clinical features of segmental vitiligo. It is a disease of 
childhood; the incidence of segmental vitiligo is significantly more in children (19%) as compared to adults 
(5%). [11] The mean age of onset reported previously was 15.6 years, [12]. The disease stabilizes by 6 months 
to 1 year irrespective of treatment and disease progression halts faster than non-segmental vitiligo. [12],[13] 
This 'self-limiting' nature of the disease reduces the requirement of aggressive systemic therapy at the onset of 
the disease. Koga and Tango have described type A and type B vitiligo as non-segmental and segmental, 
respectively, and they noted progression from type B (segmental) to type A (non-segmental) vitiligo in 2.2% 
(3/134 patients). [5] In a case series of 127 patients with segmental vitiligo, Ezzedine et al found that 26 
(20.4%) progressed from segmental vitiligo to non-segmental vitiligo. [14] In this study, progression from 
segmental vitiligo to another type of vitiligo was seen in only 10% patients and most developed focal vitiligo. 
Hence, a patient can be counseled that it is less likely that his disease will spread to other parts of the body, thus 
reducing psychological burden.The pattern of the lesions is what characterizes segmental vitiligo, yet there is no 
consensus regarding it. Dermatomal pattern has been mentioned most commonly [6],[12],[15] and is given in 
the definition of segmental vitiligo in many reputed dermatology books. 

METHODS 
In this particular study, the NBUVB phototherapy unit from Daavlin company was used. It was found that lesser 
number of exposures were required to achieve 25-75% repigmentation. Similarly, the cumulative dose was also 
lesser to achieve the same repigmentation, whereas Njoo et al. [21] reported the same repigmentation with more 
number of exposures (76.3 ± 16.7). The same observations were reported in other western 
studies. [18],[20],[23],[26],[27] Our study and other Indian studies [19],[23],[24] showed that dark skin 
(Fitzpatrick type IV and V) requires lesser number of exposures and cumulative dose to achieve 25-75% 
repigmentation when compared with white skin (Fitzpatrick I and II). It has also been observed in our study that 
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with good adherence to therapy and compliance, faster and good response can be achieved. It has been proved 
statistically that good response is directly associated with more number of exposures, cumulative dose and good 
compliance.The body surface area involvement varied from less than 1% to 8%. In 121 (64.3%) patients, it was 
1% or less. The remaining 67 patients had more than 1% body surface area involvement, the maximum being 
8%. Leucotrichia [Figure 6] was present in 162 (86.1%) patients. There was no leucotrichia in 12 and no hair in 
the affected area in 14 patients. All the hair in the lesion were white in 70 patients while there were both white 
and black hair in the lesion in 92 patients. Normally pigmented skin beyond the margin of segmental vitiligo 
also showed leucotrichia in 122 (64.8%) patients .The adverse effects in our study were minimal and none of 
the patients required discontinuation of therapy. The adverse effect profile observed in our study was similar to 
that reported in the literature. [16],[17],[18],[19],[ 20] , [23],[ 27] All these studies, including ours, clearly 
establish the safety profile of NBUVB therapy. During the follow-up period of 6 months, of the 150 patients, 
only three patients developed depigmentation of repigmented sites. However, long-term follow-up is needed to 
observe stability of repigmentation. 

 
CONCLUSION 
NBUVB is useful in the treatment of segmental vitiligo.Early recognition of segmental vitiligo can help to 
reassure the patient that it usually does not spread to other parts of the body, stabilizes early, and responds very 
well to phototherapy with probably a lower risk of recurrence. 
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ABSTRACT 
The PANI-HCl matrix is synthesized electrochemically by potentiostatic method on platinum plate. The 
synthesized matrix was characterized by using electrochemical technique. The enzyme glucose oxidase (GODx) 
was immobilized by cross-linking via glutaraldehyde on the PANI-HCl matrix. The characterization of resulting 
amperometric biosensor for the estimation of glucose has been determined. The stability and life time of the 
PANI-HCl -GODx electrode have been studied. In the present work biochemical signal through Boolean logic 
networks composed of bio molecular reactions can lead to high-fidelity biosensing single sensing devices. 

Keywords: Polyaniline, glucose oxidase, cross-linking, Boolean logic Network. 

INTRODUCTION 
The synthesis and characterization of electro active polymers have become two of the most important areas of 
research in polymer and materials science [1].Amongst conducting polymers, polyaniline (PANI) receives 
greater attention as a conducting organic material due to its good environmental stability [2-3]. Polyaniline has 
many advantages, which include simplicity and rapidity of preparation by electrochemical methods and the 
ability to be formed in aqueous electrolytic solutions [4]. PANI is recognized to be an air-stable organic 
conducting polymer with interesting electrochemical properties which make it suitable for number of practical 
applications, such as in biosensors] and electronic devices . [5-8], The determination of glucose is one of the 
most popular and well-known biosensor applications. In particular, glucose is of special importance because of 
its involvement in human metabolic process [9].Amperometric biosensor measures the current on an indicator 
electrode due to direct oxidation of the products of the biochemical reaction. The amperometric biosensors are 
reliable, relatively cheap and highly sensitive for clinical, industrial and environment purposes [10-11]. 

Enzymatic logic gates allowed information processing mimicking various Boolean logic operations: AND, OR, 
XOR, NAND, NOR, etc. [12-13], the system consisted of AND/OR logic gates based on the concerted 
operation of, glucose oxidase, [14]. AND/OR, as progress in networking these gates and coupling of the 
resulting system to responsive electrode for output readout, have opened new biosensing opportunities. 

Synthesis of PANI-HCl Matrix:  The electro polymerization of aniline was carried out by potentiostatic 
technique, in one compartment electrochemical cell. The PANI-HCl Matrix was synthesized from an aqueous 
solution of distilled water containing 0.2 M aniline and 1 M of Hydrochloric acid (HCl) . After synthesis, 
polymer coated electrodes were rinsed thoroughly in distilled water and dried in cold air and then used for 
subsequent characterization. 

Immobilization of GODx on PANI- HCl matr ix:The stock solution of GODx (1 mg/ml) prepared in 0.1 M 
phosphate buffer was adsorbed onto the surface of PANI-HCl matrix. The enzyme GOD (SISCO) was 
immobilized by cross-linking via glutaraldehyde (Loba Chemie) on PANI-HCl matrix. This kind of 
immobilization results in greater physical and chemical stability of the catalytic material due to the cross-linking 
of enzyme. In this case, the active site of the enzyme could be more accessible for the enzyme reaction. 

RESULT AND DISCUSSION 
Amperometric studies of PANI-HCl Matrix:The chronoamperogram of synthesized PANI-HCl matrix is 
shown in Fig. 1. 

 
Fig-1: Chronoamperogram of PANI-HCl  Matrix . 
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Figure.1 has resulted in conducting PANI-HCl matrix  with uniform and porous surface morphology. The 
behavior of the amperometric synthesis overshoot during first few second probably indicates difficult formation 
of dimmers and oligomers. After this, current remain constant suggesting that building up of the matrix 
proceeds according to the same reaction along the full thickness of the polymer. 

Current response of PANI-HCl-GODx electrodes: The GODx was immobilized on electrochemically 
synthesized PANI-HCl matrix by cross-linking via glutaraldehyde. The current -time relationship of PANI- 
HCl-GODx electrode when the applied current set at 0.6 mV in phosphate  as shown in Fig.2 . 

 
Fig-2: Current-time curves for the PANI-HCl-GODx electrode for various glucose concentrations in 0.1M 

phosphate buffer with pH 5. 

The apparent Michaelis-Menten constant (Km) was calculated for the immobilized enzyme by amperometric 
method .  The values of response current (Imax) and Km for phosphate buffer are 7.5μA and 5.3 mM respectively. 
Table 1. The value of the Km depends on the immobilization of enzyme lesser Km gives faster response to 
glucose . 

Table-1: The analytical performance of PANI-HCl-GODx electrode for  sphate at  pH 5. 
arameters Phosphate Buffer 
Imax (μA) 7.5 
Km (mM) 5.3 

Linearity (mM) 0-2 
Sensitivity(μA/mM) 1.1 

Lifetime(days) 25 

Stability of the PANI-HCl-GODx electrodes: It was found that the PANI-HCl-GODx electrode exhibited 
excellent stability for 25 days in phosphate buffer. The amount of glucose can be determined by measuring the 
Current of oxidation of hydrogen peroxide, produced in the reaction given below 

 
Fig-3: Enzymatic Boolean AND/OR logic gate 

CONCLUSIONS 
The PANI-HCl-GODx Matrix have been successfully synthesized and by crosslinking via glutaraldehyde has 
been successfully carried out. The sensitivity of PANI-HCl-GODx electrode was found to be higher excellent 
response in phosphate buffer (5.0 pH) and also excellent stability for 25 days. Biochemical signal applied in 
Combination of logic process for Biosensing devices. 
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