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ABOUT COLLEGE 
Jawahar Education Society’s Vaidyanath College (ARTS, SCIENCE & COMMERCE) was 
established on June 15,1968 to cater higher education in rural area of Marathwada region. It is 
affiliated to Dr. Babasaheb Ambedkar Marathwada University, Aurangabad. It is accredited by NAAC 
at B level. The college offers UG and PG courses and has been contributing to churn out good human 
resource through academic process. Vaidyanath College is one of the leading institutions in the 
Marathwada region. It imparts education to the needy students from backward and rural areas. In the 
20th century, the social workers put forward a new and life turning avenue before the society by 
establishing this reputed institution with a motto “Satyam Dnyanamnatam Brahma”. It means “The 
truth, full of knowledge is the principle known as Brahma”. Since 1968 it has been constantly serving 
to the society in various ways. The institution is focusing on the holistic development of the students 
by enriching adequate learning resources. In the past few years, Vaidyanath College has established a 
distinctive position among leading College in the Marathwada region. 

ABOUT IARA 
Indian Academicians and Researchers Association ( IARA )   is an educational and scientific research 
organization of Academicians, Research Scholars and practitioners responsible for sharing information 
about research activities, projects, conferences to its members. IARA offers an excellent opportunity 
for networking with other members and exchange knowledge. It also takes immense pride in its 
services offerings to undergraduate and graduate students.  Students are provided opportunities to 
develop and clarify their research interests and skills as part of their preparation to become faculty 
members and researcher. Visit our website www.iaraedu.com for more details. 

ABOUT THE CONFERENCE 
National Conference on Functional Materials Synthesis and Characterization Techniques (NCFMSCT-
2019) is organized by Department of Physics, Vaidyanath College,  Parli - Vaijnath considering vital 
role of functional materials in the development of indigenous technology the present deliberation has 
the objective of creating a national forum for academics, researchers, scientists and students. The 
conference will include participation of renowned keynote speakers, oral presentation. 
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     Chairman’s Message 

 

 
I am pleased to know that department of physics is organizing national conference on functional 
materials synthesis and characterization techniques on 2nd March 2019.   

The progress of nation depends on the progress of science and technology and the higher education 
is effective medium to incubate the essential foundation and envisage future technological 
development. To create suitable surround through such national conference that provide a platform 
for the scientific discussion and recent development in research areas is essential. 

Functional materials are now essential part of our everyday life. Development in functional 
materials has been improving our life. These materials are being used in various areas such as 
energy conversion, energy storage, and solar energy conversion and in surgery etc. The materials 
with improved functionality are highly demanded in the market. In such situation creating 
awareness among teachers and students in the rural area is very important. The present national 
conference organized by Department of Physics for functional materials in which eminent scientists 
and researchers are going to exchange their known and ideas, is really useful. I hope the 
deliberation will be really helpful to enhance knowledge and engrave vision of the national 
progress according to skill India approach of government of India. I welcome to all delegates and 
wish the conference a great success. 

 

 
 

Hon’ble Jugalkishorji Lohiya 
Chairman Jawahar Education Society’s 



 

 

 

       Message from the Principal 

 
Department of physics is really worthy of appreciation for organizing a National conference on 
functional materials synthesis and characterization techniques. This conference is sponsored by Dr. 
Babasaheb Ambedkar Marathwada University Aurangabad. It is my pleasure to invite the scientists, 
academia & researchers as well as students from all over nation to attend the NCFMSCT-2019. 

All of you are acutely aware of growing interests in functional material for indigenous 
technological progress. This conference ensures to share an insight in recent research and cutting 
edge technologies as for as functional materials are concerned. I am sure that each of you will 
benefit from fruitful and enriching discussion in the conference. 

I welcome you to this conference and look forward to your participation. Wishing the conference a 
grand success.      

           
 
 

Dr. R. K. Ippar  
Principal 

Vaidyanath College, Parli-Vaijnath



 

 

 
      Message from HOD 

 

 
It is my great delight and proud privilege to welcome you all delegates and extend my warm 
welcome to the distinguished scientists, authorities and dignitaries in the national conference on 
functional materials, synthesis and characterization techniques going to be held on 2nd March 
2019. The college has established a distinctive position among leading colleges in Marathwada 
region by imparting education to needy students from rural and backward areas. This year it 
commemorates its gold jubilee. The present conference which sponsored by Dr. Babasheb 
Ambedkar Marathwada University, Aurangabad is one of the special events on the eve of the gold 
jubilee celebration as department of physics is inherent part of the college since its establishment. 

125th birth year of Prof. Meghnad Saha and birth centenary of Prof. Richard Feynman are being 
commemorated also. The famous visionary statement of Prof. Feynman, “There is plenty of room at 
the bottom” is now being realized in form of nanomaterial development which contributes 
excellently the functional materials development. The present conference really includes 
reminiscences of those great contributions which helped to develop today’s functional material 
area. This deliberation is a small leap to create awareness and provide platform for functional 
materials synthesis and characterization techniques, so that it will contribute to incubate the future 
process of skill India for indigenous technological development for national prosperity. I really 
appreciate to the researchers across the country for sending the research papers for publication on 
call for research paper for the conference and extend my gratitude to the publisher International 
Journal of Advance and Innovative Research.  

I am thankful to the university as well as RUSA centre for Advanced Sensor technology for support 
and movition for the conference 

I sincerely hope the deliberation from various distinguished speakers will benefit the delegates to 
update their knowledge. Hope you will find the conference valuable and enjoyable. Wishing you 
the best for your involvement to make the event successful. 

 

         
Dr. Dilipkumar V. Meshram 

Head of  Department 
Department of  Physics 

  Vaidyanath College, Parli-Vaijnath 
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ABSTRACT 
Cobalt doped Ni-Zn (Ni0.3Co0.2Zn0.5Fe2O4) ferrite nanoparticles have been synthesized by sol-gel auto 
combustion technique using citric acid (C6H8O7) as a fuel. The spectroscopic characterizations of the prepared 
powder were studied using X-Ray diffraction, Field emission gun scanning electron microscopy and Field 
emission gun transmission electron microscopy (FEG-TEM). The XRD patterns confirmsthe formation of spinel 
structured Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles and FEG-SEM and FEG-TEM images depicted the uniform 
morphology of particles with the average sizes of 35-72 nm. Vibrating Sample Magnetometer (VSM) was 
deployed to study the magnetic properties of the prepared powder at room temperature and saturation 
magnetization of the powder was 68.30 emu/g.  To study the microwave absorption properties, complex 
permittivity and complex permeability were measured in the frequency range 2 GHz to 18GHz by vector 
network analyzer. The microwave absorbing properties of Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles were with 
the help of reflection loss. The excellent microwave absorption performance was found with the maximum 
reflection loss -22.63 dB in 13.52 GHz at thickness 1.0 mm. 

INTRODUCTION 
Currently the use of electronic gadgets, microwave oven, medical equipment, telecommunication system etc. is 
increasing every day and they are emitting electromagnetic radiations, which are harmful for living beings. The 
radiations create lot of problems to human health such as immunity loss, restlessness and damage of DNA 
structure [1- 4]. To get rid of these radiations, there is need of electromagnetic absorbing materials. In past, 
extensive investigations were carried out on these materials. There is an interest in the use of magneto-
electronic based microwave absorbing materials that provide absorption over a wide band width [5, 6]. A lot of 
attention has been focused on development of microwave absorbing materials that are thinner, lighter weight, 
stronger EM waves absorption ability and wider absorption bands. Ferrites materials show the magneto-
electronic properties [7-9]. Ferrite materials are studied and used as electromagnetic absorbents. Amongst 
ferrites materials, spinel ferrites are good electromagnetic absorbent due to their large magnetic and electric 
losses at gigahertz frequency [10-14].  Dielectric and magnetic losses are the important parameter for the 
determination of the reflection loss in the microwave absorption properties of the materials. Losses[15-19]. 
These losses are exhibited in these materials due to interaction between the magnetization and electric 
polarization. The studied spinel ferrite materials are Mg doped Ni-Cu-Zn ferrite, Cd substituted Mg ferrite, Mn-
Zn-Ni ferrite[20-22]. 

In this paper we have synthesized Co doped Ni-Zn (Ni0.3Co0.2Zn0.5Fe2O4) spinel ferrite nanoparticles since it has 
been reported that the addition of cobalt reduces the magnetic losses and anisotropy, so that Co doped nickel – 
zinc ferriteis fit for the application at high frequency. We also investigate their structure, magnetic and 
microwave absorption properties. 

EXPERIMENTAL DETAILS 
Cobalt doped Ni-Zn (Ni0.3Co0.2Zn0.5Fe2O4) ferrite nanoparticles were synthesized by a sol-gel auto-combustion 
method using lemon juice. The stoichiometric amount of citric acid, Ni(NO3)2.6H2O, Co(NO3)2.6H2O, 
Zn(NO3)2.6H2O, and Fe(NO3)2.9H2O were first dissolved separately in deionized water, obtained solutions were 
mixed with each other and stirred continuously for 30 min. and certain amount of lemon juice  was added. The 
mixed solution of nitrate and lemon juice was stirred continuously for 6 hours then Ammonium hydroxide was  
added dropwise to adjust the PH value to 7. The clear solution was slowly evaporated at 90 0C under constant 
stirring to transform into a viscous gel, the gel was turn into loose powder. Finally Ni0.3Co0.2Zn0.5Fe2O4 
crystalline powder was obtained after calcining the loose precursors at 6000C for 5 hours. 

RESULT AND DISCUSSION 
Room temperature x-ray diffraction of Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles is shown in Fig.1 (a) and 
corresponding Rietveld refined data is shown in Fig. 1(b). The compound crystallizes in Fd-3m space group 
with cubic structure and the obtained lattice parameter from Rietveld refinement is 8.41 Å. Crystal structure of 
the sample is shown in Fig. 1(c) with their respective positions in unit cell. In the unit cell Fe atoms occupy 
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octahedral position and Ni/Co/Zn occupy tetrahedral position, which is shown in Fig. 1(d). The crystallite size 
(D) of Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles have been calculated from the XRD line broadening of the 
(311) peak using Scherer’s formula 

                                                      (1) 

Where, λ is the X-Ray wavelength, k is the shape factor (= 0.89), θ is the Bragg angle and β is the full width half 
maxima (in radian). The calculated crystallite size of the sample to be found 35- 72 nm, which is in accordance 
with the FEG –TEM results. 

The morphology was studied with a Field Emission Gun Scanning Electron Microscope (FEG-SEM, model –
JSM-7600F) and Field Emission Gun Transmission Electron Microscope (FEG-TEM-300kV, model-Tcnai G@, 
F30). Fig.1 (e) shows FEG-SEM image. From Fig. 1 (e), it is found that the particles are in cubic form and 
aggregate to some extent because of magnetic dipole interaction between them and crystallite size of the sample 
to be found 35-72 nm. Fig. 1(f) showsFEG-TEM image of Ni0.3Co0.2Zn0.5Fe2O4ferrite nanoparticles and the 
particles are in cubic structure, which is consistent with the FEG-SEM result. FEG- SEM and FEG –TEM 
images clearly indicate the highly crystalline nature of the Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles. Very 
interestingly the micrograph reveals these nanoparticles, as single grain crystals structure, which conform that 
magnetic material smaller then critical size for multi-domain formation the particle is in single domain state. 

 
Fig.1 Room temperature XRD patterns of Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles. (b) Rietveld refine XRD for 
Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles. (c) Unit cell structure of Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles. (d) 
Tetrahedral surrounding of Ni/Co/Zn atom. and Octahedral surrounding of Fe (e) FEG-SEM image 
ofNi0.3Co0.2Zn0.5Fe2O4 (f)FEG-TEM image ofNi0.3Co0.2Zn0.5Fe2O4. 

In order to study the magnetic properties of Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles, Saturation 
magnetizationwas measured with a vibrating sample magnetometer at room temperature (293K). Fig.2 shows 
the magnetization (M) versus the applied magnetic field (H) of Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles with an 
applied field -20 kOe ≤ H ≤ 20 kOe. The saturation magnetization MS (emu/g) and coercivity field were found 
68.30 emu/g and 0.0717 kOe respectively. 

 
Fig-2 Shows the magnetization (M) 

Versus the applied Magnetic field (H)of Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles. 
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Fig. 3 Frequency dependence of (a) complex permittivity 

(b) Complex Permeability (c) Dielectric loss (tan δE) 
(d) Magnetic loss (tan δM )  (e) tan δ  (f) Reflection loss. 

To investigate the microwave absorption characteristics, the complex permittivity, complex permeability, 
dielectric loss (tan δE =   ), magnetic loss (tan δM =   ) and tan δ of the sample were measured and are shown 

in Fig. 4.  The frequency dependence of real and imaginary parts of complex permittivity of   
Ni0.3Co0.2Zn0.5Fe2O4 ferrite nanoparticles in the range of 2 to 18 GHz is as shown in Fig 3(a). It can be observed 
that the variation of real part permittivity with frequency was almost constant with one peak of value 4.52 at 
frequency 13.84 GHz whereas imaginary part of permittivity was almost remains constant. Fig 3 (b) shows the 
frequency dependence of real and imaginary parts of complex permeability of Ni0.3Co0.2Zn0.5Fe2O4 ferrite 
nanoparticles in the range of 2 to 18 GHz. It can be seen that the real and imaginary parts complex permeability 
both decreases with frequency up to 13GHz with peaks of values 2.68 and 3.8 at frequency 13.19GHz and 
13.53GHz respectively. Frequency dependence dielectric loss and magnetic loss are shown in Fig 3(c and d). It 
can be seen that the dielectric losses are small (maximum value 0.13) and magnetic losses are relatively higher 
(maximum value 6.21) at all frequencies so this material is higher magnetic loss than electric loss. Fig 3 (e) 
shows the tan δ (tan δE +tan δM ), which is indicative of  microwave absorbing properties, tan δ   has larger value 
6.21 at frequency 13.52GHz,implies this material is suitable as microwave absorber for high frequency. 

The measured permittivity and permeability of sample by Vector Network Analyser are used to calculate the 
reflection loss (RL) for different thickness using following equation 

                                                   (2) 

Where, the impedance (Z) of medium is 

 
Here µr andɛr are the measured relative complex permeability and complex permittivity of the 
materialrespectively, which are measured by Vector Network Analyser in the frequency range2 to 18 GHz, λ is 
the wavelength of incident plane wave in free space and t is the thickness of the absorbing material. Fig. 3 (f) 
shows the frequency dependence reflection loss of the sample at thickness 1.0mm, 1.1mm and 1.2 mm. The 
excellent microwave absorption has reached -22.63 dB in the frequency 13.52 GHz with thickness at 1.0 mm. 

CONCLUSIONS 
Ni0.2Co0.3Zn0.5Fe2O4 ferrite nanoparticles exhibiting electromagnetic properties were successfully synthesized by 
sol-gel auto combustion method followed by calcination at 7000C for 5 hrs. The X- ray diffraction analysis 
confirms the formation of single phase cubic structure, FEG-SEM and FEG-TEM studies have established the 
formation of Ni0.2Co0.3Zn0.5Fe2O4 ferrite in cubic structure nanoparticles. The hysteresis loop demonstrate that 
the Ni0.2Co0.3Zn0.5Fe2O4 ferrite is of a soft magnetic material and magnetization value of the annealed ferrite 
nanoparticles at 700 0C is 68.30 emu/g. Our result indicate that the Co doped Ni-Zn ferrite exhibits excellent  
microwave absorption performance found with the maximum reflection loss -22.63 dB at13.52 GHz for 
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thickness 1.0mm over a broad band range of  radar band with good electromagnetic properties. Thus, Co doped 
Ni-Zn (Ni0.3Co0.2Zn0.5Fe2O4) ferrites holds a good promise as a potential microwave absorption material. 
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ABSTRACT 
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. We have made a study of 
absolute ionization cross-sections (AICS) of inorganic cluster by electron impact.  Here we have use modified 
Jain-Khare formula. 

Keywards: ionization 

I. INTRODUCTION 
Quantum mechanical methods refer to calculations for which only physical constants are used as input data. 
Energy minimization is performed by calculating the wave functions using only constants such as me, h, e, c etc 
with various approximations and assumptions; no experimental data for the particular system under study is 
required. 

The laws of quantum mechanics are firmly followed and no classical approximations are made. Semi-classical 
models are those for which the laws of quantum mechanics are approximated to classical laws. Most 
calculations in this category are in fact a combination of semi-classical approximations and semi-empirical 
theories. 

After probing through the literature it has turn into visible that small improvement has been made in this area in 
recent years for atoms with Z > 2. The most comprehensive review of quantum mechanical calculations of 
electron impact ionization cross-sections is by Younger et al (1985)[4]. Although some progress has been made 
since then particularly with regard to the ionization cross-section of hydrogen (Jones & Stelbovics, 2002)[5]. 

Most of the theoretical work concerning to the computation of electron impact ionization cross-sections falls 
under the umbrella of semi-classical and semi-empirical banners. 

The quantum mechanical modeling of electron impact ionization cross-sections is an innately hard task because 
there are two free electrons in the field of the ionized atom in the exit channel. This leads to the so-called three 
body problem and, in the case of electron impact ionization; this has been a particularly difficult problem to 
formulate. 

Quantum mechanical calculations have so far been limited to selected atomic and atomic ion targets with 
varying success. The theory frequently disagrees with experimental results by a factor of between 2 and 10. As 
the atomic number, Z, increases, the theory becomes less successful. On the other hand (McGuirie, 1971; 1977; 
1979)[1-3] has performed quantum mechanical calculations in the Born approximation for heavy atoms. 
Calculations were perfect to within 20% of experimental values for atoms in the range 2 < Z < 11 and within 
30% of experimental values for atoms 19 < Z < 54 for electron energies greater than 200 eV using an extended 
Bethe binary encounter equation and a generalized oscillator strength model. Calculations were also performed 
for the ionization of individual subshells for a range of heavy atoms including Hg. 

In general, as the electron energy exceeds the maximum electron impact ionization Cross-section,�max the 
theory and the experimental results tend to meet. This is because the interaction between the ion, the primary 
electron and the secondary electrons are short lived at high energy and therefore cause less perturbation to the 
system[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. 

The calculation of total integral cross sections for electron-impact ionization of atoms and atomic ions has, in 
the last 20 years, greatly benefited from the development of several non perturbative methods, which in general 
show very good agreement with each other and with experiment. 
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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  0K  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 
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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.

 
RESULTS AND DISCUSSION 
In this paper the results of the absolute ionization cross section measurements for the organic compound are 
calculated from threshold to 1000 eV by the use of modified Jain-Khare approach. Table 1 

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

Table-1 
Absolute total  ionization cross-section values for organic compound (CH2F2 and compare with Torres and 
Rmartinez and find good agreement. 

 
Energy (eV) TIC 

20 3.43708 
30 9.78953 
40 1.39808 
50 1.61301 
60 1.71469 
70 1.75647 
80 1.76464 
90 1.75352 

100 2..66601 
125 2.65701 
150 2.63281 
175 2.59828 
200 2.55832 
300 2.51428 
400 2.46904 
500 2.42245 
600 2.37659 
700 2.33059 
800 2.28617 
900 2.24214 
1000 2.15852 
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Figure no-01 
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ABSTRACT 
Present investigation reported the POA (Polyaniline doped oxalic acid) cladding modified optical fiber intrinsic 
biosensor for quantitative determination of urea. The cladding modification technique was exploited on small 
unclad portion of optical fiber. Further, the enzyme-Urease immobilized on modified region by cross-linking 
method via glutarldehyde solution. The modified POA matrix was characterized by X-Ray diffraction, Ultra 
Violet-Visible and Fourier Transform spectroscopy. The sensitivity of developed biosensor was analyzed by 
acquiring absorption spectrum from UV-Vis. Spectrophotometer. The 0.1 M to 100 mM concentration range 
was preferred for analyze sensitivity of prepared biosensor. The developed biosensor shows the very good 
response towards selected concentration of urea comparable with buffer solution (Ph 7.4). 

Keywords: FTIR, optical fiber biosensor, urea, UV-Vis., XRD 

INTRODUCTION 
Application of biosensor in various fields such medical, agriculture, environment, food processing, military etc. 
always attracted to researcher. Generally biosensor defined by an analytical device comprising biologically 
active compound with a compatible transducer, which gives the bio-chemical signal into a recognizable signal. 
The main components of biosensors are bioreceptor, immobilization matrix, transducer and signal analyzer. 
These mentioned components decide the performance of biosensor [Singh et.al, 2008]. Thus, the challenging 
task for researcher is the proper selection of these components in fabrication of biosensor. The various types of 
biomolecules such as urea, glucose, cholesterol etc. are very much dangerous for human beings above the 
permissible limit in the body. The biomolecules urea above the permissible limit creates the many dangerous 
diseases in human body such as congestive heart, urinary tract obstruction, gastrointestinal disorders, chronic or 
acute renal failure, burns, dehydration, starvation, shock, malnutrition, little dietary protein in the diet, liver 
diseases, hepatic failure, nephritic syndrome and cachexia [Botewad et.al, 2018]. 

In biosensor fabrication different types of transducers, immobilization matrix and various types of sensing 
mechanics are used. Over the other types of biosensor optical fiber biosensors (FOB) have the extraordinary 
properties such as small size, flexibility, ruggedness, inherent possibility for remote measurements, 
multiplexing capability, and immunity to electromagnetic interference. In the subtypes of FOB the evanescent 
wave absorption spectroscopy has particular interest, due to its simple design and low cost, useful in harsh 
environment and sensing at isolated locations [Choudhury et. al, 2003, Pahurkar et. al, 2015]. 

Main and very important factor in biosensor fabrication is the immobilization supportive matrix because it 
solely decides the performance of biosensors. Various types of immobilization matrices are found to use in 
biosensor fabrications. Intrinsic conducting polymers (ICP) found best candidates as immobilization matrix 
owing to their ability to have their chemical and physical properties tailored over a wide range of 
characteristics. Polymeric matrices have the beneficiary characteristics for the fabrication of biosensors, such as 
biocompatible, flexible, and cost-effective. As a immobilization matrix various ICP are used Viz. polyacetylene 
(PA), Polyaniline (PANI), Polypyrrole (PPY), Poly(p-phenylene) (PPP), Poly(p-phenylenevinylene) (PPV), 
Polythiophenes (PTH). From the above mentioned ICPs, PANI has vastly studied owing to its ability of 
reversible doping/ dedoping character, modified electrical conductivity, pH switching properties and good 
environmental stability [Sen et al 2016, Pahurkar et. al 2015]. 

Herein, we reported the urea biosensor using optical fiber transducer via cladding modification technique by 
Polyaniline doped oxalic acid (POA) matrix. The biocompatibility of POA matrix was analyzed by 
immobilizing enzyme urease for urea sensing application. Developed biosensor shows very good sensitivity 
towards urea in the range 0.1 M to 1µM with higher reproducibility. Thus, as synthesized POA matrix is 
compatible for urease immobilization for fabrication of urea biosensor. 

SYNTHESIS AND BIOSENSOR DEVELOPMENT 
In the present investigation all chemicals are AR grade and used as without any further purification. Polyaniline 
doped oxalic acid (POA) immobilization matrix was prepared by in situ chemical oxidation method. For 
preparation of POA matrix aniline (0.2M) prepared in 100 ml distilled water with pouring 0.05 M oxalic acid in 
as prepared aniline solution and lastly oxidized by 0.05 M fecl3 solution. The prepared POA matrix used for 
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cladding modification on 2 cm unclad portion from 1 meter optical fiber. Further enzyme-Urease immobilized 
on cladding modified portion by cross-linking method via glutarldehyde solution. After, as prepared sensing 
element was used for sensing experiment. 

RESULT AND DISCUSSION 
XRD 
Fig.1 shows the XRD pattern of as synthesized cladding modified POA matrix. The XRD pattern not shown any 
sharp characteristic peaks like a crystalline materials thus, it confirms that it is in amorphous nature. Due to 
periodic vertical and parallel structure in the polymer main chain attributes two peaks at 22° and 34° [Chuanyu 
et.al, 2014]. 

UV-Vis. 
Fig. 2 shows the UV-Vis. spectrum of POA cladding modified matrix recorded in the range 250 to 900 nm. The 
spectrum shows two absorption peaks at ~275 and ~750 nm. The peak at ~750 nm is attributed due to the POA 
quinone ring structure [Chuanyu et.al, 2014]. The peak at ~275 ensured the POA matrix is in the half-oxidized 
emeraldine form [Botewad et.al, 2016]. These absorption peaks confirms that the prepared POA matrix in half-
oxidized emeraldine form. 

FTIR 
Fig.3 shows the FTIR spectrum of POA matrix and confirms the all characteristic frequency band. The strong 
absorption peak at 1717 cm-1 can be assigned to C=NH stretching.  The absorption peaks at 1237 and 1341 cm-1 
may confirms the C-N stretching of primary aromatic amines. The peak at 1508 cm-1 attributes to the absorption 
vibration peak of C=C in quinone ring and at 1465 and 1408 cm-1 attributes to the absorption vibration peak of 
C = C in benzene ring. The absorption peaks at 1084 and 1008 cm-1 stands for the C-H plane bending vibration 
[7]. The 827 cm-1 peak attributes to the plane bending vibration peak of C-H in disubstituted benzene [8]. This 
further illustrates that the oxalic acid has doped well into the polyaniline chain. 

 
Fig-1: XRD pattern of POA matrix 

 
Fig-2: UV-Vis. pattern of POA matrix 
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Fig-3: FTIR pattern of POA matrix 

BIOSENSOR PERFORMANCE 
The sensing performance of developed biosensor was analyzed by acquiring absorption spectrum from the UV-
vis portable spectrometer (BLACK-Comet-SR, Stellar Net, USA). In the experiment SMA905 connectors 
connected both ends of sensing element attached between light source and spectrometer. Light passing from end 
through the sensing element by source and spectrometer recorded the modulated absorption spectrum by other 
end. 

 
Fig-4: sensing response of urea biosensor 

SENSITIVITY 
Sensing study performed with urea concentration in the range 1mM to 100mM compared by buffer (Ph 7.4) 
solution. The fig 4 shows the sensing response of developed biosensor in the form of absorption spectra. It is 
clearly reveals that the absorption for urea concentration is high compared to buffer solution. The absorption is 
increased corresponding to increased urea concentration. The change in absorption is occurs due to the reaction 
between analyte-urea and enzyme-urease at sensing element. Reaction around the sensing element changes the 
microenvironment at modified cladding and because of this changes the refractive index. Due to the changing 
refractive index for each concentration occurs change in absorption intensity. 

CONCLUSION 
In present study we successfully developed the cladding modified urea biosensor using POA matrix. The 
developed biosensor gives the very good response towards the urea concentration in the range 1M to 100mM. 
Thus the cladding modified POA matrix proved the good immobilization matrix for enzyme urease in urea 
biosensor. 
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ABSTRACT 
The materials with promising nonlinear optical (NLO) features are widely needed for photonic device 
fabrication hence present investigation is aimed to explore the third order nonlinear optical (TONLO) 
properties of tartaric acid (TA) influenced NH4H2PO4 (ADP) crystal. The TONLO properties of TA influenced 
ADP single crystal has been examined by means of Z-scan technique at 632.8 nm. The Z-scan technique has 
been configured to close and open aperture so as to examine the nature of TONLO refractive index and 
absorption. The magnitude of TONLO refraction (n2), absorption (β) and cubic susceptibility (χ3) of TA 
influenced ADP crystal has been determined and compared with pure ADP crystal. 

1. INTRODUCTION 
In recent technological progress ammonium dihydrogen phosphate (ADP) having d36 coefficient (1.38×10−9 esu) 
is an exclusive material for optical device applications [1]. The ADP crystal has potential credibility due to 
piezoelectric, ferroelectric and nonlinear optical (NLO) properties which suggests its advantage in designing 
monochromators for X-ray fluorescence analysis, harmonic generators, ultrafast communication and optical 
switching devices [2-7]. It is observed that various aspects of ADP crystal have been explored in literature. The 
properties of interest can be modified by several ways. It is observed that the properties such as morphology, 
XRD, second harmonic generation efficiency and luminescence of ADP crystal has been modified due influence 
of TA however, the its TONLO properties are yet not explored [8]. Hence present investigation is very firstly 
scripted to explore the TONLO properties of TA influenced ADP crystal by employing the Z-scan technique. 

2. EXPERIMENTAL PROCEDURE 
Ammonium dihydrogen orthophosphate (ADP) of 1 mole was dissolved in distilled water and stirred till the 
homogeneous solution was formed. L-tartaric acid (TA) of 0.5 mole was gradually added to the solution of ADP 
and then mixed well for four hours. The TA influenced ADP (TA-ADP) solution was filtered in the clear dust 
free rinsed beaker using the filtration unit (membrane filter paper, vacuum pump). This beaker was placed in a 
constant temperature water bath maintained at 35 ◦C. The grown TA-ADP crystal is shown in Fig. 1. The 
recrystallization was done to eliminate the impurity in the crystal material. 

 
Fig-1: Crystal of TA-ADP 

3. RESULTS AND DISCUSSION 

 
Fig-2a: Z-scan transmittance curve with aperture (a) close and (b) open 
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The TONLO properties of material play crucial role in designing three dimensional (3D) fluorescence 
imaging/optical data storage, ultrafast optical modulation, optical power limiting and microscopic lithography 
devices [9]. The He-Ne laser assisted Z-scan technique has been employed to determine the TONLO properties 
of TA influenced ADP crystal. The Z-scan setup includes the He-Ne laser operating at 632.8 nm, Gaussian 
filter, converging/convex lens (20 cm), sample translator and the photo detector placed at far distance (113 cm 
from laser source). As the components are optically aligned the polished crystal is placed at the sample holder 
and translated along the beam irradiated path. Firstly the close aperture Z-scan technique has been employed to 
determine the profile of TONLO refraction (n2) and the Z-scan transmittance curve is shown in Fig. 2a. It is 
evident that the transmittance about the focus shifts from the pre-focus valley to post-focus peak which is 
signature of material having self-focusing ability [10]. This confirms the presence of positive nonlinear 
refraction [11] which attributes the occurrence of Kerr lens modelocking (KLM) ability desirable for laser 
alignment and shorter pulse generation system [12]. The phase change in profile of n2 is due to localized 
irradiation of highly repetitive laser beam causing the thermal lensing effect [13]. The open aperture Z-scan 
transmittance curve is shown in Fig. 2b it is observed that the TA-ADP crystal offers the reverse saturable 
absorption (RSA) effect which is essential for optical limiting device applications. The RSA effect is governed 
by the two photon effect assisted by the excited state absorption [14]. The cubic susceptibility of TA-ADP 
crystal has been determined and it is found to be of order esu. It is notable that the ADP crystal itself attributes 
the positive n2 and RSA effect as well [15]. The TONLO parameters of pure and TA-ADP crystal is tabulated in 
table 1. 

Table-1: TONLO parameters 
Crystal n2 (cm2/W) β (cm/W) χ3 (esu) 

ADP 6.34×10-11 9.55×10-6 1.73×10-5 

TA-ADP 2.64×10-10 3.73×10-4 7.69×10-4 

4. CONCLUSION 
The crystal has been grown by slow solvent evaporation technique. The Z-scan study has been employed using 
He-Ne laser to determine the TONLO properties of TA-ADP crystal. The close aperture Z-scan study confirmed 
the presence of positive nonlinear refraction in TA-ADP crystal. The magnitude of n2 is found to be 2.64×10-10 
cm2/W. The open aperture Z-scan study revealed the inhabitance of reverse saturable absorption effect with the 
magnitude of β 3.73×10-4 cm/W. The TONLO susceptibility of TA-ADP crystal is found to be 7.69×10-4 esu. 
The promising TONLO parameters of TA-ADP crystal can find applications in photonics devices. 
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ABSTRACT 
Synthesis and characterization of polypyrrole films were deeply studied for application of ammine and other 
gas sensing properties in resent year but polypyrrole –polyvinyl alcohol doped  Al2O3 films no deeply studied so 
here we are synthesis this doped films at room temperature by chemical bath deposition method. The uniform 
thin films formation was very difficult task.We are synthesised and characterization by U.V.,FTIR and SEM 
study. The suitable uniform thin films have studies for ammine gas sensing properties at room temperature.  The 
sensing properties of film observe atlower 1-10 ppm level to higher level about500ppm level.  The stability and 
gas sensing behaviour of films has observed for different temperature. 

Keywords: Polypyrrole, polyvinyl alcohol,ammine,  Al2O3 and sensor. 

INTRODUCTION  
In recent decay the much more attraction in the field of electro-active polymers to development of new 
materials that provides the large outputs in field electronic, opticaland sensor devices. The tremendous efforts 
have been devoted to the optimization of  electroactive  for enhanced electrochemical stability,mechanical 
strength and strain and stress (1).Conducting polymers, especially polypyrrole (PPy), are emerging as intelligent 
materials and they have a wide range of applications in the field of optical, electronic, electrochromic devices 
and sensors. The reasons for such widespread interest of polypyrrole (PPy) are its easy deposition from aqueous 
and non-aqueous media, adherence to many types of substrates, stability in air and aqueous media and high 
electrical conductivity.PPy has certain drawbacks like brittle film forming nature and poor mechanical strength. 
These limitation can be overcome by introducing PPy with another polymer matrix as host medium to form a 
strong inter chain interaction betweenthem (2). 
Polypyrrole has attractive and interesting materials for achieving the conductivity as well as sensing 
propertiesand Polyvinyl alcohol as netural macromolecule has been incorporate into polypyrrole  to improve 
their electrical and mechanical properties. PVA has been extensively used because of its availability with 
different molecular weight, its good film forming character, high hydrophilicity, easy processability, non-
toxicity, biocompatibility, biodegradability and good chemical resistance. PVA has  wider application because 
of its chemical, physical and most promising film forming properties.(3) To impart a high level of physical 
properties and durability against environment, different additives are added usually to PVA polymer in order to 
modify and improve its properties like electrical and mechanical properties, flexibility and thermal 
stability.TheControlling the materials properties of conducting polymers such as morphology, electroactivity 
and conductivity, which are strongly dependent on how conducting polymer are synthesized, is required for the 
successful implementation of conducting polymers in devices (4). 
The study deal with to  construction of ammine gas sensors with highly sensitive detection or a lower limit of 
detection for gas sensing application using Al2O3has become an attractive research  work owing to its unique 
electrical properties, high surface-to-volume ratio, high electron transfer rate, high mechanical properties and 
outstanding flexibility. Even though the gas sensing response of Al2O3 is large and more rapid than pure 
polypyrrole   films because they get strongly affected by relative humidity at room teperature, slow recovery, 
poor selectivity, detection limit and repeatability which limits their practical application.The main aim of this 
study is to information for sensor response measurements has been utilized for PPy/PVA /Al2O3  synthesis and 
characterization of these thin films.   The synthesis  uniform PPy/PVA /Al2O3 thin film  was to pass the 
amminegas is turned on for 5 minutes (gas-on) and in the second step is turned off for 20 minutes (air-on) 
forming a 25 minutes cycle. Gas sensing measurements of PPy/PVA /Al2O3 were carried out at room 
temperatures. 
2 EXPERIMENTAL METHODS 
2.1. Materials 
PVA of average molecular weight 85,000–124,000 g.mol−1 having degree of hydrolysis 87–89% and powder 
was purchased from Sigma-Aldrich, India. The pyrrole monomer (RankchemRanbaxy,India. sodium hydroxide 
(GR grade >99%, MERCK), HCl (GR grade, 37%, MERCK). Aluminium foil was purchased from Sigma-
Aldrich, India. 
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2.2. Preparation of Ppy-PVA/ Al2O3 film 
The composites thin films electrolyte Ppy-PVA/Al2O3films was prepared by mixing the desired amount of 
pyrrole monomer and HCl in a suitable concentration of acid aqueous solution. Before that, the aluminium foil 
was impregnated in 0.1N NaOH for 1 h to remove the native oxide film on the surface. The aluminium foil after 
pre-treatment was immediately placed in the electrolyte solution that had been purged with nitrogen to remove 
dissolved oxygen.  To preparing of thin film on glass substrate by chemical bath deposition method the 
polyvinyl alcohol dissolved in conductivity water with continuous stirring the an appropriate molar 
concentration of pyrrole monomer of 0.5M, PVA additive (25mg) dopant Al2O3(0.05M)and oxidant 
FeCl3(0.5M) was added. The resulting reaction mixture was kept for 2 hours in closed vessel along with glass 
substrate at 10 0C. The synthesized uniform films were selected for characterization and gas sensing behaviours. 

2.3. Characterization 
The structural and morphological characterization of PPY-PVA films and Ppy-PVA/Al2O3doped composites 
thin films was performed.  Both types of the thin films UV-visible and FTIR spectra were recorded at room 
temperature in Dimethyl sulphoxide (DMSO) solvent. The surface morphology was characterized by using 
scanning electron microscopy (SEM) at different magnification range by (JEOL-JSM-6360 A). Synthesized 
PPY-PVA films and Ppy-PVA/Al2O3doped composites films composites were subjected to the Ammonia gas at 
room temperature by using indigenously developed computer controlled gas sensor system and electrical 
conductivity (I-V characteristics) of the films was recorded using four probe-methods computer control system. 

3. RESULTS AND DISCUSSION 
The synthesized Ppy-PVA/Al2O3composites doped thin films characterized by following analysis. 

3.1. UV-Visible spectra of synthesized Ppy-PVA/Al2O3doped composites film 
The UV-Visible absorption spectra of the polymer films were recorded by dissolving the polymer film in 
Dimethyl Sulfoxide (DMSO) solvent and the absorption spectra of,Ppy-PVA/Al2O3doped composites films 
in.The band observed at 272-298 nm samples corresponds to  -* transition of Ppy-PVA/Al2O3  composites 
films. The bands appear at the 360-408 nm is due to n-* in  Ppy-PVA/Al2O3film due to lone pair on nitrogen in 
pyrrole ring, which is inter charge transfer band associated of benzenoid to quinoid ring .The transitions of 
quinone-imine groups, together with the extending tail at 940- 1100nm. The conducting emeraldine salt (ES) 
phase in the polymer is identified by broad peak at 950 nm.  Thus from the UV-visible spectroscopic 
measurements it was observed that the polymer is composed of mixed phase i.e. conducting salt phase of the 
polymer. All these UV –visible spectral data clear that in these synthesized films Ppy-PVA/Al2O3doped 
composites formation take place. 

3.2. FTIR of synthesized Ppy-PVA/Al2O3doped composites film 
The molecular structure of synthesized Ppy-PVA/Al2O3composites films was characterized by FTIR 
spectroscopy. The Infrared spectra of all Ppy-PVA/Al2O3composites films are similar appear when dissolved in 
DMSO solvent. The bands related to N–H stretching of an aromatic amine (> NH stretching) normally appear in 
the region between 3210-3440cm1. A broad band near at 3464 cm─1for Ppy-PVA/Al2O3film, the same time NH 
region also shows dependence of the doping. The band appears at 2900 and 3000 cm -1 due to CH3 and CH2 (C-H 
stretching). The two bands observed in the 1410–1426 cm─1 regions are related to the stretching of the C–N 
bonds of the benzonic and quinonic rings, respectively and are present due to the conducting state of the 
polymer. The bands corresponding to quinoid (N=Q=N) and benzenoid (N–B–N) ring stretching modes were 
observed at 1668 cm─1for (C=N) Stretching and 1439 cm─1 for (C-N), respectively.We attributed the shoulder 
bands at 1048 cm─1 as the asymmetric and symmetric C-O stretching vibrations of polyvinyl group, and peaks 
at 730 cm─1assigned to C-H bending. All these characteristic bands confirm the presence of 
conductingemeraldine salt phase of the polymer of Ppy-PVA/Al2O3composites material. 

3.3. Morphology of synthesized Ppy-PVA/Al2O3doped composites film - 
Scanning Electron Microscopy is concerned with the surface structure or (morphology) of polymer. The object 
of electron microscopy is to observe the relationship between adjacent particles and small group of particles. 
The microstructure and surface morphology of Ppy-PVA/Al2O3nanocomposite films was examined using 
scanning electron microscope. The surface morphology of the synthesized Ppy-PVA/Al2O3doped composites 
film was studied by using scanning electron microscope (SEM). The SEM images of the synthesized films are 
shown in Fig 3.3. We have observed better porous, granular and globular surface morphology with very good 
uniformity and adhesiveness for synthesized film samples suitable for sensor application. 
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Fig-3.3: SEM of  Ppy-PVA/Al2O3films 

3.4. Conductivity control and doping 
Due to its wide bandgap,-Al2O3is intrinsically aninsulator. However, it also exhibits very good p-
typeconductivity when synthesized under reducing conditions. The p-type semiconductivity is 
commonlyattributed to oxygen vacancies which are ionizedand form donors. Conductivity of the Al2O3 grown 
by floating zone method can be controlled bychanging by doping.As reportedby Vu QuocTrungaetal (7). The 
conductivity of Ppy-PVA/Al2O3doped composites were studied by using four probe technique at different 
concentration dopant varies and its conductivity . 

 
Fig-3.4: conductivity with molar concentration 

3.5. I-V Measurement  Ppy-PVA/Al2O3doped composites film 
The I-V characterization measurement of the Ppy-PVA/Al2O3film was recorded by an indigenously developed 
computer controlled I-V measurement system using four- probe method at room temperature. The current–
voltage (I-V) characteristics of the synthesized Ppy-PVA/Al2O3thin films were studied to ensure an ohmic 
behavior of the films. A linear relationship of the I-V characteristics shown in Fig.3.4 reveals that the Ppy-
PVA/Al2O3doped composites filmshas an ohmic behavior. 
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3.5. Ammonia Gas Sensing Characteristics 
The ammonia gas-sensing characteristics of the synthesized Ppy-PVA/Al2O3dopant composites films at room 
temperature, we have used the Four-probe technique of resistivity measurement, The synthesized Ppy-
PVA/Al2O3composites films were exposed to ammonia gas for 5 minutes response time. The recovery time was 
measured by exposing the film to the air for 20 minutes. The change in resistivity of the film was measured at 
an interval of 10 s. We have explored the ammonia gas-sensing curves of Ppy-PVA/Al2O3at different 
concentrations of ammonia gas 1 ppm to 500 ppm. The sensing properties of film observe at lower 1-10 ppm 
level to higher level about 500ppm level.  It was observed that the resistivity of the Ppy-PVA/Al2O3composites 
thin film increases in the presence of ammonia gases and after a few minutes becomes saturated and the 
resistivity decreases steadily to a minimum value, when the ammonia gas was removed however, a drift from its 
original value was observed. The relationship between change in resistivity and time of the synthesized Ppy-
PVA/Al2O3composites films when exposed to different concentration of ammonia gas are shown in (Fig. 3.5). 

 
 
CONCLUSION 
This study describes the synthesis of Ppy-PVA/Al2O3 composite films using chemical  bathdeposition  method 
and successful fabrication of chemiresistive ammine  sensors based on Ppy-PVA/ Al2O3 composite films for 
ammine leakage detection at room temperature. Several characterization techniques such as FTIR and SEM 
analysis confirmed that Al2O3 were successfully incorporated into the Ppy/PVA blend matrix. Effect of different 
concentration of Al2O3 on structural, electrical and gas sensing properties of Ppy-PVA/Al2O3 composite films 
were studied. FTIR analysis showed good intermolecular interaction between Ppy/PVA matrix and Al2O3. The 
surface morphology of Ppy-PVA/Al2O3 composite films was examined using SEM analysis and the results 
confirm that Al2O3 are homogeneously dispersed in Ppy-PVA matrix. The synthesis composite films with 
Al2O3doping showed highest conductivity with a value of 8.23 × 10-4 Scm−1 among all the other Ppy-
PVA/Al2O3composites. The results obtained in the present study for Ppy-PVA blend and Ppy-
PVA/Al2O3composite films based for ammine gas sensors. Thissynthesis filmswere response at lower 1ppm 
level to higher 500 ppm  concentration of ammine gases. 
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ABSTRACT 
We report synthesis, structural and linear optical properties of L-valine capped MgO nanoparticles (NPs). L-
valine capped (5, 10 and 15 mol%)  MgO NPs were obtained by chemical co-precipitation method. . X-ray 
diffraction (XRD) pattern shows major reflections at 2θ = 42.94°, 62.09° and 78.44° corresponding to (200), 
(220) and (222) planes of MgO with a face-centered cubic structure respectively and the average particle size 
was found to be 12 nm. Transmission electron microscopy (TEM) attests the formation of spherical like 
nanoparticles. Ultraviolet-visible (UV-vis) spectroscopy attests the formation of NPs and strong blue shift in the 
excitonic absorption has been observed.MgONPs exhibited strong absorption between 200 and 230 nm, and the 
absorption edge at 230 nm and 228 nm corresponds to the excitation of four-fold coordinated O2

- anions in the 
edges and corners. 

Keywords: MgO nanoparticles, L-valine, XRD, UV-vis, TEM. 

1. INTRODUCTION 
Nanotechnology is playing very crucial role in our day to day life. Materials at the nanoscale found potential 
applications in various fields e.g. photonics, sensors, optoelectronics, etc. owing to their enhanced properties 
due to high surface to volume ratio and quantum size effects [1-3]. Metal oxide semiconductors and its 
nanocomposites are known to possess peculiar nonlinear optical properties and materials like ZnO, CuO and 
their composites have been already investigated [4-9].Magnesium oxide (MgO) is gaining importance due to its 
broad applications, such as in catalysis, hazardouswaste treatment,antimicrobial activity, refractory materials, 
and superconductormaterials [10-15]. In this article, we report synthesis and characterization of L-valine capped 
MgO nanoparticles which could be further investigated for their nonlinear optical properties. 

2. EXPERIMENTAL 
All chemicals of analytical reagent grade were used as received without further purification. Magnesium 
chloride (MgCl26H2O),OxfordDiagnostics, Bombay, L-valine from Central drug house (P) Ltd. (CDH), New 
Delhi, sodium hydroxide pellets (NaOH, 99%) and ethanol were procured from SD-fine Chemicals, Mumbai, 
India. Hydrochloric acid (HCl), acetone, Nitric acid (HNO3) etc have been purchased from SD-fine chemicals 
ltd, Mumbai, India.Stock solutions of 1M MgCl2.6H2O, 2M NaOH and 0.1M L-valine in double distilled water 
were prepared. Double distilled (d.d.) water was used as a solvent for synthesis of MgO nanoparticles. MgO 
nanoparticles were synthesized using L-valine as capping agent. For this, 10 ml stock solution of MgCl2.6H2O 
was added into 150ml d.d. water and stirred continuously for 1h under constant heating at 80oC. The 
temperature was maintained above 80oC throughout the reaction. For the synthesis of sample MgV1, 5 ml L-
Valine (5 mol%) from stock solution was added drop wise into above solution. The resultant solution was again 
stirred for another 30min. After this, 10-15 ml NaOH stock solution was added drop wise into this solution till 
the precipitate is formed. The precipitate then washed 2-3 times with d.d. water. The precipitate was then dried 
for 24h in hot air electric oven. Two more samples namely MgV2 and MgV5 were also synthesized in this 
manner by adding 10ml (10mol%) and 15ml (15mol%) stock solution of L-valine respectively. One sample 
(Sample name: MgO-pure) was also prepared without the use of L-valine as capping agent. 

3. RESULT AND DISCUSSION 
3.1 Structural Morphology using XRD and TEM 
All samples of NPs were subjected to structural and morphological characterization by X-ray diffraction (XRD) 
using Rigaku diffractometer Miniflex II with nickel filtered CuKα radiation (λ=1.5406 Å). Fig. 3.1 shows the 
XRD pattern of MgO nanoparticles. XRD pattern shows major reflections at 2θ = 42.94°, 62.09° and 78.44° 
corresponding to (200), (220) and (222) planes of MgO with a face-centered cubic structure respectively, which 
are in good agreement with the standard JCPDS card (No: 78-0430). No characteristic peaks of Mg(OH)2, Mg 
or other impurities were detected in the XRD pattern, indicating the high quality of the synthesized products. 
The broad nature of the diffraction peaks clearly indicates that the crystallites are in nanometer regime. The 
mean crystallite size (D) of MgO nanoparticles was calculated for (2 0 0) and (2 2 0) planes using Debye 
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Scherrer's formula [16]
cos
kd 

 
 ; where k is a constant (k=0.93) and β is width of the diffraction peak at half 

maxima. The average particle size was found to be 12 nm. 
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Fig-3.1: XRD spectrum of MgO NPs 

TEM micrographs of MgO NPs are shown in Fig 3.2 (a and b) from which, information regarding morphology 
and size of MgO NPs are evident. Obtained size of NPs are in good agreement with XRD data. 

(a) (b)

 
Fig-3.2: TEM images of Zn doped MgO NPs ((a) and (b)). 

3.2 Ultraviolet-visible Spectroscopy 
UV-vis spectroscopy was performed using UV-visible spectrophotometer (BLK-C-SR, Stellarnet, USA) in the 
wavelength range 190-900 nm. All samples of MgO NPs have been subjected to Ultraviolet-visible-near infra-
red (UV-vis-NIR) spectroscopy and studied extensively.UV-vis spectra and optical band gap using Tauc’ plots 
of MgO nanoparticles are shown in figure 3.3 (a & b). MgO nanoparticles exhibited strong absorption between 
200 and 230 nm, and the absorption edge at 230 nm and 228 nm corresponds to the excitation of four-fold 
coordinated O2− anions in the edges and corners. Blue shifting of the maximum absorption wavelength is thus 
obvious. MgO NPs capped using highest concentration of L-valine shows strong blue shift and reduced particle 
sizes are obtained as indicated by quantum confinement effect. However, absorption intensity goes on 
decreasing and absorption bands become narrow as particle size decreases. This indicates that L-valine 
effectively modified the surface of MgO NPs by annealing surface states. Low density of surface states might 
have caused less and selective absorption. 

 
Fig-3.3 (a) UV-vis spectra and (b) Tauc’ plots for MgO NPs 
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Table-3.1:  UV-vis spectral details of all MgO NPs 
Sample Max Absorption (nm) Optical band gap (eV) 

MgO-pure 267 1.97 
MgV1 244 2.02 
MgV2 240 2.15 
MgV5 235 2.20 

 

4. CONCLUSIONS 
PureMgO nanostructures passivated with L-valine were successfully prepared by soft chemical route. The XRD 
analysis confirms crystal structure of grown nanoparticles. TEM micrographs reveal the formation of uniformly 
spherical nanoparticles.  UV-vis studies reveal the presence of excitons and absorption peaks appear at 200 and 
240 nm for MgO NPs. Maximum optical band gap is witnessed for the sample MgV5 that result due to 15 mol% 
of L-valine as capping agent. 
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ABSTRACT 
MnFe2O4thin filmhas been deposited by chemical spray pyrolysis method on a glass substrate at a temperature 
of 350 oC.The deposited film was annealed at 550°C for 4 h.  X-ray diffraction technique was employed to 
confirm theformation of single cubic phase nanocrystalline thin film. The crystallite size of the present thin film 
is of the order of 15 nm confirming the nanocrystalline nature of the film. The thickness of the film was 
measured by surface profiler meter and is found to be 289 nm. The formation of spinel ferrite phase is 
confirmed to active Raman mode peaks of bands in the thin film by using Raman spectroscopy. The energy band 
gap(Eg)is found to 2.01 allowed direct electronic transitions was observed through UV-vis studies. 

Keywords: Spray Pyrolysis; MnFe2O4; XRD; UV-Vis; Thin film. 

1. INTRODUCTION 
Ferrites are the most important magnetic material due to their combined electrical and magnetic properties, 
which can be modified for thedesired application[1]. Now day’s ferrite thin films are used in alot of 
applications, such as magnetic recording media, sensors, and microwave device[2-5]. The ferrite films are 
effectively utilized as magnetic core materials with thelow iron loss, opto-magnetic devices, and vertical 
recording magnetic material in surface magnetism study[6]. The spinel type refers to M2+M2

3+O4, which attract 
great interest owing to their multipurpose practical applications. If M3+ = Fe, the resulting spinel ferrites can be 
represented by the general formula of MFe2O4 (M = Mg, Zn, Mn, Co, Cd) is extensively utilized as magnetic 
materials[7]. However, the presence of the two cations in the spinel structure leads to improved sensing 
behavior towards target gas/vapors. This motivated us to investigate the ethanol and acetone vapor sensing 
properties of manganese ferrite (MnFe2O4). The spinel nanostructure form of MnFe2O4 with Fd3m space group 
is commonly illustrated by its unit cell of cubic structure having eight formula units. The entire unit cell from 
the cubic structure has twenty four cations arranged in eight of the sixty four tetrahedral sites (Mn) and sixteen 
of the thirty two are arranged at the octahedral sites (Fe2). In MnFe2O4 nanostructure, 80% have normal spinel 
structure and remaining 20% of Mn2+ cation arranged in octahedral site with Fe3+ cations[8]. The sensitivity of 
the sensing material highly depends on its size, composition and morphology along with its synthesis 
techniques[9]. Different preparation methods have been employed to produce nano-sized spinel ferrite 
MnFe2O4, such as co-precipitation, hydrothermal and solvethermal synthesis sol-gel, processing and microwave 
method[10-12]. The present investigation is to enhance the structural and optical properties of the 
MnFe2O4nanoferrite thin film by spray pyrolysis technique. 

2. EXPERIMENTAL PROCEDURE 
The manganese ferrite (MnFe2O4) thin film was deposited on to preheated glass substrate (350 oC) by using 
spray pyrolysis technique. The solutions are prepared by using amixture of Mn(No3)2.6H2O (manganese nitrate 
hexahydrate) of 0.08 M and Fe (No3)3.9H2O (ferric nitrate nonahydrate) of 0.08 M in separately dissolving in 
double distilled water. The final solutions are prepared by mixing two initial solutions in 1:2 volumetric 
proportions. 

The MnFe2O4 thin film was prepared by spraying solution on to glass substrate. The glass substrate was pre-
heated with an ultrasonication for 30 min in distilling water before film deposition. Then after cleaning glass 
substrate was mounted on to asurface hot plate and set the substrate temperature to 300 °C. The temperature 
controller was used to control the temperature within  10 °C through a thermal couple connected to the surface 
of a hot plate. The other preparative parameter such as spray rate 5ml/min. the solution of total quantity 75ml. 
the parameters of thenozzle to substrate distance 28.5 cm was kept constant and thefreshly prepared solution 
was atomized in air 0.30 M pa. Compressed air was used as a carrier gas to atomize the spray.  The atomized 
droplets were transferred on to the heated glass substrate for 10s intermittently[13]. 

In spray pyrolysis method, the precursor material is dissolved in a suitable solvent and then the solution is 
sprayed on to the preheated glass substrate maintained at a desired temperature. By the spraying of amixture of 
metallic nitrides, chlorides with a particular concentration and semiconducting film can be prepared. In this 
process, the precursor solution is atomized through a glass nozzle. The nozzle converts to the solution into small 
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droplets known as aerosols. These aerosols are allowed to travel through finally incident onto the heated glass 
substrates. 

3. RESULTS AND DISCUSSION 
3.1 Structural properties 
The Fig. 1 shows that X-ray diffraction pattern of theMnFe2O4 thin film deposited on glass substrate at 300 °C 
temperature and annealed 550 °C for 4 hrs. The X-ray diffraction shows that some lower intensity peaks 
appeared in thenickel ferrite thin film due to the lower peaks as (220), (221) (311),(321), (421), (422), (511), 
(440) and (441) also the spinel cubic crystal structure of the deposited film. Average crystallite size of 
nanoparticles was calculated from the Debye-Scherrer’s equation[14]. (1) 

where, D is the crystalline size, is the wavelength of x-ray (1.5406 A),  β the full-width of the diffraction 
line at  half–maximum intensity and θ is the Bragg’s angle. The crystalline size of themanganese ferrite was 
estimated to 15 nm in the table 1.The film thickness is one of the important physical parameters, its most of 
the properties depend upon a film thickness[15]. The grain size of film changes with thickness. The 
thickness of the film was measured using surface profiler and found to be 289 nm. 

                          
    Fig-1: X-ray diffraction ofMnF2O4 thin film                          Fig-2: Raman spectra of MnFe2O4 thin film. 

Table-1: Lattice constant (a), X-ray density (ρx), and crystallite size (T) and energy band gap (Eg) for 
MnFe2O4 thin film. 

 
To have more information regarding the structure ofmanganese ferrite thin film analysis by using Raman 
spectra was recorded at room temperature are shown in Fig. 2.The Raman peak over the region 671.12 cm-1 
represents the modes of tetrahedral group and 467.08 cm-1region to the octahedral group of manganese ferrite 
thin film[16]. 
3.2 Optical properties 
An optical property of manganese ferrite thin film on glass substrate was studied by using UV-VIS 
spectrophotometer. The optical absorptions spectrum of annealed MnFe2O4 thin film (550 °C) recorded at room 
temperature. The visible light absorptions a spectrum was examine using UV spectrophotometer having glass 
substrate. Fig. 3 shows the plot of absorption spectra of MnFe2O4 in 200-800 nm wavelength range. The direct 
optical band gap energy (Eg)of MnFe2O4thin film are determined by the relation between absorption coefficient 
() and energy (hν) of the incident photon[17]. 
Where A is a constant independent of h,  and(Eg) is the semiconductor band gap and n is a number equal to 1 
for direct band gap. The plot of (h) versus (h) is shown in Fig. 3. It is seen that the direct optical band gap 
(Eg)  of mangnese  ferrite thin film is 2.01 nm.The direct and indirect band gap energy ofMnFe2O4 thin films has 
been determined byTauc plot based on the above formula as shown in fig.3.The value of optical band gap is 
calculated by extrapolating the straight line portion of thegraph on ‘hν’ axis[18]. 
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Fig-3: Direct band gap MnF2O4 thin film at annealed 550 oC 
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ABSTRACT 
In present work ADP-KDP mixed crystal (90:10) has been grown by slow evaporation solution growth 
technique. The UV-visible study confirms the wide optical transmittance window for electro-optic applications. 
The transmittance data has been used to evaluate the optical band gap of grown crystal. The optical band gap 
was found to be 4.95 eV. Theoretical calculations were carried out to determine the linear optical constants like 
refractive index, reflectance, extinction coefficient, optical conductivity, electrical conductivity, real and 
imaginary part of dielectric constant. 

Keywords: ADP, Growth from solution, KDP, Optical properties, UV-Visible. 

1. INTRODUCTION 
KDP (Potassium dihydrogen phosphate) is well known hydrogen bonded ferroelectric and ADP (Ammonium 
dihydrogen phosphate) is also known for its antiferroelectric behavior. The mixing of ADP and KDP leads to 
significant change in the properties of crystal [1]. ADP and KDP are non linear optical (NLO) crystals with 
lower impurity which has been used as optical modulator, frequency converter, optical switching, optical data 
storage, telecommunication accessories [2-4]. Mixing of ADP and KDP is being carried out for many years by 
several researchers [1, 5]. However there is no report available in the literature on linear optical properties of 
ADP-KDP mixed crystal. In the present work we have grown ADP and KDP (AKDP) mixed crystal in the ratio 
(90:10) by slow evaporation solution growth method, characterized by UV Visible spectral analysis and its 
detailed optical parameters were reported for electro-optic applications. 

2. EXPERIMENTAL PROCEDURE 
The AR grade ADP and KDP salt was dissolved separately in deionized water with constant stirring to achieve 
supersaturated solutions. The supersaturated solutions of ADP and KDP was taken in the ratio 90:10 and 
allowed to stir at constant speed to achieve homogeneity throughout the volume. The prepared solution was 
filtered by Whatman filter paper and kept for slow evaporation in a constant temperature bath of accuracy ±0.01 
0C at temperature 450C. The transparent seed crystals were harvested within 10-12 days. 

3. RESULT AND DISCUSSION 
3.1 UV-Visible Study 
The AKDP grown seed crystal of 2 mm thickness was subjected to UV-visible study using the Shimadzu UV-
2450 spectrophotometer to assess the optical transparency within the range of 200 to 900 nm and recorded 
transmittance spectrum is shown in Fig.1. The grown AKDP crystal exhibits high transmittance above 75% in 
entire visible region. The lower cutoff wavelength is found to be 220 nm indicating the wide optical 
transmission window favorable for second harmonic generation [6]. 

                  
                  Fig-1: UV Transmittance Spectrum                       Fig-2: (αhν)2 vs. hν (eV) 
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3.2 Determination of optical constants 
Optical parameters of material are important as they provide information on the electronic band structures, 
localized states and types of optical transitions. The transmittance (T) data was used to evaluate optical 
absorption coefficient (α) from the following relation [7] 

α = (1/t) ln (1/T)              (1) 

Where T is the transmittance and t is the thickness of the seed crystal. 

Optical band gap was evaluated from the absorption spectrum and optical absorption coefficient (α) near the 
absorption edge is given by, 

α = A (hν – Eg )1/2               (2) 

Where Eg is the optical band gap of the crystal and A is a constant. 

The band gap of AKDP crystal was estimated by plotting (αhν)2 vs. photon energy (hν). As shown in Fig.2 the 
value of band gap Eg is estimated by extrapolating the linear portion of the curve to the point (αhν)2 = 0. The 
band gap observed is 4.95 eV. The wide band gap makes it potential candidate for electro-optic applications [8]. 

The extinction coefficient K can be obtained in terms of absorption coefficient, 

                                                      (3) 

The reflectance (R) in terms of the absorption coefficient and refractive index (n) can be derived from the 
relations, 

          (4) 

                                        (5) 

                      
            Fig-3: Extinction Coefficient vs. hν (eV)             Fig-4: Reflectance vs. hν (eV) 

The variations of extinction coefficient, reflectance and refractive index are sequentially shown in Fig. 3,4 & 5. 
From figures 3 and 4, it is clear that the reflectance and extinction coefficient depend upon the absorption 
coefficient. The least absorption and significantly lower index of refraction in entire visible region exhibited by 
AKDP crystal is most desirable property for antireflection coating in solar thermal devices [9]. 

The optical conductivity is a measure of frequency response of the material when irradiated with light. 

σ = αnC / 4π                                  (6) 

where C is the velocity of light. The plot between optical conductivity against photon energy was depicted in 
Fig. 6. The high magnitude of optical conductivity confirms the presence of very high photo response nature of 
the material [9]. 
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                  Fig-5: Refractive Index vs. Wavelength          Fig-6: Optical Conductivity vs. hυ (eV) 

            
                  Fig-7: Electrical Conductivity vs. hυ (eV)   Fig-8: Real& imaginary dielectric const.vs. hυ (eV) 

The electrical conductivity can be estimated by optical method using the relation 

            (7) 

The plot between electrical conductivity against photon energy was depicted in Fig. 7. 

The real and imaginary dielectric constants, εr and εi can be calculated from the following relations and it is 
depicted in Fig.8. 

               (8) 

CONCLUSIONS 
The AKDP crystal has high optical transparency above 75% in entire visible region. The optical band gap is 
found to be 4.95 eV. The grown crystal has lower refractive index and high optical response which are vital for 
distinct optical applications. The grown AKDP crystal has encouraging optical properties which makes it 
potential candidate for electro-optic applications. 
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COMPARISON OF POTENTIAL ENERGY CURVES FOR THE GROUND STATES OF SiSe MOLECULE 
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ABSTRACT 
The diatomic SiSe molecule is spectroscopically studied by many workers. The accurate ground state constants 
of this molecule derived from latest Fourier Transform spectroscopic analysis are used to construct the RKRV 
curve. The Hulbert-Hirschfelder, extended Rydberg and Zavitsas potential energy functions are used and are 
compared with their respective RKRV curve. The error curves are also studied. 

Keyword: Hulbert-Hirschfelder, extended Rydberg, Zavitsas, RKRV. RPC 

1. INTRODUCTION 
The knowledge of potential energy curves is of prime importance in the study of diatomic molecular spectra [1].  
In the calculations of F.C. factors, dissociation energies and thermodynamic quantities etc, the studies of 
potential energy curves are necessary. The empirical potential energy functions like Hulbert-Hirschfelder [2,3], 
extended Rydberg [4,5] and Zavitsas function [6,7] are usually applied and the potential energy curves are 
drawn. For all these calculations the Rydberg Klien Rees- Vanderslice RKRV [8-11] curves are essential. 
Naturally to compute the turning points of various vibrational levels the accurate spectroscopic constants are 
required. The empirical potential functions also require these molecular constants. In the present study the 
potential energy curves for the ground electronic states are constructed for the diatomic molecule SiSe. There is 
one more technique through which the Reduced Potential energy curves (RPC’s)[12] could be constructed. This 
method is also employed to construct the RPC’s of these molecule. 

2. CHOICE OF MOLECULE AND EXPERIMENTAL DETAILS 
SiSe band assignment were established by isotopic and rotational structure studies. In SiSe, the 2450-2800A0 
band involves the vibrational levels 4≤υ≤14 in the E1Σ+ state and the levels 0≤υ≤7 in the X1Σ+ state, while the 
4000-6000A0 bands involve the 0≤υ≤13 levels in the E1Σ+ state and the 25≤υ≤52 levels in the X1Σ+ state [13-
15]. For SiS, the 2100-2400A0 bands arise out of transitions from the 0≤υ≤15 vibrational levels of the E1Σ+ state 
to the 0≤υ≤9 vibrational levels of the X1Σ+ state, while the 3500-6600A0 bands involve transitions from the 
0≤υ≤17 levels in the E1Σ+ state to the 20≤υ≤51 levels of the X1Σ+ state [16-19]. The unusual occarance of E-X 
bands of SiSe in two distinct regions is related to the relative positions of the potential energy curves involve in 
these transitions. Furthermore, since some of these radicals have been observed in the interstellar medium [20-
22] the unusual intensity distribution among the E-X bands may be expected to have a bearing on the population 
distribution among high-lying vibrational levels in the ground electronic state (X1Σ+). The molecular constants 
derived from these studies are reported in Table 1. 

3. THE POTENTIAL ENERGY FUNCTIONS 
3.1. The Hulbert-Hirschfelder potential function: This function [2,3] is an extension of a Morse function and 
is defined as follows. 
UH-H (r) = De { [ 1- exp (-x) ]2 + cx3 (1 + bx ) e –2x }                           …………….. (1) 
Where   x = x1(r – re ) ; x1 = (ωexe / Be)1/2  / re 
c= 1 +  a1( De/ ao )2 ; b = 2 – {[(7/12 ) – ( De – (a 2  / a o )) ] /c } 
a o = ωe

2 / 4 Be ;  a1 = - 1 -  {ωexe / (6Be)2 }     and 
a2 =  (5/4) a1 – (2/3) (ωexe/Be) 
This function employees the spectroscopic constants like ωe , ωexe , Be  and De etc. The potential energies UH-H 
could be calculated by substituting the values of the constants and r values obtained from the RKRV data and 
the relevant parameters. 

3.2. The extended Rydberg Potential function 
Murrell and Sorbie [4] and Huxley and Murrell [5] have suggested a potential function, which is based on the 
force field parameters and is similar to Rydberg potential function. It has the form 

UexR
  =  De – De { 1 + a1ρ + a2ρ2 + a3ρ3 ]e– a/ρ                                          …………….. (2) 

Where   ρ =  r – re ;  a1, a2 and a3 are the constants defined through following discussions. These constants 
should not be confused with the constants appearing in H-H function. The constant a1 is determined from the 
solution of the following quartic equation : 
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Dea1
4 – 6 f2 a1

2 – 4 f3a1 – f4  = 0                                    …………….. (3) 

The parameters f2 , f3 , f4   are called force field parameters and are defined as : 

f2 =  4 π2μωe
2 c2 

f3 =  - (3 f2/re) [1 + ( αe ωe / 6 Be )2 ] 

f4 =  (f3 /re )2 {15[ 1 + (αe ωe / 6Be
2)] – (8ωexe / Be)} 

Usually the largest positive root of equation (3) is selected as a1 . The other parameters a2, a3 and a4 appearing in 
equation (2) could be calculated from following equations: 

a2 = (1/2) [a1
2 – (f2 /De)] 

a3 = (a1a2 – (a1
3/3) – (f3/6De)] 

This potential function was studied further and was compared with Dimitreva– Zenevich [35] potential function 
by Bhartiya and Behere[36]. This potential was applied by Birajdar [23] to a large number of molecules and 
found to give satisfactory results. 

3.3. The Zavitsas potential energy function 
This recently suggested potential function by Zavitsas [6,7] is based on 

electronegativities of the constituent atoms forming a diatomic molecule. This function is also a modification of 
Morse function but the constant β appearing in Morse function is no more a constant in this function. The 
function is 

Uz ( r ) = De [ exp ( -2 β± x ) –2 exp (β± x) ]                     …………….. (4) 

βM = 8.486 (kN)1/2    ;      x= r – re   ,         Where kN = ke/ De . 

The variables  β±   are calculated separately for r < re and r > re. 

For r < re        β - = βM{1 + m u1/2 } 

For r > re        β+ = βM{1+a1u1/2 + a2un+a3u3n +a4u5n} 

Where,      u=exp (-2 βM x)–2 exp (-β Mx )+1 

For all species a1 =-0.32m; a2 = 0.15; a3 = 0.2 - 0.6m and a4 = (0.21-3m) (Δ χ) 2. 

m and n are calculated as follows : 

m = - 0.025re +[0.70 exp (- 7.41 x103 kN rN) / z1z2]+ 0.042  ׀ Δ χ  ׀ 

And 

n = 0.70 – 0.03re + 0.096 / (103 x kN rN - 0.3 ) + [0.55 (Δ χ )2 / re
1/2] 

Where rN  =  re / De 

Zavitsas has taken D e in kcal /mol , bond length in Ao and ωe in cm-1 , μ is in amu the electronegativity 
difference ׀  Δ χ ׀  is from Pauling scale[31]. We also retained same units but finally converted the energies in 
cm-1 which otherwise come in kilocalories . 

4. THE REDUCED POTENTIAL ENERGY CURVES 
The method suggested by Jenc [12] uses the RKR data. The reduced potential energy curves are drawn between 
two parameters namely ρ on X axis and  u +1 on Y axis 

u = U/De where U = Σ Ci (v+ ½)i      … (5) 

Ci are vibrational constants like C1 = ωe, C2 = - ωexe, C3 = ωeye etc. De is dissociation energy. 

     … (6) 

Where re is equillibrium internuclear separation and ρij can be calculated as follows, 
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     … (7) 

Where κe is a force constant. 

The reduced quantities fulfill following conditions. 

i) ρ ≥ 0 

ii) ρ = 0 for r = 0 

iii) ρ = 1 for r = re 

iv) ρ → ∞ for r = → ∞ 

v) u ≤ 0 for U ≤ 0 

vi) u = 0 for U = 0 

vii) u → ∞ for U → ∞ 

viii)u = -1 for U = -De 

4.1 Properties of RPC 
a) The RPC’s of different molecules never intersect. 

b) The RPC’s of diatomic molecules slightly differing in both atomic numbers coincide. 

c) While keeping one atomic number constant a considerable change in the values of other effect than a 
relatively small change in the values of both atomic numbers. This fact is clear in the RPC’s of heavy hydrides. 

d) In general the shape of RPC turns slowly to the right around the minimum while becoming broader. 

e) Rare gas molecules does not follow the rule number 2, 3 and 4. The RPC’s of rare gas molecules coincide 
approximately to each other and form a right hand boundary of the admissible RPC region. 

f) All RPC’s including excited state lie in RPC region. 

g)The approximate coincidence mentioned in rule 2 and 5 is very accurate in repulsive limb. 

It was found that deviations from the above rule in the RPC’s of the diatomic molecules might appear 
suggesting the possible existence of perturbation in the state or because of erroneous extrapolation of the RKR 
potential. 

The applications of RPC could be as follows 
i) It can detect the errors in the construction of RKR. 

ii) It can be used to detect errors in molecular constants. 

iii) It can detect the errors in analysis of a spectrum due to perturbations or otherwise. 

5. COMPUTATIONAL PROCEDURE 
The data of turning points i.e. rmin and rmax values obtained from RKRV curves of these molecules are substituted 
in equations 1, 2 and 4 respectively for H-H, extended Rydberg and Zavitsas  potential functions along with the 
corresponding parameters shown in Table 2. The potential energies obtained plotted against r values yield a 
potential energy curve for that potential for that particular molecule. For comparison purposes all the potential 
energy curves of each molecule are drawn on same scale along with RKRV curve. These curves are shown in 
Fig 1 to 4 along with their error curves i.e. the % deviation from RKRV energies. 

6. RESULTS AND DISCUSSION 
For the study of potential energy curves the molecule is chosen  SiSe. The purpose will be clear when we will 
discuss the Reduced Potential energy Curve (RPC). The PE curves are drawn which shows PE’s around 60% of 
the De. Specifically SiSe(58) The Zavitsas Potential energy curves distinctly deviate from RKR. As per 
discussion with Zavitsas, the potential is mainly suitable for covalent molecules rather than ionic molecule. 
Moreover the electro negativity values of the atoms forming a diatomic molecule also can cause deviations. The 
H-H and Extended Rydberg potential functions almost overlap on each other and fall in between the Zavitsas 
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and RKR curves. The error comparison shows that nearly 3 to 4% deviations occur in the potential energies 
from RKR values. 

The RPC of ground states of  SiSe are constructed. The RKR turning points were calculated by the programmes 
used earlier and latest molecular constants were used and along with the molecular parameters which are 
presented in Table 2. The corresponding graphs of RKR and RPC are shown in Figures 6(a) and 6(b)  These 
RPC curves show similarity with the corresponding RKR curve, which is one of the criteria obeyed by RPC and 
show minima at (1,1) i.e. ρ = 1 and u + 1 = 1. 

REFERENCES 
1. Hertzberg G., Spectra of diatomic molecules, Van Nostrand Reinhold Company, New York, (1950) 

2. Hulbert H. M. and Hirschfelder J. O., J . Chem. Phys.  9, 61 (1941) 

3. Hulbert H. M. and Hirschfelder J. O., J . Chem. Phys 35, 1901 (1961) 

4. Murrell J N and Sorbie K S, Faraday, Tranjections, 70, 1152 (1974) 

5. Huxely P and Murrell J N, J. Chem. Soc. Faraday, 7A, part 2, 323 (1983) 

6. Zavitsas A. A.,  J. Amer. Chem. Soc. 113, 13, 4755 (1991) 

7. Zavitsas A. A.,  J. Mol. Spectros.  221, 67, (2003) 

8. Rydberg R., Phys. 73, 376 (1931) 

9. Klien O., Z.  Phys. 76, 226 (1932) 

10. Rees. A. L. G., Proc. Phys. Soc. London Sect. A, 59, 998 (1947). 

11. Vanderslice. J. T, Mason E. A., Maisch W. G and Lippincott E. R., J .Mol. Spectros. 5, 83 (1960) 

12. Jenc F., International Reviews in Physical Chemistry 15, 2, 467 (1996) 

13. E.E. Vago and R.F.Barrow, Proc. Phys. Soc. 58, 538 (1946). 

14. H.Bredohl, R.Cornet, I. Dubois, and D. Wilderia, J. Phys. B8, L259 (1975). 

15. G.Lakshiminarayana and B.J.Shetty, J. Molec. Spectrosc. 130, 155 (1988). 

16. S.J.Q.Robinson and R.F.Barrow, Proc. Phys. Soc. A 67, 95 (1954) 

17. R.F.Barrow, J.L.Deutsch, A. Lagerqvist, and B.Westerlund, Proc. Phys. Soc. 78, 1307 (1961) 

18. S.Gopal, G. Laximinarayana, and N.A.Narasimham, J. Phys. B8, 3781 (1980). 

19. G.Lakshiminarayana and B.J.Shetty, S.Gopal, J. Molec. Spectrosc. 112, 1 (1985). 

20. M.Morris, W. Gilmore, P. Palmer, B.E. Turner, and B. Zuckermann, Astrophys. J. 199, L47 (1975) 

21. N.Kaifu, D.Buhl, and L.E.Snyder, Astrophys. J. 195, 359 (1975). 

22. D.Buhl, L.E. Snyder, F.J. Lovas, and D.R.Johnson, Astrophys. J. 201, L29 (1975). 

23. Dimitreva J. K and Zenevich V. A Chem. Phys .  Lett   96, 228 (1983) 

24. Huber K P and Herzberg G, Constants of diatomic molecules, Van Nostrand Reinhold Company, New 
York (1979). 

25. Sunande K, Sheila G, Shetty B J and Lakshminarayana G, J. Quant. 

 
 
 
 
 
 
 
 
 
 



International Journal of Advance and Innovative Research   
Volume 6, Issue 1 (XIX): January - March, 2019 : Part - 2 
 

37 

ISSN  2394 - 7780 

Table-1: Spectroscopic constants of the ground states of SiSe molecule 
Molecule/ 
Constants 

M ωe ωexe ωeye Be αe De re References 

SiSe 20.7224706 574.87 1.659 -- 0.1920 0.0007 46021.2145 2.058324 24,25 

Note: All constants are in cm-1 except re, which is in Å and μ, is in amu 

Table-2: Parameters of H-H, extended Rydberg, Zavitsas and RPC potentials for the ground state of SiSe 
molecule 
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Figure-1 (a): RKR, H-H, Extended- Rydberg & Zavitsas Potential energy curves for the ground state of SiSe 

molecule 
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Figure-1 (b): % Deviation of H-H, Extended- Rydberg & Zavitsas Potential energy curves for the ground state 

of SiSe molecule 

Zavitsas Parameters 
Bm 1.499285 
e 4.107545 
n 0.031224 
rn 0.015647 
Z1 3.8 
Z2 5.4 
e1 1.9 
e2 2.55 
M -0.02324 
N 1.309356 
a1 0.007438 
a2 0.15 
a3 0.213947 
a4 0.118188 
RPC Parameter 

ρij 1.478062 

Parameters 
H-H Parameters 
a0 430306.656 
a1 -2.81934022 
a2 4.175432205 
c 7.798819243 
b 0.246225029 
x1 1.485584139 

Extended Rydberg 
Parameters 

a1 1.281205 
a2 -1.388649 
a3 0.546090 
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Figure-2 (a): RKR Potential energy curve for the ground state of SiSe molecule 
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Figure-2 (b): RPC of the ground state of SiSe molecule 
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ABSTRACT 
Hexagonal ferrites have attracted special attention due to their interesting electrical and magnetic properties. 
Strontium hexaferrites lie among the M-type class of hexaferrites which possesses a general formula M-Fe12O19. 
The general formula of present prepared ferrite were BaCexDyxFe12-2xO19 in which the x=0.00,0.25, 0.50, 0.75 
and 1.The ferrite material were doped with some quantity of Ce-Dy and these hexagonal ferrite were 
synthesized by sol-gel method using chelating agent as a citric acid. The preparation techniques as well as the 
structural doping of Ce-Dy ions influence the properties of this compound. The formed phases in the sample 
were characterized by X-ray diffraction using Philips X-ray diffraction with Cu-Kα radiation source. The 
variation of DC resistivity with temperature measured using two probe methods. 

Keywords: Ferrite, Hexagonal material, Magnetic material, Sol-gel, X-ray diffraction. 

1. INTRODUCTION 
Ferrites are the magnetic ceramics consisting of iron (Fe3+) as their main component. These materials have 
number of applications in various fields because they possess both electrical as well as magnetic properties[1-4]. 
Basically ferrites are ferrimagnetic materials as suggested by L. Neel. Ferrite compounds are very important 
because of their optical, electrical and magnetic properties. Ferrites are chemical compounds, ceramic with iron 
(III) oxide Fe2O3 as their principal components. Ferrites are usually non-conductive ferrimagnetic ceramic 
compounds derived from iron oxides such as hematite (Fe2O3) or magnetite (Fe3O4) as well as oxides of other 
metals. The magnetic and electrical properties of the spinel ferrites are strongly dependent on their physical 
structure, known by the general formula AB2O4, consisting of an almost perfect interstices cubic closed-packed 
oxygen arrangement, in which the cations reside on tetrahedral and octahedral inter-sites. The unit cell is 
obtained by doubling the approximately face-centered cubic oxygen sub-lattice along each of three directions. 
Of the resulting 64 tetrahedral or (A) sites and 32 octahedral or (B) sites, only 8 and 16 are occupied, 
respectively, by cations in stoichiometric spinel [5]. 

Due to the structural varieties like spinel ferrites, garnet and hexagonal ferrite the cations of different sizes can 
be accommodated at the available sites and thereby exhibit interesting electrical and magnetic properties. The 
electrical and magnetic properties of ferrite depend upon method of preparation, amount and type of dopants, 
preparative parameters etc. Hexagonal ferrites are classified on the basis of their chemical composition and 
crystal structure. It exist in six crystallographic forms i.e. M type (AFe12O19), X type (A2Me2Fe28O46), Y type 
(A2Me2Fe16O27), W type (AMe2Fe16O27), U type (A4Me2Fe36O60) and Z type (A3Me2Fe24O41) type. Where A 
represents ions like Ba, Sr, Pb, and Me represents divalent metal ions like Mg or Zn[6]. 

Mixed metallic oxides are designated as an important class of compounds and among them ferrites are most 
prominent by virtue of their high electrical resistivity, thermodynamic stability, electro-catalytic activity and 
resistance to corrosion. Ferrites are regarded as better magnetic materials than pure metals because of their high 
resistivity, lower cost, easier manufacture and superior magnetization properties[7, 8]. Substitutions of 
magnetic/non-magnetic ions in simple and mixed ferrites have received a great deal of interest over the past few 
years. The presence of these ions in ferrites is found to alter their structural, magnetic and electrical properties. 
We have proposed the present study by keeping the importance of pure and substituted M-type hexagonal 
Barium ferrite in mind. There are various methods used to prepare sample like spray pyrolysis [9],sol-gel 
method [10, 11] and hydrothermal synthesis method [12]. Sol-gel method is adopted to synthesize the ferrite 
samples. The prepared samples are characterized by X-ray diffractometer and D.C. resistivity by two probe 
method and studied its structural and electrical properties. 

2. EXPERIMENTAL 
In this work the sol–gel method was adopted for synthesizing Ce-DY substituted barium ferrite samples. Iron 
nitrate, barium nitrate, cerium nitrate, dysprosium nitrate and citric acid were taken and weighted according to 
the stoichiometric ratio. The iron nitrate, barium nitrate, dysprosium nitrate and cerium nitrate were dissolved in 
distilled water under stirring to form an aqueous solution. Citric acid added as a chelating agent. The pH of the 
solution was adjusted around 7 adding ammonia solution. The solution stirred continually at 90o C until auto 
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combustion takes place and ash is formed. The ash is grounded to obtain fine powder and then prepared powder 
sintered at 1000oC. The flow chart of preparation of M-type hexagonal ferrite by sol-gel method is shown in Fig. 
1. 

 
Fig-1: Flow chart of synthesis of ferrite sample by sol-gel method. 

3. CHARACTERIZATION 
The crystal structure was analyzed using X-ray diffractometer with Cu–kα (λ=0.154nm) radiation. The DC 
electrical resistivity is measured for all the samples as a function temperature in the temperature range 300–
800K. 

4. RESULT AND DISCUSSION 
4.1 X-Ray Diffraction: 
Fig. 2 shows the X-ray diffraction pattern of hexagonal ferrite. The Bragg reflection peaks of sample are sharp, 
narrow, and intense, indicating high crystallinity and fine grain size in the produced samples. All of the 
diffraction peaks for the sample well indexed. The crystal structure of sample is hexagonal magnetoplumbite 
crystal unit cell. Using X-ray diffraction, the lattice parameter, c/a ratio is calculated. The values of lattice 
parameter for pure BaFe12O19 is a=5.8871Ao and c=23.182Ao for x=0.00 sample. As reported earlier an 
examination of c/a parameter (ratio of height to width) may be used to quantify the structure type. The M-type 
hexagonal structure can be assumed if the observed ratio is lower than 3.98. Here in present series c/a ratio is 
3.9378,this value is below 3.98 hence it confirm M-type hexagonal structure of prepared sample. The crystal 
size determined by using Scherrer formula [13], 

D =            (1) 

Where D is the average size of the crystallites, k the Scherrer constant its value is 0.9, ߣ the wavelength of 
radiation, β the peak width at half height, and θ corresponds to the peak position. The crystal size is found to be 
D=43.9086 nm for x=0.00 of pure barium ferrite sample. 
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Fig-2: X-Ray diffraction of (BaCexDyxFe12-xO19) with X=0.00 

4.2 D.C. Resistivity 
DC electrical resistivity is one of the useful characterization techniques to understand conductivity mechanism. 
The DC resistivity of the samples is estimated by two probe methods. Sample made in the form of pellet. A thin 
layer of silver paste was applied on both the flat surface of the pellets for good electrical contact. The sample 
holder along with the sample is placed in an electric furnace. The temperature of the furnace was varied using 
dimmer. A suitable thermocouple (Chromel- Alumel) was used to measure the temperature of the sample. The 
resistance of a sample was measured at the regular interval of temperature (5 K). 

The values of resistivity were calculated using the following equation, 

RA
t

    Ω·cm          (2) 

Where R: Resistance of the sample; A: Surface area of the sample = πr2; r: Radius of the sample; 

D.C. resistivity is studied as a function of temperature and the plot of log ρ vs 1000/T for all the compositions is 
shown in Fig.3. Fig.3 shows that for all sample resistivity decrease with the increase of temperature. Increase of 
temperature generally increases the mobility of conduction charge species and, therefore, the resistivity 
decreases [14]. The ferrites show semiconducting behavior. 

From the Fig.3, DC electrical resistivity of the samples was found to be decreased with increasing the doping 
composition of Ce-Dy in barium ferrite. For pure barium ferrite with x=0.00 has higher value of resistivity and 
for highly Ce-Dy doped sample with x=1the value of resistivity is minimum. 

 
Fig-3: Variation of D. C.Resistivity with temperature of (BaCexDyxFe12-xO19) with X=0.00,0.25,0.50,0.75,1. 
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5. CONCLUSION 
The M-type hexagonal ferrites are synthesized successfully by sol-gel autocombustion methods. The formation 
of ferrite phase is confirmed by X-ray diffraction. From X-ray diffraction the structure of sample is hexagonal 
magnetoplumbite crystal with crystal size D=43.9086 nm for x=0.00 sample of pure barium ferrite. The 
measurement of resistivity with temperature shows highest value of resistivity is obtained for x=0.00 sample. 
The value of resistivity decreases with increase in doping composition of cerium and dysprosium. 
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ABSTRACT 
Present investigation explores the change in properties of Zinc Thiourea Sulphate (ZTS) crystal due to amino 
acid Methionine addition. Superior quality Methionine Zinc Thiourea Sulphate (M-ZTS) crystal with 0.1 M% 
concentration of Methionine was grown from aqueous solution by the slow evaporation method. Shimatzu make 
spectrophotometer was used to confirm the UV-visible spectral analysis in the range of 200–900 nm which 
affirmed the 88% transmittance, enhanced band gap value, lower cut off and lower optical constants viz. 
extinction coefficient, , refractive index, and reflectance of M-ZTS crystal. The obtained linear optical constants 
parameters showed the superiority of M-ZTS for application in distinct optoelectronics and laser stabilization 
systems. 

Keywords: Crystal growth, Extinction coefficient, Refractive index 

1. INTRODUCTION 
Nonlinear optical materials like thiourea metal complexes offering improved optical, electrical and non-linear 
optical (NLO) coefficient has been sustained for past few decades due to their wide applications [1-4]. 
Nonlinear optical (NLO) material Zinc tris (thiourea) sulphate (ZTS) is a best alternative for potassium 
dihydrogen phosphate  crystals in frequency-doubling and laser fusion  due to their properties high optical 
transparency, low refractive index, low reflectance low extinction coefficient ,widened band gap, Second 
harmonic generation efficiency 1.2 times of  KDP, growth from solution by slow evaporation [5-15]. 

The impressive and significant influence of amino acid on the optical and electrical response of ZTS crystal [16-
24] has attracted the attention of authors [25-27]. As an output of literature study, authors want to acknowledge 
that authors are firstly elaborating the optical studies of Metheonine doped ZTS confirming its superiority for 
optical device applications. 

2. EXPERIMENTAL PROCEDURE 
Zinc Thiourea Sulphate (ZTS) metal complex salt was prepared by taking Zinc Sulphate and thiourea in 1:3 
molar concentration. Prepared salt was further purified by repetitive recrystallization. 0.1M% Methionine was 
doped in ZTS supersaturated solution and the prepared solution was filtered in a sterilized beaker and kept for 
slow solvent evaporation in a constant temperature bath at 37˚C. After UV-visible study, it was evident that 
0.1M%  Methionine doped ZTS express high prominent and good crystal planes and higher transmittance The 
0.1 M%  Methionine doped ZTS crystal is shown in Fig. 1. 

 
Fig-1: Metheonine doped ZTS crystals 
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3. RESULTS AND DISCUSSION 
3.1. Optical study 
3.3.1 UV-visible study 

 
Fig-2: Transmittance Curve                                         Fig-3: Tauc’s Plot of band gap 

Shimadzu make UV-2450 spectrophotometer was used in the range 200-900 nm to ascertain the optical 
transmittance of M-ZTS crystals and plotted in Fig.2 showed  maximum transmittance 88%  in the visible 
region. The enhancement in optical transmittance may be attributed due to a decreased scattering effect [28]. 
The high transmittance has shifted the cut-off wavelength towards the lower wavelength [29]. 

3.3.2 Band Gap 
Tauck’s plot demonstrated the optical band gap shown in Fig.3. The optical band gap of M-ZTS crystal is 3.43 
eV. Widened band gap is added advantage for optoelectronics device fabrication [30-33]. 

3.3.3 Linear Optical constants 

 
Fig-4: Refractive Index                                          Fig-5: Extinction coefficient 
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Fig-6: Reflectance of Metheonine doped ZTS crystal 

The transmittance data was used to determine the linear optical constants. The variation of refractive index, 
extinction coefficient, and reflectance is shown in Fig.4, Fig.5, Fig.6 respectively. The obtained optical 
constants viz. lower reflectance, lower extinction coefficient and refractive index near 1.5 of M-ZTS crystal in 
entire visible region favors suitability for antireflection coating applications. The optical fabrication field 
demands low refractive index materials for calibration [30-34]. 

4. CONCLUSION 
Methenonine doped ZTS crystals have been grown by slow solution evaporation technique at 37˚C.  The optical 
studies revealed 88 % higher and wider transmission, lower cut-off (303 nm), widened band gap (3.43eV) and 
improved lower values of extinction coefficient, reflectance, and refractive index of M-ZTS favoring its 
suitability for solar thermal device fabrication, nonlinear optical and laser applications. 
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ABSTRACT 
The pure and doped aluminium zinc borate glass of system (x) Dy2O3-(1-x) Al2O3-ZnO-B2O3 with x = 0 (AZB), 
0.03 (Dy:AZB) have been prepared by melt quench technique.  The amorphous nature of the glass sample has 
been confirmed using powder X-ray diffraction study. Optical properties of Dy:AZB glass has been studied by 
recording emission and excitation spectra. The photoluminescence study of Dy:AZB reveals the two emission 
bands in the visible range present at 482 and 575 nm corresponding to transitions 4F9/2→6H15/2 and 4F9/2→6H13. 
Excitation spectrum presents absorption at 325, 350, 365, 387 and 426 nm corresponding to transitions 
6H

15/2
→4D

7/2
, 6H

15/2
→6P

7/2
, 6H

15/2
→4P

3/2
, 6H

15/2
→4I

7/2
, and 6H

15/2
→4G

11/2. 

Keywords:  AZB, Dy:AZB glasses, powder X-ray diffraction, photoluminescence Properties 

1. INTRODUCTION 
In past few years, scientific investigation reveals that rare earth doped materials is important due to their 
potential applications in fields of laser technology, fiber optic amplifiers, optoelectronic devices, infrared to 
phosphors and visible up-converters [1-4]. The glasses which are formed by doping with rare earth ions are 
found to be luminescent materials as they have high emission efficiencies. In recent years, glasses doped with 
rare earth ions have drawn a lot interest due to their potential applications in solid state lasers, three-dimensional 
displays and optical amplifiers [5-8]. The various glassy materials such as fluoride, phosphate, 
fluorophosphates, borate, flouroborate and tellurite have been widely investigated with the purpose to know 
their utility for luminescence applications [9, 10]. There are many papers available in literature about the glasses 
having good optical studies [11]. The compounds containing aluminium elements are of particular importance 
as they can be partially replaced by the dysprosium ion in its trivalent state (Dy3+) which is an efficient emitter 
in the visible region.  It is the only ion that emits two intense colors which on mixing in suitable proportions 
yields white light [12-14]. Recently, few researchers were investigating the Dy3+doped borate glasses study 
optical and luminescent properties of rare-earth ions. The Dy3+ doped such as lithium sodium bismuth borate 
glasses [15] zinc bismuth borate glasses [16] heavy-metal oxide and oxyhalide borate glasses [17] sodium 
aluminium phosphate glasses [18] lithium borate glasses [19]. 

The present work reports the investigations on luminescent properties of pure and Dy3+ doped aluminum zinc 
borate glasses prepared by melt-quench technique. The phase purity and photoluminescence study of pure and 
Dy3+ ion doped glasses has been reported in this report. 

2. EXPERIMENT METHOD 
Analytical reagent grade materials- aluminium oxide (Al2O3, Central Drug House (CDH), India), zinc oxide 
(ZnO, Fisher Scientific), dysprosium oxide (Dy2O3, LOBA Chemie, India) and boric acid (B2O3, sd Fine 
Chemicals, India) were used as a starting elements to prepare desire glasses. 

An alkali borate glasses of system (x) Dy2O3-(1-x)Al2O3-ZnO-B2O3 with x = 0 (AZB), 0.03 (Dy:AZB)  were 
prepared by the melt-quenching method. Appropriate amount of the chemicals Al2O3, ZnO, Dy2O3 and H3BO3 
of 99.99% purity were taken together, mixed and crushed in a mortar with the help of pestle to make the 
homogeneous mixture. The mixtures were calcined at 550 oC for 5 h to remove moisture. The materials were 
removing from the crucible and once again crushed and heated at 950 oC for 900 minutes. This process was 
repeated two times to get polycrystalline powders of AZB and Dy:AZB compounds. Then powder samples were 
melted in a platinum crucible in an electric furnace for 120 minutes at 1000 oC.  The obtained melt was poured 
on a stainless steel plate and immediately pressed with second one for immediate quenching to form amorphous 
phased solid. The formed glass sample was allowed to cool gradually to room temperature. The obtained glass 
was cut into rectangular slabs of dimensions 4x2x1 mm3 and polished to use for further characterization. 

Powder XRD patterns of powder glass sample was recorded on a X-ray diffractometer (Rigaku, Miniflex-600, 
Japan) using Cu-Kα (λ=1.504 Å) radiation to check the amorphous state of the prepared glass sample at the 
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scanning rate of 8 deg/min and 2θ varied from 10–90o. And photoluminescence study has been done using 
fluorescence spectrophotometer FL-7000 Hitachi, Japan. 

3. RESULT AND DISCUSSION 
3.1. X-ray diffraction study 
X-ray diffraction patterns were recorded to confirm amorphous nature for all the glass samples. The typical 
XRD profile of the AZB and Dy:AZB glasses are shown in Fig. 1. The patterns exhibit a few broad peaks rather 
than sharp peaks that reflect amorphous nature of the material. 
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Fig-1: XRD pattern of pure and 3% Dy doped AZB 

3.2. Photoluminescence Study 
Photoluminescence is light emission from any form of matter after the absorption of photons. Dy:AZB  glass 
was subjected to the photoluminescence study by recording emission spectrum by  excitation with 388 nm, 
which gives two emissions at 482 nm and 575 nm. The blue emission band (at 470 nm) is a typical emission of 
Dy3+ ions corresponding to transition from 4F9/2 to 6H15/2 ground state, while the yellow emission  (at 575 nm) 
corresponds to the 4F9/2→6H13/2 optical transition of Dy3+ as shown in Fig. 2 [17, 20]. The transition from 
4F9/2→6H15/2 is a magnetic dipole transition which possess most intense blue emission band at wavelength 470 
nm. The transition from 4F9/2→6H13/2 is electric dipole transition which possess moderate intense yellow 
emission band at 575 nm [18] 

450 500 550 600 650 700
0

10

20

30

40
 3% Dy:AZB
 

In
te

ns
it

y 
(a

. u
.)

Wavelength (nm)

4F9/2? 6H15/2

4F9/2? 6H13/2

?ex = 388 nm

 
Fig-2: Emission spectra of Dy: AZB glass. 
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The excitation spectrum of Dy:AZB glass recorded by monitoring emission at 482 nm shows five absorption 
peaks at 325, 350, 365, 387 and 426 nm [5, 20]. The corresponding transitions 6H15/2→4D7/2, 6H15/2→6P7/2, 
6H15/2→4P3/2, 6H15/2→4I7/2, and 6H15/2→4G11/2 are as shown in the Fig. 3.  The energy level diagram of Dy:AZB 
glass is shown in the Fig. 4. When the Dy3+ ions are excited to any level above 4F9/2 level, there is a fast non-
radiative decay to 4F9/2 level and the emission takes place from 4F9/2 level to lower levels  6H13/2 (at 575 nm) and 
6H15/2 (at 470 nm) [21]. 
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Fig-3: Excitation spectrum of Dy:AZB glass. 
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Fig-4: The energy levels diagram of Dy:AZB glass 

4. CONCLUSIONS 
The AZB and Dy:AZB glasses are successfully prepared by melt quenching method. The amorphous nature of 
the glasses was confirmed by XRD technique.  Prepared borate glass, Dy:AZB, has been subjected to the 
photoluminescence study to know optical properties. It is clear that there are two emission bands 4F9/2→6H15/2 
and 4F9/2 →6H13/2 when excitation used at wavelength of 388 nm. These bands correspond to the electron 
transitions from the discrete levels 4F9/2 →6H15/2 and 4F9/2 →6H13/2 transitions for Dy3+ that confirm the presence 
of trivalent rare-earth ions in the glass matrix. 
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ABSTRACT 
Crystal of an amino acid L-threonine doped with cesium chloride (LTCC) was grown by low temperature slow 
solvent evaporation solution growth method. In the present communication, the grown nonlinear optical (NLO) 
single crystal LTCC has been subjected to the dielectric and ac conductivity studies. The variation of dielectric 
constant and dielectric loss with frequency at a constant temperature has been presented. Dielectric constant 
and loss of LTCC is decreases with increase in frequency of an applied electric field at constant temperature. 
The dielectric constant of LTCC is slightly more than pure L-threonine at low frequency region. The dielectric 
constant of LTCC was found to be 53 for 1MHz at 50oC. The major difference in dielectric constant of LTCC at 
different constant temperature is observed in low frequency region only. In low frequency region, dielectric 
constant and dielectric loss of LTCC increase with increase in temperature.  Small variation of ac conductivity 
with temperature is observed in LTCC crystals. The activation energies of LTCC have been found to be 0.0658 
and 0.0155 eV at 100 kHz and 1 MHz respectively. 

Keywords: ac conductivity, activation energy, dielectric constant, dielectric loss. 

1. INTRODUCTION 
Second order nonlinear optical (NLO) material gains much importance because of their wide range of 
applications in the field of optoelectronics. These applications have in optical elements such as optical 
switching, optical data storage, optical communication, harmonic generator, etc. To realize these applications, 
information of materials properties such as optical transparency, band gap, second harmonic generation 
efficiency, dielectric constant, dielectric loss, and  ac conductivity etc. has  require[1-3]. The dielectric study 
gives the useful information about the possible distribution of electric field with mechanism of polarization 
within the solid. The quality of the grown crystal can be judge from the dielectric loss study. Electrical ac 
conductivity of crystals especially ionic crystals yields important information about mobility of charge and 
production of defects in the crystal. 

L-threonine is family member of amino acid. It crystallizes in orthorhombic crystal system with non-
centrosymmetric P212121 space group having lattice parameter a=13.6111 Å, b=7.738 Å, and c=5.144 Å [2]. 
Kumar et al. have studied crystallization kinetics, growth parameters and, effect of pH, deuteration on different 
properties of L-threonine crystal in detail [3-4]. L-threonine can form variety of complexes enhancing nonlinear 
optical properties [5-6]. We had done optical and thermal study of LTCC single crystal [7]. An exciting thermal 
and optical property of grown crystal urges us to study electrical properties of grown crystal for application 
point of view. In the present communication, we study electrical properties such as dielectric constant, dielectric 
loss, ac conductivity and activation energy of LTCC single crystal. 

2. EXPERIMENTAL 
2.1 Material synthesis and crystal growth 
L-threonine (S D Fine-Chem Ltd. India) and cesium chloride (Loba Chem Ltd. India) of analytical grade were 
procured and used as it is without any purification. They were dissolved in equimolar ratio in double distilled 
water. The solution was kept at a constant temperature 40oC and stirred continuously using magnetic stirrer for 
four hours to form homogeneous solution. The homogeneous solution was filtered using membrane filter and 
kept for spontaneous crystallization in the constant temperature water bath maintained at a constant temperature 
35oC. The seed crystals were obtained after a period of three days by slow solvent evaporation method. The 
material was purified by re-crystallization and used for growth of single crystal. Good quality single crystal was 
grown within 12-15 days. 

2.2 Characterization 
The grown single crystal of LTCC was first cleaned and then lapped. The grown crystal was subjected to the 
electrical studies. Capacitance was measured using an impedance analyzer (Agilent, 4284A) equipped with 
programmable heating furnace. 
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3. RESULTS AND DISCUSSION 
3.1 Dielectric study 
The crystal was cut in the form of rectangular slab of thickness 1.5 mm. The two opposite faces of the crystal 
was silver pasted to have good electrical contact. They can act as parallel plates of capacitor. The capacitance 
and dissipation factor (D) of thus formed capacitor was measured as a function of frequencies and temperatures. 
The dielectric constant of the grown crystal material (εr) was calculated using the formula [8].; 

0
r

Ct
A




              (1) 

Where ‘t’ is the thickness of the crystal,  ‘A’ is the surface area, and ‘εo’ is the permittivity of free space and ‘C’ 
be the capacitance at various frequency keeping temperature constant. 
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Fig-1: Dielectric constants (εr) of L-threonine and LTCC measured at 35oC. 
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Fig-2: Dielectric constants (εr) of LTCC measured at 35, 45 and 50 oC. 
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Fig-3: Dielectric loss (ε”) of LTCC measured at 35, 45 and 50 oC. 
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Fig-4: Variation of ac conductivity of LTCC with temperature measured at different frequencies. 

 
Fig-5: 1000/T(k) vs  lnσac for LTCC single crystal 

Fig. 1 shows a variation of dielectric constant with frequencies for L-threonine and LTCC crystal. It is clearly 
evident that the dielectric constant of LTCC crystal at a lower frequency is slightly higher than that for L-
threonine crystal and at higher frequencies the difference is no considerable. The increase in the dielectric 
constant of LTCC is may be due to increase in polarization in the presence of Cs+ and Cl- ions. The variation of 
dielectric constant with frequency at different constant temperature for LTCC crystal is depicted in the Fig. 2. 
The dielectric constant of the crystal decreases with increase in frequency. The high value of dielectric constant 
at low frequencies may be due to the contribution of all the polarizations namely; space charge, orientation, 
ionic and electronic significantly. As the frequency increases contribution of the above polarization decreases 
gradually. It attributes to dipole does not follow the alternating field beyond a certain frequency of the electric 
field confirm from the shape of the curve of graph. The dielectric constant of LTCC was found to be 53 for 
1MHz at 50oC and that of pure 175 for 1MHz at 100oC respectively [3].  It is important to note that, LTCC show 
low dielectric constant at high frequency region independent of temperature. Thus, the LTCC crystal may be 
used in low frequency region for charge storage and in high frequency region for electro-optic applications. 
According to Miller rule, the low value of dielectric constant at high frequency is a suitable parameter for the 
enhancement of second harmonic generation coefficient (SHG) [8]. 

The dielectric loss (ε”) was calculated from the dissipation factor by using equation; 

" r D              (2) 

The variation of dielectric loss with frequency at different temperature is shown in Fig. 3. The graph indicates, 
decrease in dielectric loss with increasing frequency at constant temperature. In low frequency region, dielectric 
loss is high at high temperature. The large value of dielectric loss in low frequency region at all temperature is 
observed.  This behavior may be due to the resonance occurring between the applied ac field and natural 
frequency of the molecules result into large dissipation of energy in the form of heat. It is to be noted that, there 
is large effect of temperature on the dielectric loss in low frequency region. In high frequency region the 
dielectric loss is almost independent of temperature. The low value of dielectric loss suggests good optical 
quality crystal with lesser defects, which is the desirable property for NLO applications [8]. 
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3.2 ac conductivity study 
ac Conductivity (σac) of the crystal as a function of frequency (f) of the applied field was calculated using a 
relation [8]; 

2
ac

fCt
A


              (3) 

The variation in ac conductivity with the applied frequency and temperature for the LTCC crystals is shown in 
Fig. 4. As shown in Fig. 4, ac conductivity increases with increase in the frequency of applied field across the 
grown crystal and also with temperature. There was no major observe change in the ac conductivity with 
temperature with high frequency. ac conductivity  in low temperature region  is known as extrinsic region. It is 
defect sensitive region. Mostly, in extrinsic region conductivity takes place due to presence of defect or by 
addition of impurity creates defects [9]. Larger value of ac conductivity in crystal at high frequency may be due 
to polaron hopping process present along with other defect process [10]. Small variation of ac conductivity with 
temperature in low frequency region is observed in LTCC crystals. Thus, thermally created vacancy defect may 
play an important role in LTCC crystal. 

3.3 Activation energy 
Arrhenius relationship using ac conductivity is given by σac= σ0 exp (-Eac/kT) [10]. Here, Eac is the activation 
energy of conduction at temperature T and k is Boltzmann constant. Fig. 5 is a plot of ln σac versus 1/T is 
straight line with slope equal to -Eac/k. Therefore, the sample exhibits Arrhenius type conductivity behavior in 
the temperature range of investigation. Activation energies are estimated using the slopes of the lines (Eac = - 
(slope)k ×1000). The activation energies of LTCC for the conduction process, calculated from the plot, are 
found to be 0.0658 and 0.0155 eV at 100 kHz and 1 MHz respectively. The low activation energies confirm that 
the trapping levels originating probably from the defect states that are responsible for conduction in the region 
[9-10]. 

4. CONCLUSIONS 
Dielectric constant and dielectric loss of LTCC decreases with frequency of an applied electric field. LTCC 
show low value of dielectric constant at high frequency region. The dielectric constant of LTCC was found to be 
53 for 1MHz at 50oC. There is no influence of temperature on dielectric constant value in high frequency region. 
The dielectric loss values were also found to be negligible at higher frequency. Small variation of ac 
conductivity with temperature is observed in LTCC crystals in low frequency region. The activation energies of 
LTCC have been found to be 0.0658 and 0.0155 eV for 100 kHz and 1 MHz respectively. Owing to above 
electrical properties LTCC crystal may be used in NLO applications in high frequency region. 
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ABSTRACT 
Nano materials are important class of materials mainly characterized by its size. Due to nano size large surface 
area, modified energy levels and quantum effects play crucial roles in modifying materials' properties. Nano 
materials exhibits novel and enhanced physical, chemical, electrical, magnetic and optical property. Nano 
materials are useful in various applications such as storage media, sensing devices, communication means, 
health care systems, medical diagnostic - treatment tools, defence systems, forensic investigation, crime control 
and even food security and agriculture. This paper briefly reviews the agriculture industry related applications 
of nano materials having power to revolutionize the entire agricultural industry. 

Keywords: Nano materials, synthesis, properties, characterization, agricultural applications 

1. INTRODUCTION 
Materials constituted of nano particles/grains are nano materials. Anything of size less than 100 nm is regarded 
as nano particle. Nanotechnology deals with materials, systems and processes that operate at a scale of 100 nano 
meters (nm) or less. Aspects such as with synthesis, characterization, visualization, organization and 
manipulation of nano particles so as to build various devices for desired applications are taken care of in the 
area of nano technology. 

In general chemical routes of nano particles' synthesis are efficient and widely followed. These includes sol gel 
auto combustion, hydrothermal, micro emulsion etc. Among microbes, prokaryotes have received the most 
attention for biosynthesis of nanoparticles. Bacteria have been used to biosynthesize mostly silver, gold, Fe-S 
and magnetite nanoparticles and quantum dots of cadmium sulphide (CdS), zinc sulphide (ZnS) and lead 
sulphide (PbS). The C-containing and/or inorganic nanoparticles are synthesized using biogenic, geogenic, 
atmospheric and pyrogenic processes. 

Characterization of nano structures usually calls for sophisticated characterization tools. Different methods of 
characterization are employed to determine phase, structure and properties of the nano materials using 
equipments such as X-ray diffractometer, Scanning electron microscope, transmission electron microscope, 
scanning tunneling microscope, atomic force microscope etc. Device fabrication technique mainly involves top 
down (lithographic processes, etching techniques) and bottom up (growth, assembly and chemical vapor 
deposition) approaches. Fabrication of flexible electronics is fast progressing field today. 

Apart from efficient and successful use of nanotechnology in storage media [Masud Mansuripur], healthcare 
[Shavi], medical diagnosis [K. Rajasundari], medical treatment [Mohammad Abu] etc. the nanotechnology 
has its role to play in the field of agricultural industry at various stages right from crop production, processing, 
storing, packaging and transport of agricultural products. Nanotechnology has potential to revolutionize 
agriculture and food industry with its emerging techniques namely, precision farming, increasing of plants' 
nutrients absorption ability, effective and targeted inputs, early detection and control of diseases. After years of 
green revolution and turn down in the agricultural products ratio to world population growth, it is obvious the 
necessity of employing new technologies in the agriculture industry more than ever. Food security has always 
been the major issue of the mankind. Nano materials that offer safe and efficient administration of pesticides, 
herbicides, and fertilizers are being developed. Smart sensors and smart delivery systems help to combat viruses 
and other crop pathogens. [Sayed Roholla Mousavi]. 

Present paper is focused on various nano particles and related technologies used in agriculture and food industry 
for improving crop yield, disease detection and control, collection, storage and distribution of agriculture yields. 

2. NANO MATERIALS FOR AGRICULTURE AND PROPERTIES: 
Nanoparticles in various forms find its applications related to agriculture industry. Nanoparticles for protection 
from various plant diseases, for yield enhancement, for quality growth, targeted delivery of DNA and other 
chemicals to plants etc. are discussed briefly in the following lines. 

2.1 Silver (Ag): In most of the bio - systems silver nanoparticles due to large surface area and surface atoms are 
placed at top as it exhibits strong inhibitory and bactericidal effects and broad spectrum of antimicrobial 
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activities.  A wide range of horticultural crops gets badly affected with powdery mildew, a serious fungal 
disease and reduces the crop yield and quality. The affected crops lead to distortions in leaf, early defoliation 
and reduced flowering. 

Instead of using anhydrous milk fat and soybean oil emulsions colloidal solution of silver nanoparticles of about 
just one and half nano meter average diameter, is effective against rose powdery mildew caused 
by Sphaerotheca pannosa Var rosae. Double capsulated silver nanoparticles prepared by reaction of silver ion 
with aid of physical method, reducing agent and stabilizers are highly stable and highly dispersive in aqueous 
media. It eliminates unwanted microorganisms in planter soils and hydroponics systems. Colloidal nano silver is 
in use as foliar spray to stop fungi, moulds, rot and several other plant diseases. In addition, silver is known to 
stimulate the plant-growth. 

2.2 Alumino-silicate (Al2SiO5): Nano tubes of alumino-silicate with active ingredients are used in pesticides for 
making it biologically more active, eco friendly and safe. These pesticides when sprayed on plant surfaces are 
easily picked up in insect hairs. Insects actively groom and consume nano tubes filled with pesticide. Targeted 
delivery of DNA and chemicals into plant cells is possible with mesoporous silica nano particles. 

2.3 Titanium dioxide (TiO2): Titanium dioxide (TiO2) is a non-toxic, powerful disinfectant its use in food 
products up to 1% of product final weight. Its photo catalyst technique free from generation of toxic and 
dangerous compounds can protect plant and possesses great pathogen disinfection efficiency and research to 
enhance the phytopathogenic disinfection efficiency of TiO2 thin films by dye doping etc. 

2.4 Carbon (C):  Carbon nano tubes filled with plant protecting chemicals when functionalized with magnetic 
nano particles allows control nano carriers' movement inside the plant system [Saurabh Singh]. Recently, 
fluorescent nanoparticles (NPs) or quantum dots (QDs) have been developed for labelling the plant proteins. 
There is need of systematic study of effects carbon nano materials in plants as increased use and exposure to 
carbon could cause environmental concerns. 

2.4 Nickel Ferrite (NiFe2O4): Nickel ferrite nanoparticles can work as potential adsorbent for removal of 
dipyrone from aqueous solution. It is low cost alternative adsorbent for removal of polar pharmaceutical 
compounds from water samples [Springer Valeria]. 

2.5 Silicon Oxide (SiO2): Application of nano-SiO2 (up to 8 g per litre) as fertilizer significantly improves seed 
germination of tomato, seed germination index, seed vigour index, seedling fresh weight and dry weight 
resulting effective growth and high yield. Under salinity stress, nano-SiO2 improves leaf fresh and dry weight, 
chlorophyll content and proline accumulation, free amino acids, nutrients, antioxidant enzymes activity thereby 
improving the tolerance of plants to abiotic stress. 

2.6. Zinc Oxide (ZnO2):  Zinc oxide nanoparticles increase plant growth and development such as peanut, 
wheat and onion. Lower concentration of nano-ZnO exhibited a beneficial effect on seed germination of 
cucumber. Nano-ZnO (up to 200 mg per litere) supplemented with Murashige and Skoog (MS) media improved 
tolerance to biotic stress [Shalaby Tarek]. 

3. CONCLUSION 
Nanoparticles have emerged as a versatile platform, which could provide cost effective, efficient and 
environmentally acceptable solutions to the global sustainability challenges facing society. Nanoparticles have a 
significant influence on the economy and the environment by improving both fertilizers and energy. So, these 
nanoparticles have a high potential for achieving sustainable agriculture. Nanoparticles can have both positive 
and negative effects on plants depending on several factors such as plant species, nanoparticles and 
environmental factors. It has to be verified still whether essentialities of nanoparticles for plants in various ways. 
Biochemical, physiological and molecular mechanisms of nanoparticles in plants are to be analyzed in more 
details. The agricultural nanotechnology might take a few decades to move from laboratory to land. 
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ABSTRACT 
The rapid development and progress of science and technology in the field of energy and material has been 
illuminated the significance of conducting polymer. During the last decade researcher have been struggling to 
rise up the power conversion efficiency of solar cell by developing new material and structure. In the present 
work a composite films of conducting polymer and GaAs with attractive feature have been synthesized by 
Electro deposition method and drop casting method respectively. The structure and morphology of the prepared 
films were studied from XRD and AFM pattern. And optical characteristics of the prepared films were studied 
from UV spectrometer it shows that the band gap of the prepared thin films of GaAs material is 1.39 ev and 
voltage current characteristics of the composite films shows the suitability of materials for photovoltaic 
application. 

Keywords; conducting Polymer, GaAs, Solar cell, thin films, PEDOT: PSS. 

INTRODUCTION 
In earlier days, the most common solar cells were designed using single p-n junction silicon crystal.  But the 
cost of the single silicon crystalline substrate was high and hence new absorbing materials and cheap 
technologies were under sought. The main advantage of the thin film technology is the material can be spread 
on to the large area of wafer or substrate by any suitable method in order to produce high volume. 

GaAs is one of the most influential III-V semiconducting materials, which possesses high mobility and direct 
band gap of 1.43ev.this properties of GaAs material makes them suitable for an optoelectronics and photovoltaic 
application. different growth techniques are used for the synthesis of GaAs thin films, these methods are spray 
paralysis[11],liquid phase epitaxial[7],molecular beam epitaxial[12],electrode position, metal organic chemical 
vapor deposition[15],chemical vapor deposition[15].these all techniques are expensive and complicated .among 
all various techniques, electro deposition techniques offer several advantages [8,17], means it is simple 
,powerful and inexpensive. In this technique films thickness, structure and composition can be controlled by 
voltage or current, here the optimization of parameter for the deposition of single metal is easy but for binary 
compound is difficult [9] .we studied the characteristics of photo electrochemical solar cell designed using GaAs 
thin film acts as photo electrode and graphite as counter electrode in 2M polysulphide. D.K.Ferry reported the 
successful deposition of GaAs from an electrolyte whose ph was 0.7[15],   Mahalinga reported the deposition of 
GaAs from an electrolyte of GaCl3 and As2O3 for various pH and temperature [6]. K.R.Murali, have synthesized 
GaAs by varying duty cycle from aqueous solution of GaCl3 and As2O3 [14]. Andreoly have reported the 
synthesis of GaAs thin films by deposing Ga on Ti substrate and As, layer was electrodeposited on Ga layer 
[19]. M.Chamekh Have reported that the co deposition of GaAs metal at 279k and pH was 1 from gallium metal 
and As2O3 dissolved in dilute HCL [1]. In the literature.V.M.Zozlov, S.Chandra [17, 9] has been reported that 
large effort had been made by researcher for the deposition of GaAs thin films from acidic and alkaline solution 
with limited fruitful output. In this paper we present the co-deposition of gallium and arsenic metal at room 
temperature from a electrolyte contain gallium metal and As2O3 dissolved in concentrated HCL and the pH was 
maintain at 1.2 

Before 30 year it was considered that polymers were used as an insulator but by simple modifications in the 
conjugated polymer their electrical conductivity has been raised[18]  the first remarkable feat in the field of 
conducting polymers has been taken around 1978, explained by Shirakawa[18,3]he showed that the oxidation 
and reduction reaction in the conjugated polymer and  enhance their conductivity and turn as p doping and n 
doping respectively[3] Conducting polymer have found large applications in the manifold fields of Electronics, 
Optics, Energy devices and Medicine .study on polymer solar cell reveals a positive effect on the efficiency and 
hence, the structure of inorganic –organic hetrojunction solar cell have been allured much more attention. 

Generally hetrojunction solar cells are fabricated from Donar and Acceptor layers.Donar materials absorb light 
and generate excitons and Acceptor layer transports electrons [25, 24] efficiency of solar cell depends upon 
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several factors. In the present work PEDOT: PSS layer was form on GaAs substrate by Drop casting method. 
And demonized water was used as solvent, in the PEDOT: PSS conducting polymer PEDOT is a polycation and 
PSS is a polyanion [26, 27] 

EXPERIMENTAL DETAILS 
Thin films of GaAs material have been electrodeposited from an electrolyte containing Ga metal and As2O3 
dissolved in concentrated HCL. Gallium metal (99.99% pure purchased from Sigma Aldrich) and 
As2O3(99.99%  pure purchased from Sigma Aldrich) were separately dissolved in concentrated 10ml HCL,1M 
Gallium metal was separately dissolved in concentrated HCL and 0.1M As2O3 was dissolved in another 10 ml 
HCL. After adding two solutions in appropriate ratio, the resulting solution was stirred for 3 hours, the solution 
was diluted by adding double distilled water and the pH value of the electrolyte was set to 1.2 by adding 
concentrated KOH solution in such a way that the final volume of the electrolyte should be 40ml. ITO coated 
glass substrate were commercially available and it is purchased from sigma Aldrich and the size of the substrate 
was 2.5 cm× 2.5cm which has a resistance of 10 Ὡ ̸cm2 ITO coated glass substrate were initially cleaned 
ultrasonically in order to remove surface contamination, dust particle and then rinsed thoroughly with double 
distilled water, and dried at 400 Co for 5 min. 

Electrolytic cell consisted of two electrodes in contact with electrolyte, ITO coated glass substrate used as 
working, platinum plate acts as counter electrode and Ag/Agcl3 was used as reference electrode. During the 
electrolysis process Ga, and As, ion attracted toward cathode and gets deposited on ITO substrate. The 
Stoichiometric   ratio of Ga and As ions depends on the pH of the electrolyte, temperature, concentration, 
current or voltage parameter and electro deposition time. There is no clear cut method discussed in the previous 
literature for the fixing of deposition parameters for binary metal. And hence failure rate in co-deposition of 
metal was high.  In the present work, we performed our experiment by applying a potential between 0.6 to 
1.1volt.during the experiment we prepared number of samples for various deposition times while other growth 
parameters kept constant. Then prepared samples were removed and rinsed thoroughly with double distilled 
water and annealed in air for 10 min. Here, we prepared two samples of photovoltaic cells, the first sample 
prepared by using GaAs thin film deposited by electro deposition techniques and second was prepared by GaAs 
substrate (100) purchased from U.S.A   the substrates were cleaned in ultrasonic bath, isopropyl alcohol and 
demonized water for 5 min. and in dil. HCL solution for 2 min. in order to remove the surface contamination 
and annealed at temp. 1000  Si doped n –type GaAs substrate (100) with doping concentration (0.4-4) * 1018 and 
thickness of 350 micrometer purchased from Precision Micro Optics (USA) are used for device fabrication. 
Thermally evaporated aluminum was used as cathode, ITO used as Anode, PEDOT: PSS (Clevious PH1000) 
dissolved in demonized water, and (P3HT) poly-3 hexythiophene was used hole transport layer as shown in 
figure below. 

 
Fig-1: Band alignment diagram in Planner hetrojunction solar cell 

 



International Journal of Advance and Innovative Research   
Volume 6, Issue 1 (XIX): January - March, 2019 : Part - 2 
 

62 

ISSN  2394 - 7780 

Fig-2: Voltage –current characteristics of the prepared composite thin films shown in fig. above. 

CHARACTERIZATION 
GaAs thin films deposited on ITO coated glass substrate were characterized by keithely XRD diffractometer 
Operating  in θ-2θ  geometry XRD  pattern used to identify crystalline phases ,XRD pattern shows that films are 
polycrystalline in nature and peaks intensity corresponding to single phase GaAs .UV absorption spectral  
characteristics of the prepared samples were studied at room temperature. 

 

 
Fig-3: XRD of the prepared thin films 
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RESULT AND DISCUSSION 
The sharp diffraction peak in the XRD pattern reveals that the films are crystalline in nature. Figure show that if 
the deposition time of the prepared film is less than 10 minute then it exhibit cubic and orthorhombic structures. 
(16,17) where as the film deposited at deposition time greater than 10 min shows predominantly of 
orthorhombic structure (19,20) .by applying Debye-Scherer formula  (18), to XRD pattern we can calculated the 
average grain size of the prepared films. 

D= kλ    ̸ Βcos θ ------------------------ (1) 

Where- k is the shape factor, λ is the X-ray wavelength and θ is the diffraction angle. 

The three dimensional surface scan of the prepared GaAs thin film is analyzed by AFM technique. This study 
reveals that as the deposition time was increased then the average particle sizes of the surface were found to 
increase. 

The absorption coefficient of the films is given by αE = C (E − Eg) n. 

Where, C is constant E is the photon energy and Eg    is the band gap energy n is the constant which value is 
depend upon the types of transition and which may be assigned the value   2, 1/3, 1/2 for allowed indirect 
transition,  forbidden direct transition ,allowed direct transition respectively. 

GaAs is a direct semiconductor materials and hence for this materials n=1/2.the absorption coefficient α can also 
be calculated from the following equations which shows the relationship between the sample thickness ‘’d ‘’and 
transmittance’’ T’’ this equations is valid for high absorption when the reflectivity dispersion and interference 
effect are negligible (23) 

α =2.303 Log (1/T)/d 

Where T is transmittance and d is thickness 

Linear nature of the graph between α and E indicate that this is direct band gap semiconductor and the straight 
line intercept at x axis gives the value of band gap energy. Band gap is in good agreement with the values 
reported for GaAs thin films prepared by Galvanostatic technique. (6,14). 

Under 110 mw/cm2 illumination power, voltage current characteristics of prepared hybrid solar cell are 
measured in this case open circuit voltage, current density, fill factor and  efficiencies  are      Voc=0.610 v,     
J=7.10 mA/cm2   ,FF=0.71  ,η=4.72  %  but the performance of  the another solar cell which was designed by 
electrodeposited GaAs layer on ITO substrate was poor .in this case  open circuit voltage, current density, fill 
factor and  efficiency are      Voc=0.57 v                ,J=8.10 mA/cm2         ,FF=0.61,        η=2.72% as shown in 
figure above. 

CONCLUSION 
GaAs material is useful for optoelectronic devices and sensors. We can increase the efficiency of solar cell with 
heterojunction structure accompanied with conductive polymer which has tremendous applications in the field 
chemical, electrical and medical. But still there are some challenges in the field of development and 
implementation; co deposition of conducting polymer and metal is very complicated. 
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ABSTRACT 
Zeolites are crystalline hydrated aluminosilicates of alkali and earth metals. Properties of the aluminosilicates, 
framework and presence of well defined channel systems make it possible a variety of application such as 
agricultural, industrial, and medicinal etc. Zeolites have many more useful properties with high ion exchange 
and retention capacity. Due to such  fascinating properties of zeolites the plant growth, yield of crop have been 
increased by the application of zeolites and work has been reported in many national and international 
journals. Taking this fact in to consideration, we have planned to concentrate on the characterization, 
properties of natural zeolite Clinoptilolite and to study their application on the growth and yield of Mushroom. 

Natural zeolite Clinoptilolite were collected from Fardapur, near Ajanata cave, District Aurangabad from the 
Marathwada region of Maharashtra state, India. Characterization IR and  XRD of Clinoptilolite were carried 
out. The powdered form of Clinoptilolite were applied in various proportions to study the growth and yield of 
Mushroom. On the application of Natural zeolite Clinoptilolite we found the considerably growth and yield of 
Mushroom. 

Keywords: Clinoptilolite, Zeolites, Mashroom, Fardapur, Ajanta caves. 

INTRODUCTION 
Zeolites are crystalline hydrated aluminosilicates of alkali and earth metals that possess infinite, three 
dimensional structures. These crystals are further characterized by an ability to lose and gain water reversibly 
and to exchange some of their constituent elements without major change of structure1. Now a days soilless 
culture is the modern cultivation system of plants is used for organic or inorganic substrate through nutrient 
solution nourishment2. Soilless growing media are easier to handle with compared to soil culture and it may 
provide better growing environment. 

Zeolites are having potentiality as soilless media for its unique properties. Zeolite crystals alumina-silicates have 
negative charges, which is balanced by one or two valence of positively charged cations3. It has high water 
absorption, retention and releasing capacity.  It has high cation exchange capacity with high buffering ability of 
ph change4. Zeolites are microporous crystalline materials that have a high internal surface area5. It has been 
reported that due to its higher cation exchange capacity, nutrient and water holding capacity yield of tomato, 
carrot, wheat etc increased greatly. Tomato plants grown in perlite and zeolite mixture substrate increases yield. 
Taking this fact of the references in to consideration, we have planned to apply different proportions of the 
zeolite Clinoptilolite, a platy variety of zeolite crystal to check growth and yield of eatable mushroom. 

MATERIALS AND METHODS 
Clinoptilolite a platy variety of natural zeolite crystal was collected from Fardapur near Ajanta caves Dist. 
Aurangabad of Maharashtra state, India. Collected sample were characterized by IR and XRD. IR spectra was 
recorded on Perkin IR instrument and X-ray diffraction patterns were recorded on a JEOL X-ray Diffractometer 
TIFR Mumbai between the scan range 5o to 60o to confirm the zeolitic nature and phase structure of the 
collected sample Clinoptilolite. The culture(seeds) of oyster mushroom variety P. Sajor Caju ware obtained 
from Vasantrao Naike Agriculture Marathwada University Parbhani (MS). Soybean straw is used as substrate 
ware collected from village Gour Tq. Purna(Jn.) Dist. Parbhani (MS) for cultivation purpose. 

Dry Soybean straw was soaked in a cold water for 14 hours and separated from water. The substrate soybean 
straw was pasteurized in a autoclave under 15Ibs pressure for 22 minutes and discharged from autoclave and 
cooled down to room temperature. After cooling down,1kg quantity of straw per bag filled into the polythene 
bags with addition of powdered form of a platy variety of zeolite crystal Clinoptilolite, in different proportions 
i.e 1,  3, 5,7 and 10gms.  After this process polythene bags tightly packed and transferred to the Mushroom 
house for soil less cultivation of mushroom. Temperature and humidity conditions are maintained at 18-240C 
and 75-85 % respectively. Time period recorded for the formation of fruiting bodies in addition of different 
proportions of Clinoptilolite. The data of experiment is recorded for the yield and germination period of the of 
mushroom. 
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Figure-(01) : IR Spectrum of Clinoptilolite zeolite 

 
Figure-(02):  X-RD Pattern of Clinoptilolite zeolite 

 
RESULT AND DISCUSSION 
Experimental data presented in table(01), from the analysis of the data it is clear that, on the addition of zeolite 
Clinoptilolite in different proportions, the yield of the P.sajor caju mushroom have been increased considerably. 
The time period required for formation for fruiting bodies were reduced by 1 to 2 days with the addition of a 
platy variety of zeolite Clinoptilolite. Also we have observed growth rate for the germination period of 
mushroom culture(seeds) was reduced by 4 hours. 

Table-1:  Effect of Clinoptilolite zeolite on Mushroom growth. 
Substrate Days for formation 

of fruiting bodies 
Fresh  wt. of Mushroom 

(gm/kgm of straw) 
Dry wt. of Mushroom 

(gm/kgm of straw) 
Soybean straw (Control) 17 122.10 11.91 

Soybean straw + 1gm  Zeolite 16 198.72 12.13 
Soybean straw + 3gm  Zeolite 16 238.55 12.41 
Soybean straw + 5gm  Zeolite 15 255.3 12.65 
Soybean straw + 7gm  Zeolite 15 269.04 13.03 

Soybean straw + 10gm  
Zeolite 

15 278.00 13.90 
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YIELD OF MUSHROOM 
The fruiting bodies (mushroom) were harvested in three slots. From experimental data presented in table -01, 
the yield (Fresh and dry wt.) of mushroom increased relevantly with the addition of different proportions of 
zeolite Clinoptilolite. We found that the maximum yield of mushroom obtained 278.00 gm/kgm of straw with 
the addition of 10 gm of Clinoptilolite and the ratio of the increase in the yield is 1: 2.27 as compared to control. 

From the above result, it can be concluded that, the productivity increases with decrease in germination period 
of mushroom on the application of zeolites. 
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ABSTRACT 
Ultrasonic investigation is donefor the ethanolic extract of Officinale Zingiber in ZnCl2with varying 
concentration and at constant temperature 303.15K. From experimental data the acoustic parameters such as 
intermolecular free length (Lf), adiabatic compressibility (β) and specific acoustic impedance (Z) have been 
obtained. Investigated parametersare used to calculate acoustic parameters.Obtained experimental and 
acoustic parameters are used to investigate the molecular association between Officinale Zingiber and Zn++ 
ions. The results are helpful for pharmacological applications of drugs. 

Keywords:  Acoustic Parameters, Officinale Zingiber Extract, Pharmaceutical Applications 

INTRODUCTION 
As ultrasound is a nondestructive technique it is widely used in pharmaceutical science. Intermolecular and 
intramolecular association between atoms and molecules are basically identified by ultrasonic 
velocity.Officinale Zingiber is mainly used as a spice in every kitchenof India, and in other 
countries[Purseglove, J. W., 1981, Zingiber officinale. 1976].It is also used as a food preservative. Officinale 
Zingiberis a underground rhizome which belongs to Zingiberaceaefamily [Schulick, P. 1994]. Medicinal 
properties of drug are decided from its constituents. Officinal Zingiber is a non-toxic and natural antioxidant 
compound.Its biological functions aresuch as antioxidant, antimicrobial, anti-inflammatory, 
immunomodulatory, anticarcinogenic. This is 5-hydroxy-1-(4-hydroxy-3-methoxyphenyl) decan-3-
one;pyridine-3-carboxylic acid IUPAC name of officinal zingiber. Its molecular formula 
C23H31NO6.OfficinaelZingiberis well known antioxidant herbal medicine. It has a very few side effects (Ali et 
al., 2007) [Ali, B. H., 2007]. A very few physicochemical studies of antioxidant herbal 
drugOfficinaleZingiberhave been studied so far. We have undertaken a systematic study on the ultrasonic 
investigation of an antioxidant ethanolic extract of Officinale Zingiberwith zinc chloride to investigate 
interactions present in that system. 

EXPERIMENTAL 
Preparation of the extract from Officinal Zingiber 
Good quality driedOfficinaleZingiber were purchased from the local market and used after cleaning with water. 
Officinal Zingiber were ground to a coarse powder. 100 gm. powdered Officinal Zingiber added in 1 lit. Ethanol 
kept on magnetic stirrer for 30 min. boiled it and then cooled at room temperature for decantation. Zinc chloride 
is added in ethanol and prepared molar solution of zinc chloride. Then known numbers of moles of drug 
(Officinal Zingiber) were added into a fixed volume of solvent. 

METHODS 
Ultrasonic velocity 
Single frequency (frequency 2 MHz) ultrasonic interferometer model no F-81 is used to determine ultrasonic 
velocity of Officinale Zingiberextract with Zn+ion.Density of experimental liquid is determined by using digital 
balance and Specific gravity bottle with capacity 25 ml. Viscosity of experimental liquid is calculated with the 
help of Ostwald Viscometer and stop watch. All parameters are measured at temperature 308.15 K. 

THEORY AND CALCULATIONS 

Acoustic parameters are calculated from experimental investigation (ultrasonic velocity (U), density(ρ) and 
viscosity (η)) byusing following standard equations. 

1. Adiabatic compressibility: β = ……………….(1) 

2. Specific Acoustic Impedance:   Z= ρU ……………….(2) 

3. Intermolecular free length:   = ……….(3)  Where K= (2.075×10–6) 
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RESUTS AND DISCUSSINS 
Ultrasonic Velocity: Table 1 and fig. 1 (a) represents the values and nature of graph of acoustic parameters for 
Officinale Zingiberethanolic extract at different concentrations and at temperature 303.15K. Values of ultrasonic 
velocity increases with increasingconcentration. When solute is added in liquid there is molecular association 
occurs. Increasing trend of ultrasonic velocity shows presence ofinteraction between solute-solvent[Aswale S., 
2013]. 

Density(ρ): Density (ρ) is association ofmolecular association. Density of various concentration of Officinale 
Zingiberwith Zn+ is listed in Table 1 and represented in fig. 1 (b). It is observed from Table 1 that as 
concentration of Officinale Zingiberwith Zn+ ions increases the value of density decreases. Graphical 
representation reflect that there is interactions between solvent - solvent and solute- solvent and shrinkage in the 
volume [Ramteke, S., 2015]. 

Viscosity(η): It is observed from Table 1 and fig. 1 (c) that the value of viscosity goes on decreasing with 
increase inconcentration of Officinale Zingiberexcept 1.4018 mol concentration.Graphical representation shows 
that the molecular association becomes strong with increasing concentration except at 1.4018 molvalue. 

Adiabatic Compressibility (β): Adiabatic compressibility and ultrasonic velocity shows reverse trend to each 
other.Adiabatic compressibility decreases with increases in concentration of Officinale Zingiberas shown in 
table 1 and fig. 1 (d). Values of adiabatic compressibility decreases with increase in metal ion concentration, this 
reflects electron donor and acceptor capacity/nature same behavior was observed by SunandaAswale and et.al. 
[Aswale, S., 2012]. 

Intermolecular Free Length (Lf): Table 1 and Fig. 1 (e) shows the values and graphical presentation of 
intermolecular free length (Lf). It is seen that due to increasing concentration of Zingiber Officinale the values 
of intermolecular free length (Lf) decrease.Decreasing trend indices predominance ofsolvent-solute interactions 
in this system. It reflects that there is presence of molecular association which is similar for   system cetrizine, 
loratidine and chlorpheniramine [Baluja, Sh., 2007]. 

Specific Acoustic Impedance (Z): Table 1 and fig. 1 (f) show values and graphical presentation of specific 
acoustic impedance (Z) against concentration which is found to be increases. Variation in specific acoustic 
impedance occurs due to molecular associationpresent in the system [Jamankar, G., 2015]. 

CONCLUSIONS 
It can be concluded from the above study that the interferometer technique requires minimum efforts. It is a 
direct method and has its own identity and significance in material science, which can give an idea about 
effectiveness of solvent. Variation inacoustic parameters shows there is presence of molecular association in 
liquid mixtures and solutions. Thus, the conclusion drawn from all the studies is that the studied drug Officinale 
Zingiberwhen added in ethanolic Zn+ mixtures there is formation of molecular association. Such kind of study 
is helpful for pharmacological study of drugs which is used to understand formokinetic processes (transport of 
drug across biological membranes, drug action and physicochemical properties). 

Table 1: Ultrasonic velocity (U), density (ρ) and viscosity (η) adiabatic compressibility (β), intermolecular free 
length (Lf), specific acoustic impedance (Z), relaxation amplitude (α/f2) and relaxation time (τ) for Officinale 
Zingiber + ZnCl2 system at 303.15 K. 

No. of 

moles 

(U) 

ms-1 

(ρ) 

Kg/m3 

(η) / 10-3 

N S/m2 

(β) × 10-10 
Kg-1 ms2 

(Lf) /10-

11 m 
(Z) × 105 
Kgm-2 s-1 

0.7009 1251 895.6 5.688 7.13463 5.543812 11.20396 

1.4018 1260 888.4 6.022 7.09007 5.526472 11.19384 

2.1027 1276 882.2 5.894 6.96196 5.476316 11.25687 

2.8036 1285 879 5.7001 6.88977 5.447849 11.29515 

3.5045 1297 881.8 5.4687 6.7414 5.388871 11.43695 
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Fig-1 (a) Ultrasonic velocity (U) for Officinale 
Zingiber + Zn+ at 303.15 K. 

Fig-1 (b) Density (ƍ) for Officinale Zingiber + Zn+ 
at 303.15 K. 

  
Fig-1 (c) Viscosity (ƞ) for Officinale Zingiber + 

Zn+ at 303.15 K. 
Fig-1(d) Adiabatic Compressibility (β) for 

Officinale Zingiber + Zn+ at 303.15 K. 

  
Fig-1 (e) Intermolecular Free Length (Lf) Officinale 

Zingiber + Zn+ at 303.15 K. 
Fig-1 (f) Specific Acoustic Impedance (Z) for 

Officinale Zingiber + Zn+ at 303.15 K. 
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ABSTRACT 
The rate of photosynthesis is determined by the intensity of incident radiation, the temperature in the 
neighborhood of the plant, the water contents and the density of the pigments present in plant leaves. The excess 
or deficient quantity of these parameters has direct influence on the photosynthesis rate. The excess or deficient 
quantity of the parameters responsible for the plant metabolism may be called as stress. It is very important to 
detect the stresses because they have direct influence on the plant health.We have studied combined effect of 
water and nutrient stresses in the plant Clitoria ternatea (Papilionaceae) by using fluorescence spectroscopy. 

Keywords: Photosynthesis, He-Ne laser, Photomultiplier tube, Clitoria ternatea (Papilionaceae) 

INTRODUCTION 
One of the powerful techniques to detect the stress in the plant  is the laser induced fluorescence kinetic method    
It is necessary to analyze the physiological state of plants growing over wide surfaces  such as agricultural areas, 
forest and oceans. For biochemical analysis a collection of plants sample is necessary and it is also essential to 
know about the early detection of stress condition so that proper precaution may be taken and the plants may be 
saved from the unwanted damage. .(1-3) 

SAMPLE PREPARATION 
We selected the plants Clitoria ternatea (Papilionaceae)  for performing experiment to study the fluorescence 
kinetics. The plants were developed under the condition of natural light and temperatures. Plants were well 
watered and regularly nourished and developed thoroughly in the washed river sand condition. After one month 
of the planting in the  green house the plants were transferred in the open top chamber so that they get fresh air. 
A leaf is detached from the plant and immediately transferred to the laboratory for performing the experiment 
related to fluorescence. The flow of water and minerals from roots of the plants get stopped and the process of 
photosynthesis is also terminated and  hence the plant leaf is under combined water, nutrient stress. 

EXPERIMENTAL SET UP 
For the study of the effect of short term combined effect of water and nutrients stress in the plant leaves, the 
experimental arrangement for recording fluorescence kinetics and fluorescence spectra are shown in fig.1 A He-
Ne laser delivering 2 mw output power at 632.8 nm was used as an excitation source. An aluminium tube was 
fixed at the output end of the fiber to maintain a constant leaf area illumination. The light source illuminants 0.4 
– 0.5cm2 area on the leaf and the observations are recorded at normal angle of incidence at a distance 0.1 cm 
from the leaf surface. The laser induced chlorophyll fluorescence spectra were analyzed using a jobin – Yvon 
H10DUV scanning monochromator. Fluorescence emission collected by the optical fiber was focused onto the 
entrance slit of the monochromator and detected by Hamamamstu R928 photomultiplier tube. (4-5) 

 
Figure-1: Experimental arrangement of He-Ne laser based system for recording LIF spectra of plant leaves. 
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RESULTS AND DISCUSSION 
The experiment is carried out by He-Ne laser as an excitation source. Here the study of combined water and 
nutrient stress has been carried out by recording the fluorescence kinetics and fluorescence spectra of leaves. 
The fluorescence spectra and fluorescence kinetics of adaxial and abaxial surfaces are recorded at different 
timing by keeping plant leaf as it is in darkness immediately after detaching from the plant. When leaf is 
detached from the plant it will be under combined water and nutrient stress. The shapes of He-Ne laser induced 
chlorophyll fluorescence emission spectra are characterized by two maxima at about 685 and 730nm. The 
spectra delivered by both the surfaces of the leaf are recorded. Fluorescence kinetics at 685 nm and 730 nm and 
the fluorescence spectrum after immediately achieving steady state fluorescence. It is seen from the Fig. 2  that 
the intensity of fluorescence kinetics at 685 nm is more than that at 730 nm. It is observed that the steady state 
fluorescence condition reaches within about 5 min. After reaching steady state also the fluorescence spectrum 
exhibits the peaks at 685 and 730 nm. Peak height of the fluorescence spectrum of the fluorescence kinetics and 
fluorescence spectra after 20, 40, 60, 80 and 100 hours emitted by the upper surface are recorded. The 
comparison of the spectra clearly shows that the shape of the fluorescence kinetics changes with time. As the 
stress increases it will take more time for reaching steady state fluorescence. The observations clearly indicate 
that the time required for achieving steady state condition that could  be used to measure the stress factor. It is 
obvious that by recording the time for reaching steady state fluorescence, we may remotely detect the stress 
stage condition of whole plant. (6-10) 

CONCLUSION 

In our study of short term combined water and nutrient stress it is concluded that peak height at 685 and 730 nm 
in the fluorescence spectra  are the indicators of stress factors. As the  shape of fluorescence kinetics takes 
horizontal form, it is said to be in the stress condition. The observations also shows that the steady state 
fluorescence is suitable tool for nutrients related stress in plants. The results  also show that the laser induced 
fluorescence technique is very useful in vegetation. Further, it also shows that the laser induced fluorescence 
technique is very useful in vegetation remote sensing experiments. 

 
Figure-2: Comparative Characteristics of fluorescence kinetics at 685 and 730 nm upper surface of leaf. 
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ABSTRACT 
Mass attenuation coefficient (µm), effective atomic numbers(Zeff), electron densities(Neff),total cross-section(σt) 
& electronic cross-section(σe) have been computed for poly methyl acrylate using NaI (Tl) detector. Results of 
gamma radiation parameters such as µm, σt, σe, decreases with increasing gamma ray energy. Zeff values of the 
polymethyl acrylate almost constant as a function of energy.It is clearly observed from the results that the 
polymethyl acrylate have good absorption capability of gamma photons in low energy region. We believe that 
some high Z elements dope with polymethyl acrylate may have potential applications in the shielding against 
gamma rays. An experiment has been done to investigate the new gamma ray shielding material that can be 
used at large scale and available easily having non-toxic. 

INTRODUCTION 
Since last few decades as the use of ionizing radiation increases in many fields such as medical field, structure 
modification, agriculture industry etc. The study on the effects produced by ionizing radiation on new materials 
for the dosimetry and radiation shielding is increased. As we know ionizing radiations are harmful for living 
tissues thus there is need to study and investigate a new gamma ray shielding material which can be used at 
large scale are nonhazardous and are inexpensive. Traditionally used lead shows neuro-toxicity. Many 
researchers studied and investigated the effects and properties produced by gamma-ray using various research 
methods [1-6]. Radiation damage in many materials studiedand investigated the results produced by it [9-10]. 
The poly methyl acrylate is C, H and O based low-Z material, which is tissue equivalent material and can be 
used as phantom to understand the radiation attenuation. 

To study gamma-ray attenuation properties of materials the mass attenuation coefficient (μm) is the fundamental 
parameter to derive other parameters as atomic cross-sections (t), electronic cross-sections (e), effective 
atomic numbers (Zeff) & effective electron densities (Neff). 

An attempt is made in the present work to check the availability of poly methyl acrylate as gamma ray shielding 
material and to find out its interaction properties using NaI (Tl) detector. The investigated results in the present 
work could be useful in the dose rate measurement and radiation shielding against gamma radiation. 

EXPERIMENTAL 
Radioactive sources having energies 122, 279, 320, 364, 637, 1115, 1408 keV were used for irradiation. The 
gamma ray photons were detected using NaI (Tl) detector with resolution of 0.101785 at 662 keV. Signals from 
the detector were enlarged and analyzed with 8K multichannel analyzer. The effectiveness of NaI (Tl) detector 
is higher at low source energy (Mohamed Abd-elzaher). The uncertainty in determined experiment is found to 
be 1-4 % (Mustafa RacepKacal) Topoly methyl acrylate as radiation target we use KBr press machine to prepare 
tablets having same thickness (0.13 g/cm2) and then filled in a cylindrical plastic container having the same 
diameter as that of sample tablets.  To determine the diameters of these samples we use a traveling microscope. 
We done some experiment with the empty sample container and found that attenuation of photons of the empty 
containers were negligible. The experimental part is discussed in [8]. In this work mass attenuation coefficient 
(μm) , atomic cross-sections (t), electronic cross-sections (e), effective atomic numbers (Zeff) & effective 
electron densities (Neff).were calculated from formulas reported elsewhere [7-8, 11]. 

RESULTS AND DISCUSSION 
The values of μm (cm2/g) are shown in figure 1, the values of μm from energy range 122 keV to 1170 keV 
decreases but from energy range 1115 to 11408 keV the values are constant. The e, t, Zeff, and Neff, values 
for poly methyl acrylate are shown in the table1.The values of all parameter studied initially decreased and then 
reached a constant value at higher photon energies as seen in table1. The experimental values were in good 
agreement with the XCOM values. From the values for effective atomic number of poly methyl acrylate 
depends on the number of elements in the materials. 
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Table-1: Gamma-ray parameters for poly methyl acrylate 

 

 
Fig-1: Variation of μm with photon energy 

CONCLUSION 
It can be concluded from the present work that the poly methyl acrylate used in this investigation shows 
significant attenuation of low energy photons and can find use as gamma ray shielding material in electronics 
industry, construction, plastic industry, and agriculture. The calculated and investigated values of poly methyl 
acrylate are useful in medical field. 
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ABSTRACT 
M doped zinc ferrite (M= Ni)Zn0.5Ni0.5Fe2O4 nanoparticles have been green synthesized by tamarind-
mediated sol- gel auto combustion technique and The structural and morphological properties of the prepared 
samples were characterized by X- ray diffraction (XRD), Field emission scanning electron microscopy (FEG-
SEM), Field emission gun transmission electron microscopy (FEG-TEM) and Electrochemical properties of the 
nanoparticle at room temperature were studied by CH 660 Instrument.X-ray patterns confirmed the formation 
of single phase cubic structure with space group Fd-3m. The average crystallite size of Zn0.5Ni0.5Fe2O4 
ferrite nanoparticles are found to be 27.8 nm. Further, the material was tested for hydrogen production through 
electrochemical hydrogen evolution. HER activity of nanocomposites was tested for hydrogen evolution at an 
applied potential of 0 to 2 V in acidic electrolyte. It shows themaximum current value is 1.27 ×10-2A and also 
shows good exchange current density of 47.8 mAcm-2at over potential of 238.7mV and a Tafelslope of 
114.7mVdec-1 for Zn0.5Ni0.5Fe2O4 ferrite nanoparticles. 

Keywords: Tamarind-mediated synthesis, voltammetry, current charge density, Tafel Plot. 

INTRODUCTION 
In today’s state of affairs, the most supply of energy throughout the planet principally depends on the fossil 
fuels like coal, gas and crude oil, however use of an equivalent ends up in atmospheric 
phenomenon so deteriorating theatmosphere. to cut back the greenhouse and environmental effects, hydrogen is 
taken into account joined of the foremost vital energy supply having blessingslike top quality, high energy 
density, clean energy fuel for many devices, environmentally friendly, made from An well-endowed renewable 
energy sources and is definitely a promising energy carrier for the long run. Mechanics of 
HER isn't straightforward because it depends on electrochemical conditions, wherever in multiple 
pathways will at the same time occur. Cathodic hydrogen evolution in acidic liquid media is accepted to 
take place in 3 steps. 

 
Hydrogen evolution reaction has been found out on various electrode materials in sight of effective ways of 
hydrogen production viz. lower potential and good kinetic characteristics. The overall reaction mechanism of 
the above fast reaction depends on several imperative kinetic parameter such as rate, exchange current density io 
(A/cm2) at a given temperature/pressure, its corresponding activation energy Ea(KJ/mol), anodic to cathodic 
transfer coefficients viz. tafel slope (mVper decade). All these parameter analysis would confirm the sort of the 
reaction viz. Tafel, Volmer and Heyrovsky and these reactions depend upon the over potential of H2 production, 
that may be a key factor governing the reaction. An electrode for the electrochemical hydrogen evolution 
reaction (HER) should have basic properties such as massive active surface area,low over potential, 
electrochemical stability, selectivity, low cost, simple in use and sensible electrical conduction. The hydrogen 
evolution reaction [HER] could be a cathode based reaction via water electrolysis employing a catalyst albeit 
high-priced and therefore the value will be decreased with the employment of low-cost and affective catalysts. 
Thus, non-platinum active metals like Fe, Ni, Cu, Co further their alloys and composites are received an 
enormous as electrocatalyst for HER due to their value cost and smart activity. Glassy carbon electrodes (GC) 
are most commonly used in electrochemistry in aqueous acid-base medium compared to metallic electrode 
because it features along life time. 

RGO-magnetic hybrids are developed for wide selection of applications, iron-basedspinel oxides like Fe3O4 and 
ferrite with general formula AFe2O4 (A = Zn, Ni, Co, Mn) with low price have been extensively studied as 
anode materials as electro catalysts. Spinel transition metal oxides with two metal elements provide the 
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practicability to tune the energy density and dealing voltage by changing the metal content MFe2O4 (M =Co, Ni, 
Cu, etc.)  Represent a very importantcategory of spinel oxides that exhibit a broad range of fascinating physical 
and chemical properties, giving several intriguing merits such as the rich redox chemistry, excellent 
biocompatibility, high electronic conductivity, good superparamagnetic properties, low toxicity, easy 
preparation, high adsorption ability, low price, and abundant resources has potential applications in super 
capacitor, Li ions batteries, semiconductor photo catalysts, biosensor devices and medical applications. Such 
spinel ferrites possess vitalelectrocatalytic activity and stability in high pH however its low electrical 
conductivity restricts its application in a catalyst. In general, the sensible applications of ferrites chiefly rely on 
electronic conductivity, as a result of thermal activation of electrons or positive holes along the chains of 
neighbouring cations in the ionic lattice. Potential application energy storage Studies have mention that the 
charge transfer happened via hopping processes between cations of variousvalencies, which 
needs comparativelylower activation energies, wherein O forms the face centered cubic (fcc) packing with M(II) 
occupying the octahedral (O) interstitial site and Fe(III) distributed equally within the O and tetrahedral (T) 
sites. Such a structure has shown smart electrical conductivities because of the electron hopping between 
completely different valence states of metals in O-sites and additionally provides necessary surface redox active 
metal centers for the adsorption and activation of electroactive species. In view of all the above factors, this 
report has been targeted on the development of M doped ferrites as composite materials and further been tested 
as an electro catalyst towards hydrogen evolution reaction (HER). The developed materials was investigated by 
FESEM, XRD, and TEM to grasp its structural features and further exploited by various electrochemical tests 
like cyclic voltammetry, linear sweep voltammetry, electrochemical impedance spectroscopy and tafel analysis 
to review the impact of the ferrite composites towards HER reaction. 

2. EXPERIMENTAL DETAILS 
2.1 Synthesis of Zn0.5Ni0.5Fe2O4 Ferrite Nanoparticles 
All of the chemical reagents were purchased from business suppliers and used withoutfurther purification. These 
reagents enclosed iron nitrate [Fe(NO3)3∙9H2O] and nickel nitrate [Ni(NO3)2∙6H2O], Zinc nitrate 
[Zn(NO3)2∙6H2O], that were purchased from Sigma Aldrich. The extremely pure tamarind juice is used as a part 
of green synthesis, stoichiometric amounts of Ni(NO3)2.6H2O, Zn(NO3)2∙6H2O and Fe(NO3)3.9H2O were 
dissolved in distilled water to obtain a mixed solution. The molar quantitative relation (ratio) of Ni(NO3)2.6H2O 
and Zn(NO3)2∙6H2O to Fe(NO3)3.9H2O was 1:2. The metal nitrates were dissolved together with the minimum 
quantity of double-distilled water required to get a transparent solution. An aqueous solution of lime water 
was then mixed with the metal nitrate solution. The mixed solution was placed on a hot plate with continuous 
stirring at 100oC. Throughout evaporation, the solution formed a viscous gel. The gel was then heated to 350oC 
to start a self-sustaining combustion reaction and to produce an as-burnt ferrite powder. The important 
constituents of tamarind juice, i.e. citric acid. Oncethe metal zinc ferrite gel precursor was heated at a 
temperature of 350oC, the decomposition the release of nitrogen and carbon dioxide gases, and the final product 
comprising Zn0.5Ni0.5Fe2O4 ferrite nanoparticles powder was formed. Finally, the as-burnt powders were 
annealed in a furnace underneath an air atmosphere at 1200oC for 2 hrs. 

 
Fig-1: Flow chart for the synthesis of Zn0.5Ni0.5Fe2O4 Ferrite Nanoparticles 
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3. CHARACTERIZATION 
3.1 X- ray Diffraction Analysis 
Figure 2 (a) shows the XRD pattern of Zn0.5Ni0.5Fe2O4 Ferrite Nanoparticles and XRD analysis confirmed the 
formation of a spinel structure in the synthesized samples. All of the diffraction peaks agreed well with the 
standard JCPDS data (54-0964) for MFe2O4 (M = Ni, Co, Zn, Mn).  The Average crystallite size (D) of 
Zn0.5Ni0.5Fe2O4 was determined from the full width at half maximum of the (220), (311), (222), (400), (422), 
(511), and (440) XRD peaks using the well-known Debye–Scherer equation 

 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. The value of average crystallite size of 
Zn0.5Ni0.5Fe2O4 ferrite nanoparticles was found to be 27.8 nmrespectively. 

 
Fig-2 a) XRD Patterns of Zn0.5Ni0.5Fe2O4 

3.2 Morphology Investigation 
Fig.3shows the cuboidal structure of Zn0.5Ni0.5Fe2O4 ferrite nanoparticles of size is about 12-56 nm. Recently, 
reported the octahedron morphology of Zn0.5Ni0.5Fe2O4 ferrite nanomaterial synthesized employing the single 
gentle hydrothermal method at 160oC without any surfactant. Moreover, found that ferrite nano-octahedrons 
will be ready employing a cost-efficient and facile hydrothermal method. In the present study, we have a 
tendency to find out the nano-octahedron morphology of Zn0.5Ni0.5Fe2O4 ferrite nanomaterial synthesized using 
a tamarind-mediated sol-gel combustion method. Figures 3 show FE-SEM images of the Zn0.5Ni0.5Fe2O4 spinel 
ferrite octahedron nanoparticles synthesized by tamarind-mediated sol-gel combustion and those subsequently 
annealed at 1200oC. Histograms of the size distributions are shown as insets in Figures The as-synthesized 
Zn0.5Ni0.5Fe2O4 spinel ferrite octahedron nanoparticles measured 12-56 nm, The size distributions obtained were 
consistent with the crystallite size determined in the XRD study. In general, the kinematics of the crystal growth 
along different crystal directions determines the morphology of the final product. 

 
Fig-3(a & b)FEG-SEM imagesZn0.5Ni0.5Fe2O4 ferrite nanoparticles 
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The average particle size of the Zn0.5Ni0.5Fe2O4 ferrite nanoparticles were calculated using FEG-TEM images, 
which are shown in fig.4 The average particle size were found in the range of 21-58 nm, which is calculated 
using Image-J software and matched with XRD and SEM images. 

 
Fig-4: (a& b)FEG-TEM images of Zn0.5Ni0.5Fe2O4 ferrite nanoparticles. 

3.3 Electrochemical Properties 
CHI 660C electrochemical workstation is employed for electrochemical measurements. All the experiments 
were performed at normal room temperature with a conventional there electrode electrochemical cell setup; Pt 
electrode employed as counter electrode, Ag/AgCl as reference and Zn0.5Ni0.5Fe2O4 nanocomposites as operating 
electrodes respectively. The electrochemical measurements were carried out in aqueous solutions, where 
analytical reagents and deionised water was always used. Freshly prepared 0.5M H2SO4 solution employed as a 
test electrolyte. The polarization experiments viz. cyclic voltammetry, linear sweep voltammetry and 
electrochemical impedance measurements were carried out as test experiments. The potentials were measured 
against and referred to RHE electrode. The impedance was recorded in the frequency domain of 0.1Hz to 105 Hz 
at an applied voltage of 0.1V. To achieve reproducibility, each experiment was carried out at least thrice and 
average values are reported. 

3.3.1 Preparation for Electrochemical Measurements 
We are using glassy carbon electrode as a working electrode and for better electrochemical performance we add 
sodium borohydride as a reducing agent,so we are preparing Zn0.5Ni0.5Fe2O4 Nanocomposite operating electrode. 

3.3.2 Preparation of Zn0.5Ni0.5Fe2O4 Nanocomposite were sodium borohydride as a reducing agent. 
We are taking 0.3 gm of Zn0.5Ni0.5Fe2O4 Nanocomposite and add it into 100 ml de-ionized water and sonicate 
the solution for 30 minutes or up to well dispersed. Once the nanocomposite is completely dissolved we add 3 
gm of sodium borohydride NaBH4 and allow the solution 12 hrs. for stirring in magnetic stirrer after stirring 
filter the solution 3 to 4 times by de-ionized water up to we get clear water. Once we get the clear water wash or 
filter the composite with ethanol and dry the composite by keeping it in a vacuum Owen. Our Zn0.5Ni0.5Fe2O4 / 
NaBH4 Nanocomposite is ready to use it as working electrode in the electrochemical measurements. 

3.3.3 Preparation of Ni0.8Mn0.2Fe2O4 or Co0.7Ni0.3Fe2O4Nanocomposite operating electrode. 
We are taking Glassy carbon electrode as a working electrode, now applying the Zn0.5Ni0.5Fe2O4 Nanocomposite 
on a glassy carbon electrode and use the Nafion as a binder. First apply the sufficient amount Nafion on glassy 
carbon electrode with the help of dropper and keep it in front of IR lamp for dry take care that Nafion will not 
spared outer side of glassy circle of electrode similarly apply the stoichiometric amount of Zn0.5Ni0.5Fe2O4 
Nanocomposite on a glassy carbon electrode and again keep it in front of IR lamp for dry take care that 
Nanocomposite will not spared outer side of glassy circle of electrode. 

3.3.4 Electrochemical hydrogen evolution 
1. Voltammetric studies 
Cyclic voltammetry (CV) test was picked for characterization of the prepared composite materials towards 
hydrogen evolution reaction and the relating plots are given in Fig.5. Cyclic Voltammetry curves were recorded 
from 0 to 2 V at a scan rate of 100 mV/s. As saw from the figure, the fast increment in the cathodic current was 
related with the oxide reduction followed by H+ intercalation and the corresponding anodic current peak was 
due to the DE intercalation process. In this manner cyclic voltammetry results showed the best catalytic activity 
of the ferrite based composites for HER reaction. Both the modified electrodes clearly showed an increment in 
magnitude of current and positive potential shift with respect to the bare electrode, which affirms the electro 
catalytic activity of Zn0.5Ni0.5Fe2O4 Nanocomposite towards HER. 
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Fig-5: Cyclic voltammetry of Zn0.5Ni0.5Fe2O4 Nanocomposite at a scan rate of 100 mV/S in 0.5 M H2SO4 

2. Polarization test analysis 
To methodically study the electrochemical activity of the catalyst, steady state polarization curves of HER for 
the catalyst were measured. Polarization is a technique used for the investigation of hydrogen evolution 
reaction, (HER) which is the generation of H2 gas through water electrolysis. The electro catalytic activities of 
Zn0.5Ni0.5Fe2O4 nanocomposites were assessed in 0.5M H2SO4utilizing a three probe electrode framework and 
the relating polarization curves of the composites are given in Fig. 5 estimated at a scan rate of 100mV/s. As 
determined from the analysis, the maximum current value is 1.27 × 10-2 A for Zn0.5Ni0.5Fe2O4 and  the onset 
potential (initial potential for H2 evolution) of Zn0.5Ni0.5Fe2O4 is 0.516 V, which are relatively higher than 
observed for general ferrites (-1.01 V) and  bare GC electrode (-1.06 V). The composites exhibited a rather 
completely different catalytic activity, which could be due to the electron transfer capability of the 
nanocomposites. When we go ahead and extrapolate of the Tafel plot to the current axis gives the exchange 
current density47.8 mAcm-2. Subsequently the outcomes uncovered that both the nanocomposites 
demonstrated a low onset potential and a quickly increasing current density within the applied potential [-1.2 to 
2 V]. Therefore the great electro catalytic behavior of the composite materials may emerge from the synergetic 
impact of the exposed active sites given by the ferrite/graphene composites and graphene, which in turn could 
promote quick electron transport.Tafel plots got from over potential versus log current density (η vs. log j) are 
appeared in Fig.6 which could be exploited for the quantitative kinetics analysis of HER. The linear regions of 
the Tafel plots were fitted into the Tafel equation. 

 
In which we have η is the overpotential, jo is exchange current density, R is the ideal gas constant (8.314 J mol-

1K-1), T is the absolute temperature and F is the Faraday constant. The value of Tafel slope (b), Jo and transfer 
coefficient (α) are shown in Table 1. It is commonly acknowledged that there are three principle steps for 
converting named H+ to H2 for HER in acidic medium, usually named as Volmer, Heyrovsky and Tafel 
reaction. The previous includes the electrochemical reduction steps, the second either an ion or atom reaction 
and the third is the atom combination reaction. Inside a specific arrangement of conditions, when the Volmer 
reaction is the rate deciding step of HER, the Tafel slope is may be in the range of 120 mV/dec-1 (with α, charge 
transfer coefficient value being around 0.5). At the point when the rate-limiting step is the Heyvosky or the 
Tafel-step, the slope would be in the vicinity of 40 mVdec-1 and 30 mVdec-1 with α value being 1.5 and 2.0 
respectively. 

 
On account of ferrite based composites, the Tafel slope values were determined to be 114.7 mVdec-1for 
Zn0.5Ni0.5Fe2O4 with cathodic transfer coefficient (α) value being 0.16 respectively and subsequently it could be 
concluded that the HER mechanism of ferrite catalyst follows the Volmer reaction. The determined values are 
given in Table 1. 
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Fig-6: Linear sweep voltammetry&Tafel plot of Zn0.5Ni0.5Fe2O4 Nanocomposite 

Table-1: Tafel slopes and Exchange current density values for HER using Zn0.5Ni0.5Fe2O4Nanocomposite 
Catalyst -logjomA/cm-2 b mV/dec-1 Α η (mV) 

Zn0.5Ni0.5Fe2O4 47.8 114.7 0.16 238.7 

3. Cycle stability test for Nanocomposite 
The long term stability test for nanocomposite was performed and the outcomes are shown in Figure 
7(a)Zn0.5Ni0.5Fe2O4 catalysts based electrodes were constantly cycled for 1000 cycles in 0.5M H2SO4 at a scan 
rate of 100 mV/s .The current density remained unchanged even after 1000 cycles for Zn0.5Ni0.5Fe2O4, there was 
a minor decrease though it was marginal. This slight difference is because of H+ or H2 bubbles on the surface of 
the electrode that delays the reaction in both nanocomposites indicating greatdurability of this catalyst in acid 
solution. 

4. Electrochemical impedance spectroscopy 
To additionally sanction the electrode kinetics, electrochemical impedance spectroscopy (EIS) was recorded for 
ferrite composites. EIS was performed at a potential of 0.1 V vs. Ag/AgCl and the equivalent is given in Fig.7 
(b) In the Nyquist plot, the X and Y axes symbolizes the real and negative imaginary parts of impedance. The 
charge transfer resistance (Rct) for hydrogen evolution of Zn0.5Ni0.5Fe2O4 is22.4 which is attributed to the 
semicircle recorded at the indistinguishable over potential at 0.1 V in the frequency range 0.1 Hz to 105 Hz. 
From the frequency (f*) corresponding to the maximum of the imaginary component (– Im Z’’) of the 
semicircle, the time constant (T) is calculated by using the equation In this experiment modified 
electrode/electrolyte interface of the nanocomposite is lower in double layer capacitance and hence 
subsequently increased the charge transfer resistance of hydrogen evolution. 

T = 1/2πf* 

The time constant was less, and was calculated to be 3.13 × 10-5s for Zn0.5Ni0.5Fe2O4 nanocomposite. 

 
Fig-7 (a) Cyclic stability test for Zn0.5Ni0.5Fe2O4 in 0.5M H2SO4 at a scan rate of 100 mV/s 
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(b) Nyquist plot of Zn0.5Ni0.5Fe2O4 electrodes by applying a sine wave with amplitude of 0.1 V over the 
frequency range from 0.1 Hz to 105Hz. 

5. CONCLUSION 
Taking everything into account, Zn0.5Ni0.5Fe2O4 nanocomposite was synthesized by a green synthesis method 
and further examined for their electrochemical action towards hydrogen evolution reaction (HER). Outcomes 
demonstrated that both the nanocomposites exhibited highly electrocatalytic activity towards HER in acidic 
medium. As observed from the analysis, the maximum current value is 1.27 × 10-2A, An exchange current 
density of 47.8mAcm-2at an over potential of 238.7 mVobserved for Zn0.5Ni0.5Fe2O4. A Tafel slope of 114.9 
mV/dec-1showed that the reaction followed Volmer mechanism. 

Further EIS measurements demonstrated a less charge transfer resistance for Zn0.5Ni0.5Fe2O4 composite and 
hence overall outcomes indicated that M doped Zinc ferriteZn0.5Ni0.5Fe2O4 based composite is a better 
electrocatalyst towards HER. Thus Zn0.5Ni0.5Fe2O4 nanocomposites as electrocatalyst could be proposed as a 
good candidate for HER. 
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ABSTRACT 
The polymer used in the present work was PSF, while the dopant malachite green was dye. Foils prepared by 
isothermal immersion technique.Thermally stimulated depolarization currents(TSDCs) in short circuit  mode in 
pure and doped malachite green (MG) Polysulfone (PSF) foils have been recorded. TSDC measurements have 
been considered to be helpful to understand the effect of space charge behavior, relaxation behavior in 
polymers.TSDC measurements were carried out on such samples at temperature range in 45, 55, 65, and 75oC 
at various field 60, 90, 120, 150 kVcm-1 by monitoring the current from 45oC -160oC.PSF and MG used for the 
present study were supplied by Glexo Leb. Bombay. 

Keywords: TSDC, CTC, polarization, Polysulfone, malachite green. 

INTRODUCTION 
Polymer films which are polarized in strong electric field at an elevated temperature and are cooled with the 
field on, show semipermanent electric polarization which persists for years at room temperature, they are called 
polymer electrets (1). One of the most widely used method for investigating the parameters of localized energy 
levels in dielectric materials is the technique of  thermally stimulated  current (TSC) (2) .Polymer materials have 
been considered to be good insulators, because their predominant covalent bonds exhibit law 
electroconductivity. The compounds so obtained are colourless (the luco compounds) and are converted on 
oxidation into the colour base which gives malachite green. Both strong acid and base cause the colour of 
malachite green (3). 

EXPERIMENTAL PROCEDURE 
The solution cast technique was utilized for preparing pure and malachite green doped Polysulfone (PSF) 
samples. The solution was prepared in a glass beaker by dissolving PSF (3gm) and malachite green (3mg and 
5mg by weight respectively) in chemically pure dimethyl formamide (DMF). The solution was kept for 24 h to 
get a homogeneous and transparent solution. The solution thus prepared was then poured onto an optically plane 
cleaned glass plate floating on mercury. The solvent was allowed to evaporate in an oven at 600 0C for 24 h to 
yield the desired samples. 

RESULT AND DISCUSSION 
The experimental condition under which the  thermally stimulated discharging current were measured are 
summarized below. 
Polarizing field (Ep)                      -        60, 90, 120 and 150kV 
Polarizing temperature (Tp)          -         450C 
Heating rate                                  -         30C/min 
Electrodes                                    -          Aluminium (both side) 
The thermally stimulated discharge current (TSDC) spectra for pure and doped Polysulfone (PSF) foils 
polarized with polarizing temperature 45oC at different polarizing voltages 60, 90, 120 and 150kV are illustrated 
in figure 1and 2 for similar electrodes (i.e.  Al -Al). 

 
Figure-1: Thermally stimulated depolarization current of Polysulfone (PSF) sample with a 45oC at various 

voltages 60, 90, 120 and 150kV. 
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Figure-2: Thermally stimulated depolarization current of malachite green doped Polysulfone (PSF) sample with 

a 45oC at various voltage 60, 90, 120 and 150kV. 

In figure 1 are showing  two TSDC peaks, one at low temperature (  peak) at 80o C, which is associated with 
dipolar relaxation  and  other at higher temperature (  peak) at 130 – 145o C that appears due to space charge 
relaxation (4). Further, TSDC curves are characterized by a high value of initial current. The peak position is 
independent of the polarizing field. However, the TSD current as well as the peak current initially decreases 
with increase in the polarizing field, then increases for high values of polarizing field but finally again decreases 
for still higher values of polarizing field. 

The TSDC studies on malachite green sensitized films weremade in usual manner as that of pure PSF.The effect 
of sensitizer on the polymer matrix was studied.Khare et al have reported TSDC studies on pure andsensitized 
films, the peak temperature and charge retainingcapacity was found to alter with different sensitizers [5].The 
addition of sensitizer has a strong effect on the temperature, ( peak) is shifted towards the lower temperature 
is60 - 65oC to the discharging process. The peak angle is decreases upon sensitization with malachite green in 
PSF matrix (6). 

CONCLUSIONS 
The results are explained in terms of the energy levelscreated by the sensitizers and charge transfer through 
atunneling mechanism.The peaks values evaluated in the present investigations are found to be lower for the 
pure films. Formation of CTC results in the reduction of the crystalline amorphous interface and provides 
conducting paths through the amorphous regionsby interconnecting the crystallites. 
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ABSTRACT 
Thermally stimulated discharge current (TSDC) in pure and malachite green doped polyvinyl acetate (PVAC) 
were studied as a function of the voltage (250, 400, 550 and 700 volts), temperature of polarization 400C and 
the amount of doping 5mg respectively. For pure PVAc and 5 mg malachite green sensitized PVAc samples two 
relaxation processes are observed around at 50 – 70 0C and 110 – 125 0C respectively and they are designated 
as β and α relaxation and have been attributed to the motion of the dipole under the effect of external electric 
field. The β relaxation accompanied with small activation energy is due to the rotational motion of the long 
flexible side groups/dipoles. 

Keywords: Polyvinyl Acetate (PVAc), malachite green, thermally stimulated depolarization current, dipolar 
polarization. 

INTRODUCTION 
The thermally stimulated discharge current (TSDC) has become one of the most powerful tools for investigating 
electric properties of polymers and other dielectric materials (1-3).One of the most widely used method for 
investigating the parameters of localized energy levels in dielectric materials is the TSDC technique (4). Gross 
(5)put forward two charge theory which explains the effect in polar dielectric in terms of the orientation of 
electric dipoles under the influence of electrical and thermal activation however in the case of non-polar 
dielectrics additional factors such as trapping and accumulation of charge carries have to be taken into account. 
The method involves heating a polarization temperature, the release of charges is gradually speed up and when 
the half-life of this process become comparable with the time scale of the experiment (determined by the heating 
rate) discharge becomes measurable and gives rise in the external circuit to a current which first increases with 
increasing temperature and then decay when the supply of charge is depleted.  A current peak thus will be 
observed at a temperature where dipolar disorientation ,ionic migration or carrier release from traps is activated 
and as the total polarization usually arise from a combination of several individual effects with various 
relaxation times a complete picture of the temperature-dependent relaxations will in principle be obtained. The 
TSDC method is however more sensitive and owing to its low equivalent frequency the resolution is usually 
much better.The process taking place during TSDC is similar to those occurring during charging but they 
behave in an opposite way.  The charge of a thermo-electret arises from aligned dipoles and trapped excess 
charges (6). 

Poly Vinyl Acetate (PVAc) is rubbery synthetic polymer and it is prepared by polymerization of vinyl acetate 
monomer, exhibiting piezoelectric, pyro-electric and ferroelectric properties. The typical advantages of PVAc 
are its flexibility, formability and low density. 

Malachite green (7) is an azo-dye. Azo-dyes are the largest class of synthetic dyes. Their chromophore is an 
aromatic system joined to the azo-group. These dyes are obtained by the introduction of NH2: NR2 or OH groups 
into the rings. The compounds so obtained are colourless (the luco compounds) and are converted on oxidation 
into the colour base which gives malachite green. Both strong acid and base cause the colour of malachite 
green.This paper describes the TSDC study of polyvinyl acetate films doped with malachite green. 

EXPERIMENTAL PROCEDURE 
The isothermal immersion technique was utilized for preparing pure and malachite green doped polyvinyl 
acetate (PVAC) samples. The solution was prepared in a glass beaker by dissolving PVAC (4 gm) and malachite 
green 5 mg by weight respectively in chemically pure dimethyl formamide (DMF). The solution was kept for 24 
h to get a homogeneous and transparent solution. The solution thus prepared was then poured onto an optically 
plane cleaned glass plate floating on mercury. The solvent was allowed to evaporate in an oven at 40 0C for 24 h 
to yield the desired samples. This was followed by room temperature out gassing at 10–5 torr for a further period 
of 12 h to remove any residual solvent. The plate was then drawn slowly out of the solution, leaving a uniform 
film on the plate. Samples thus obtained were uniformly smooth and could be easily peeled from the glass 
surface. The preconditioned samples were sandwiched between aluminized electrodes over a central circular 
area of 36 mm diameter. The thickness of the sample was of the order of 30 µm which was estimated by 
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measuring the capacitance of the fabricated sandwiched The various TSDC data e.g. activation energy, 
relaxation time, attempt to escape frequency and charge released for pure and malachite green doped PVAC 
samples are calculated and listed in Tables 1- 2. 

RESULTS AND DISCUSSION 
The electric polarization of solid dielectrics can be produced by dipole alignment, migration of ions within the 
material or charge injection form the electrodes (8,9). The trapping centers originate in the transition of the 
crystalline state into amorphous regions, in the rearrangement of molecules in the polymer chain and form the 
presence of impurities and defects in the materials. The various defects, in addition to giving rise to their own 
characteristic trapping levels, can also combine with other trapping centers present around them, and thus they 
can modify qualitatively as well as qualitatively the TSDC spectra observed under different conditions. It is 
therefore difficult to it is correlate a peak with a particular configuration of defects in the material. Thus we find 
not only that the original trapping levels corresponding to the TSDC peaks at  are quantitatively affected by the 
addition of impurity but also that new peak appear which depend upon the amount of doping used. The low 
temperature peak can be attributed to the shallow trapping of mobile charge carriers. On incorporation of an 
impurity these carriers are bound to the impurity sites. 

 
Figure-1: TSDC thermograme of pure PVAc samples poled at 40°C with different polarizing field  (i.e. 250, 

400, 550 and 700 volts) 

 
Figure-2: TSDC thermograme of PVAc doped malachite green (A1) samples poled at 40°C with different  

polarizing fields (i.e. 250, 400, 550 and 700 volts) 
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Table–1: Depolarization kinetic data of pure polyvinyl acetate (PVAC) thermoelectres 
S.N. Polarizing 

Temperature 
(°C) 

Polarizing 
Voltage 
(Volts) 

Attempt to escape 
Frequency 

υ (s-1) 

Activation Energy 
 

(eV) 
1. 40 250 6.759x109 0.225, 0.336 
  400 4.378x1011 0.212, 0.309 
  550 5.379x1010 0.203, 0.298 
  700 5.437x106 0.199, 0.290 

Table–2: Depolarization kinetic data of malachite green (5 mg)doped (PVAC) samples 
S. N. Polarizing 

Temperature 
(°C) 

Polarizing 
Voltage 
(Volts) 

Attempt to escape 
Frequency 

υ (s-1) 

Activation Energy 
 

(eV) 
1. 40 250 7.538x107 0.210, 0.293 
  400 5.678x109 0.207, 0.289 
  550 6.666x107 0.197, 0.278 
  700 7.753x108 0.176, 0.260 

Two relaxation peaks in the TSDC thermogram for PVAC and sensitized with malachite green 5mg have been 
observed at around 45-600 C to 120 ± 50 C and designated as β and α relaxations respectively  at constant 
temperature by varying polarizing voltage (Figs 1-2 ) The β relaxation, accompanied with small activation 
energies, is due to the rotational motion of the long flexible side groups/dipoles and α relaxation, having large 
activation energies, is associated with a change in the dipolar orientation due to the segmental rotations or 
translations of the main chain. Dipolar β relaxation peak arises due to local motions of polar side groups which 
take place in glassy state of the polymer below Tg. The total charge released associated with this peak was also 
found to increase linearly with the forming field these characteristics further support our argument that the low 
temperature peak observed in the present investigation may be considered to arise due to dipolar motions  with 
distribution in relaxation frequencies. 

According to the two charge theory advanced by Gross(5), net apparent charge density of an electret is the 
combined effect of two charges, homo-charge and hetero-charge. The hetero-charge is the volume charge 
produced by either the rotation of dipoles or the separation of the ions. The homo-charge, on the other hand, is 
the space charge consisting of ions or electrons and is considered to be produced by the discharge in the minute 
air gaps between the electrode and the surface of the sample. An imperfect contact between the poling electrode 
and the surface of the sample increases the possibility of discharge in minute air gaps and thereby producing the 
homo-charge. It appears that the opposite side is associated with the injection of charge carriers from the 
electrode in the presence of higher charging field. The neutralization of these injected charge carriers caused by 
the increased conductivity at higher temperature will result in a peak in the same direction as the charging 
current. Peak in the positive direction may also be attribute to the fast detrapping rate of charge carriers, 
exceeding the charge exchange rate of the injecting electrode, thus resulting in partial blocking of the electrode 
during depolarization , resulting in shift of the position of zero field plane towards non-injecting electrode 
Charge reversals were also observed by Wiseman and Lindon(10), in case of polyvinyl acetate thermoelectret. 
According to them, the observed initial charge changes its sign due to slow decay of dipolar polarization. Also, 
it was shown that the final charge was homo-charge, after the second transition. Hashimotoet al (11), have also 
observed peak of opposite polarity in polyethylene electrets and attributed them to hetero- and homo-charge 
trapping. 

The appearance of a peak with polarity opposite suggests that, in addition to the normal mechanism of 
polarization described earlier, some other mechanism must be operative which traps the mobile charge carriers 
responsible for the negative polarity of the thermally stimulated current. This necessitates some form of 
potential barrier which will have a built in electric field opposite to that due to the applied polarizing voltage 
(12). 

In the segments, mobility may be increased after the complete phase transition and thus the possibility of 
injection of charge carriers near the electrodes and their drift seem to be possible by self motion of charge 
carriers/ions above the Tg range. Above Tg of the polymer, a sudden change in its volume may occur and thus 
structural rearrangements of chains (segments) may be possible due to sufficient mobility of segments (13). 
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FABRICATION AND I-V CHARACTERISTICS STUDY OF HETEROJUNCTION DIODE 
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ABSTRACT 
The p-n heterojunction diode fabricated by the depositing of lanthanum selenide on fluorine-doped tin oxide 
coated glass substrate by spray pyrolysis technique and cadmium sulphide deposited by successive ionic layers 
and adsorption and reaction (SILAR) method successfully. The current – voltage (I-V) characteristics study at 
room temperature reveal excellent current rectification behavior. The ideality diode factor is calculated and is 
about 6.5 and it confirms the presence of high density recombination centers in space charge region. 

Keywords: Hetrojunction diode, p-Lanthanum Selenide, n-Cadmium Sulphide, spray pyrolysis, SILAR 

INTRODUCTION 
Rare earth chalcogenides have been largely investigated because of their good physical properties such as 
superconductivity, mixed valences, strong electron correlations, magnetic, optical and thermoelectric properties 
[1]. Its sharp luminescence band has increased its investigation in the field of optoelectronics. These have also 
shown good semiconducting properties at high temperature application [2]. In order to maximize the utilization 
of the semiconducting property of rare earth material, a p-n junction is formed between the lanthanum Selenide 
(La2Se3) and the well known and widely used n-type material cadmium sulphide (CdS). P-N heterojunction 
forms the basic building block of semiconductor devices like diodes, transistors [3], light emitting diodes [4], 
solar cells [5]etc. Thus for any new material system, a proper characterization of p-n junctions is crucial for the 
development of electronic devices [3]. 

Among the various techniques used for fabrication, spray pyrolysis and successive ionic layer adsorption and 
reaction (SILAR) process offers many advantages. Spray pyrolysis has a less possibility of inclusion of 
contaminants in the deposited films.  It also prevents the formation of metal hydroxide precipitates in the 
solution [2]. Similarly, SILAR method has also been vastly explored for the deposition of thin films [5-7]. 
SILAR technique is one of the inexpensive methods for the large scale deposition of high quality thin films [8]. 
In the present investigation, we report the synthesis of formation of p-n type heterojunction using two different 
processes. First lanthanum selenide was deposited using the spray pyrolysis method on the FTO glass. Then 
CdS, n-type material was deposited over it using successive ionic layer adsorption and reaction (SILAR) 
technique. Later, the electrical properties of the p-n junction diode formed have been undertaken using the 
current-voltage (IV) characteristic. 

EXPERIMENTAL DETAILS 
The fluorine doped glass (sheet resistance ≈ 10-20 Ω cm-2) of dimensions 7.5 cm x 2.5 cm x 0.l were used as a 
back contact. The substrate were initially cleaned with dilute HCl acid followed by detergent solution labolene 
and then with double distilled water (DDW) in order to remove the contaminants which later increases the 
adhesion of the material. In order to remove the acidic contaminants, the FTO substrates were kept in 1 M 
NaOH solution and later ultrasoniated in DDW for 15 min. Finally, the substrates were dried in alcohol vapors. 

DEPOSITION OF LANTHANUM CHALCOGENIDES 
Lanthanum trichloride (La2Cl3.7H2O), thioactemide (CH3-CS-NH2) and selenium dioxide (SeO2) powders were 
used as precursors in order to synthesis lanthanum selenide (La2Se3) [2, 9,10]. The solutions of 0.05 M 
La2Cl3.7H2O and the chalcogenide precursors were mixed in 2:3 volume ratios. The mixed solutions were 
sprayed on the preheated, cleaned substrate maintained at a temperature of 275 °C and 250 °C for sulphide and 
selenium respectively, with spray rate 4 cm3 min-1. In spray pyrolysis technique, fine drops of solution were 
sprayed on the heated substrate. Due to the pyrolytic decomposition of the solution a continuous and well 
adherent film is formed on the substrate. The chemical reaction for deposition of La2Se3 can be expressed as 
follows 

LANTHANUM SELENIDE 
La2Cl3 + 3 SeO2                       La2Se3 + 3Cl2 +3O2                                         (1) 

 

where  denotes pyrolytic decomposition temperature, 

∆ 

250°C 
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DEPOSITION OF CADMIUM SULPHIDE 
The cationic precursor for CdS was 0.06 M cadmium acetate (CH3-COO)2Cd H2O) complexed with ammonia in 
order to maintain the pH~11. The anionic precursor was prepared from 0.1 M thiourea solution whose ph was 
maintained at 5. The adsorption and reaction time for the growth of CdS were optimized to be 15 s each and the 
rinsing time was optimized to be 40 s. One total SILAR cycle was thus: 15 s adsorption in cationic precursor 
solution,  40 s rinsing in ample amount of double distilled water, 15 s in thiourea solution and 40 s rinsing in 
double distilled water by repeating such 30 SILAR cycles. We obtained a film of thickness 0.7 μm. The films 
were deposited at room temperature (27°C). 

Cadmium ions are adsorbed on the surface of the substrate when it is immersed into the cadmium acetate 
precursor. The unadsorbed ions are removed through rinsing in the double distilled water. Next, the substrate 
was immersed in the cationic source of sodium sulphide. Sulphide ions react with the adsorbed cadmium ions to 
form a single layer of CdS. The unreacted ions are separated out by rinsing the substrate in DDW. 

RESULTS AND DISCUSSIONS 
Current-voltage characteristic 
A detailed analysis of the morphology, structure and phase has been studied [2, 9, 10]. Figure 1 shows the 
schematic representation of the setup used for evaluating the current-voltage (I-V) characteristic. The I-V 
characteristic of  n-CdS / La2Se3 junction has been shown in figure 2. The current rectifying behavior of the 
junction formed is similar to a pn-junction diode indicating the presence of depletion layer [11]. The graph 
shows a resemblance with the diode property which indicates that a p-n junction is formed between the La2Se3 
layer and the CdS layer. Importantly an ideality factors n1 and n2 were derived. The achievement of ideality 
factor indicates the excellent diode behavior of our automatically sharp hetrojunction p-n diodes. The 
exponentially decreases curve with negative voltage represent reverse bias and the increasing current with 
increasing voltage represent forward bias. The figure 2 shows that the knee voltage for La2Se3 is approximately 
0.5 V. This also confirms that the films of La2Se3 act as a p-type material [12]. The ideality factor was calculated 
from the I-V characteristic by using the formulae 

I=I0 (eqv/nkT -1)                                              (2) 

where  is the reverse saturation current, q is the elementary charge, k is the Boltzmann constant, T is the 
absolute temperature and n is the ideality factor. Based on this equation a graph has been plot between log I vs 
V. It was observed that the curve shows two distinct regions one at low (< 1V) and another at high (1-2V) bias 
ranges.  The linear behavior of the semi logarithmic I-V characteristics at low and high region shows a double 
exponential relationship between current and voltage. The e diode equation (2) can be modified into following 
form 

I=I01 [eqv/n
1
kT -1]+I02 [eqv/n

2
kT -1]                    (3) 

The first and second terms describe the diffusion and recombination generation components respectively. The 
ideality factor calculated with the flat band potentials is 6.5. The ideality factors were much higher than the 
theoretically expected values of 1.0 to 2.0 [13]. The increase in the ideality factor has been suggested to be due 
to the trap-assisted tunneling and the carrier leakage [14]. The junction ideality factor values indicate that the p-
n junction formed between the La2Se3 and CdS are non-ideal in nature. 

 
Figure-1: Circuit diagram for current-voltage (I-V) characterization study of p-La2Se3/n-CdS heterojunction 

device. 
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Figure-2: Current-voltage (I-V) characteristics of p-La2Se3/n-CdS heterojunction 

CONCLUSION 
We have successfully fabricated p- Lanthanum Selenide (La2Se3) and n-Cadmium sulphide (CdS) diode using 
simple spray pyrolysis and SILAR method which also help in reducing the contaminants on the deposited film. A 
diode I-V characteristic has been obtained in this structure. An ideality factor much greater than 1 has been 
obtained for each diodes formed. The I-V characteristics represent hetrojection formed. 
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ABSTRACT 
The design, development and characterization of polyaniline doped with oxalic acid/glucose oxidase 
(POA/GOx) cladding modified fiber optic intrinsic glucose biosensor (FOIGB) have been proposed. The sensor 
has been used to sense the analyte-glucose in solutions. The sensing response of the sensor in the form of novel 
modal power distribution (MPD) technique and selectivity in the form of power vs. time was studied. The POA 
matrix material prepared by polymerization technique for cladding modification was analysed using various 
optical and surface morphological studies. 

Keywords: Biosensor; MPD, Optical fiber; Polyaniline; Selectivity. 

1. INTRODUCTION 
Diabetes is a complicated disease and exact care is needed for its prevention [1, 2]. It has been realized that 
fiber optic biosensor is very effective for early detection and prevention of diabetes as compared to traditional 
sensors [3]. Fiber optic biosensors have small and compact size, high sensitivity, reliability, fast, ability to be 
multiplexed, remote sensing, ability to be embedded into textile structures, immunity to electromagnetic 
interference, non-conducting and intrinsically safe for patients [4]. The composition of sensing element is 
important for designing and development of fiber optic intrinsic biosensor (FOIB). The cladding modification 
approach is very much useful, convenient and inexpensive for FOIB development. Its principle is based on 
change of optical power or intensity induced in modified region [4, 5]. Conducting polymers provide a suitable 
matrix for the immobilization of biomolecules [6]. However, polyaniline (PANI) is reported as highly 
accommodating surface behaviour and biocompatible. In addition, it has low oxidation potential, environmental 
stability, sensitivity and good matrix quality. In various polymers polyaniline has been found a suitable matrix 
material to bind biomolecules [6, 7]. Jiang et al. [3] and Binu et al. [8] have designed and studied the properties 
of fiber optic biosensors for glucose detection. 

In the present investigation, a PANI doped with oxalic acid (POA) cladding modified fiber optic intrinsic 
glucose biosensor (FOIGB) is developed and studied [9]. GOx was used for immobilization through cross-
linking via glutaraldehyde solution and further used to detect glucose-analyte. The sensing responses in the 
form of novel modal power distribution (MPD) technique for 1, 10 and 100 mM glucose solutions along with 
buffer solution have been determined. The selectivity of the prepared sensor toward glucose was also 
determined in the form of optical power. The suitability of deposited POA material was characterized using 
field emission scanning electron microscopy (FE-SEM), optical microscopy and energy dispersive X-ray 
spectroscopy (EDS). 

1. EXPERIMENTAL 
1.1 Materials and method 
Aniline (monomer) and ferric chloride (oxidant) of analytical grade were purchased from Fisher Scientific, 
USA. Glucose oxidase (GOx, 125 units/mg) was procured from Sisco Research Laboratories (SRL), India. 
Oxalic acid, glucose, glutaraldehyde solution (25%), urea, potassium dihydrogen orthophosphate and sodium 
hydroxide were purchased from SD Fine chemicals, India. All the chemicals were used as received without 
further purification. The necessary synthesis processes were carried out in aqueous medium. The stock solutions 
of GOx in proportion 2 mg/ml and glucose were prepared in 0.1 M phosphate buffer of pH 7.4 and kept at the 
temperature 4C for 24 hrs [10, 11]. 

The surface morphology and elemental analysis were confirmed through field emission scanning electron 
microscopy (FE-SEM) equipped with energy dispersive X-ray spectroscopy (EDS) (S-4800, Hitachi, Japan). 
Optical microscope (AxioCam ERc 5s, Germany) was used to record image of optical fiber to confirm the thin 
layer of POA matrix. The sensing responses in the form of MPD and selectivity using power vs. time have been 
studied with the help of CCD camera beam profiler (BC106-VIS, Thorlabs, USA). 
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1.2 Construction of sensor 
About half meter long plastic cladded silica core multimode optical fiber (core/cladding-425/320μm) was taken 
to prepare POA-FOIGB. Both the ends of optical fiber were fine polished to couple laser beam at input and 
CCD camera at the output as shown in Fig. 1. The original cladding of optical fiber (2 cm) portion was removed 
mechanically. The removed surface was cleaned several times and cladding modification of desired sensor was 
done using simple chemical polymerization method. The sensing element was submerged in polymerization 
vessel to deposit a thin layer of POA matrix as an active cladding. For the purpose, 0.2 M aniline and 0.05 M 
FeCl3 solutions were prepared in separate beakers using double distilled water.  In a beaker, 0.2 M solution of 
aniline monomer was mixed homogeneously with oxalic acid while constant stirring with dropwise addition of 
HCl solution. FeCl3 solution was then added drop by drop with constant stirring.  After preparing the sensing 
element, the solution of enzyme-GOx was immobilized on it through cross-linking via 1% glutaraldehyde 
solution using layer by layer technique [9-11]. 

Core

Source Detector
PANI-OA modified cladding

GOx enzyme GlucoseSensing region

 
Fig-1: Experimental arrangement of POA-FOIGB for glucose determination. 

2. RESULTS AND DISCUSSION 
2.1 Surface morphology 
Fig. 2(a) shows the FE-SEM image of surface morphology of POA film deposited on the optical fiber core. It 
confirms new aspect of morphological growth, demonstrating that when oxalic acid is used as doping agent, it 
guides the formation of PANI structure. It looks porous having cauliflower like structure. This type of 
morphology is very useful for the immobilization of biomolecules and found suitable for sensing applications.  
Inset of Fig. 2(a) shows optical microscope image of FOIGB sensing element deposited with POA thin film, 
confirms a desirable thickness around 1.655 μm. The purity and presence of necessary basic elements in POA 
polymeric matrix have also been confirmed using EDS spectrum as shown in Fig. 2(b). Since, the deposited 
POA has amorphous nature  and merely useful for enzyme-GOx immobilization [11, 14, 15]. 

(a) (b)

POA

 
Fig-2 (a): FE-SEM with OM image and (b) EDS of POA matrix 

2.2 Sensing response-MPD study 
In the present study, the sensing response was measured in the form of MPD for 1, 10 and 100 mM glucose 
solutions as compared to the buffer solution as shown in Fig. 3. It has been achieved by off-axis illumination. It 
is an easy and convenient technique to study the intensity distribution among various modes and even more 
sensitive for a little change in refractive index of modified cladding. An active layer of POA/GOx acts as the 
primary layer having lower refractive index than core. While reaction between GOx and glucose, the number of 
leaky modes get coupled back the core, and help to improve the optical properties of the sensor [6, 11]. 
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Fig. 3(a-d) clearly shows the discrete pattern of MPD in 2D for buffer solution, 1, 10 and 100 mM glucose 
solutions respectively with their respective intensity x-profiles. It can be easily seen that inner modes becoming 
more intense with the increasing concentrations as compare to buffer solution by diffusing outer mode. 
Moreover, this scenario can also be seen in their relative x-profiles with increasing concentration i.e. the 
merging of outer mode in inner mode with the increased area. More precisely, it can be said that there is an 
increase in total power at the output with increasing glucose concentration through the coupling of outer leaky 
modes in inner one [11]. 
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Fig-3: MPD pattern of POA-FOIGB for (a) buffer solution, (b) 1, (c) 10 and (d) 100 mM glucose solutions with 

corresponding intensity x-profiles. 

2.3 Selectivity 
The prepared sensor should be specific with its aim of selectivity, beacause the real samples also have other 
interfering species with glucose. Therefore the present sensor was also examined for its selectivity towards 
glucose, along with buffer solution and urea (100 mM) as shown in Fig. 4. It is observed that there is slight 
change in the output power in case of urea as compared to buffer solution suggesting variation of refractive 
index in both solutions. However, the observed large variation for glucose measurement may not due to the 
refractive index, but due to reaction between GOx and glucose on the sensing element region which modifies 
the optical properties. Thus it can be concluded that the reported sensor is highly selective for glucose 
meaurement [11]. 
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Fig-4: Selectivity of POA-FOIGB toward glucose. 

3. CONCLUSIONS 
The cladding modified FOIGB has been successfully developed and studied for the detection of glucose. The 
cladding was modified with POA/GOx/glutaraldehyde thin film through cross-linking.  MPD study confirmed 
the power distribution with increasing concentration of glucose, which directly attributed to redirecting leaky 
modes to the core. The prepared sensor also found to be highly selective towards glucose. As-synthesized POA 
matrix has been found suitable for enzyme-GOx immobilization as confirmed from FE-SEM, optical 
microscopy and EDS studies. Finally, it can be concluded that the present POA-FOIGB may find potential 
applications in medical and other important fields. 
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ABSTRACT 
Samples of type CuCrxFe2- xO4 (x = 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0) were prepared by the self propagating sol-gel 
autocombustion technique. Using X-ray diffraction (XRD) pattern, the prepared samples confirm the formation 
of single phase cubic spinel structure. The lattice constant determined at different Cr substitutions and it 
decreases with increase in Cr3+ concentration x. The observed behavior of lattice constant can be explained on 
the basis of the relative sizes of ionic radii.The temperature dependence of D.C. electrical resistivity (DCR) 
studied in the temperature range of 300-800K by two-probe method. The values of DCR show the 
semiconducting bahaviour of the samples. The Arrhenius plots exhibit a kinck point at which the Curie 
temperature measured. Curie temperature decreases at Cr content increases.The Curie temperature is dividing 
the curve in two regions explain the activation energy in ferrimagnetic and paramagnetic region increases with 
increase in Cr content.The values of Curie temperature measured by DCR and Loria technique are close to 
each other. 

Keywords: Activation energy, Arrhenius plots, Curie temperature, DCR, XRD. 

1. INTRODUCTION 
Ferrites plays a useful role in many magnetic applications because of their electrical conductivity is relatively 
low in comparison with that of magnetic metals. Nanoferrites are important components in the latest electronic 
products, such as cell phone, computers, video cameras, memory devices etc. They require small dimensions 
and all light weights and have better functions. The soft ferrites exhibit two antiferromegnetically coupled sub-
lattices namely tetrahedral (A) and octahedral [B] site [1, 2]. The electrical resistivity was studied on the system 
CuxCd1-x Fe2O4 [3], to illustrate the effect of Cu2+ substitution. The results showed that the activation energy 
increases with Cd content up to 50%, beyond which it decreases and the Curie point decreases with increasing 
Cd content. The results showed that the annealing changes the sign of conduction from p-type to n-type. The 
electrical resistivity of the system CuxMg1-x Fe2O4 was measured [4]. The results showed that the activation 
energies are lower for higher conductivity samples.The results showed that the conductivity is due to 
compensation of electrons and holes. The aim of the present work is to study the effect of Cr substitution 
instead of iron atoms in Cu ferrite on its physical properties of CuCrxFe2- xO4 (where, x = 0.0, 0.2, 0.4, 0.6, 0.8, 
and 1.0) were prepared by the self propagating sol-gel autocombustion technique. The substitution of Cr 
(nonmagnetic with the same valence) instead of Fe (magnetic) in CuFe2O4 ferrites is of much interest because 
this may leads to the decrease of the hopping conduction in the B-sites, thus change in electrical properties can 
be expected. 

EXPERIMENTAL 
A series of multicrystalline nanoferrite having the chemical formula CuCrxFe2- xO4 (where, x = 0.0, 0.2, 0.4, 0.6, 
0.8, and 1.0) were synthesized by using self propagating sol-gel autocombustion method.  The starting materials 
having high purity (99 %, S. D. fine, India) were copper nitrate: Cu (NO3)2·6H2O, ferric nitrate: Fe 
(NO3)2·9H2O, chromium nitrate: Cr (NO3)2·9H2O, citric acid: C6H8O7·H2O and ammonia: NH3 all of 99% pure 
AR grade. Calculated quantities of metal nitrates were dissolved together in a 100ml of distilled water to get 
clear solution. An aqueous solution of citric acid was then added to the metal nitrate solution. The molar ratio of 
citric acid to the total moles of nitrate ions was adjusted to 1:3. A small amount of NH3 was added drop wise 
into the solution so as to adjust pH value to about 7 so the sample becomes neutral. A continuous stirring and 
heating at 900C to solution on hot plate with magnetic stirrer until it becomes a very viscous gel. The process 
from mixing of materials to the final burnt powder is as shown in stepwise formation of CuCrxFe2- xO4 
nanoferrite in Fig.1.The powder was annealed in air at temperature 500°C for six hours with heating rate 500C 
per min to obtain a spinel phase. The final product is then grinded and subjected to further study. 
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Fig-1: Steps of formation of CuCrxFe2- xO4 nanoferrite 

3. RESULTS AND DISCUSSION 
XRD technique is used to confirm the single nano-phase formation of CuCrxFe2- xO4 system where, x= 0.0 to 1.0 
in the step of 0.2. The XRD patterns of all the composition show that all the peaks corresponding to cubic spinel 
structure without any extra impurity peak. Due to the random orientation of the crystallites in the sample, a 
reflection at the particular position is due to a set of atomic planes which are satisfying Bragg's diffraction law. 
In the XRD patterns of ferrites all the Braggs reflections are allowed peaks have been indexed. The strongest 
reflection has come from (311) plane that indicates spinel phase. 

Using XRD data, the lattice parameter has been determined using the method of least squares to an accuracy of 
 0.002 Å and the variation of lattice parameter ‘a’ with increase in chromium content ‘x’ is shown in Fig.2, 
and it indicates the lattice parameter decreases with increase in Cr3+ concentration x. The observed behavior of 
lattice constant can be explained on the basis of the relative sizes of ionic radii. The ionic radius of Cr3+ (0.63Å) 
ions is smaller than the ionic radius of Fe3+ (0.64 Å) ion. Replacement of larger Fe3+ cations by smaller Cr3+ 
cations in the copper ferrite causes decrease in lattice parameter. Similar variation of lattice parameter was 
observed for other Cr3+ substituted spinel ferrites [5, 6]. 
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Fig-2: Lattice constant of the CuCrxFe2-xO4 (x = 0.0 to 1.0 in the step of 0.2) nanoparticles 

D.C. Electrical Resistivity (DCR) 
The temperature dependence of DCR of all the samples of the series CuCrxFe2-xO4 was studied in the 
temperature range of 300-800K studied by two-probe method. The DCR was calculated by measuring from 
dimensions and resistance of the pellet by using the relation, 

cm     R 
t

πrρ 
2









  

Where, r is radius of the pellet, t is thickness of the pellet, R is resistance of the pellet. 
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Table-1: Variation of Resistance, D. C. resistivity, activation energy in ferrimagnetic and paramagnetic 
region and Curie temperature of CuCrxFe2-xO4 system 

Cr 
content 

X 

Resistance 
(R)  

D.C. 
Resistivity 
() -cm 

Activation energy (eV) Curie 
temperature 

EF EP E DCR Loriea 
0.0 1332570 235468 0.228 0.326 0.098 753 710 
0.2 1356398 238132 0.256 0.364 0.108 702 682 
0.4 1355132 239856 0.264 0.374 0.110 653 623 
0.6 1363458 241345 0.269 0.398 0.129 604 565 
0.8 1374201 243036 0.301 0.443 0.142 553 510 
1.0 1391242 245987 0.312 0.475 0.163 423 415 

Table 1, gives the values of D. C. resistivity as a function of composition shows that resistivity increases with 
chromium content x. To understand the DCR behavior of the samples, the variation of logarithm of resistivity 
versus reciprocal of temperature has been studied. Fig. 3 displays the plots of logarithm of resistivity versus 
reciprocal of temperature of typical samples x=0.2, 0.4, 0.6, and 0.8. The plots exhibit a break near Curie 
temperature dividing the curve in two regions namely ferrimagnetic and paramagnetic region. 

The variation of resistivity as a function of temperature is also studied. Fig. 3 shows the variation of log versus 
1000/T for all the composition x. It can be seen from Fig. 3 that D.C. resistivity decreases with the increase in 
temperature, indicating the semi-conducting nature of the ferrite system. The resistivity - temperature behavior 
obeys the relation [7], 

cm-Ohm      
kT

E-exp ρ ρ 0 





 

  

Where,  is the resistivity at absolute temperature T, E is the activation energy and k is the Boltzmann 
constant. Each sample shows a break near the Curie temperature which is attributed to the transition from 
ferrimagnetic region to paramagnetic region. Using above equation and the resistivity plots, the activation 
energy in ferrimagnetic and paramagnetic region was calculated and the values of activation energies are 
tabulated in Table 1 

 
Fig-3: Log versus 1000/ T of CuCrxFe2-xO4 (typical samples x=0.2, 0.4, 0.6, and 0.8) nanoferrite system 
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In the present study Fe3+ ions are replaced by Cr3+ ions. The substitutional ions (Cr3+) have strong preference to 
octahedral B-site which leads to Fe3+ ions at B-site. These chromium ions do not participate in the conduction 
process but it limits the degree of Fe2+�Fe3+ conduction by blocking of Fe2+ to Fe3+ ions [8]. This results in 
increase in resistivity with increasing chromium concentration. Similar behaviour was also reported in 
chromium substituted nickel zinc ferrite [9] and other well known ferrites [10, 11]. These plots obey Arrhenius 
relation indicating semiconducting behaviour of the samples. Using Arrhenius relation and resistivity plots, 
activation energy of all the samples has been obtained and the values are presented in Table1. It can be seen 
from table that activation energy in paramagnetic region is more as compared to the values of activation energy 
in ferrimagnetic region which is shown in Fig.4. 
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Fig-4: Activation energy in ferrimagnetic (EF), paramagnetic (EP) region and change in activation energy (E) 

of CuCrxFe2-xO4 (0.0  x  1.0) ferrite system 
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Fig-5: Curie temperature with Cr content x of CuCrxFe2-xO4 nanoferrite system 

The Fig.5 shows that, the variation of Curie temperature ‘Tc’ using DC electrical resistivity and Loria technique 
with different Cr content x. It is clear from the graph that the values of Curie temperature from the both methods 
are very close to each other. The value from DCR method is slightly greater than the values obtained from Loria 
method. This change is due to the surrounding variation in room temperature. 

4. CONCLUSIONS 
The present investigations lead on the conclusions that, the chromium substituted copper ferrite system is 
successfully prepared by sol-gel autocombustion technique. The prepared chromium substituted copper ferrite 
system shows single phase cubic spinel structure. The lattice constant decreases with Cr3+ ions substitution. The 
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experimental data of electrical properties leads electrical resistivity measurements show that the resistivity 
increases with composition for chromium substituted copper ferrite. The electrical resistivity decreases with 
increase in temperature as can be seen from logarithm of resistivity versus temperature plots for chromium 
substituted copper ferrite. The values of Curie temperature obtained from the DCR method and Loria technique 
are very close agreement to each other. The conduction mechanism can be explained on the basis of hopping of 
polaron as activation energy values are found to be less than 0.2 eV. 
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ABSTRACT 
Nonlinear optical responses of gold nanocolloidal suspension were investigated using single beam Z-scan 
technique using He-Ne laser beam in CW regime operated at 632.8.8 nm as an excitation source. The nonlinear 
refractive index estimatedas large as 6 2 1

2 (2.30 1.6) 10 ,n cm W    absorption coefficient 
6 1(3.80 1.80) 10 cmW     and third order nonlinear optical susceptibility 3 6

. (3.29 2.21) 10eff esu     

for colloidal GNPs suspension.  The sign of nonlinear refractive index ( 2n ) was found negative, suggesting self-
defocusing nature of samples. The Nonlinear refractive index, absorption coefficient and third order nonlinear 
susceptibility have found decreasing with the concentration of L-arginine used as stabilizer. The huge 
nonlinearity is attributed to the thermally induced thermo-optic phenomenon. 

Keywords: Gold nanoparticles, L-arginine, nonlinear refractive index, nonlinear optical susceptibility, Z-scan 
technique, thermo-optic effect. 

1. INTRODUCTION 
The dependence of nonlinear properties of MNPs as function of size, shape, Surface Plasmon Resonance (SPR) 
band and refractive index of surrounding matrix is attracted great attention due to their applicability in sensors, 
photonics, LEDs etc. [1-7]. Under the illumination of strong electric field such as laser light, refractive index of 
material or/and medium vary as highly intense light passes through it. The intensity- dependant refractive index 
is called nonlinear refractive index ( 2n ) [8-12]. It is also associated absorption that changes with intensity. 
Theany change in 2n  and in absorption, originates important nonlinear optical phenomenon such as self-
focussing and defocussing,  second- harmonic  generation, four wave mixing and optical switching [13-14]. 

The objective of this work is to prepare GNPs in colloidal form stabilized with various concentration of L-
arginine. The effect of L-arginine concentration on SPR, size of GNPs as well as on nonlinear refractive index 
( 2n ), nonlinear absorption (  ) and third order NLO susceptibility ( 3

eff ) of colloidal GNPs using Z-scan 
technique is studied.The underlying mechanism for NLO responses is discussed. 

2. CHEMICALS AND EXPERIMENTAL PROCEDURE 
2.1 Materials 
Gold (III) chloride hydrate (HAuCl4, 99.999 % purity), sodium borohydride (NaBH4, 98% purity), L-arginine 
(99% purity) and PVP (MW 10000) purchased from Sigma-Aldrich and used without further purification. De-
ionised water was used in synthesis process. L-arginine acid was used as capping agent and NaBH4 was used as 
a reducing agent. 

2.2 Synthesis Of L-Arginine Protected Colloidal GNPs Suspension 
GNPs stabilized in various concentration of stabilizer (L-arginine) were synthesized by chemical reduction 
method. Stock solutions of 0.005 M HAuCl4, 0.010 M NaBH4 were prepared. L-arginine solutions with 0.001 
M, 0.0025 M, and 0.005 M concentration were prepared by dissolving appropriate amount in de-ionised water. 
All solutions were kept in ice-bath for 20 min.  In 200 ml volumetric flask, 30 ml de-ionised water and 10 ml 
NaBH4 and 20 ml L-arginine solutions were taken and stirred at 50o c for 20 min to remove any excess NaBH4. 
GNPs colloidal solution was obtained by drop wise addition of 20 ml gold precursor into the above mixture. 
Solution was turned light pink (stable colour) in colour in 10 min indicating formation of GNPs.  As-
synthesized GNPs colloidal suspension was purified by repeated centrifugation and washing, and were stable 
for long duration of 3 months. 

2.3 Nonlinear Optical Measurements 
Nonlinear optical studies such as third-order nonlinear susceptibility, nonlinear refractive index and nonlinear 
absorption were determined for L-arginine stabilized (at various concentrations) GNP colloid and GNPs-PVP 
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thin film by Z-scan technique. Standard Z-scan set up, as shown in the fig.1, is used for the measurements 
executed with low power 10 mW He-Ne Laser beam of wavelength 632.8 nm in CW regime.GNP Colloid 
samples were taken in the 1 mm path length quartz cuvette. In the present experimental set up laser beam is 
focussed using lens of 20 cm focal length. The beam waist is found 22 μm and Rayleigh length is Z0 = 2.4 mm. 
Thin film samples were mounted on the sample holder placed at Z0 position and moved to and fro along Z-axis. 
At each position on Z-axis, input beam energy and transmitted beam energy is measured with the help of 
detector. The experiment is carried out for open aperture as well as closed aperture configuration to estimate 
intensitydependent nonlinear refraction, nonlinear absorption and third order nonlinear susceptibility of GNP 
colloids 

 
Fig-1: Schematic diagram of Z-scan setup 

3. RESULTS AND DISCUSSION 
3.1 Linear Optical Studies Of Colloidal GNPs 
Linear optical properties of colloidal gold nanoparticles are studied.As we increased the concentration of  L-
arginine  from 1 to 5 mM,  the resonance absorption peak is found shifted from 520 to 512 nm for GNPs 
colloidal suspension indicating the blue shift. The XRD study reveals that average size of GNPs is found about 
11.5 nm, 10 nm, 8 nm for 1, 2.5 and 5 mM L-arginine concentration respectively.The average sizes found from 
TEM images are 11  0.4, 9  0.6 and 7.5  0.3 nm for 1, 2.5, and 5mM L-arginine concentration 
respectively. All these results are published in the [15]. 

3.2 Nonlinear Optical Studies Of Colloidal GNPs 
The intensity of transmitted beam is recorded with OA configuration as well as CA configuration. The variation 
of transmittance experienced by thin films is shown in the fig.2. 

 
Fig-2 (a), (b), (c) are CA transmittance curves and (d), (e), (f) are OA transmittance curves of the colloidal 

GNPs stabilized in 1, 2.5 and 5 mM L-arginine concentration respectively. 
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The estimated values for nonlinear refractive index ( 2n ) and third order nonlinear susceptibility ( 3 ) are listed 
in Table 1. 

Table-1: Measured values of NLO parameters of colloidal suspension of GNPs stabilized in  1, 2.5 and  5 
mM L-arginine 

Sample Stabilizer       
( L-arginine ) 
concentration 

GNPs 
Size 
(nm) 

P VT   0  2n 2 /cm w  
610  

 1cmw  
610
 

Re. 
3  

esu  
610  

Im 
3  

esu  
1010  

3
eff  

esu  
610  

 Colloidal  GNPs 
GNP1 1.0  mM 11 0.65 1.84 -2.3 3.80 3.29 2.70 3.29 
GNP2 2.5  mM 9 0.57 1.63 -2.1 2.71 3.03 1.93 3.03 
GNP3 5.0  mM 7.5 0.45 1.27 -1.6 1.80 2.21 1.28 2.21 

We have noticed decrease in the magnitude of nonlinear refractive index ( 2n ),  and third order NLO 

susceptibility ( 3 ) and nonlinear absorption (  ) with the increase of L-arginine concentration. It may be 
because of the formation of smaller size GNPs by L-arginine. The closed aperture z-scan curves for all samples 
show a peak-valley separation of more than 1.7 times Rayleigh Range RZ . A peak-valley separation of more 
than 1.7 times the Rayleigh range is clear indication of thermal nonlinearity and indicates that the observed 
nonlinear effect is the third-order process [16-21 ]. 

3.3 CONCLUSION 
In summary, the nonlinear optical parameters of colloidal GNPs stabilized in the various concentrations of L-
arginine were estimated. We found huge enhancements in GNP-PVP matrix compared to the colloidal GNPs. 
The magnitude of 2n  and (3)  was found decreasing in with increase in concentration of L-arginine. The 
negative sign of 2n  indicates self-defocussing phenonmenon of ollidal GNPs. The enhancement of  2,n   and 

(3) is due to the combined effect of  SPR and thermo-optical phenonmenon attributed to the Kerr optical 
nonlinearity and local field factor. 
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ABSTRACT 
The ferrite (magnetic material) - ferroelectric (electric material) composites with general formula (1-
x)Ni0.5Cu0.3Mg0.2Fe2O4+ (x) BaTiO3 in which x = 0, 0.20, 0.40, 0.60, 0.80,1 mol areprepared by conventional 
solid state reaction. The Hysteresis loop of above mentioned sample is obtained by using Vibrating Sample 
Magnetometer (VSM) at room temperature. The presence of ferroelectric phase(BaTiO3) affects the values of 
Saturaton magnetization (Ms), magneton numberand Remanent magnetization (Mr). From VSM study it is 
observed that the values of saturation magnetization and remanent magnetization decreases as the content of 
ferrite i.e. magnetic material decreases. 

Keywords: Coercivity, Composite, Ferrite, Ferroelectric, Hysteresis loop. 

1. INTRODUCTION 
The material containing ferrite and ferroelectric composition this type of material is called magnetoelectric(ME) 
composites. ME composite possess maagnetoelectric effect in which the two effect i.e. electric and magnetic 
field coupled together. This effect would make the conversion between electric energy and magnetic energy 
possible, which provides opportunities for potential applications as ME memories, waveguides, transducer, 
actuators and sensors [1-5]. This effect in composites is due to strain induced in the ferrite phase, thereby 
resulting in polarization of the ferroelectric phase due to piezoelectric effect [6]. Thus the ME effect is result of 
inherent properties such as magnetostriction and piezoelectric effect of the constituent phases present in the 
composite. In spite of the low value observed in dE/dH, these composites are of scientific and technological 
interest. The study of such composites provides a unique tool to characterize the material simultaneously in 
single phase and in composite form. This effect also gives auxiliary information for determining the magnetic 
point groups and space groups [7,8]. This means that they provide a complementary tool to neutron diffraction, 
which seldom allows us to determine the magnetic point group and space group unequivocally, other scientific 
interests are accurate determination of magnetic phase transitions, electric field induced magnetic phase 
transitions, etc. 

As reported the some ferrite is highly resistive and magnetostrictive [9] and BaTiO3 has high dielectric 
permittivity. If the two compounds can be successfully incorporated into a composite, it is expected that the 
composites might have interesting properties. Hence we have chosen Ni0.5Cu0.3Mg0.2Fe2O4 as a ferrite phase and 
BaTiO3 as a ferroelectric phase to form the composites. There are different methods use to prepare composite 
material like molten-salt synthesis [10],situ grown [11] and Hydrothermal synthesis [12].Here the composite of 
ferrite Ni0.5Cu0.3Mg0.2Fe2O4 + ferroelectric BaTiO3 prepared by solid state reaction. The structuraland magnetic 
properties of composite material having general formula (1-x) Ni0.5Cu0.3Mg0.2Fe2O4 + (x) BaTiO3, where x=0.0, 
0.2, 0.4, 0.6, 0.8 and 1studied. 

2. EXPERIMENTAL 
The components of present composites are BaTiO3 as ferroelectric phaseand Ni0.5Cu0.3Mg0.2Fe2O4 as a ferrite 
phase with general formula (1-x)Ni0.5Cu0.3Mg0.2Fe2O4+ (x) BaTiO3 in which x = 0, 0.20, 0.40, 0.60, 0.80,1 mol 
were prepared by conventional solid state reaction. The ferrite phase was prepared by NiO, CuO, MgO, and 
Fe2O3 in required molar proportions. These oxides were mixed and grind in agate mortar for couple of hours. 
The ferroelectric phase was prepared by using BaO and TiO2 as starting materials. These oxides are also mixed 
and grind in agate mortar. The ME composites were prepared by mixing 0.8,0.6,0.4 and 0.2 mol of ferrite phase 
with 0.2,0.4,0.6,and 0.8 mol of ferroelectric phase respectively. The required molar proportions were mixed and 
grind for 3 hour. The grind powder mixture was pressed into pellets using hydraulic press. The pelletized 
sample was final sintered in programmable furnace and slow cooled to room temperature to yield the final 
product. The crystal structures of prepared sample and their constituent phases were determined by XRD 
technique using Philips X-ray diffraction using Cu-Kα radiation.The Hysteresis curve is obtained by VSM at 
room temperature. 
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3. RESULT AND DISCUSSION 
3.1 X-ray Diffraction 
The X-ray diffraction patterns are shown in Fig1. and Fig. 2 for a sample with x=0.40 and x=0.80 respectively. 
Fig.1 and Fig.2displays the formation of spinel cubic–perovskite mixed structure. They exhibit strong and 
broadened peaks around 2 angles of 22.14, 32.55, 38.85, 45.14, and 56.14 together with weak and 
broadened peaks around 2 angles of 50.72, 65.67, 69.79and 74.44indicating the perovskite ferroelectric 
with tetragonal structure. The peaks around the 2 angles of 30.41, 35.78, 43.45, 57.42 and 63.01appear, 
indicating that the spinel Ni-Cu-Mg ferrite with cubic structure have been formed in the composite. It is also 
observed that the peak intensity of higher intensity peak of ferrite (311) plane decreases as the ferrite 
composition decreases and the peak intensity of higher intensity peak of ferroelectric (101) plane increases with 
increase in ferroelectric composition in the composites. 

 
Fig-1: XRD pattern of (1-x) Ni0.5Cu0.3Mg0.2Fe2O4+(x) BaTiO3 for x=0.4. 

 
Fig-2: XRD Patterns of (1-x) Ni0.5Cu0.3 Zn0.2 Fe2O4+(x) BaTiO3 for x=0.8 

3.2 Hysteresis Curve 
From hysteresis loop magnetic parameters are studied as a function of both magnetic field and ferroelectric 
content. Magnetic hysteresis loop measurements were carried out using a vibrating sample magnetometer 
(VSM). The saturation magnetization (Ms) was obtained from magnetic hysteresis loops. The saturation 
magnetization (MS) is a measure of the maximum amount of field that can be generated by a material. It will 
depend on the strength of the dipole moments on the atoms that make up the material and how densely they are 
packed together. 

The hysteresis curve of the present composite (1-x) Ni0.5Cu0.3Mg0.2Fe2O4 + (x) BaTiO3,where x=0.0, 0.4, 0.6, 0.8 
and 1.0, sample are shown in Fig.3. The values of saturation magnetization (Ms), remanent magnetization (Mr) 
and coercive field (Hc) are obtained from hysteresis curve.From Fig.1 it is clear that all composite possess 
magnetic hysteresis loop, it shows that the composites are magnetically ordered. It can be understood from 
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hysteresis loop that the composite hysteresis loops shift towards the field axis as ferrite content decreases. The 
magnetic moment per atom in Bohr magnetron for each composition is calculated using the experimental value 
of saturation magnetization. The formula for magnetic moment is given by 

          (1) 

Ms is Saturation magnetization, M is molecular weight and N is Avogadro’s number (6.024 x 10²³ gm/mol),β is 
the conversion factor to express the magnetic moment per atom in Bohr magnetron (9.273X10-²¹erg/gauss) 

 
Fig-1: Variation of magnetization (M) with applied field (H)(1-x)Ni0.5Cu0.3Mg0.2Fe2O4+(x)BaTiO3 for (x = 0.0-1.0) 

 
Fig-1: Variation of Msand Hc with BaTiO3 content ‘x’ for (1-x)Ni0.5Cu0.3Mg0.2Fe2O4+ 
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(x)BaTiO3 for (x = 0.0-1.0) 

Table 1 shows the values of saturation magnetization, remnant magnetization, rem- nance ratio and magneton 
number. From Table 1 it is observed that the highest value of saturation magnetization is 45.2 emu/gm is 
obtained for sample with x=0.00 sample. The values of saturation magnetization and remanent magnetization 
decreases as the content of magnetic material i.e. ferrite decreases. It is also observed that the value of 
remanence ratio lies in the range of 0.31-0.74. Remnance ratio increases as ferrite content decreases. The 
decrease in value of saturaton magnetization and remanent magnetization (Mr) is due to increasing nonmagnetic 
ferroelectric BaTiO3 content of the composite sample. It is also observed that the magnetron number decreases 
as ferrite content decreases. 

Table-1: Saturation magnetization (Ms), remanent magnetization (Mr),remanence ratio (R) and 
magneton number for (1-x)Ni0.5Cu0.3Mg0.2Fe2O4+(x) BaTiO3 for (x = 0.0-1.0). 

Comp. 
‘x’ 

Saturation 
Magnetization 

Ms 
(emu/g) 

Remanent 
Magnetization 

Mr 
(emu/g) 

Remnance 
Ratio 

R=(Mr/ Ms) 

Magneton 
Number 

ηB 

0 45.2 14.33 0.31 1.85 
0.2 28.07 9.51 0.33 1.16 
0.4 13.56 4.89 0.36 0.56 
0.6 7.27 3.48 0.47 0.30 
0.8 2.73 2.03 0.74 0.11 

4. CONCLUSION 
The ME composites have been prepared successfully by conventional solid state reaction. The X-ray diffraction 
peaks are characteristics of both ferrite and ferroelectric phases. The intensity as well as number of ferroelectric 
peaks increases with increase in ferroelectric content in composites. It may be due to increase of molar 
percentage of ferroelectric.The magnetic properties of composites are investigated by using Vibrating Sample 
Magnetometer (VSM) at room temperature. The presence of hysteresis loop for all the sample of composite 
material under investigation indicates that the composites are magnetically ordered. The values of remanence 
ratio increases as ferrite content decreases, this is due to decrease in magnetic content. The saturation 
magnetization, remanent magnetization and magneton number decreases as the ferrite content decreases. 
Dielectric constant, dielectric loss and dielectric loss tangent were decreases with increase in frequency. 
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ABSTRACT 
AR grade powders of Fe2 O3, BaCO3,, Li2CO3 and TiO2 were used to prepare samples of 
Ba1.477Ti2.744Fe6.963Li1.477O19  and  Ba1.055Ti3.166Fe7.385Li1.055O19  by classical ceramic route. For comparison a 
pure sample of BaFe12O19 was also prepared. The structural and Magnetic properties have been studied by 
XRD, SEM, FTIR, Hysteresis loop and susceptibility curves. These samples of hexaferrites exhibit hexagonal 
magnetoplumbic structure. The room temperature remenance value MR , coercive force Hc,  squareness   MR/MS 
and curie temperature Tc have been compared. 

Keywords:  x-ray diffraction, Magnetic susceptibility,Hysteresis, Hexaferrite. 

PACS:  75.50.lk, 61.05.cp, 75.50.y, 75.30.Cr, 75.60.d 

INTRODUCTION 
Barium hexaferrite is a well known permanent magnet with great technical importance. Significant variations in 
the magnetic properties is reported in doped BaFe12O19.[1]  Lithium Ferrite have attractive electric and magnetic 
properties for microwave and memory core applications.[2] Ba-Fe-Ti oxide system reveal existence of many 
compounds having wide variety of electronic applications. This has prompted us to study the influence of 
titanium and lithium substitution on the properties of barium hexaferrite. 

EXPERIMENTAL TECHNIQUES 
BaFe12O19(BFO) and its titanium and lithium substituted varieties namely,  Ba1.477Ti2.744 Fe6.963 Li1.477O19 
(BTFLO1) and  Ba1.055Ti3.166Fe7.385Li1.055O19  (BTFLO2)were synthesized by maintaining the charge neutrality. 
The starting  materials Fe2 O3, BaCO3,, Li2CO3 and TiO2 (all 99.99% purity- AR grade) were dried in muffle 
furnace and mixed in stoichiometric proportion and then grounded and calcined in steps of 8000 C and 9000 C 
for 9 hours each for homogeneity. These mixtures were pressed into pellets and were finally sintered at 11500 C 
for 12 hours to ensure a complete reaction. The crystallographic structure was determined at room temperature 
using the X-ray diffraction pattern of powders using a highly sophisticated microprocessor based JEOL-
JDX8030 diffractometer using a Cu target. The IR spectra of the compounds are recorded on the “Nicolet 
Instrument Corporation, USA” MAGNA 550 spectro Photometer at room temperature in the range from 50 cm-1 

to 4000 cm-1. The magnetic properties are obtained using hysteresis loop tracer. 

RESULTs AND DISCUSSION 
X-ray powder diffraction technique was used to confirm the structure and determine the lattice parameters of 
the prepared samples. FIGURE 1 shows the typical XRD pattern of BTFLO1 sample. All the x-ray pattern 
indicate a single phased hexagonal magnetoplumbitic structure as per the JCPDS data. The space group is 
presumed to be P63/mmc.[3] The physical properties show marked variation on doping. 

Figure-1: XRD of Ba1.477Ti2.744Fe6.963Li1.477O19 
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The ‘a’ and ‘c’ values calculated for all the samples are pertaining to the P63/mmc hexagonal unit cell structure. 
Lattice constant ‘a’ and ‘c’ varies for different samples and is maximum for BTFLO2. Lattice constant ‘c’ is 
increasing and density is decreasing with increasing the content of Titanium in samples. Particle size is 
increasing with increasing the content of lithium.  The c/a ratio is minimum for BFO. The average particle size 
and the average grain size is more for the substituted samples. 

Two prominent bands 590 cm-1 and 435 cm-1 appear in all the samples.[4] Random distribution may be the 
reason of broadening in the substituted samples. The SEMs are dense and homogeneous. Substitution results in 
an increase in grain size. 

Figure-2: Magnetization versus field BTFLO1 at room temperature 

 
The results of room temperature saturation magnetization, remenance, coercivity, remenance ratio, anisotropy 
constant and curie temperature Tc are given in TABLE 1 with addition of Ti and Li and reduction of  Fe in the 
M-type phase, the magnetic coupling becomes weak resulting in decrease in Curie point for the substituted 
samples. Magnetization verses field curve at room temperature for BTFLO1 sample is shown in FIGURE-2. 
With substitution there is a decrease in all the magnetic parameters. The substituted samples show soft magnetic 
features. The magnetic properties are shown in TABLE 1. 

Table-1:  Summary of Magnetic properties of hexaferrites 
Properties BFO BTFLO1 BTFLO2 

Coercive Force Hc (Oe) 
 

Remenance 
MR (emu/g) 

1420 
 
 

30 

600 
 
 

8 

690 
 
 

12 
Saturation 

MS (emu/g) 
42 18 22 

Squarness 
MR/ MS 

 
Anistropy constant K 

 
Curie temp (K) 

0.7142 
 
 

21820 
 

750 

0.444 
 
 

5400 
 

490 

0.545 
 
 

7590 
 

580 

CONCLUSION 
Pure and lithium titanium doped samples of barium hexaferrite show the single phase hexagonal 
magnetoplumbic structure with space group P63/mmc. The decrease in values of MR, MR/MS and Tc can be 
interpreted by assuming that the Li1+ ions replace Fe3+ ions of the octahedral 12k sites and hexahedral 2b sites, 
while Ti4+ ions replace the spin up fe3+ ions of the octahedral 4fv1 and 2a sites. Interesting variations in 
magnetic properties are observed in the substituted samples. 
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ABSTRACT 
Current scenario demands good quality crystals for the nonlinear optical (NLO) device applications. Hence 
present communication concentrates on the growth of Thiourea zinc acetate metal complex crystal (TZA) by 
novel Sankaran-Ramasamy(S-R) method as well as a conventional slow evaporation solution growth method. 
Present investigation deals with the study of comparative photoconductivity, thermal and electrical property of 
conventionally grown and S-R method grown Thiourea zinc acetate metal complex crystal (TZA).  The resulting 
performance indicated superiority of S-R method over the conventionally grown TZA crystal for application for 
laser assisted NLO applications.  

Keywords: Crystal growth, Photoconductivity, S-R method 
 
1. INTRODUCTION 
In the emerging photonic and optoelectronic technologies nonlinear optics is playing a major role. Novel 
nonlinear optical (NLO) frequency conversion materials have a significant impact on laser technology, optical 
communication and optical data storage [1]. NLO crystals exhibiting high conversion efficiency performance 
has ever-increasing exigency become a challenging task for the research fraternity due to their extended 
umbrella of applications like photonics, laser fusion systems, laser imaging and sensing devices, 
telecommunication systems, SHG devices and many other laser-based industrial applications [2]. 

Organic crystals possess large susceptibilities but their inadequate transparency, poor optical quality, and lack 
of robustness, low LDT, and inability to grow to large size, volatility, low thermal stability, poor mechanical 
strength etc. impedes their use. [2], whereas inorganic crystals shows thermal and mechanical excelllency. The 
increasing demand of materials with large NLO property along with resistance to physical and chemical attack 
has led to the synthesis of semi-organic crystals [3-4]. 

Above mentioned qualities are actively expressed by Thiourea metal complex (TMC) family crystals. TMC 
crystals owe the contribution of the organic features of thiourea and the inorganic features of the metal ligand 
viz. Zn, Cd [5]. Thiourea based organo metallic optical crystals like bis thiourea cadmium chloride, bis thiourea 
zinc acetate, bis thiourea bismuth chloride are some of the recent semi organic complexes [6-19]. The thiourea 
zinc acetate (TZA) crystal with its growth, nucleation parameters and various fundamental properties was 
studied by many researchers. As per the literature survey, the TZA TMC crystal has eye catching effect due to 
its attractive NLO, electro-optic, physico-chemical and thermo-mechanical properties [5].In present 
investigation TZA crystal is grown by both the methods-conventional slow evaporation solution growth method 
and S-R Method and corresponding dielectric, photoconductivity and thermal traits are compared. Obtained 
results confirmed that the crystal grown by novel S-R method is superior to conventionally grown crystal. 

2. EXPERIMENTAL PROCEDURE  
Bis thiourea zinc acetate (TZA) was synthesized by mixing aqueous solution of zinc acetate and thiourea  in the 
ratio of 1:2.The product was purified by repeated re-crystallization before it is used for crystal growth. The SR 
method growth setup consists of a heating coil, thermometer, inner container, temperature controller, growth 
vessel and water bath. The photograph of the grown crystals is shown in Fig. 1.Conventional slow evaporation 
method is also used to grow the TZA crystal at 34 oC. 
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Fig – 1: Conventionally & S-R method grown TZA crystal 

3. RESULTS AND DISCUSSIONS 
3.1 Photoconductivity Measurement 

 
Fig. – 2: Experimental set-up for photoconductivity measurement 

Photoconductivity measurement of the SR method and conventionally grown TZA crystals is carried out using 
DPM111-C2-SES make computer interface picoammeter in the presence of DC electric field. By increasing the 
applied field from 20 to 140 V, the corresponding dark current without exposure to radiation was recorded. 
Then the photocurrent was recorded by exposing the crystal to a100 watt halogen lamp. Fig. 3 shows the field 
dependent conductivity of both TZA crystals. From graph, for both the crystals, it is observed that at all instants 
of applied field the photo current is always less than the dark current, which reveals that both TZA crystals 
exhibits negative photoconductivity.  

The negative photoconductivity of these crystals may be due to a decrease in either the number of free charge 
carriers or their lifetime when subjected to radiation. The negative Photoconductivity of the grown crystals can 
be explained according to the Stockman model as follows: the forbidden gap in the material contains two energy 
levels, one energy level is situated between the Fermi level and the conduction band, while the other energy 
level is located close to the valence band. The second state has a high capture cross section for electrons and 
holes. When it captures electrons from the valence band, the number of charge carriers in the conduction band 
decreases, and the current decreases in the presence of radiation [20-27]. 

3.2 Thermal study 
The thermal stability of the SR method and conventionally grown TZA crystals have been determined by 
employing thermogravimetric analysis (TGA) in a temperature range of 100-400oC. The TGA thermogram 
shown in Fig.4 was recorded by increasing the temperature of sample at a rate of 20oC per minute keeping the 
sample in homogeneous nitrogen atmosphere. The TGA curves reveals gradual and single step decomposition in 
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the range of 166-325oC for conventionally grown TZA crystal and 169-325oC for SR method grown TZA 
crystal [5, 28]. 

 
Fig. – 3: Field dependent conductivity of BTCA crystal 

 
Fig. – 4: TGA Thermogram 

3.3 Electrical study 

 
Fig. – 5: Variation of Dielectric Constant with Temperature 

 
Fig. – 6:Variation of Dielectric Loss with Temperature 
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LCR cube meter HIOKI 3532-50 was used for the investigation of electrical properties of SR method and 
conventionally grown TZA crystals in the temperature range 30-100°C. Grown crystals were polished and 
coated with silver coat for accuracy. External electrical field and temperature have high impact on dielectric 
constant; hence the dielectric constant of crystal has been noted in steps of 20°C. The plot of variation in 
dielectric constant and dielectric loss with temperature of grown crystals is shown in Fig.5 and Fig. 6. 

Active ionic, electronic, dipolar and space charge polarization governs the electrical behavior [29-30]. Scientist 
Lower dielectric constant leads to higher SHG coefficient [31] which in turn has less power consumption. This 
property of grown crystals  makes them highly suitable for EOMs(Electro-optic modulators),engineering 
microelectronics, THz wave generators, optoelectronics and photonic devices [32–34]. The dissipation of 
electromagnetic energy in a crystal and energy contributed by variety of defects is represented by dielectric loss 
[35, 36]. The dielectric loss of SR method grown crystal is significantly lower as compared to conventionally 
grown TZA crystal as shown in Fig.6. This evidences states the fact that the SR method grown crystal confirms 
the norms of improved quality crystal and also possesses minimum electrically active defects and vitalizes its 
suitability as a promising material for distinct technological, NLO and optoelectronic applications [37, 39].  

4. CONCLUSIONS           
Thiourea Zinc Acetate (TZA) crystals have been grown by conventional slow solution evaporation technique 
and SR method. The field dependent conductivity of both TZA crystals was measured. For both the crystals, it 
is observed that at all instants of applied field the photo current is always less than the dark current, which 
reveals that both TZA crystals exhibits negative photoconductivity. The thermal stability of the SR method and 
conventionally grown TZA crystals have been determined by employing thermogravimetric analysis (TGA) in a 
temperature range of 100-400oC. The TGA curves revealed the gradual and single step decomposition in the 
range of 166-325oC for conventionally grown TZA crystal and 169-325oC for SR method grown TZA crystal. 
The investigation of electrical properties of SR method and conventionally grown TZA crystals was performed 
in the temperature range 30-100°C.In studied temperature range, the the SR method grown crystal attributed 
lower dielectric constant and dielectric loss as compared to conventionally grown crystal. 
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ABSTRACT 
The successive ionic layer adsorption and reaction (SILAR) method has been used to deposit the CdSe thin film 
on glass substrate at room temperature. The SILAR method also known as modified chemical bath deposition 
method (M-CBD) is based on immersion of the substrate into separately placed ionic and cationic precursors 
alternatively and the formation of thin film takes place on the glass substrate. The parameters  such as 
concentration of the precursors, nature of complexing agent, temperature, pH of the precursor solutions and 
adsorption, reaction and rinsing time duration was optimized. A further study has been made for structural, 
surface morphological, electrical and optical properties of the film using the X-ray diffraction (XRD), EDAX, 
scanning electron microscope (SEM) and optical absorption method. 

Keywords: Nanocrystalline, thin films, SILAR, X-Ray diffraction. 

1. INTRODUCTION 
Presently, nanocrystalline materials have opened a new chapter in the field of various applications, since 
material properties could be changed by changing the crystallite size and/ or the thickness of the film. The II-VI 
group semiconductor compounds (CdS, CdSe, ZnSe & CdTe ) finds immense potential in the applications such 
as optoelectronic devices, photoelectrochemical solar cells (PEC),  and gamma ray detectors [1-3]. These 
semiconducting  nanocrystalline materials belongs to the state of matter between molecules and solids. Among 
the semiconductors of II-VI group, the CdSe is a promising photovoltaic material because of its high sensitivity, 
high absorption coefficient and a suitable band gap (1.7 eV) which lies in the solar spectrum [4-5]. CdSe is an 
important class of semiconductor which finds successful applications for the development of various modern 
technologies of solid state devices such as high efficiency thin film transistors and light emitting diodes, 
photodetectors, light amplifiers, solar cells, gas sensors, lasers, large screen liquid crystal display and 
photoluminescence response [6].  

CdSe thin films have been prepared by several physical and chemical techniques such as spray pyrolysis [7], 
molecular beam epitaxy [8], electrodeposition [9-10], laser ablation [11], chemical bath deposition [12] and 
successive ionic layer adsorption and reaction (SILAR) [13]. Of these methods, the CBD and SILAR techniques 
can be used to deposit uniform thin  films over large  area having complex geometries. In CBD method, when 
solutions are mixed together, precipitation of the solution takes place and the reaction continues till the ionic 
product exceeds or becomes equal to the solubility product. As the reaction is not controllable , bulk precipitate 
is formed in the solution [14]. To overcome this difficulty, we have used the SILAR method which is also 
known as the modified CBD ( M-CBD) for depositing the CdSe film. The SILAR method is based on 
immersion of the substrate into separately placed cationic and anionic precursors and rising between every 
immersion with ion exchanged water to avoid homogeneous precipitation in the solution.  This method does not 
require any sophisticated instruments and conductive substrates. It is inexpensive, simple and convenient for 
large area deposition [15]. It is suitably used for growing thin multilayer structure due to low temperature as 
diffusion of ion is slow. The growth of the film can be controlled by optimizing the parameters such as 
concentration of cationic and anionic precursors, their pH values, immersion time, rinsing time, temperature of 
solution, complexing agents and pretreatment of substrates.  

In this paper, we report the synthesis and characterization of nanocrystalline CdSe thin film deposited on glass 
substrate at room temperature using the SILAR technique. The deposition conditions were optimized to get 
good quality and well adherent film on the glass substrate. The films were characterized for structural, surface 
morphological, optical, UV-VIS. spectroscopy and electrical resistivity. 

2. EXPERIMENTAL DETAILS 
2.1. Substrate cleaning 
Glass slides of dimension 76 mm X 26 mm X 2 mm were used as substrate for deposition of thin film. Initially 
the glass slides were cleaned thoroughly with distilled water and were then ultrasonically cleaned for 10 min. 
Then it was degreased using chromic acid and then rinsed with deionized water. 
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2.2. CdSe film formation on the substrate  
Loba analytical reagent grade Cadmium sulphate (3CdSO4, 8H2O) and sodium selenosulphite (Na2SeSO3) were 
used in the deposition of nanocrystalline CdSe thin film by successive ionic layer adsorption and reaction 
technique (SILAR). The cationic precursor for the CdSe thin film was 0.35 mol l-1 of cadmium sulphate. The 
source for Selenium ions was 0.12 mol l-1  sodium selenosulphite. CdSO4 was complexed with tartaric acid at 
pH ~ 3. Sodium selenosulphite was prepared as follows [16] 

Elemental selenium in the powder form was added to an aqueous solution of sodium sulphite (Na2SO3 ). The 
solution was heated to 90ᴼC with continuous stirring for 5 hrs. It was cooled and then filtered to get a clear 
solution of sodium selenosulphite (Na2SeSO3). The pH of the solution was 11. The adsorption and reaction time 
in growth of CdSe thin film was 40sec and rinsing time was 30sec. Thus a single SILAR deposition cycle 
consisted of 40 sec of adsorption of Cd2+ ions then 30 sec of rinsing with double distilled water, 40 sec 
adsorption and reaction of Se2- ions with pre-adsorbed cadmium ions on the glass substrate and then again 
rinsing with double distilled water for 30 sec. Repeating such cycles, a thin film of CdSe with desired thickness 
was deposited on the glass substrate. Film thickness of 181nm was obtained after 60 such SILAR cycles. The 
temperature of the solution was 30ᴼC.  

3. CHARACTERIZATION OF CDSE THIN FILM 
The CdSe film thickness was determined by gravimetric weight difference method. For this, a sensitive 
microbalance was utilized and film density was assumed as the bulk density of CdSe (5.674 g cm−3). 

The X-ray diffraction studies were carried out in the range of the scanning angle 0–1000 with             CuKα 
radiation (λ = 1.5406 Å) using PW-1710 diffractometer. Optical absorption was studied in the wavelength range 
350–850 nm with spectrophotometer, Hitachi-220. The electrical resistivity of the film was measured using a 
d.c. two probe method in the temperature range 323–473 K. A brass block was used as a sample holder. A 
chromel–alumel thermocouple was used to measure the temperature difference. The area of the film was 
defined (0.25 cm2) and silver paste was applied to ensure good ohmic contacts to the film. The microstructure 
and surface morphology was analyzed by taking Scanning Electron micrograph using SEM ( model S-2400 
Hitachi)  equipped with an EDAX-DX-4 analyzer to measure qualitatively the sample stoichiometry. 

Optical characterization was done by recording absorption spectra of the sample using a double beam 
spectrophotometer (Hitachi-220). 

4. RESULTS AND DISCUSSION 
4.1.  Reaction Mechanism 
The formation mechanism of the CdSe thin film is as follows  

Se +  Na2SO3  → Na2SeSO3 

Sodium selenosulphite (Na2SeSO3)  in alkaline solution gives Se2- ions as 

                                                Na2SeSO3 +  OH−  ↔ Na2SO4  +  HSe−  

                                                HSe−  +  OH− ↔  Se2− +  H2O 

The cadmium sulphate solution which is cationic precursor solution releases Cd2+  ions from complexed [Cd 
(tartaric acid)]2+ as 
                                                [Cd (tartaric acid)]2+ → Cd2+  +  tartaric acid 

When the glass substrate is immersed in CdSO4 complexed with tartaric acid solution, Cd2+ ions are adsorbed on 
the surface of the glass substrate. Rinsing the substrate and then again immersion in Na2SeSO3 solution, Se2- 
ions now get adsorbed on the glass substrate. The reaction that takes place is as follows: 

                                                Cd2+  +  Se2−  → CdSe 

4.2. Structural Studies 
The crystal structure of the  SILAR deposited CdSe thin film on  glass substrate by examining the X-ray 
diffractogram of the film. The XRD peak reveals that CdSe has nanocrystalline with hexagonal crystal structure 
[17]. The observed values are compared with JCPDS data (020330) and are found to be in good agreement with 
standard values. The lattice parameters were found to be a = 4.30 0A and c = 7.02 0A.  
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Fig.1 X-ray diffraction pattern of CdSethin film (303K) 

The average crystallite size of the material was calculated from the XRD data by using the Scherrer’s relation  

 
Where λ = 1.5406 Ao for CuKα, β is the full width at half maximum (FWHM) of the peak and θ is the 
diffraction/Bragg’s angle. The average crystallite size of the as deposited CdSe thin film  was found to be  22.36 
nm at optimized preparative parameter. 

4.3. Surface Morphological Studies 
The SEM micrographs of the CdSe thin film prepared from SILAR technique on a glass substrate at 303 K is 
shown in fig.2.  The micrographs reveals that the film is well adherent, homogeneous and well covered to the 
substrate surface without any cracks and pinholes.  

 
Fig. – 2: The SEM micrographs of CdSe film grown on glass substrate at 303 K. 

The quantitative analysis of the films grown at  room temperature was carried out by using the Energy 
Dispersive X-ray analysis (EDAX).  The EDAX was recorded in the energy region 0-14 KeV. The EDAX 
micrograph gives  quantitative analysis of Cd and Se in the as-deposited CdSe thin film. The average ratio of 
the atomic percentage of CdSe was 56:44 showing that the samples are consisting of 1:1 ratio of cadmium and 
selenide.  

4.4 Optical absorption studies 
To find out the optical band gap and involved transitions in CdSe thin film deposited by SILAR technique, 
optical absorption study was carried out. 
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Fig. – 3: Plot of (αhν)2 versus hν for CdSe thin film 

The optical properties of the CdSe films were measured by using UV-VIS. spectrophotometer at room 
temperature in the wavelength range of 300-1000nm. Fig.3. shows the plot of (αhν)2 versus hν. The nature of 
the transition was determined by using the relation [20] 

 
where A is a constant, α the absorption coefficient and n is equal to ½ for direct band gap semiconductors. The 
variation of (αhν)2 versus hν is linear showing direct transition. Extrapolating the straight position of the plot to 
the energy axis, the band gap energy of 1.88 eV is obtained. This value agrees well with the standard value 
reported earlier for CdSe thin film [18-19]. 
4.5. Thickness measurement studies 
Film thickness is one of the important parameters in the study of film properties. The thickness of SILAR 
deposited CdSe thin film was measured using the weight difference method. The thickness of the CdSe thin film 
was dependent on the number of deposition cycles. The time of adsorption was 40 sec and the rinsing time 30 
sec for deposition of the film. It was observed that each pair of adsorption-reaction period, the thickness of the 
film increased with increasing number of immersion cycles. After certain limit the thickness of the film was 
saturated for 60 cycles at 181 nm. For further cycles, no chemical species (Cd2+ ions) are available for further 
growth of CdSe thin film. Therefore the desired thickness can be achieved which is well adherent and uniform 
on the glass substrate. This is the novelty of the SILAR technique which is easily used directly for device 
applications. 

4.6. Electrical resistivity 
The electrical resistivity of the as-deposited CdSe film deposited on glass substrate was measured using a 2-
probe method in air within the temperature region 323K-473K. Fig.4 shows the variation of logarithm of 
resistivity (log ρ) with reciprocal of temperature (1000/T). It is observed that resistivity decreases with increase 
in temperature, indicating semiconducting nature of CdSe film. The resistivity of the  as-deposited CdSe film 
was found to be of the order of 103 Ω-cm which is comparable to chemical deposited film. 

 
Fig. – 4: Plot of log ρ vs. (1000/T) for CdSe thin film 
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5. CONCLUSIONS 
In summary, the optical, structural and electrical properties of the CdSe thin films are grown by the SILAR 
method have been investigated. The X-ray diffraction pattern of the sample shows the hexagonal structure. SEM 
micrographs shows that small spherical nanosized grains exists which indicates the nanocrystalline nature of 
CdSe. The optical band gap is found to be 1.88 eV. Electrical resistivity of CdSe film is of the order of 103 Ω-
cm. 
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ABSTRACT 
We report here the synthesis of CdS nanoparticle co-doped with Li+ and Cs+ using L- Arginine as a capping 
agent. The nanoparticle is prepared by adopting the chemical route method using sodium sulphide as a 
reducing agent. PL spectra show a shift in the emission peak towards longer wavelength side with increase in 
the doping concentration. The intensity of peak increases with increase in the doping concentration.FTIR 
spectra confirm the surface passivation of the CdS nanoparticle by L- Arginine. 

Keywords: CdS, doped semiconductors, PL, FTIR, quantum confinement 

1. INTRODUCTION 

Doping effectively alters the electrical and optical properties of semiconductors. CdS nanoparticle with various 
metal dopants of different concentrations and size controlling capping agents are studied for their tunable band 
gap, size dependent optical properties and chemical stability to find out the potential candidate for opto-
electronic device applications. The study of optical properties of doped semiconductor NPs with dimensions 
close to the Bohr radius of the electron- hole pair are of recent interest, due to their possible application in future 
high-capacity communication networks, optoelectronics and photonic devices [1-9]. 

Various methods are reported to synthesis semiconductor nanoparticles such as chemical method, micro 
emulsion, vacuum evaporation, sol gel technique, spray pyrolysis, molecular beam epitaxy etc.The most popular 
method of synthesis of CdS nanoparticle is chemical reduction method where CdS is reduced by sodium 
sulphide. 

We synthesized Li+ and Cs+ co-doped CdS nanoparticles by chemical reduction method using L-Arginine as 
capping agent and Na2S as reducing agent. We have studied the possible effects of co-doping on physical, 
chemical and optical properties of CdS nanoparticles and the result is recorded, analyzed, and reported. The 
synthesized nanoparticles are characterized by Fourier transform infrared (FT-IR) spectroscopy and  
photoluminescence (PL). 

2. MATERIALS AND METHODS 
Cadmium chloride (CdCl2), sodium sulphide (Na2S), lithium chloride, cesium chloride (CsCl,) and L-Arginine, 
all of analytical grade purity, were purchased from Sigma-Aldrich (Germany) and used without further 
purification for the synthesis. Double distilled water was used in the synthesis process. 

2.1 Synthesis of L-Arginine Stabilized (Li+-Cs+) Doped CdS NPs 
The CdS NPs were synthesized by using chemical reduction method. Firstly, 0.5 M stock solutions of cadmium 
chloride, L-Arginine, and sodium sulphide were prepared. 0.5 M solution of CdCl2 was added to 200 ml double 
distilled water kept in three separate round bottom flasks each, kept on a magnetic stirrer. 1wt%, 2wt%, and 
5wt% solutions of LiCl and CsCl were added drop by drop into three round bottom flask. 0.5 M solution of L-
Arginine as capping agent was added to the solution. Finally of 0.5 M Na2S solution was added to the solution 
under continuous stirring. Color of Solution turned to yellow, confirming the formation of CdS NPs. Stirring 
was continued for 2 hours for homogeneous mixing. It was centrifuged for 25 minutes at 4500 rpm. The 
resultant precipitate was dried at 40oC for 16 hours to remove the solvents. The dried mass was powdered for 
further characterization. 

The following chemical reaction takes place during synthesis of NPs: 

(CdCl2)n + (L-arginine)m + (Na2S)n        (CdS)n +(L-arginine)m + 2n(NaCl) 

2.2 Characterization 
The prepared powder is characterised by PL spectra is recorded by using F-7000, FL  spectrophotometer in the 
range of 200-600 nm. FT-IR spectra is obtained with machine 3000 hyperion microscope with vertex 80 FT-IR 
system (Bruker, Germany) in the range of 450 - 7500 cm-1. 
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3. RESULTS AND DISCUSSION 
3.1 Photoluminescence Study 
The PL spectra for CdS dpoed with Li and Cs is as shown in Figure 1 at an excitation wavelength of 370 nm 
along withthe optical absorption spectra. The PL spectra for CdS doped with Li and Cs exhibit the near band 
edge emission due to CdS nanoparticles at547, 540 and 532 nm for 1wt%, 2wt% and 5wt% respectively.The 
bands are blue shifted as the doping concentration is increased. In addition, for 1wt % co-doping a weak peak is 
observed at 510 nm, similarly for 2 wt% co-doping concentration a weak peak is observed at 500 nm for 5wt % 
co-doping weak peak is also observed at 500 nm. These multiple peaks may be due to the existence of Li+ and 
Cs+ ions present in the CdS host which acts as multiple luminescent centres[9-12]. An increase in the PL 
intensity is observed with increase in the doping content. Similar result is reported by Nazerdeylami, et al. [8].It 
is noticed from PL spectra that the intensity of emission peak increases as the doping concentration increased 
from 1to 5 wt%., have reported similar intensity-trend. Green emmision is observed. It is associated with the 
emmision due to electronic transition from conduction band to acceptor level due to interstitial sulphur. This 
confirms that the luminescence property of CdS nanoparticle enhances when Li and Cs ions were introduced in 
the CdS matrix. [13] 
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Figure-1: Photoluminescence spectra of L-arginine capped CdS nanoparticles co doped with 1, 2 and 5wt% 
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Figure-2: FTIR spectra of (a) L-arginine capped CdS nanoparticles co doped with Li+ and Cs+and (b) Pure L-

arginine. 

The FT-IR spectra of the samples are depicted in Figure 2.Strong absorption peaks at 1050cm-1  and 1006 cm-1 
in CdS-OHare attributed to the of hydroxyl groups ontothe surface of CdS nanoparticles. The characteristic 
vibration peaks of the L-Arginine 3330cm-1 is broaded and shifted confirms the passivation of CdS with L-
Arginine. The C=O stretch vibration absorption of Li and Cs appears at 1554 cm-1. Some  absorption peaks at 
1311 cm-1and 1240 cm-1,among which the first peak may be assigned to the C=Ostretch absorption of a newly 
formed linkage between L- Arginine and CdS [9-10].The other important peaks in the FT-IR spectrum of L-
Arginine capped Cds nanoparticles, is as given in the Table 1below[14-17]. 
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Table-1: Important peaks in the FT-IR spectrum of L-Arinine capped Cds nanoparticles 
Peaks (cm-1) Assignment 

3330 N-H strecthing 
2943 Assymetric streching of CH3 group 
1657 NH2 group bending 
1560 C-O stretching 
1405 Assymetric bending of CH3group 
1410 Symetric bending of CH3group 
1112 CCC bond stretching 
1006 C-H stretching 
851 CC bond streching 
620 C-N-H streching 

4. CONCLUSION 
CdS nanoparticle co-doped with Li+ and Cs+ capped by L-Arginine is prepared by chemical reduction method. 
From the photoluminescence study, it is found that the NPs show emission peaks at around 535, 540 and 545 
nm. A blue shift is observed and the intensity of peak increases with increase in the doping concentration. It can 
be concluded that the doping ions acts as luminescent centers within the host matrix which enhances the relative 
intensity of luminescence of the material. The FT-IR spectra of cappedCdS NPs reveal the capping L-arginine 
ligands to the CdS nanoparticles. The method of surface passivation prevents aggregation of the prepared 
nanoparticles and their bulk crystal growth. 
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ABSTRACT 
In this chapter the synthesis of CdS nanoparticles co-doped with Li+ and Cs+ using L-Arginine as a capping 
agent has been reported. The CdS NPs were prepared by adopting the chemical route method. As-prepared NPs 
were characterized to study their structural and optical properties. The UV visible absorption spectroscopy 
showed a strong blue shift in the absorption wavelength due to quantum confinement effect. The XRD patterns 
of Li+-Cs+doped CdS NPs reveals hexagonal crystal structure. The XRD analysis confirmed that the size of the 
CdS NPs reduces as the co-doping concentration increased from 1 to 5 wt%. The average particle size for the 
sample doped with 5 wt% concentration is found nearly 5 nm. 

Keywords: CdS nanoparticles, co-doping, quantum confinement, UV visible, XRD 

1. INTRODUCTION 
Semiconducting nanoparticles often exhibit novel physical properties as their size approaches nanometer scale. 
For example, the unique electronic and optical properties of nanocrystalline quantum dots may lead to future 
applications in electro optic devices and biomedical imaging. For many advanced and diverse applications, 
ranging from chemical sensing to magnetic recording, current research is increasingly focused on exploiting the 
high surface-to-volume ratio of nanoparticles which serve as a framework for the assembly of complex 
nanomaterials. [1-7]. CdS NPs possess a very fine-tuned electrical and optical properties, e.g. high carrier 
generation efficiency and mobility, broad absorption spectra, discrete energy bands and narrow emission 
profiles as well [8-12], that differ from the bulk counterparts of the same materials due to the spatial 
confinement imposed on electrons and excitations as a result of the particle’s limited size [13-18], and thus have 
been considered as one of the most promising inorganicsemiconducting materials. Among the most popular 
methods adopted to synthesize CdS nanoparticle is chemical reduction method.  Li+ and Cs+ co-doped CdS NPs 
by chemical route method using L-Arginine as capping agent. The synthesized NPs are characterized by UV-vis 
spectroscopy and Powder X-ray diffraction (XRD). 

2. MATERIALS AND METHODS 
Cadmium chloride (CdCl2), sodium sulphide (Na2S), lithium chloride, cesium chloride (CsCl,) and L-Arginine, 
all of analytical grade purity, were purchased from Sigma-Aldrich (Germany) and used without further 
purification for the synthesis. Double distilled water was used in the synthesis process. 

2.1   Synthesis of L-Arginine Stabilized (Li+ - Cs+) Doped CdS NPs 
The CdS NPs were synthesized by using chemical reduction method. Firstly, 0.5 M stock solutions of cadmium 
chloride, L-Arginine, and sodium sulphide were prepared. 0.5 M solution of CdCl2 was added to 200 ml double 
distilled water kept in three separate round bottom flasks each, kept on a magnetic stirrer. 1wt%, 2wt%, and 
5wt% solutions of LiCl and CsCl were added drop by drop into three round bottom flask. 0.5 M solution of L-
Arginine as capping agent was added to the solution. Finally of 0.5 M Na2S solution was added to the solution 
under continuous stirring. Color of Solution turned to yellow, confirming the formation of CdS NPs. Stirring 
was continued for 2 hours for homogeneous mixing. It was centrifuged for 25 minutes at 4500 rpm. The 
resultant precipitate was dried at 40oC for 16 hours to remove the solvents. The dried mass was powdered for 
further characterization. 

2.2 Characterization 
The prepared powder is characterised by UV-vis spectometer (Black-C-SR, Stellarnet Inc. USA). Absorption 
spectra were recorded covering wavelength range from 190 -1000 nm. Powder XRD patterns is obtained by 
Rigakurotating anode (H-3R) diffractometer with irradiation from Kα line of copper (λ=1.5418 Å) and angle 2θ 
ranging  from 20o to 80o. 

3. RESULTS AND DISCUSSION 
3.1 UV-visible spectroscopy 
Figure1 illustrates the UV-vis absorption bands of CdS NPs with 1, 2 and 5 wt % of Li+ -Cs+ dopant 
concentration. The absorption peaks are blue-shifted from 430 nm to 370 nm when the dopant concentration is 
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increased from 1, 2 and 5 wt % as compared to those of bulk CdS (517 nm, Eg = 2.42 eV) due to the quantum 
confinement effect that occurs when the nanoparticle size is comparable with the Bohr radius of exciton of CdS 
(3.0 nm). 
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Figure-1: UV-vis absorption spectra of L-Arginine capped CdS NPs doped with 1, 2 and 5 wt % Li+ - Cs+ 

concentration 

With the help of Tauc’s relation [18], direct band gap of CdS can be estimated by extrapolating the curves on 
the x-axis (energy axis) the band gap of NPs with different concentration of doping can be determined. Figure 2 
shows direct band gap of the CdS NPs. The UV thresholds of CdS NPs are found at 430, 400 and 370 nm, 
corresponding to the band gaps of 2.52, 2.62 and 2.72eV respectively. The band gap obtained by the graph is 
used to determine the particle size by Bruce’s equation [19]. 
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Figure-2: Graph of  vs.  ( )2 for(a) 1, (b) 2 and (c) 5 wt% of  (Li+-Cs+) co-doping. 

3.2 Structural, Morphological and Elemental Analysis 
As shown in Figure 3, the XRD patterns of Li+-Cs+ doped CdS NPs gives diffraction peaks located at 2θ values 
of 23.50, 26.85, 30.34, 36.30, 43.79, 48.20 and 49.99o. The corresponding planes for these peaks are (1 0 0), (0 
0 2), (1 0 1), (1 0 2), (1 1 0), (1 0 3) and (2 0 0) respectively.The NPs formed have hexagonal crystal structure 
and the lattice parameters are a = b = 4.136 A. U. and c = 6.713 A. U. matches closely with the JCPDS NO. 77-
2306.From the full width half maxima of the peaks above, we have calculated the average particle size of CdS 
nps calculated by the Debye-Scherrer formula [20]. 
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Figure-3: X ray diffraction spectra of (a) Pure CdS and L-Arginine capped CdS nanoparticles in (b)1, (c) 2 and 

(c) 5 wt % doping concentration of Li+ and Cs+. 

The XRD analysis confirmed that the size of the CdS NPs reduces as the co-doping concentration increased 
from 1 to 5 wt%. The average particle size for the sample doped with 5 wt% concentration is found nearly 5 nm. 
The comparison of particle size estimated from XRD analysis andthat calculated with Brus equation is provided 
in the Table 1. 

Table-1: Band gap and size of as-prepared (Li+-Cs+):CdS NPs 
Cs+andLi+concentration 

(wt%) 
Particle Size (nm) Band gap in eV 

XRD EMA  
1 7.74 6.82 2.52 
2 6.08 4.30 2.62 
5 5.67 3.35 2.75 

4. CONCLUSION 
CdS nanoparticle co-doped with Li+ and Cs+ capped by L-Arginine has been prepared by chemical reduction 
method. UV-vis spectroscopy confirms the blue shift in the absorption band of CdS NPs as the co-doping 
concentration increases. XRD studies show that the NPs have hexagonal primitive structure and particles have 
sizes that decrease from 7 to 4 nm with increase in concentration of co-dopant due to quantum confinement 
effect. 
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ABSTRACT 
The dielectric properties of BaTiO3 have been carried out at the X-band microwave frequency. The composite 
material was prepared by using solid state reaction method. The dielectric constant (ε’), dielectric loss (ε״), 
quality factor Q = 1/tan , relaxation time (τ) and conductivity (σ) of BT having particle sizes 500, 250, 176.5 
and 125 microns have been studied at different temperatures i.e. -100,+100,+300 and +500c. The experimental 
dielectric values have been verified by using correlation formulae’s of Landau-Lifshitz-Looyenga and Bottcher. 
It founds the good agreement with experimental values. 
Keywords: Relative Permittivity, Ferroelectric, Relaxation Time, Dielectric Constant, Quality Factor 

INTRODUCTION 
BaTiO3 was discovered during World War II in 1941 and 1944 in the United States, Russia, and Japan. At least 
in the U.S.A., the research was accelerated because of the war. Most ferroelectric materials undergo a structural 
phase transition from a high-temperature nonferroelectric (or paraelectric) phase into a low-temperature 
ferroelectric phase. Some ferroelectrics, like barium titanate, BaTiO3, undergo several phase transitions into 
successive ferroelectric phases [1]. The transition into a ferroelectric phase usually leads to strong anomalies in 
the dielectric, elastic, thermal. 

BaTiO3 is a well-known ferroelectric and piezoelectric material having excellent dielectric properties. Its main 
application is as a dielectric in MLCC (Multi Layered Ceramic Capacitor) due to its high dielectric constant and 
low losses [2]. The dielectric properties are controlled by purity and microstructure which in turn is dependent 
on the method of preparation [3-6]. 

EXPERIMENTAL PROCEDURES 
For preparation of BT ferroelectric ceramic material required following starting materials: (i) Barium carbonate 
(BaCO3) – (sdfine –Chem) AR grade. (ii) Titanium dioxide (TiO2) – (Loba-Chem). 

 
Fig. 1: Flow Chart for Preparation of BT 

RESULTS AND DISCUSSION 
Behavior of ε' and ε" with δr & T: The graphical representation shows as the δr increases then ε' and ε" are also 
increases systematically. It is due the density of BT material is to be increased material becomes more compact, 
as no voids are present. These values of ε' and ε" are verified by using formulae of Bottcher’s and L-L-L for 
solid bulk. The lowest particle size of 50 micron is considered as a solid bulk. It is found at δr = 1, i.e. least 
particle size the values of ε' and ε" are nearly same. Behavior of τr & σp with δr & temperature: As δr i.e. 
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packing density of BT material increases the values of τr & σp are also increases. The values are maximum at 
least particle size.  The values of τr & σp decreases by increasing the temperature. From X-Ray diffraction study 
of BT: All the highest intensity peaks of BT sample are listed out and compared with the standard JCPDF (No. 
01-075-0460). It is found the values of Bragg’s angle (2θ), Interplanar spacing (d), intensity (I) and miller 
indices (hkl) are nearly matched with the values of BT sample. 

 
Fig. 2: XRD pattern of BaTiO3 

X-RAY DIFFRACTION 
X-ray diffraction patterns of BaTiO3 were recorded using X-ray diffractometer with Cu.ka (= 1.5418 A0) 
radiation. (Make: Bruker AXS, Analytical instrument Pvt. Ltd. Germany, Model No. D2PHASER). 

The Sharpness of BT diffraction peaks suggests better homogeneity and crystallization of the samples. The x-
ray analysis indicates that the BaTiO3 has single phase with tetragonal structure. All the reflection peaks were 
indexed using observed interplaner spacing d and lattice parameters with the JCPDS data  of BT (Card no. 01-
075-0460) were determined using a least squares refinement method. A good agreement between calculated and 
observed of values of all diffraction lines of BT suggests that (there is no change in the basic crystal structure) 
prepared sample is pervoskite ferroelectric material and it useful for electro optic waveguide.  

The strongest reflection peak is observed at 2θ = 31.52080 (101) plane which is perfectly matched with the 
value form JCPDF as 2θ = 31.52080 (101). It is observed the ‘d’ spacing is at λ= 1.54184. The lattice parameters 
are as a= 3.994, b = 3.994, c = 4.034. The cell to axial ratio i.e. c/a = 1.010, a/b = 1.00 and c/b = 1.010. The 
crystal symmetry of BT is found to be centrosymmetric and cell volume is 64.35. 

Table 1: Values of , , Q x f, τp and σp of BaTiO3 at different temperatures and particle sizes 

Temperature 
(oc) 

Relative packing 
factor (δr)   tanδ Q =  

Q x F GHz 
(9.85) 

τp 

(P.S.) σp 

-10 

0.82 30.80 3.00 0.097 10.31 101.55 1.57 1.64 
0.88 42.12 5.02 0.119 8.40 82.74 1.92 2.75 
0.94 50.98 6.34 0.124 8.06 79.39 2.00 3.48 
1.00 62.72 8.28 0.132 7.57 74.56 2.13 4.53 

10 

0.82 23.46 2.14 0.091 10.98 108.15 1.47 1.17 
0.88 35.62 4.22 0.118 8.47 83.42 1.91 2.31 
0.94 42.14 5.18 0.122 8.196 80.73 1.97 2.83 
1.00 56.18 7.31 0.130 7.69 75.74 2.10 4.00 

30 0.82 21.79 1.96 0.089 11.23 110.61 1.44 1.07 
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0.88 31.00 3.36 0.108 9.25 91.11 1.74 1.84 
0.94 35.62 4.12 0.115 8.69 85.59 1.86 2.25 
1.00 51.26 6.14 0.119 8.40 82.74 1.92 3.36 

50 

0.82 19.44 1.66 0.085 11.76 115.83 1.37 0.90 
0.88 24.22 2.42 0.099 10.10 99.48 1.60 1.32 
0.94 29.76 3.26 0.109 9.17 90.32 1.76 1.78 
1.00 38.54 4.54 0.117 8.54 84.11 1.89 2.48 

Table 2: Measured and calculated Values of  and  , for solid bulk from  BaTiO3 at different 
temperatures and packing fractions 

Temperatu
re (oc) 

Relative 
packing 

factor (δr) 

Measu
red 

value 

 

Calculat
ed from 
Bottcher

’s 

 

Calculat
ed from 
L-L-L 

 

Measur
ed value 

 

Calculated 
from 

Bottcher’s 

 

Calculated 
from 

L-L-L 

 

- 10 

0.82 30.80 41.58 41.58 3.00 4.45 4.10 

0.88 42.12 51.01 51.01 5.02 6.47 6.12 

0.94 50.98 55.87 55.87 6.34 7.16 6.96 

1.00 62.72 62.72 62.72 8.28 8.28 8.28 

+ 10 

0.82 23.46 31.53 31.5 2.14 3.17 2.92 

0.88 35.62 43.09 43.09 4.22 5.43 5.14 

0.94 42.14 46.15 46.16 5.18 5.85 5.69 

1.00 56.18 56.18 56.18 7.31 7.31 7.31 

+ 30 

0.82 21.79 29.24 29.24 1.96 2.90 2.68 

0.88 31.00 37.45 37.45 3.36 4.32 4.09 

0.94 35.62 38.99 38.99 4.12 4.65 4.52 

1.00 51.26 51.26 51.26 6.14 6.14 6.14 

+ 50 

0.82 19.44 26.02 26.02 1.66 2.45 2.27 

0.88 24.22 29.19 29.19 2.42 3.11 2.95 

0.94 29.76 32.55 32.55 3.26 3.68 3.58 

1.00 38.54 38.54 38.54 4.54 4.54 4.54 
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RESULTS AND DISCUSSION 
The values of 'p and "p , tan, Q, Q x F, τ , σ for various temperature and packing factor. 

1. It is found systematic increase temperature.  This is expected because at higher values of δr the interparticle 
hindrance offered to the dipolar motion for a compact medium is much higher than less bounded particles. 

2. The calculations of quality factor (Q x F) where f is resonant microwave frequency are found decrease in Q x 
F values for decreasing particle size and by increasing temperature the Q x F values increases.  

3. The values of relaxation time (τp) and conductivity (σp) are increases systematically by increasing δr and 
decreases by increasing of temp.  It is due to, when polar molecules are very large, then under the influence 
of high frequency the rotary motion of polar molecules of a system is not sufficiently rapid to attain 
equilibrium with field.  

4. The increase in τp by increasing δr is due to increasing hindrance to the process of polarization. The increase 
in σp suggests that at higher compaction, no microcracks develop in sample due to high mechanical pressure.  

5. As temp increases, τp decreases may be due to increase in the effective length of dipole.  Again increase in 
temp, causes an increase in energy loss due to the large number of collisions and thereby decreasing τp.  

CONCLUSION 

1. The highest value of ε'=62.72 is observed at temperature = –10oC and at δr =1. The lowest value of ε'=19.44, 
found dielectric constant varies from 19.44 to 62.72 at temperature range (50oC, 30oC, 10oC, -10oC).  

2. There is fair agreement between the values obtained experimentally and theoretically. Hence, the formulae 
of Bottcher’s and L-L-L work well between powder and solid bulk. 

3. The crystal structure of BT material is orthorhombic. 
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4. From PDF card, the crystal data as a lattice parameters are a=3.994, b=3.994, c=4.034 and crystal data axial 
ratio are c/a=1.010, a/b=1.00, c/b=1.010. 

5. The crystal symmetry of BT is centrosymmetric. 
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NICKEL FERRITE NANOPARTICLES 

Avinash Patil1, Ankush Bhosale1, Vishnu Raut2, Mahesh M. Hivrekar2, P. S. Aghav1, V. D. Murumkar1 

1Department of Physics, Vivekanand College, Aurangabad 
2Department of Physics, Dr. Babasaheb Ambedkar Marathwada University, Aurangabad 

ABSTRACT 
Nickel ferrite (NiFe2O4) in nanocrystalline form with maximum yield and phase purity was obtained through 
citric acid assisted sol-gel auto combustion synthesis. The prepared nanoparticles were sintered at 600C for 4 
h to make pure phase formation. Further, the sintered nanoparticles were characterized by X-ray diffraction 
(XRD) and spectrophotometer for structural and infrared characterizations respectively. The room temperature 
XRD pattern confirmed the formation of single phase with cubic spinel structure of the sintered nickel ferrite 
nanoparticles. The particle size estimated through Scherrer’s formula was found to be 28 nm, which confirms 
the nanocrystalline nature of the prepared nickel ferrite nanoparticles. The IR spectra recorded in the range 
400 cm-1 to 1000 cm-1 has confirmed the formation of spinel structure with two characteristic bands near 400 
cm-1 and 600 cm-1. 

Keywords: Sol-gel auto combustion, Nickel ferrite, XRD, IR 

1. INTRODUCTION 
In the recent years, nanosized spinel ferrites have gained much importance from basic and applied research 
point of view. The applications of nanocrystalline spinel ferrites have opened new prospects in various field viz. 
electronics, information technology, storage media, biomedical, transport, ferrofluids, etc [1-3]. The spinel 
ferrites at nanoscale exhibit the novel properties like superparamagnetism, quantum confinement, single domain 
structure, high permeability, and chemical stability. The magnetic and electrical properties of spinel ferrites 
primly depend on many parameters like synthesis methods, synthesis parameters, cation distribution, nature and 
type of dopant and exposure to various radiations [4, 5]. 

Recently, technologically important nickel spinel ferrite has attracted considerable research interest because of 
the necessity of the miniaturization of the electronic devices in which it is being employed. It has high electrical 
resistivity, low dielectric loss, good chemical stability etc. which finds application in microwave devices, 
recording heads, antenna rods etc [6, 7]. Nanostructured nickel ferrite exhibits small hysteresis and hence, is 
considered as a good core material for power transformers and telecommunication applications. Nanoparticles 
of nickel ferrite are also used in gas and humidity sensing, and catalytic applications. 

In last decade, spinel ferrite nanoparticles have been synthesized by several methods, such as, co-precipitation, 
hydrothermal, solvothermal, sonochemical, reverse micelles, sol–gel auto-combustion, etc [8-9]. Among the 
synthesis methods, the combustion synthesis has enthralled a significant interest in fabricating the 
homogeneous, un-agglomerated, multi component metal oxides, because of its inexpensive precursors, short 
preparation time, modest heating and relatively simple manipulations. The combustion method is based on the 
mixing of metal nitrates which is oxidizing agent and fuel acts as a reducing agent.  

The fuel in combustion method plays a vital role in determining morphology, grain size and crystal structure 
and consequently its physical properties. Nowadays, green synthesis route emerged as a simple and viable 
alternative to the chemical synthesis methods and physical methods. Herein we report, the sol–gel auto 
combustion synthesis of NiFe2O4 nanoparticles and their structural and infrared properties.  

2. EXPERIMENTAL 
Nickel ferrite (NiFe2O4) nanoparticles were prepared by sol-gel auto combustion method using citric acid as a 
fuel. AR grade chemicals such as nickel nitrate (Ni(NO3)2•6H2O), ferric nitrate (Fe(NO3)3•9H2O) and citric acid 
(C6H8O7) were used for the sol-gel synthesis. The prepared nanoparticles were sintered at the temperature 
600°C for 4 h. The powder X-ray diffraction pattern of sintered nanoparticles was carried out using Bruker D8 
Advance X-ray diffractometer with Cu-Kα radiation (λ = 0.15406 nm) to confirm the phase and structure of the 
prepared nanoparticles. The IR spectra were recorded with the help of spectrophotometer in the range of 400 
cm-1 to 1000 cm-1. 
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3. RESULTS AND DISCUSSIONS 
3.1 X-ray diffraction studies 
X-ray diffraction pattern of nickel ferrite nanoparticles is shown in fig. 1. The X-ray diffraction pattern reveals 
all the allowed cubic spinel structured planes. All the peaks in the XRD pattern matches well with the JCPDS 
Card no. #10-325. The analysis of XRD pattern also revealed the formation of single phase compound with 
nanocrystalline nature. Using XRD data various structural parameters were investigated.  

The average crystallite size (t) was obtained from the Scherrer’s equation, 

   …1 

Using the values of Bragg’s angle 2 and interplanar spacing d, the values of lattice constant for all the 
composition are calculated using the following relation. 

  ...2 
The X-ray density of nickel ferrite nanoparticles was calculated using the standard relation given by equation, 

  …3 

The bulk density of the present sample was determined using Archimedes principle. Toluene was used as a 
liquid medium to measure the bulk density. The value of bulk density is given in table 1. 
The percentage porosity of the present sample was calculated from the following relation; 

    …4 

The obtained values of crystallite size (t), lattice constant (a), X-ray density (dX), bulk density (dB) and porosity 
(P%) are listed in table 1. 

 
Fig. – 1: X-ray diffraction pattern of NiFe2O4 nanoparticles 

Table 1 Crystallite size (t), Lattice parameter (a), X-ray density (dx), bulk density (dB) and porosity (P %) 
NiFe2O4 nanoparticles  

Composition t 
(nm) 

a  
(Å) 

dx  
(gm/cm3) 

dB  
(gm/cm3) 

P 
(%) 

NiFe2O4 28 8.314 5.41 3.78 30.12 

3.2 Infrared studies   
The IR spectrum of the sample was recorded in the range from 1000 cm−1 to 400 cm−1 which is shown in Fig. 2. 
Generally, it is assigned to the vibrations of ions in the crystal lattice of the solids. In particular, there are two 
main broad metal-oxygen bonds which confirm the formation of all spinel oxides. The presence of the peak 
which is noticed at 608 cm−1 (corresponding to the stretching vibrations of metal at the tetrahedral site (Mtetra–
O)) and the peak which is noticed at 415 cm−1 (corresponding to the stretching vibration of the metal at the 
octahedral site (Mocta–O)) proves that the formed product is spinel ferrite. 
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Fig. – 2: IR spectrum of NiFe2O4 nanoparticles 

4. CONCLUSION 
Nickel ferrite nanoparticles were successfully obtained using sol-gel auto combustion synthesis method. The 
XRD pattern analysis confirmed the pure phase cubic formation and nanocrystalline nature of the prepared 
nanoparticles. The particle size estimated through Scherrer’s formula was found to be 28 nm, which confirms 
the nanocrystalline nature of the prepared nickel ferrite nanoparticles. The IR spectra recorded in the range 400 
cm-1 to 1000 cm-1 has confirmed the formation of spinel structure with two characteristic bands near 400 cm-1 
and 600 cm-1. 
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ABSTRACT 
In the present work, influence of varying particle size of cadmium ferrite nanoparticles synthesized via ceramic 
and sol-gel auto combustion method on the structure and magnetic properties is reported. Cadmium ferrite in 
bulk and nanosize form was prepared by ceramic technique using AR grade oxides of respective ions (CdO and 
Fe2O3) and sol-gel auto combustion method using AR grade nitrates of respective ions (Cd (NO3)2 • 6H2O and 
Fe (NO3)3 • 9H2O). The X-ray diffraction technique was used to study the structure while pulse hysteresis loop 
technique was used to study the magnetic properties. The analysis of XRD patterns reveals the formation of 
single phase cubic spinel structure. The XRD data was used to obtain the particle size. The particle size of the 
ceramically and sol-gel synthesized CdFe2O4 calculated using Scherrer’s formula was found to be – nm and – 
nm respectively. The lattice constant of both the samples is in reported range. The M-H hysteresis curve shows 
remarkable changes in saturation magnetization and coercivity. Thus, the particle size shows strong influence 
on the structure and the magnetic properties of cadmium ferrite.  

Keywords: CdFe2O4, ceramic method, sol-gel auto combustion synthesis, magnetic properties. 

1. INTRODUCTION 
Ferrites composed of iron oxide and metal oxide are the ferrimagnetic materials exhibits remarkable electrical 
and magnetic properties which are useful in many technological applications. Ferrites in bulk form are used in 
transformers cores, antenna rods, memory storages etc. The nanosize ferrites are of current interest to the 
scientist and technologist due to their smaller size and large surface area. The nanosize ferrites have applications 
in the field of sensors, catalysts, water purification, drug delivery, hyperthermia etc [1-3].    

The important electrical and magnetic properties are mostly depends on the particle size that obtained through 
synthesis method. On the basis of crystal structure, ferrites are divided into three classes namely spinel ferrite, 
rare earth garnet and hexagonal ferrites. Spinel ferrites are soft in nature and are studied by many researchers 
due to their overwhelming properties. The spinel ferrite is represented by the formula MFe2O4 where, M stands 
for divalent metal ion like Zn, Cd, Co, Ni etc [4-5]. The structure of spinel ferrite is cubic with space group 
Fd3mOh

7. The structures of spinel ferrite possess two intestinal sites namely tetrahedral (A) and octahedral [B] 
sites in which cations of different valence can occupy. Usually, spinel ferrites are prepared in bulk form by 
ceramic method. The ceramic method involves high temperature sintering. Wet chemical methods like chemical 
coprecipitation, hydrothermal, sol-gel auto combustion etc are nowadays commonly used for the synthesis of 
nanosized spinel ferrite. The wet chemical method requires low temperature of the order of 60ºC to 100ºC [6-7].   

It is reported in literature that, the structural, electrical, magnetic, dielectric and other properties of nanosize 
spinel ferrites are superior to that of the bulk spinel ferrite. However, to establish this fact, very few reports are 
available in literature [8-11]. In the present communication, attempt is made to understand the influence of 
particle size on the structural and magnetic properties of CdFe2O4. 

2. EXPERIMENTAL           
2.1 Synthesis of Bulk cadmium ferrite (Ceramic method) 
In ceramic synthesis, cadmium oxide (CdO) and ferric oxide (Fe2O3) of AR grade were mixed together in 
stoichiometric proportion and ground using Agate pestle mortar for few hours to obtain homogeneous mixture. 
The mixed homogeneous powders were presintered at 900ºC for 12 h and again reground for 4 h. In the final 
sintering, the material is held at 1100ºC for 12 h and slowly cooled to room temperature to obtain pure cadmium 
ferrite.  

2.2 Synthesis of nanosized cadmium ferrite (Sol-gel auto combustion method) 
The cadmium ferrite in nanosized form was prepared by sol-gel auto combustion method using AR grade 
nitrates of respective ions (Cd (NO3)2 • 6H2O and Fe (NO3)3 • 9H2O). The citric acid was used as a fuel. The 
detailed method of synthesis is explained in our previous reports. 
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2.3 Characterization 
Room temperature X-Ray diffraction patterns were recorded using Philips X-ray diffractometer (model 3710, at 
TIFR Mumbai). XRD patterns were recorded in the 2θ range of 20º to 80º using Cu-ka radiation. The magnetic 
properties were measured using pulse field hysteresis loop technique (Magneta). 

3. RESULTS AND DISCUSSION 
3.1 X-ray diffraction 
Room temperature X-ray diffraction patterns of ceramically and sol-gel synthesized cadmium ferrite is depicted 
in fig. 1. It is evident from figure 1 that, the XRD pattern shows all the reflections which belongs to cubic spinel 
structure. A marked difference in reflections is observed. Ceramically prepared samples shows sharp and 
intense reflection, while sol-gel synthesized cadmium ferrite shows slightly broader reflections. The analysis of 
both the XRD patterns proves that, the samples possess cubic spinel structure. No extra peak other than cubic 
spinel structure is observed in the XRD pattern.  

The most intense peak (311) of the XRD pattern was selected to estimate the particle size. Debye Scherrer 
formula given by equation (1) was used to estimate the particle size.  

D = 0.9/  cos  … 1 

The particle size of ceramically prepared cadmium ferrite is of the order of – nm. While the particle size of sol-
gel prepared cadmium ferrite is of the order of – nm. Thus, it is observed from particle size of ceramically 
prepared sample is greater than that of sol-gel synthesized sample.  

To establish the influence of particle size on structural properties, the lattice constant, unit cell volume and X-
ray density structural parameters were obtained by standard relations. The values of all these structural 
parameters along with particle size are summarized in table 1. It is evident from table 1 that, the values of lattice 
constant, X-ray density and unit cell volume of sol-gel synthesized CdFe2O4 are greater than that of ceramically 
prepared samples. Thus, it is confirmed that, the particle size influences strongly the structural properties of 
cadmium ferrite.  

 
Fig. – 1: XRD pattern of ceramically and sol-gel synthesized CdFe2O4 

Table – 1: Values of lattice constant (a), unit cell volume (V), X-ray density (dx) and crystallite size (t) of 
ceramically and sol-gel synthesized CdFe2O4 

Parameter a (Å) V (Å3) dx (gm/cm3) t 

Ceramic 5.329 151.33 5.744 3.2 µm 

Sol-gel 5.342 152.44 5.445 31 nm 

3.2 Magnetic properties 
Figure 2 shows the M-H hysteresis curves for ceramically and sol-gel synthesized CdFe2O4 samples recorded at 
room temperature using pulsed field hysteresis loop technique. The M-H curve exhibits typical ferrimagnetic 
behavior characterizing the spinel structure of the prepared samples. Using M-H curve the values of saturation 
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magnetization, coercivity and remenance magnetization were measured and their values are given in table 2. It 
is evident from table 2 that, the magnetic properties represented by saturation magnetization show enhanced 
value for sol-gel synthesized cadmium ferrite while, coercivity shows decreased value for sol-gel synthesized 
cadmium ferrite. Thus, it can be noticed from table 2 that, the particle size has a strong influence on the 
magnetic properties of cadmium ferrite.  

 
Fig. – 2: M-H curves of ceramically and sol-gel synthesized CdFe2O4 

Table – 2: Values of saturation magnetization (MS), remenance magnetization (Mr) and coercivity (HC) of 
ceramically and sol-gel synthesized CdFe2O4 

Parameter MS (emu/gm) Mr (emu/gm) HC 
(Oe) 

Ceramic 65.47 15.22 108.23 

Sol-gel 57.94 12.89 121.70 

4. CONCLUSION 
Cadmium ferrite in bulk and nanosized form has been prepared successfully using ceramic and sol-gel auto 
combustion method respectively. The lattice constant, X-ray density and other structural parameters shows 
enhanced values for sol-gel synthesized cadmium ferrite sample. The saturation magnetization also shows 
enhanced value for sol-gel synthesized cadmium ferrite sample. The coercivity of the sol-gel synthesized 
sample show decreased for sol-gel synthesized cadmium ferrite. Thus, the structural and magnetic study of th 
ceramically and sol-gel auto combustion synthesized cadmium ferrite show strong influence of particle size. 
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