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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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GREEN SYNTHESIS OF RARE-EARTH DOPED SPINEL FERRITE AND FERRITE /PANI NANO 
COMPOSITE TO MICROWAVE ABSORPTION IN RADAR FREQUENCY RANGE 

Ravindra N. Kambale1, Akhilesh Kumar Patel2, K. G. Suresh2, Sandeep Kumar3, and Vaishali Bambole4 
1,4Department of Physics, University of Mumbai, Vidyanagari Campus Kalin Santacruz Mumbai 

2Department of Physics, Indian Institute of Technology Bombay, Powai, Mumbai 
3Magnetics and Advanced Ceramics Lab, Department of Physics, Indian Institute of Technology Delhi, Delhi 

ABSTRACT 
Er doped Ni-Zn (Ni0.5 Zn0.5Fe1.9Er 0.1O4) ferrite nanoparticles have been synthesized by sol- gel auto 
combustion technique and ferrite /polyaniline (PANI) nanocomposite was synthesized by in-situ polymerization. 
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 magnetic properties of the samples at room temperature were studied by Vibrating 
Sample Magnetometer (VSM).  X-ray patterns confirmed the formation of single phase cubic structure with 
space group Fd-3m. The crystallite size of preparedsample is found to be in the range of 20-75 nm. While 
adding PANI in ferrite, the saturation magnetization was decreased due to nonmagnetic polyaniline. To 
investigate microwave absorbing properties of prepared samples, vector Network Analyser is used in the 
frequency range 2 GHz to 18 GHz. The minimum value of reflection loss was -18dB at the frequency of 10.64 
GHz for Ni0.5 Zn0.5Fe1.9Er 0.1O4 ferrite nanoparticles (thickness 1.9mm) and -25.58dB at frequency of 
15.12GHz for PANI/ Ni0.5 Zn0.5Fe1.9Er 0.1O4 ferrite nanocomposite (thickness 1.7mm). The microwave 
absorbing properties increase drastically and significant absorption frequency shifting in higher level by 
forming a nanocomposite with conducting polyaniline due to its high electric conductivity and controllable 
dielectric loss. 

Keywords: Spinel structure, ferrite nanoparticles, polyaniline, nanocomposites, microwave absorbing property, 
reflection loss. 

1. INTRODUCTION 
The fast development of internet system and wireless technology brings many benefits like in 
telecommunication system, medical field, and industry. On the other hand, there is creation of one more type of 
pollution that is known as electromagnetic pollution. This is due to electromagnetic interference (EMI). The 
effect of EMI on human being and functionally of equipment is one of the serious problem, because of it 
decreases the electronic or electrical circuit functionality or damages the electronic equipment’s in military and 
civil uses. Most of the electronic devices working on few MHz to 300 GHz In order to solve this problem there 
is need to develop good microwave absorbing materials. This material play an important role in controlling EM 
pollution[1-5]. An ideal microwave absorbing materials should have the properties of low density, tiny 
thickness, wide bandwidth and flexibility simultaneously [6-9]. Microwave absorbers should have properties of 
high electric loss and high magnetic loss [10-13]. Spinel ferrites with the properties of large magnetic losses and 
resistivity have been widely used as microwave absorbing materials in the Giga hertz range [14 -15]. 

In order to fabricate low density and flexible microwave absorbing materials extensive research is underway 
where carbonaceous fillers with ferrite nanoparticles are in a polymer matrix.  Composite materials like ferrites 
and conducting polymers enhances microwave absorption properties [19-23]. Among all conducting polymer, 
polyaniline (PANI) has been studied extensively in recent year because of its environmental stability and variety 
of oxidation states [24-28].The material like Er doped Ni-Zn ferrite/ polyaniline nanocomposite having 
maximum reflection loss is enhance the microwave absorbing properties 

In this work we report, Ni0.5Zn0.5Fe1.9Er0.1O4 ferrite nanoparticles (NZE) and Ni0.5Zn0.5Fe1.9Er0.1O4 
ferrite/Polyaniline (NZE/PANI) nanocomposite were successfully synthesized by lemon juice sol-gel auto 
comparison method and the in-situ polymerization method.  The prepared NZE and NZE/ PANI were 
characterized by various technique. The morphology and structure-size dependent microwave absorption 
performance of the NZE and NZE/ PANI were investigated details by X-ray diffraction (XRD), Field emission 
gun scanning electron microscopy (FEG-SEM), Field emission gun transmission electron microscopy FEG-
TEM. Magnetic properties investigated by M-H plot from Vibrating Sample Magnetometer and microwave 
absorption properties of the samples studied by measuring complex permittivity and complex permeability from 
vector network analyzer.  The NZE/ PANI nanocomposite have high efficient and light weight microwave 
absorber. 
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2. EXPERIMENTAL DETAILS 
2.1 Green synthesis of Ni0.5Zn0.5Fe1.9Er0.1O4 Ferrite Nanoparticles 
Ni0.5Zn0.5Fe1.9Er0.1O4ferrite powderwas synthesized by a sol-gel auto-combustion method.  The detail process 
can be described as follows. The stoichiometric amount of Ni (NO3)2 .6H2O, Zn (NO3)2. 6H2O, Er(NO3)2.6H2O, 
and Fe(NO3)2.9H2O were first dissolved separately in 50ml of deionized water. This obtained solutions were 
mixed and stirred continuously for 60min.and certain amount of lemon juice is added in the mixture as a 
chelating agent. Ammonium hydroxide was then added dropwise to make a neutral  solution  and this solution 
was heated at 800C with  constant stirring to form  a dried gel burned in a self-propagating combustion until all 
gels were burned completely out to form loose precursors. Finally, Ni0.5Zn0.5Fe1.9Er0.1O4crystalline powderwas 
obtained after calcining the loose precursors at 8500C for 6 hours [20]. 

 
Fig-1 (a) Flow chart for the synthesis of Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles (b) possible reaction in the 

synthesis of ferrite/PANI nanocomposite 

2.2 Synthesis of Polyaniline /Ni0.5Zn0.5Fe1.9Er0.1O4 Ferrite Nano Composite 
Polyaniline/ Ni0.5Zn0.5Fe1.9Er0.1O4ferrite composite was synthesized by in situ polymerization method. Firstly, a 
certain amount Ni0.5Zn0.5Fe1.9Er0.1O4Ferrite particle were suspended in a 70ml, 1M HCl solution and stirred for 
one hour to get well dispersed. Two millilitre aniline monomer was then added to the suspension and stirred for 
30min. Ammonium peroxydisulfate( ASP)  of 4.98gm (the molar ratio of ASP to aniline was 1:1) in a 40ml 1M 
HCl solution was then slowly dropped to the suspension mixture with a constant stirring. The polymerization 
was allowed to proceed for 12 hours at 00C to 50C. The composite of ferrite/ PANI was obtained by filtering and 
washing the suspension with 1M HCl and deionized water and dried under the vacuum at 600C for 48hours. 

3.  RESULTS AND DISCUSSION 
3.1 X- ray Diffraction Analysis 
Figure 1 (a) shows the XRD pattern of PANI, Ni0.5 Zn0.5Fe1.9Er0.1O4 ferrite nanoparticles and Ni0.5Zn0.5Fe1.9Er 
0.1O4 / PANI(Composite). PANI shows the amorphous nature in partially crystalline state with two diffraction 
peak 2θ = 20.410 and 25.610 due to the densely packed phenyl rings those exhibit an extensive inter chain π-π 
orbital overlap and parallel and perpendicular periodicity of the PANI. Ni0.5 Zn0.5Fe1.9Er0.1O4 and composite 
showed the polycrystalline nature as shown in fig. 1(a), we can see the intensity of composite sample is 
decreased as compared Ni0.5Zn0.5Fe1.9Er0.1O4 sample, which is due to reduction of ferrite content.  The room 
temperature Rietveld refined x-ray diffraction of Ni0.5Zn0.5Fe1.9Er0.1O4 compound is as shown fig. l (b). The  
ferrite compound crystalizes in cubic structure having space group Fd-3m with lattice parameter ~ 8.39 Å and 
the Wyckoff positions are (0.125, 0.125, 0.125) , (0.5, 0.5, 0.5) and (0.252, 0.252, 0.252) for Ni/Zn, Fe/Er  and 
O respectively.  The unit cell structure is shown in fig.1 (c), In the unit cell structure Fe/Er comprises with 
octahedral surrounding and Ni/Zn with tetrahedral surrounding, which are shown in Fig. 1(d). The Average 
crystallite size (D) of Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles has been calculated from XRD data using 
Scherer’s equation 
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 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 
Ni0.5Zn0.5Fe1.9Er0.1O4 ferrite nanoparticles was found to be 26 nm. 

 
Fig-2 (a) XRD Patterns of PANI, Ni0.5Zn0.5Fe1.9Er0.1O4and PANI/Ni0.5Zn0.5Fe1.9Er0.1O4  (b)Rietveld refined x-ray 
diffraction of Ni0.5Zn0.5Fe1.9Er0.1O4 (c) unit cell structure Fe/Er comprises with octahedral surrounding and Ni/Zn 
with tetrahedral surrounding. (d) Unit cell structure Fe/Er comprises with octahedral and Ni/Zn with tetrahedral. 

 
Fig-3: FEG-SEM images of (a) Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles (b) PANI  (c) 

PANI/Ni0.5Zn0.5Fe1.9Er0.1O4  nanocomposite. 

3.2 Morphology Investigation 
Fig.3 (a) shows the cubic structure of Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles of size is about 12-56 nm. Fig.3 
(b) shows the PANI as amorphous and Fig. 3(c) shows PANI/ Ni0.5Zn0.5Fe1.9Er0.1O4nanocomposite still retains 
the morphology of PANI shape and it can be observed that ferrites nanoparticles coated with PANI. The FEG-
SEM imagesshows that the particle size of Er doped Ni-Zn ferrite nanoparticles were uniformly distributed.Er 
doped Ni-Zn ferrite nanoparticles were distributed homogenously in the polymer matrix. 

The average particle size of the Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles and PANI coated 
Ni0.5Zn0.5Fe1.9Er0.1O4nanocomposite were calculated using FEG-TEM images, which are shown in Fig.4 (a, b). 
The average particle size were found in the range of 20-68 nm, which is calculated using Imag-J software and 
matched with XRD and SEM images. Fig.4 b) shows that Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles were 
embedded in the conducting PANI matrix forming the core – shell structure.  Fig. 4(c) shows the HR-TEM 
image, which clearly indicates the coating of PANI over ferrite nanoparticles. Dark core indicates the 
Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles of diameter 20 – 68nm and the bright coloured shells distinctly 
different from Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles which were non-crystal conducting PANI layer were 
formed on the surface Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles. Fig. 4 d) shows SAED patterns of   
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Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles which reveal that the polycrystalline diffraction rings with many 
diffraction spots which indicates Ni0.5Zn0.5Fe1.9Er0.1O4ferrite is highly crystalline. 

 
Fig-4 (a) Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles (b) Ni0.5Zn0.5Fe1.9Er0.1O4/PANI nanocomposite   (c) H-R 
Image of      Ni0.5Zn0.5Fe1.9Er0.1O4/PANI Nanocomposite.  (d) SEAD pattern of Ni0.5Zn0.5Fe1.9Er0.1O4ferrite 
nanoparticles. 

3.3 Magnetic Properties 
The magnetic properties of the Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles and Ni0.5Zn0.5Fe1.9Er0.1O4 / PANI 
nanocomposite were analysed at room temperature by using a vibrating sample magnetometer (VSM) with an 
applied field -20 kOe ≤ H ≤ 20 kOe. 

 
Fig-5: Magnetic hysteresis loops of (A) Ni0.5Zn0.5Fe1.9Er0.1O4 (B) Ni0.5Zn0.5Fe1.9Er0.1O4 /PANI Nanocomposite 

Fig.5 shows the magnetization (M) versus the applied magnetic field (H) for Ni0.5Zn0.5Fe1.9Er0.1O4A)ferrite 
nanoparticles and PANI/ Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanocomposite (B).  The value of saturation magnetization 
(Ms) for Ni0.5Zn0.5Fe1.9Er0.1O4ferrite is about 18.38 emu/g, and remnant magnetization (Mr) and coercivity field 
are 2.47 emu/g and 0.12kOe respectively. It can be seen that tis ferrite material belongs to soft magnetic 
material due to the area of the hysteresis loop and residual magnetism is small. 

The value of saturation magnetization (Ms) for Ni0.5Zn0.5Fe1.9Er0.1O4 / PANI nanocomposite is about 12.21 
emu/g, and remnant magnetization (Mr) and coactivity field are 1.57 emu/g and 0.073kOe respectively, these 
values are lower than pure Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles.This could be due to surface pinning of 
ferrite nanoparticle spin in easy axis of the magnetization. Pinning of spin in easy axis of the magnetization 
leads to decrease in coercivity of the materials which has been reflected in our composite sample.  So the 
magnetization curve of the composite shows weak ferromagnetic behaviour. The Magnetic properties of 
nanocomposites containing Ni0.5Zn0.5Fe1.9Er0.1O4 ferrite nanoparticles have been observed to be highly 
dependent on the value of magnetic particles, sample shape and crystallinity. 

3.4 Microwave Absorbing Properties 
Microwave absorption properties material depend on complex permittivity and complex permeabilityThe real 
parts of complex permittivity and permeability shows  the storage capability of electric and magnetic energy, 
whereas imaginary parts of complex permittivity and complex represent the dissipation of electric and magnetic 
energy. Dielectric loss commonly results from electron polarization and electric dipolar polarization.The 
dielectric and magnetic loss factor   tanδE =    and tanδM =   provides the measure of power lost in the 

materials versus the amount of power stored. 
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The frequency dependence of the real part (ɛ’) and imaginary part (ɛ’’) of complex permittivity for ferrite and 
composite are shown in Fig. 6 a) and b) respectively. For Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles, the real part 
(ɛ’)  of permittivity are almost constant  up to 13GHz with one  broad peak of value 8.362 at 13.89GHz, then it 
shows reducing tendency in the  rest range. Imaginary part (ɛ’’) of complex permittivity is constant for all 
frequency expect two peaks value 1.868 and 1.62 at 13.87GHz and 17.11 respectively. For composite, the real 
part of permittivity (ɛ’) decreasing with frequency expect two broad peaks of vale 7.19 and 7.27 at 12.22 GHz 
and 13.81GHz respectively. It indicates that   dielectric storage decreases with frequency. But Imaginary part of 
complex permittivity almost constant.Ferrites coating with PANI is greatly increases the electric conductivity of 
the sample and help to the increase the permittivity of sample, Because of the conducting properties of the shell, 
electrons can travel freely and accumulate on ferrite interface, forming a structure similar to a boundary layer 
capacitor and generating interfacial electric dipolar polarization. The frequency dependence of the real part (µ’) 
and imaginary part (µ’’) of permeability for ferrite and composite are shown in Fig. 6 (c) and (d) respectively. 
The real part (µ’) of permeability for Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles and composite shows the 
decreasing tendency with some peaks with increase in frequency.   The imaginary part (µ’’) of permeability for 
Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles decreases with one broad peak of value 0.97 at 10.77GHz which 
indicates the maximum reflection loss at 10.77GHz. The imaginary part (µ’’) of permeability for composite   is 
almost same with  two broad peaks of value 0.52 and 0.74 at 11.12GHz and 14.95GHz respectively which 
shows maximum reflection loss these frequencies. 

 
Fig-6 (a) Frequency dependence of complex relative permittivity of Ni0.5Zn0.5Fe1.9Er0.1O4 ferrite nanoparticles 

(b) Frequency dependence of complex relative permittivity of  Ni0.5Zn0.5Fe1.9Er0.1O4   / PANI nanocomposite (c) 
Frequency dependence of complex relative permeability of Ni0.5Zn0.5Fe1.9Er0.1O4  ferrite nanoparticles(d) 
Frequency dependence of complex relative permeability of  Ni0.5Zn0.5Fe1.9Er0.1O4   / PANI nanocomposite(e) 
Reflection loss curves of Ni0.5Zn0.5Fe1.9Er0.1O4 (f) Reflection loss curves of Ni0.5Zn0.5Fe1.9Er0.1O4   / PANI 
nanocomposite 

(g) Schematic illustration of the single-layer absorber. 

The measured permittivity and permeability of samples by vector network analyser are used to calculate the 
reflection loss (RL) by using following equation [21] 

                                            (2) 

Where the impedance (Zin) of medium is 

 
Here µr    and ɛr are the measured relative complex permeability and complex permittivity, respectively. λ is 
wavelength of the incident wave in free space and t is a thickness of the absorber.Calculated RL curves of 
Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles and Ni0.5Zn0.5Fe1.9Er0.1O4/ PANI nanocomposite with different 
thickness are shown in Fig. 6 (e) and Fig.6(f) respectively. The minimum value of reflection loss was -18dB at 
the frequency of 10.64 GHz for Ni0.5 Zn0.5Fe1.9Er 0.1O4 ferrite nanoparticles (thickness 1.9mm) and -25.58dB at 
frequency of 15.12GHz for Ni0.5Zn0.5Fe1.9Er0.1O4 / PANInanocomposite (thickness 1.7mm). It seen from Fig. 6 
(e) and(f) minimum RL values of composite are stronger than those of Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles. 
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4. CONCLUSION 
Er doped Nickel Zinc ferrite nanoparticles and Ni0.5Zn0.5Fe1.9Er0.1O4 / PANInanocomposite exhibiting 
microwave absorption properties were successfully synthesized by lemon juice sol-gel auto combustion method 
using lemon juice and in situ polymerization method. The cubic structure of Ni0.5Zn0.5Fe1.9Er0.1O4ferrite 
nanoparticles was confirmed by XRD, FEG-SEM and TEM images. SEM and Tem images shows PANI layer 
was formed on the surface of Ni0.5Zn0.5Fe1.9Er0.1O4 ferrite nanoparticles. The studies of complex permittivity and 
complex permeability shows the better impedance  matching and the combined effect between magnetic loss of 
core  Ni0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles and dielectric loss pf PANI shell contributed to the enhancement 
of microwave absorption performance. The absorption properties of the nanocomposite has been significantly 
enhanced moreNi0.5Zn0.5Fe1.9Er0.1O4ferrite nanoparticles. 
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DFT STUDY ON NONLINEAR OPTICAL (NLO) PROPERTIES OF BORAZINE 

Vinayak Deshmukh and Shivshankar Mitkari 
Shri Siddheshwar Mahavidyalaya, Majalgaon Dist. Beed 

ABSTRACT 
In this work, density functional theory (DFT) and finite field (FF) approach has been adopted to study 
nonlinear optical (NLO) properties of borazine.The geometrical parameters and NLO properties obtained at 
B3LYP/6-311++G** level of theory. For the calculations of first (β) and second (γ) hyperpolarizabilities, the 
finite field approach has been used. The geometrical parameters and vibrational frequencies for borazine at 
this level of theory are in excellent agreement with the available experimental determinations. Systematic 
changes in the β and γ values are obtained. 

Keywords: Borazine, DFT, Finite field approach, NLO properties. 

INTRODUCTION 
There is growing attention in materials with high non-linear optical (NLO) properties due to their potential 
application in technologies such as lasers, telecommunications, photovoltaic cells, organic light emitting diodes, 
and semiconductor layers in field-effect transistors [1] information processing and holography.Nonlinear optical 
(NLO) phenomena have been extensively studied over the last decades;molecules exhibiting large 
hyperpolarizabilities have a strong NLO potential and could beused, under conditions, for optoelectronics and a 
variety of optical devices [2-5]. 

Borazine, the inorganic analogue of benzene, is obtained by replacing the carbon atoms with alternating boron 
and nitrogen atoms and shares many similarities with the benzene both in structures and characteristics [6–8]. 
Planar structure, equal bond lengths and the similarity in physical properties to benzene entitle borazine to be 
named as ‘inorganic benzene’ [9]. However, the chemical properties of borazine are entirely different from 
those of benzene [10–13]. Borazine readily undergo several polar addition reactions that are difficult with 
benzene. Theoretical studies have shown that six p electrons are significantly localized on nitrogen atoms due to 
the large electronegativity difference between boron and nitrogen [14–16]. Although borazine is aromatic it 
remains still in controversy [17–19], but it is the fact that borazine is considerably less aromatic as compared to 
benzene. In this work, we have studied the change in nonlinear properties in terms of a, b, and c values of 
borazine upon derivatisation with electron donating and withdrawing groups in the form of D-p-A system. 
Many studies have reported that organic NLO chromophores, especially those demonstratinghigh b values, 
typically have large dipole moments [20-21]. 

The aim of this work is to study nonlinear optical properties (NLO) using density functional theory method. We 
compare the geometrical properties and nonlinear optical properties of borazine with available experimental 
values. 

COMPUTATIONAL DETAILS 
We first optimized the geometries of borazie with the density functional theory (DFT) method with different 
exchange and correlation functional. We compared the geometrical parameters with the experimental values and 
found that the geometries of borazine at B3LYP/6-311++G** level of theory. The geometrical parameters of 
borazine at this level are compared with the available experimental determinations[22]. The vibrational 
frequencies are also obtained at the same level of theory. To obtain the first and second hyperpolarizabilities of 
these molecules the Finite-Field approach has been used[23]. The hyperpolarizabilities viz. β and γ can be 
calculated using the total energy E of a molecule in presence of an applied field.The field is applied either in X, 
Y or Z direction. The stable hyperpolarizabilities are obtained using different field strengths to avoid numerical 
instability. The static hyperpolarizabilities β and γ are also obtained for various methods and basis sets for the 
fixed field strength. All the calculations are carried out using Gaussian 03 suit of programme[24]. 

RESULT AND DISCUSSION 
Figure 1 shows the optimized structures of borazine at B3LYP/6-311++G** level of theory. The bond lengths, 
angles and dipole moment for these molecules are reported in Table 1 alongwith the available experimental 
values[22]. It can be seen that the geometrical parameters for borazine are in good agreement with the 
experimental determinations at this level of theory. 

 

 



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

9 

ISSN  2394 - 7780 

Figure-1: Optimized structures of borazine at B3LYP/6-311++G** level of theory 

 
Table-1: Optimized geometries for borazine molecule at B3LYP/6-311++G** level alongwith 

experimental values. Bond lengths in Å, angle in degrees and dipole moment in debye 
Parameters Expt.* Borazine(B3N3H6) 

B-N 1.436 ±0.004 1.431 
B-H 1.258 ±0.020 1.191 
N-H 1.050 ±0.020 1.008 

<N-B-N 117.7 ±2.0 117.0 
<B-N-B 121.1 ±2.0 122.9 
<H-B-N ---- 121.4 
<H-N-B ---- 118.5 

Dipole moment ---- 0.01D 
Abbreviation: B- B3N3H6

* Experimental values from ref [22]. 

NONLINEAR OPTICAL PROPERTIES 
There are several techniques to calculate the hyperpolarizabilities. The dipole moment or total energy based 
equation of a molecule can be used to calculate the hyperpolarizabilities. The hyperpolarizabilities by the 
energy and dipole moment based equations do not give the same result. The energy based equations give more 
stable result with respect to the field strength than the dipole moment based equation. We have obtained the 
NLO properties of borazine using the Finite-Field approach. We confine our attention to β and γ of borazine. 
The Finite–Field method is a derivative method, so numerical problem can’t be avoided. For the calculation of 
NLO properties one can prevent numerical instability by choosing the value of appropriate field strength by 
obtaining β and γ at various field strengths. 

We have used B3LYP/6-311++G** level to obtain NLO properties of borazine. We first applied Finite–Field of 
different field strength either in X, Y or Z direction to decide the suitable field strength in order to obtain the 
numerical stable hyperpolarizabilities. We then obtained the hyperpolarizabilities of borazine using different 
methods for the fixed field strength. 

The variation of β and γ of borazine with field strength applied either in X, Y or Z direction is shown in Fig.2. 
As can be seen from Fig.2, borazine show numerically stable hyperpolarizabilities at a certain range of field 
strength applied along Y direction. From Fig.2, we choose the field strength of 0.006a.u. to calculate the 
hyperpolarizabilities of borazine using different methods with 6-311++G** basis set to see the effect of level of 
theory on hyperpolarizabilities. 
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Figure-3: Effect of field strength of β and γ values of borazine. 

 
The variation of β and γ of borazine obtained using different methods and 6-311++G** basis set with field 
strength of 0.006a.u. applied in Y direction is shown in Fig. 4. It appears clearly from Fig. 4 that the magnitude 
of calculated β values for borazine is around 1 a.u. for all the methods used here. The calculated γ values for 
borazineis in a range of 300-400 a.u. using different methods used here.The magnitude of β is higher where 
there is no inclusion of diffuse function in the basis set. The values of β obtained using MP2 are slightly higher 
than the DFT method. The correlation effect by the MP2 method increases the β at the HF level. The β values 
using DFT with different exchange and correlation functional viz. PBE1PBE, PBEPBE, B3PW91 and BLYP 
are nearly equal for all the basis sets with the same method.As seen in Fig. 4(b) when diffuse functions are 
added to the split valence triple zeta basis set (6-311G), the magnitude of γ obtained using different methods 
changes significantly. 

Figure-4: Method and basis set dependence of β and γ for borazine. 
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CONCLUSIONS 
We have performed DFT calculations for the study of first and second hyperpolarizabilities (β and γ) of 
borazine. The optimized geometries and vibrational frequencies for borazine are in excellent agreement with the 
available experimental determinations. The substituent effect on NLO properties of borazine has been 
investigated by using finite field method. The β and γ values are calculated at field strength of 0.006 a.u. for 
borazine and substituted borazines using different methods and different basis sets. A large change in dipole 
moment is observed in borazine. 
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MAGNETIC PROPERTIES AND MAGNETOELECTRIC (ME) EFFECT IN FERROELECTRIC 
RICH (1-X) Co1.2Mn0.2Fe1.6O4 + (X) BaTiO3 ME COMPOSITES 
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ABSTRACT 
Magnetoelectric composites with composition (1-x)Co1.2Mn0.2Fe1.6O4+(x) BaTiO3 (ME) composite have been 
prepared using conventional double sintering ceramic process where x varies as 0.00, 0.25, 0.50, 0.75 and 1.00. 
The X-ray diffraction pattern of the composites reveals the formation of spinel structure for the piezomagnatic 
phase and tetragonal perovskite structure for the piezoelectric phase without any other phase formation. The 
micro-structure of composites were characterized by scanning electron microscopy. The average grain size of 
ferrite, ferroelectric and their composites was determined using linear intercept method. The saturation 
magnetization (Ms), coercive field (Hc), remenance magnetization (Mr) etc. magnetic properties are measured 
using pulse field magnetic hysteresis loop tracer. The measurements were carried out at room temperature. The 
magnetoelectric voltage coefficient (dE/dH)H was studied as a function of intensity of the magnetic field. A 
large ME voltage coefficient of about 647 Vcm-1Oe-1 was observed for 25% CoMnFe2O4 + 75% 
BaTiO3composite. 

Keywords: XRD; SEM; Hysteresis; and Magnetoelectric effect. 

1 INTRODUCTION 
The development of composite materials has been a subject of intensive research today. The composite material 
is a mixture of at least two chemically distinct materials combined three dimensionally having a distinct 
interface separating the constituent phases which have repeated geometry for large enough scale [1, 2]. The ME 
composite materials consist of piezomagnatic and piezoelectric phases mechanically coupled in equilibrium. 
Magnetoelectricity is a product properties in which the material gets magnetized after applying electric field and 
electrically polarized in a magnetic filed. 

In 1978, Boomgard et al. have outlined following conceptual points inherent to ME effect in composite to 
obtained good ME effect the two phase must be equilibrium, the mechanical coupling between the two phases 
must be perfect, the value of magnetostriction coefficient of piezomagnatic phase  and piezoelectric coefficient 
of piezoelectric phase must be high, the resistivity of the constituent phases must high to avoid the leakage 
current during poling are required to be satisfied to get good ME output[3]. Such magnetoelectric composites 
find many applications in ME data storage and switching, radio electronic device, Modulation of amplitudes, 
optoelectronic, microelectronic, Spin wave generation, frequency conversion, amplification, transducers, etc [3, 
4]. The ME effect occurs due to the interaction between the magnetic and electric dipoles. 

In the present communication, we have chosen Co1.2Mn0.2Fe1.6O4 as a piezomagnatic phase and BaTiO3 as the 
piezoelectric phase. Such composite to show high magnetoelectric effect, which in turn suggests that, the 
magnetoelectric interaction in these composites may lead to interesting results in their structural and magnetic 
properties [5, 6]. 

2 EXPERIMENTAL TECHNIQUES 
2.1 Preparation of ME composites 
The piezomagnatic material chosen as a ferromagnetic phase Co1.2Mn0.2Fe1.6O4 has been prepared by standard 
double sintering ceramic method using AR grade oxides. The oxides were mixed in stiochiometric proportion 
and wet ground for about 2-3 hours in an agate mortar and pestle. The mixed fine powder is pre-sintered at 
9250C for 9 hours. The sintered powder is again reground and finally sintered at 10800C for 16 hours followed 
by slow cooling to room temperature to obtain pure single phase piezomagnatic samples. The single phase cubic 
spinel structure formation of piezomagnatic was confirmed by X- ray diffraction technique. The piezoelectric 
phase Barium Titanate (BaTiO3) was prepared by standard doubling sintering ceramic method using AR grade 
oxides/carbonate.  Barium carbonate (BaCO3) and Titanium-dioxide (TiO2) were taken in molar proportion. The 
mixed powder of Barium carbonate (BaCO3) and Titanium-dioxide (TiO2) was ground using agate in mortar 
and pestle and pre-sintered at 9000C for 12 hours. In the final sintering the material was held at 10500C for 16 
hours. The sintered samples were allowed to cool to room temperature. Analysis of XRD pattern of BaTiO3 
revealed the formation of single phase tetragonal perovskite structure [7]. 

The composite of piezomagnatic and piezoelectric phase (1-x) CoMnFe2O4+(x) BaTiO3 with (x= 0.25, 0.50 and 
0.75 mole %) was prepared by standard doubling sintering ceramic method using prepared piezomagnatic and 
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piezoelectric phases. The fine powders of piezomagnatic (CoMnFe2O4) and piezoelectric phase (BaTiO3) were 
mixed thoroughly in molar proportion and ground for above 3 hours. The composite phase of piezomagnatic 
and piezoelectric was pre-sintered at 9250C for 12 hours and is cooled at room temperature. The composite 
powder is then reground again and finally sintered at 10800C for 24 hours. The magnetoelectric composites of 
piezomagnatic and piezoelectric prepared by mixing the constituent phase were ground for 2-3 hours and mixed 
with 2-3 drops of polyvinyl alcohol as a binder. The composite powder is then pressed into pellets of thickness 
around 2-3 mm and diameter 10mm using a hydraulic press. A pressure of 6 ton /cm2 was applied for 10 to 15 
minute. The pellets are finally heated up to 6000C for 6 hours to remove the binder and cooled at room 
temperature. The prepared composite of piezomagnatic Co1.2Mn0.2Fe1.6O4 and piezoelectric BaTio3 was 
characterized by X- ray diffraction technique and was used for further investigations of structural, magnetic 
properties of piezomagnatic, piezoelectric and their composites [8, 9]. 

2.2 Characterization 
The presence of constituent phases in the composites as well as the crystal structure of constituent phases and 
their composites was determined by X-ray diffraction using a Rigaku Miniflux-II and λ=1.5406Ǻ. 

3.  RESULTS AND DISCUSSION 
3.1. Structural analysis 
The XRD pattern of the representative composite is shown in figure 1. The pattern revels the presence of both 
ferroelectric as well as ferrite phases. All the peaks are indexed and no additional peaks were observed. This 
indicates the absence of impurities or intermediate phases in the composite. Ferroelectric phase has tetragonal 
perovskite structure and ferrite phase has a cubic spinel structure. The lattice parameters of ferroelectric phase 
are a=4.001 and c=4.005 and c/a ratio is 1.001 the lattice parameter for ferrite phase is a=8.366Å. are given in 
Table 1. As all the peaks of the composites are identified it conforms the formation of composites with two 
distinct phases. Increased molar percentage of ferroelectric in composites leads to increase in the intensity of 
(110) ferroelectric peaks. From XRD pattern it observed that with increase in ferroelectric percent in composite, 
number of ferroelectric peaks increases also the intensity of most intense ferroelectric peak (110) also increases. 
The XRD pattern shows the presence of two phases i.e. piezomagnetic and piezoelectric, no single phase 
formation of composite material is observed, further it can be observed from figure that the intensity of all the 
reflections of piezomagnetic and piezoelectric phases decreases as compared to their individual phases [10, 11]. 
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Fig-1: X-Ray Diffraction pattern of (1-x) Co1.2Mn0.2Fe1.6O4 + (x) BaTiO3 composite 
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Fig-1: X-Ray Diffraction pattern of (1-x) Co1.2Mn0.2Fe1.6O4 + (x) BaTiO3 composite 
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Table 1 contains the values of lattice constant for piezomagnatic phase and piezoelectric phase. It is evident 
from Table 1 that lattice constant of piezomagnatic phase increases from x= 0.00 to x = 0.75. The increase in 
lattice constant of the piezoelectric phase x = 0.25 to x = 1.00 found to increases marginally. The slight increase 
in lattice constant is attributed to increase in piezoelectric contents in the composite. 

The values of average grain size are also given in Table1 and found to increase with ferroelectric contents x. 
The grain size lies between 1.11 to 2.56µm. The grain size of composites is found to increases with increasing 
ferroelectric content. 

Comp 
‘x’ 

Lattice parameters (Å) Particle size ‘t’ (Å) Average grain 
size(µm) Piezomagnetic Piezoelectric Piezomagnetic 

Phase 
Piezoelectric 

Phase a a c c/a 
0.00 8.366 --- --- --- 245 --- 1.11 
0.25 8.376 4.000 4.000 1.000 231 158 1.25 
0.50 8.387 4.000 4.006 1.002 208 175 1.68 
0.75 8.389 4.001 4.005 1.001 185 192 2.19 
1.00 --- 4.002 4.003 1.003 --- 211 2.56 

Table 1: Lattice constant of piezomagnetic, piezoelectric phase and Variation of average grain size and particle 
size of (1-x) Co1.2Mn0.2Fe1.6O4 + (x) BaTiO3. (x= 0.00 - 1.00) composite. 

3.2 Scanning Electron Microscopy (SEM) 
Fig.2 represents the scanning electron micro graphs of the ferrite, ferroelectric and their composites The grain 
size of the ferrite, ferroelectric and their composites was also estimated from Scanning electron microscope 
technique (SEM)[12, 13]. The average grain size of pure piezoelectric phase is high as compared to pure 
piezomagnetic phase. In case of composites the grain size decreases as mole percentage of piezomagnetic phase 
increases. 

(X = 0.00) 
 

(X=0.25) 

(X = 0.50) (X = 0.75) 
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(X =1.00) 

Fig-2: SEM micrograph of (1-x) Co1.2Mn0.2Fe1.6O4 + (x) BaTiO3. (X = 00 to 1.00) 

4. MAGNETIC STUDIES 
4.1 Magnetic Hysteresis 
The magnetic properties of (1-x) Co1.2Mn0.2Fe1.6O4 + (x) BaTiO3 composites materials were investigated using 
pulse field hysteresis loop technique. The hysteresis loop for all the samples of composite material under 
investigations are shown in Fig 3. It is seen that the hysteresis loops for the composites shift towards the field 
axis with decreasing piezomagnetic content. The saturation magnetization and magnetic moment of the 
composites increases with piezomagnetic content, however individual  piezomagnetic grains acts as a centers of 
magnetization and the saturation magnetization of the composites is due to the vector sum of all these individual 
grains of piezomagnetic [14, 15]. The increase of magnetic contacts with piezomagnetic content results in the 
increase of net magnetization. Piezoelectric phase incorporated with the piezomagnetic phase acts as pores in 
the presence of applied magnetic field, which breaks the magnetic circuits resulting in the decrease of saturation 
magnetization with increasing piezoelectric content [16, 17]. 

The hysteresis loop for x= 0.00, 0.25, 0.50 and 0.75 at room temperature for x = 0.00 the saturation 
magnetization is 70.67 emu/gm and for x=0.25, 0.50 and 0.75 the values are 54.95 emu/gm, 35.59 emu/gm and 
19.90emu/gm respectively. This indicates that the magnetic moment decreased with increasing ferroelectric 
content in the composite. It is clear from Fig 3that all the sample exhibit typical magnetic hysteresis of the 
magnetic materials, indicating that the composites are magnetically ordered. 

The saturation magnetization of the composites decreases linearly with increasing ferroelectric BaTiO3 content. 
This is because the ferroelectric phase incorporated with the ferrite phase acts as pores in the presence of 
applied magnetic field which breaks the magnetic circuits resulting in the decrease of saturation magnetization 
with increasing ferroelectric content. The decrease in saturation magnetization is due to non magnetic nature of 
BaTiO3. Similar behaviour of the saturation magnetization (Ms) with composition ‘x’ is reported in the 
literature [18, 19]. The remanent magnetization (Mr) values obtained from M-H plots shows decreasing nature 
with increase in ferroelectric content. For  x = 1.0 (pure ferroelectric), the M-H plot is not seen. 
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Fig-3: Hysteresis loop for (1-x) Co1.2Mn0.2Fe1.6O4 + (x) BaTiO3. (X = 0.00 to X=0.75)   Composite. 

4.2 ME output 
The magnetoelectric effect is characterized by a variation of the electrical magnetization by an external 
electrical field E. The ME effect is defined as an induced dielectric polarization of a material in an applied 
magnetic field or an induced magnetization in an external electric field. The composite, which exhibit ME effect 
are known as the “Magneto-electric composites”. Composite material containing piezoelectric and 
piezomagnetic phases exhibit ME effect. It is due to the strain induced in the piezomangetic phase by the 
applied magnetic field, being mechanically coupled stress induced in the piezoelectric/ ferroelectric phase, the 
coupling resulting in an electric voltage. 

 
Fig-4: Variation of magneto-electric conversion factor with magnetic field for (1-x) Co1.2Mn0.2Fe1.6O4 + (x) BaTiO3. 
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Fig. 4 shows the magnetoelectric effect voltage coefficient as a function of d. c. magnetic bias for all composites 
under investigation. The magnetoelectric (ME) effect is measured by changes in the resulting electric field in 
the magnetoelectric (ME) composites due to the applied external magnetic field. It is observed that 
magnetoelectric (ME) coefficient initially increases to a certain applied magnetic field (0.5KOe) and then start 
decreasing as applied field increases [20, 21]. 

The magnetoelectric (ME) effect is found to be maximum for x=0.75 (i.e. for 25% Co1.2Mn0.2Fe1.6O4 + 75% 
BaTiO3). The magnetoelectric (ME) effect in composites is due to the strain induced in ferrite phase by the 
applied magnetic field which being mechanically coupled to induce a stress in surrounding ferroelectric phase. 

4 CONCLUSIONS 
The composites of ferrite and ferroelectric with formula (1-x) Co1.2Mn0.2Fe1.6O4 + (x) BaTiO3 has been 
successfully synthesized by ceramic technique with the presence of two distinct phases of ferrite and 
ferroelectric as evidenced by the X ray diffraction techniques. The intensity of piezomagnatic peak increases 
with in piezomagnatic contents in the composite. The saturation magnetization, remanent magnetization, 
coercivity, Curie temperature of the composites decreases with decrease in ferrite content of the composites.The 
composite under investigation in the present study exhibits better values of magnetoelectric conversion factor. A 
large ME voltage coefficient of about 647 Vcm-1Oe-1 was observed for 25% CoMnFe2O4 + 75% 
BaTiO3composite 
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ELECTRICAL AND ELECTROCHEMICAL PERFORMANCE OF  
(1-x)La0.8Sr0.2MnO3: (x)Ce0.8Gd0.2O2  COMPOSITE CATHODE FOR INTERMEDIATE 

TEMPERATURE SOLID OXIDE FUEL CELL APPLICATION 

K. R. Nagde 
Department of Physics, Government Vidarbha Institute of Science & Humanities Amravati 

ABSTRACT 
(1-x)La0.8Sr0.2MnO3:(x)Ce0.8Gd0.2O2(x = 30, 40, 50 and 60 wt%) composite cathodes were investigated in order 
to enhance theelectrochemical performance from intermediate temperature  solid oxide fuel cell (IT-
SOFC)applicationview point. Composite cathode showed decrease in electronic conductivity with increased 
Ce0.8Gd0.2O2 content. The parameters of constant phase element (CPE) corresponding to electrode varied with 
decreased temperature.The sintering temperature of the cells was optimized to 1000 C in terms of lowest area 
specific resistance (0.30  cm2 at 800 C). The polarization resistance is minimum for 
60La0.8Sr0.2MnO3:40Ce0.8Gd0.2O2composite cathode. 

Keywords: Solid oxide fuel cells, Composite cathode, Electrical conductivity, Electrochemical impedance 
spectroscopy,Area specific resistance (ASR), Symmetric cell. 

1. INTRODUCTION 
Solid oxide fuel cells, SOFCs, have been exhibiting two prominent advantages over the conventional power 
sources viz. high-energy efficiency and low emission level. Additionally, they have attracted a great deal of 
attention due to their operation in a two - phase (gas/solid) system. LaMO3 based perovskites, where M 
represents transition metal elements, have been the typical functional ceramics useful for SOFC 
application.ABO3perovskite type structure permits the formation of vacancies on oxygen lattice site to a large 
extent, and most transition elements can take more than one valence states. The pervoskite, therefore, exhibited 
oxygen non-stoichiometry depending on composition, temperature and oxygen partial pressure [1]. 

In near recent past, to improve the performance of cathode for intermediate-temperature solid oxide fuel 
cells(IT-SOFC)mixed ionic-electronic conductor as cathode has been proposed[1].  In this regard, a new 
structure has been proposed, in which the cathode comprised of two continuous parts. One part has been the 
framework made of the porous electrolyte. The other part consisted electronic-conducting particles embedded in 
the framework. The contact area between the electronically and ionically conductive phases, thus, increased 
significantly [2].Concurrently, the use of the composite cathode has allowed spreading of the electrochemical 
reaction zone from the electrode/electrolyte interface into the electrode. The chemical reactivity between 
lanthanum strontium manganite, LSM, andyttria stabilized zirconia, YSZ, led to the formation of low 
conductingpyrochlore La2ZrO7 (LZO) phase in case of LSM-YSZ compositethat prohibited its use in SOFC [3]. 
However, LSM is chemically stable at high temperature with gadolinia doped ceria (GDC) electrolyte 
[4].Composite cathode have proven to exhibit high electrochemical performance and considered to be feasible 
for SOFC application. 

Perry and Barnett prepared (1-x)La0.8Sr0.2MnO3:(x)Ce0.8Gd0.2O2(x= 0 to 60 wt%) composite cathode system to 
measure the oxygen reaction kinetics. However, they have used La0.8Sr0.2MnO3 andCe0.8Gd0.2O2 powders 
(Seattle Specialty Ceramics) having particle size 2.3 and 3 m, respectively [5]. Also no DC conductivity is 
reported. 

In the present studynano crystallite (425 nm) La0.8Sr0.2MnO3 (LSM) was prepared using combustion technique, 
without using fuel and Ce0.8Gd0.2O2(GDC) nanopowder procured from Sigma Aldrich to see the effect of 
particle size on electrical and electrochemical performance of composite cathode. Various compositions 
belonging to the (1-x)LSM:(x)GDC composite system were prepared and subsequently characterized. The effect 
of the sintering temperature on the cell performance was also evaluated using electrochemical impedance 
spectroscopy. 

2. EXPERIMENTAL 
The La0.8Sr0.2MnO3was prepared using combustion synthesis as described elsewhere [6]. Nano powder 
ofCe0.8Gd0.2O2procured from Aldrich (USA) was used as an electrolyte. The La0.8Sr0.2MnO3, electronic 
conductor used to obtain composite cathode was selected on the basis of lowest area specific resistance ASR 
observed in previous study [4]. The LSM and GDC in 70:30, 60:40, 50:50 and 40:60 weight ratios were taken to 
optimize the composition of composite. Each composite mixture mentioned above was ball milled at 300 



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

20 

ISSN  2394 - 7780 

revolution per minute, rpm, for 1 h under acetone using Pulversitte-6 planetary monomil (Fritsch, 
Germany).Finally, the pellets of well ground composite mixture were sintered at 1000 C for 4 h. 

The microstructures of sintered samples were examined with the help of scanning electron microscope, JEOL 
JSM-6380A.  The thin platinum film on both the flat surfaces of sintered pellet was obtained by dc sputtering to 
ensure good ohmic contacts during dc electrical conductivity measurements. Prior to the conductivity 
measurement, the sample was heated to 800 C for 1 h so as to homogenize the charge carriers. The resistance 
as a function of temperature, during the cooling cycle, was measured using four-probe method with the help of 
computer controlled Keithley 6221 current source and 2182A nanovoltmeter in delta mode. The temperature of 
the sample, during the conductivity measurement, was controlled with an accuracy of ± 1 C with the help of 
Eurotherm 2216e temperature controller. The tip of a calibrated thermocouple was kept in the vicinity of the 
sample to measure the actual sample temperature. 

For electrochemical investigations, initially the slurry / ink of each cathode composition was obtained as 
follows.Specifically, 1g batch of composite cathode mixture as described abovewas mixed with polyvinyl 
buteral binder, sodium free corn oil and methyl ethyl ketoneand ball milled for 5 h at 300 rpm.On the other 
hand, GDC nano-powder as procured was fired at 800 C for 2 h. Subsequently, GDC electrolyte was obtained 
in the form of a circular disc (pellet) of 9 and 1 - 2 mm diameter and thickness, respectively. Later, they were 
sintered at 1400 C for 6 h. The density of GDC pellet was about 96% of the theoretical value. Both the flat 
surfaces of the disc were then roughened with # 60 grid paper and cleaned with an acetone.  The slurry / ink of 
cathode material was then spin coated on both the flat surfaces of sintered GDC electrolyte at 3000 rpm for 60 s 
so as to obtain the symmetric cell of configuration given below:composite cathode / GDC / composite cathode 

The symmetric cells were initially baked at 600 C for 2 h so as to burn out the organic binders, and then finally 
sintered at 800, 1000 and 1200 C for 2 h so as to optimize the sintering temperature. The details of symmetric 
cells are summarized in Table 1. 

Table-1: Details of composition of composite cathode, cell sintering temperature (ts), cell abbreviation and 
activation energies of symmetric cells. 

LSM: GDC (wt %) ts(C) Cell abbreviation Ea(eV) Ea
, (eV) 

70:30 1000 Cell 73-10 1.670 1.601 

60:40 1000 Cell 64-10 1.092 1.121 

50:50 1000 Cell 55-10 1.960 1.955 

40:60 1000 Cell 46-10 1.362 1.321 

60:40 800 Cell 64- 8 1.671 1.701 

60:40 1200 Cell 64-12 1.616 1.597 

ts- Sintering temperature. 

Ea- Activation energy determined from temperature dependent conductivity plots. 

Ea
,- Activation energy determined from peak frequency temperature dependent plots 

Experimental procedure adoptedfor electrochemical impedance spectroscopy as a function of temperature and 
oxygen partial pressure on composite cathode was similar to that described elsewhere [7]. 

3. RESULTS AND DISCUSSION 
3.1. Scanning electron microscopy 
The SEM photographs of cathode surface ofCell 64-8,Cell 64-10 and Cell 64-12 are shown in Figs. 1 (a), (b) 
and (c), respectively. A close look at the Fig. 1 (a) revealed the agglomeration of nano-sized grains with a large 
number of nano pores.The cellsintered at 1000 C resulted inincreased grain size with adequate porosity (Fig. 1 
(b)). Evidentally, a considerable grain growth took place when the cell was sintered at 1200 C. The grain 
growth considerably reduced agglomeration thereby less pores (Fig. 1 (c)). Fig. 1 (d) revealed intimate contact 
between cathode and electrolyte. Moreover, the electrode / electrolyte interface was found to be homogeneous 
homogeneous. Despite thermal cycles at 800 C neither cracks nor separations between the electrode and 
electrolyte was found at the interface. The electrode layer thickness was approximately 17.1m. 
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Fig-1: Scanning electron microphotographs of cathode surface of(a) Cell 64-8(b) Cell 64-10and (c) Cell 64-

12and (d) fractured electrode / electrolyte interface of Cell 64-10. 

3.2. DC conductivity 
The variation of DC conductivity with temperature for all the composites (70:30, 60:40, 50:50 and 40: 60 wt%) 
under study is depicted in Fig. 2. As seen, the electronic conductivity, in general, of all composites obeyed 
Arrhenius law described in eq. (A.1). A close scrutiny of the Fig. 2 revealedlower electronicDC conductivity in 
case of composites compared to that of in pure LSM. The decreased electronic dc conductivity of composites 
was due to an addition of electronically insulating GDC into them. The addition of such electronically insulating 
phase reduced considerably the electron-conducting parallel paths in the sample thereby the conductivity [8]. 
Nevertheless, all composites exhibited requisite electronic conductivity from cathode viewpoint due to a large 
number of parallel electronically conducting paths. The semiconductor to pseudo-metal phase transition at about 
680 Cobserved in all the compositeswas due to presence of LSM. 

 
Fig-2: Arrhenius plots of of (1-x) LSM: (x) GDC (x= 30 to 60 wt%) composite system sintered at 1000 C for 4 h. 
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3.3. Electrochemical impedance spectroscopy 
Typical complex impedance plotsfor Cell 64-10 at different temperatures are depicted in Fig. 3 (a) and (b). In 
general, the convoluted impedance spectra are observed. The impedance spectra were analyzed using computer 
programmerevealed two overlapped semicirculardistorted arcs in the low frequency region.The presence of two 
semicircular arcs (dotted curves in the low and the mid frequency regimes) suggested at least two different 
electrode processes that limited the oxygen reduction reaction. The low and mid frequency arcs were due to oxy 
ion diffusion and charge transfer process, respectively. Similar interpretation was done by Suzuki et al [9]. The 
absence of semicircular arc in the high - frequency region was attributed to the limitations of high frequency of 
FRA 1255B (≤1MHz). Similar behavior was observed for Cell 73-10, Cell 55-10 and Cell 46-10.The activation 
energy Ea=0.91±0.003 eVdetermined from the Arrhenius plot (log T Vs 103/T) due to bulk electrolyte 
(Rb)estimated from high frequency domain,is in good agreement with the value for GDC electrolyte 
reportedearlier [10, 11]. The real axis intercepts of all semicircular arcs, as expected, increased with 
decreasedtemperature;indicatedincreased ASR as well as bulk electrolyte resistance. Hence, observed 
semicircular arc at low frequency domain was not due to the GDC electrolyte but correspond to electrode. 

The simulated curve (dotted line shown in Fig. 3 (b)) obtained from the electrical equivalent model,depicted in 
insert of Fig. 3 (b), fitted well with the experimental data (solid circular points). 
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Fig-3: Complex impedance plots of Cell 64-10(a) at different temperatures and (b)at 800 C. 

Constant phase element (CPE) in circuit takes care of depression in the semicircular arc due to the distributed 
relaxation time. The Rb was the bulk resistance due to GDC electrolyte.TheR2and R1 were the resistances 
corresponding to low- and -mid-frequency semicircles, respectively. The values of the simulated circuit 
elements at various temperatures are displayed in Table 2. 

Table-2: The values of fitted circuit elements corresponding to electrochemical impedance spectra of Cell 
64 -10 at various temperatures. 

Sr# T (C) Rb () CPE1 -T CPE1- P R1 () CPE2-T CPE2 -P R2 () 
1 800 9.27 9.770E-5 1.0 0.373 0.224 0.66 1.375 
2 780 10.84 4.130 E-5 0.85 0.969 0.178 0.77 1.517 
3 760 12.33 4.933 E-5 0.87 1.41 0.162 0.75 3.503 
4 740 14.04 4.068 E-4 0.68 3.765 0.133 0.82 7.148 
5 720 16.19 1.091 E-4 0.74 5.268 0.108 0.79 18.79 

Evidentally, the parameters (CPE-T and CPE-P) of CPE1 as well as CPE2variedwith decreased in temperature, 
such behavior indicated thermally activated electrode process. 

Plots of log (ASR) against 103/T for Cell 64-8, Cell 64-10 and Cell 64-12 sintered at 800, 1000 and 1200 C are 
displayed in Fig. 4. The ASR, in general, obeyed the Arrhenius law. The activation energies for all cells 
determined from temperature dependentASR plotsare compared in Table 1. A close scrutiny of the insert of Fig. 
4revealed relatively higherASR for the cell sintered at 800 C. The ASRreduced on sintering the cell at 1000 
C,which was attributed to the improved contact between LSM and GDCgrains of composite cathode (Fig. 1 
(b)). When the sintering temperature increased to 1200 C, however, the ASR increased (Fig. 4). Here, GDC as 
well as LSM grains grew further ((Fig. 1 (c)) after sintering. The grain growth decreased the cathode porosity 
(Fig. 1(C)),and eventually reduced the triple phase boundary, TPB, or electrochemical reaction sites whereby 
ASR.Since, the cell sintered at 1000 C offered lowest ASR as well as activation energy (Table 1); all other 
cells under study were sintered at this (1000 C) temperature for further study. 
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Fig-4: Variation of log (ASR) with temperature for Cell 64-8, Cell 64-10and Cell 64-12; insert shows 

The variation of peak frequency (fp) corresponding to the low frequency semicircle in complex   impedance 
plane with temperature, depicted in Fig. 5, suggested Arrhenius like behavior. The activation energy (Ea) 
determined using Eq. (A.2). A comparison of activation energies determined using eq. (A.2) and from 
temperature dependent ASR (Table 1) revealed close matching. These results suggested hopping mechanism of 
the charge transportvia oxy ion diffusion within the electrode as well as across the electrode- electrolyte 
interface. Similar results have also been reported in literature [7]. 

Plots of log (ASR) against 103/T for cells having different cathode compositions and sintered at 1000 C for 2 h 
are displayed in Fig. 6. Evidently, amongst all the cells, Cell 64-10 exhibited lowest ASR as well as activation 
energy (Table 1). The variation of ASR for cell with GDC content in composite cathode, depicted in insert of 
Fig.6,suggested lowest ASR for cell having 60LSM:40GDC cathode. The initial decrease in ASR with GDC 
content was due to increased TPB. The increased ASRwith GDC content beyond 40 wt% was attributed to the 
decreased continuity of the LSM phase in the composite, thereby, decreased electronic conductivity. Lowest 
ASR for60LSM:40GDC composite cathodewas due to maximum TPB resulting from optimum dispersion of 
GDC in LSM. In fact, the high ionic conductivity of electrolyte reduced the cathodic polarization resistance in 
composite cathode. The reduction in the cathode polarization resistance due to an addition of high ionically 
conducting electrolyte in composite has also been reported in literature [12, 13]. The 60LSM :40GDC 
composite cathode, cell sintered at 1000 C for 2 h, selected on the basis of lowest ASR for further study. 

 
Fig-5: Variation of log (fp) with 103 / T, corresponding to low frequency semicircular arcs (cathode), for cells 

with different cathode compositions. 
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The electrochemical impedance plots at 800 C for different oxygen partial pressures (
2OP ) around optimized 

Cell 64-10 are depicted in Fig. 7. In general, x-axis interceptof low frequency semicircular arc increased with 
decrease in

2OP . On the other hand, the electrolytic bulk resistance / conductivity was least affected inspite of 

variation in .
2OP Similar behavior was observed for Cell 64-10 at 700 C. The variation of log (ASR) at 700 and 

800 C with log (
2OP ) shown in insert of Fig.7suggested a linear dependence of the former on the latter. In other 

words, the ASR varies with the oxygen partial pressure according to the eq. (A.3) 
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Fig-6: Variation of log (ASR) with 103 / Tfor cells with different composite cathode and sintered at 1000 C for 

2 h; insert shows effect of GDC content in composite on ASR  at 800 C. 
The value of n is useful to understand the type of species and electrochemical reactions involved in electrode 
reactions [13]. 

The n = 0.20, n = 0.18 at 700 and 800 C, respectively (estimated from insert of Fig. 7) indicated adsorption of 
oxygen in oxide lattice. The oxygen, thus adsorbed, resulted into the change in concentration of electron and 
vacancy for oxygen according to eq. (A.6). The changed concentration of such created defects in the oxide 
lattice with increased  reduced the ASR. 
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Fig-7: Complex impedance plots at different oxygen partial pressures for Cell 64-10 at 800 C and insert 

showsvariation of ASR with oxygen partial pressure at 700 and 800 C. 
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CONCLUSIONS 
The cellsintering temperature was optimizedto 1000 C to obtained smaller grain with adequate porosity.  
Electrode polarization decreased considerably due to addition of oxy-ion conducting second phase in LSM. 
Amongst all composite cathodes60LSM:40GDC gave lowest ASR (0.30 cm2) with minimum activation 
enthalpy (1.092eV). Impedance analysis and oxygen partial pressure dependence study indicated charge 
transport process as the rate limiting step for the oxygen reduction. The charge transport process within the 
electrode and across the electrode-electrolyte interface was via charge hopping mechanism. 
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APPENDIX A 

         (A.1) 

Where,Ea is the activation energy and k is Boltzmann constant. 

         (A.2) 

Here, fpand f0 are jump and attempt frequencies, respectively. 

         (A.3) 

        (A.4) 
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ABSTRACT 
Chalcones are a class of ß unsaturated carbonyl compounds that form the central core for a variety of 
naturally occurring biologically active compounds. They exhibit tremendous potential to act as a 
pharmacological agent. A molecular graph is constructed by representing each atom of a molecule by a vertex 
and bonds between atoms by edges. The M-polynomial of G is introduced with 
M(G;x,y)= , Where mij (G), (i,j 1) be the number of edges e = uv of G such that (du,dv) = 
(i , j). In this paper M-polynomials, degree-based   Zagreb indices, new versions of Zagreb indices and 
redefined Zagreb indices of chalcone are investigated. 

Keywords: Chalcone, molecular graph, M-polynomial, topological index, redefined Zagreb index, Zagreb 
index,. 

1. INTRODUCTION 
Let G be a connected graph with vertex set V(G) and edge set E(G). The edge connecting the vertices u and v 
will be denoted by uv. The degree of a vertex u belong to E(G) is denoted by du and is the number of vertices 
that are adjacent to u [1]. A topological index is a numerical value associated with the chemical constitution of a 
certain chemical compound aiming to correlate various physical and chemical properties or some biological 
activity in it [2]. The degree-based topological indices in the form of function f(x,y) are defined by Gutman [3]. 
The M-polynomials, degree-based polynomials and topological indices of different molecular graphs are studied 
by [4-14]. Some degree-based topological indices and polynomials of silicate and oxide networks are studied by 
[15]. 

Chalcones are group of compounds with two aromatic rings connected by a keto-vinyl chain, constitute an 
important class of naturally occurring flavonoids exhibiting a wide spectrum of biological activities [16-17]. 
Chalcones are a class of , ß unsaturated carbonyl compounds that form the central core for a variety of 
naturally occurring biologically active compounds. They exhibit tremendous potential to act as a 
pharmacological agent [18]. Chalcones, either natural or synthetic, are known to exhibit various biological 
activities, such as antioxidant, antiinflammatory, antimalarial, antileishmanial, anticancer and antitumor 
[19].The degree-based topological indices, first Zagreb (M1),second Zagreb (M2), second modified Zagreb 
(mM2), general Randic´ (Rα ), reciprocal general Randic´ (RRα ) and symmetric division deg (SDD)indices  are 
computed from the M -polynomials. In addition, the Harmonic index (H), inverse sum index (IS) and the 
augmented Zagreb index (AZI) for different molecular graphs are also studied. 

The formulas of standard degree-based topological indices are defined in the literature. The new versions of 
Zagreb indices are defined in [20-22] and are given table (1).The redefined first, second and third Zagreb 
indices are defined by [23]. The eccentricities of vertices of simple graph are represented in figure (1) [24]. 
The notations used in this paper are standard and mainly taken from [25-29]. In this paper M-polynomials, 
degree-based   Zagreb indices (M1(G), M2(G), mM2(G)), new versions of Zagreb indices (M2*(G) , 

M1*(G), M1**(G)) and redefined Zagreb indices (ReZG1(G) ,ReZG2(G)) of chalcone are investigated. The 
first and second Zagreb indices are defined as: 

M1(G) =   and  M2(G) =  respectively. The second modified Zagreb index 

is defined as:  mM2(G) =  . 

The eccentricity of a vertex v in a graph G, denoted ecc(u), is the distance from u to a vertex farthest from u 
that is ecc(u) = ε(u) = max{d(x, u) | x �V(G)}, The eccentricity of all the vertices of simple connected graph 
with n = 5 can be seen from figure (1) as: 
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Fig-1: Molecular graph with n =5    and       Fig-2: Molecular graph of chalcone. 

2. EXPERIMENTAL PROCEDURE 
A molecular graph is constructed by representing each atom of a molecule by a vertex and bonds between atoms 
by edges. Molecular graphs are hydrogen suppressed graphs i.e. vertices of the graph correspond to non-
hydrogen atoms [30-31]. The degree-based topological indices D=D(G) = ,where summation 
goes over all parts adjacent vertices u ,v of the molecular graph G and du denotes the degree of vertex is the 
number of edges that are incident to u. The notation in the form of function f(x,y) for degree-based topological 
indices is used by [32] to discuss special cases as: 

(1) f(x,y) =  , for the Randic index. 

(2) f(x,y) = x+y , for the first Zagreb index, etc. 

The function f(x, y) for M1 
**(G) can be expressed as [33]: 

The alternative form of M1(G) = M1(G)  is M1(G) = , 
 Likewise M1 

**(G)  can be defined as: 

M1 
**(G) = (G)2 =  and so f(x,y) = (G). 

The M-polynomial of G is introduced with 

M (G; x, y) =  

Where mij (G), (i, j1) be the number of edges e= uv of G such that (du,dv) = (i, j) . 
Redefined first and second Zagreb indices are defined as: 

ReZG1(G) =   and 

ReZG2(G) =   . 

The new versions of Zagreb indices are defined as: 
M2

*(G) = , 

M1
*(G) =  and 

M1
**(G) = . 

3. RESULTS AND DISCUSSION 
It is possible to use molecular graphs to construct descriptors of molecular shape and size that correlate to 
properties of substances. The hydrogen suppressed molecular graph of chalcone is shown in figure (2).The 
degree-based topological indices such as M1(G), M2(G), mM2(G), R’

 SDD(G), IS(G), AZI(G) are ,(G)ߙR ,(G)ߙ
discussed in the literature. It can be observed from molecular graph of chalcone figure (2), there are18 vertices 
and 17 edges. Let G = (V, E) be a graph with V vertices and E edges. The distance d(u,v) between two nodes u 
and v is the length of the shortest path between them [32]. The eccentricity �(u) of a graph vertex u in 
connected graph G is the maximum distance between u and any other vertex v of G i.e. max{d(x, u) | x � 
V(G)}. Redefined Zagreb indices ReZG1(G) and ReZG2(G) are degree-based topological indices. The new 
versions of Zagreb indices, third Zagreb eccentric index (M2

*(G)), first Zagreb eccentric index (M1
*(G)), 

second Zagreb eccentric index 

( M1
**(G)) are eccentricity-based topological indices. The eccentricity of all the vertices of simple connected 

graph with n = 5 can be seen from figure (1) as: 
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3.1 M-polynomial 
In this section we compute Zagreb indices for chalcone. The M-polynomial of G is introduced with M(G;x,y) = 

  where mij(G), (i,j 1) be the number of edges e= uv of G such that (du,dv) = (i,j). It can 
be observed from figure (2) that there are four types of edge partitions as: E(2,2), E(2,3), E(2,4), and E(3,4)

 . 

The M-polynomial of the chalcone is 

M(G; x, y) =  

= +  +  . 

= + . 

= |E (2,2)| x 2 y 2 + |E (2,3)| x 2 y 3 +|E (2,4)| x 2 y 4+|E (3,4)| x 3 y 4. 

Now, from M-polynomial equation we compute the Dx,   Dy, J, Sx and Sy: 

M(G; x, y)= 9x 2 y 2+ 5 x 2 y 3+ 2x 2 y 4+ x 3 y 4 

Dx =18 x 2 y 2+10x 2 y 3+ 4x 2 y 4+3x3y4 

Dy =18 x 2 y 2+15x 2 y 3+ 8x 2 y 4+ 4x 3 y 4 

Dy Dx = 36 x 2 y 2 + 30x 2 y 3+ 16x 2 y 4+12 x 3 y 4 

Sy = x 2 y 2+  x 2 y 3+ x 2 y 4+ x 3 y 4. 

Sx= x 2 y 2+  x 2 y 3+ x 2 y 4+ x 3 y 4 

J = 9x 4+ 5 x 5 + 2x 6 + x 7. 

Sx J =  x 4+ x 5 + x 6 + x 7. 

Sx Sy = x 2 y 2+  x 2 y 3+ x 2 y 4+ x 3 y 4. 

The first Zagreb, second Zagreb and second modified Zagreb indices are computed as: 

3.2 First Zagreb index 
First Zagreb index: f(x,y) = (x + y), As Dx =  18 x 2 y 2+10x 2 y 3+ 4x 2y 4+3x3y4 

and  Dy =18 x 2 y 2+15x 2 y 3+ 8x 2 y 4+ 4x 3 y 4 

M1(G)=  (Dx+Dy)(M(G; x, y))x = y=1 

= ((18 x 2 y 2+10x 2 y 3+ 4x 2y 4+3x3y4)+ (18 x 2 y 2+15x 2 y 3+ 8x 2 y 4+ 4x 3 y 4))x=y=1 

= (36x 2 y 2+25x 2 y 3+ 12x 2 y 4+7x3y4)x=y=1 = 36+25+12+7 = 80. 

3.3 Second Zagreb index 
Second Zagreb index: f(x, y) = x y, As Dx = 18 x 2 y 2+10x 2 y 3+ 4x 2 y 4+3x3y4 , 

M2(G) = (DyDx)(M(G;x,y))x = y=1= Dy (18 x 2 y 2+10x 2 y 3+ 4x 2 y 4+3x3y4)x = y = 1 

= (36 x 2 y 2+ 30x 2 y 3+ 16x 2 y 4+12 x3y4 )x=y=1 = 36+30+16+12 = 94. 

3.4 Second modified Zagreb index 
Second modified Zagreb index: f(x,y) =  = (SxSy)(M(G;x,y))x=y=1 

As Sx (Sy) = x 2 y 2+  x 2 y 3+ x 2 y 4+ x 3 y 4. 

mM2(G) =  ( x 2 y 2+  x 2 y 3+ x 2 y 4+ x 3 y 4 )x = y = 1. 

= 3.4166. 
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3.5 Redefined second Zagreb index 
ReZG2(G):f(x,y)=  

As J= 9 x 4 +5x 5 + 2x6+ x 7 . 

SxJ (M (G; x,y))x = 1 = (  x 4+ x 5 + x 6 + x 7 )x = y = 1. 

=   + 1+    +  . 

= 3.726. 

The computed values of   ReZG1(G), M2
*(G), M1

*(G)  and M1
**(G) from M-polynomials are represented in table 

number (2). The eccentricity based M-polynomials and new versions of Zagreb indices can be studied by 
studying the eccentricity of each vertex of a molecular graph of chalcone (fig.2). The eccentricity-based M-
polynomials are expressed and eccentricity-based Zagreb indices are computed and given in table number (2). 

Table-1: Derivation of Zagreb indices from M-polynomial for chalcone. 
Zagreb indices f(x,y) Derivation from M(G;x,y) 

M1(G) x+y (Dx+Dy)(M(G;x,y))x = y=1 
M2(G) xy (DxDy)(M(G;x,y))x = y=1 

mM2(G) 
 

(SxSy)(M(G;x,y))x = y=1 

ReZG1(G) 
  

1/SxJ(M(G;x,y))x = 1 

ReZG2(G) 
 

SxJ(M(G;x,y))x = 1 

M2
*(G)  ( )(M(G;x,y))x = y=1 

M1
*(G) 
 

 ( + )(M(G;x,y))x = y=1 

M1
**(G) 
 

)2= 
 

( + )(M(G;x,y))x = y=1 

 
Where Dx= , Dy= ,Sx= , Sy=  , J=f(x,x). 

Table-2: The values of Zagreb indices for chalcone. 
Zagreb indices Derivation from M(G;x,y) 

M1(G) 80 
M2(G) 94 

mM2(G) 3.4166 
ReZG1(G) 0.2684 
ReZG2(G) 3.726 

M2
*(G) 1414 

M1
*(G) 306 

M1
**(G) 306 

4. CONCLUSION 
The M-polynomials, degree-based, new versions and redefined Zagreb indices are computed for chalcone. The 
chalcone is widely used in pharmacology experimentation. Chalcones are known to exhibit various biological 
activities, such as antioxidant, antiinflammatory and antimalarial, antileishmanial, anticancer and antitumor. 
These results can play an impotant role in preparation of new drugs and QSPR/QSAR study. 
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ABSTRACT 
Due to the increasing demands of metal oxide nanocomposite materials in the electronic industry, it is 
necessary to investigate the dielectric properties of nanocomposite under various frequency and temperature 
conditions. In this work we reported the synthesis of CuO/ZnO nanoscale composite junction by mechanical 
milling method. The XRD was used to analyse the nanocomposite sample. The dielectric properties such as 
permittivity, loss tangent, AC conductivity and capacitance was investigated using broadband dielectric 
spectroscopy(BDS) at frequency 1MHz, 10MHz and 100MHz respectively under temperature range from 00C to 
1000C. The result revealed that the permittivity of CuO/ZnO nanoscale composite junction at 1MHz frequency 
goes on increasing with increasing temperature. It is relatively constant at 10 MHz and 100 MHz frequency. 
The Loss tangent, AC conductivity and capacitance also showed the significant variation with temperature. 

1. INTRODUCTION 
The metal oxide nanocomposites are attracting the attention of scientific community due to their strange 
properties as compared to their bulk material counterpart. The structural, mechanical, electrical and optical 
properties of nanocompiste are useful in electronic devices fabrication [1-5]. In this work we used the CuO and 
ZnO research grade powder for the synthesis of CuO/ZnO nanoscale composite junction. The CuO is narrow 
bandgap p-type semiconductor with band gap energy about 1.7eV [6-9].The ZnO is n-type wide band gap 
semiconductor with band gap energy about 3.37eV [10, 11]. The CuO/ZnO nanosclae composite junction if 
formed by simple mechanical milling of the research grade powder taken in equal weight ratio. The milling was 
done at room temperature.this is the simplest method of forming the nanocomposite junction. In this process, 
the lattice crystal of CuO and ZnO undergoes strong plastic deformation, result in stresses and strains.  During 
the mechanical milling process the collision between the grains of powder increases the interface temperature, 
which creates the nanocomposite [12]. When the interface of p-CuO and n-ZnO contact each other, the p-
CuO/n-ZnO nanoscale composite junction could be formed. The formation of nanocomposite junction is 
confirmed from the XRD of the sample. The synthesis part of this nanocomposite junction is published in my 
earlier publication [13]. 

The dielectric properties of CuO/ZnO nanoscale composite junction were studied using broadband dielectric 
spectroscopy (BDS). The pellets of the synthesized nanocomposite junction in powder form were prepared 
using hydraulic press. The pellets were about 10mm in diameter and 1mm to 2mm in thickness. The prepared 
pellets were heated at 3000c temperature for two hour for hardening purpose. These pellet sample were placed in 
sample holder of NOVOCONTROL BDS at metallurgical Department, IIT Mumbai. The dielectric parameters 
such as permittivity, loss tangent delta, AC conductivity and capacitance were investigated at 1MHz, 10 MHz 
and 100MHz frequency respectively in temperature range from 00c to 1000c. 

2. EXPERIMENTAL 
2.1 Material 
The CuO and ZnO researchl grade powder was used for synthesis CuO/ZnO nanoscale composite junction. 

2.2 Sample preparation 
The CuO/ZnO nanoscale composite junction was prepared by mechanical crushing of the CuO and ZnO powder 
taken in equal weight ratio. 

2.3 Characterization 
The synthesized CuO/ZnO nanocomposite was characterized by using XRD. The synthesis of nanoscale 
composite of CuO/ZnO is confirmed from XRD. 
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3. RESULT and DISCUSSION 
3.1 XRD 

 
Fig-1: XRD of CuO/ ZnO nanoscale composite junction 

Figure 1 represents the XRD of CuO/ ZnO nanoscale composite junction. The XRD was matched to JCPDS 
shown in figure1. 

3.2 Real Permittivity Ɛ' 

 
Fig-2: Dielectric permittivity ε’ versus temperature of CuO/ZnO nanoscale composite junction 

The graph of dielectric permittivity against temperature of the sample is shown in figure 2. From graph, at 
1MHz (low) frequency, the permittivity ε’ of sample goes on increasing with temperature. As the frequency is 
increased to 10MHz, ε’ value drops down. It is due to the polarization of nanoscale composite junction [14-17]. 
It remains almost constant over the entire temperature range. As we increased the frequency to 100MHz (high), 
ε’ again drops down. 
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3.3 Loss Tangent δ 

 
Fig-3: Loss tangent δ versus temperature of CuO/ZnO nanoscale composite junction 

Figure 3 shows the loss tangent δ as a function of temperature. Its value increases with increase in temperature 
and is maximum at low frequency 1MHz. As the frequency is increased, loss tangent δ value is decreased. 

3.4 Ac Conductivity σ 

 
Fig-4: Conductivity σ versus temperature of CuO/ZnO nanoscale composite junction 

The AC conductivity of CuO/ZnO nanoscale cmposite junction with frequency at different temperature is 
shown in fig.4. From figure it is evident that AC conductivity is frequency dependent and it increases with 
increase in frequency and temperature. It is in agreement with earlier study. 
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3.5 Capacitance 

 
Fig-5: Capacitance C versus temperature of CuO/ZnO nanoscale composite junction 

From figure 5, it is observed that capacitance value is high at low frequency 1MHz and it increases with 
increase in temperature. As we increased the frequency, the capacitance value get reduced. From this it is 
concluded that capacitance of CuOZnO nanoscale composite junction is temperature dependent at low 
frequency. At high frequency, it is relatively constant. 

4. CONCLUSION 
The formation of CuO/ZnO nanoscale composite junction was confirmed from the XRD study. The Dielectric 
permittivity of sample were investigated with varying temperature and frequency. It is found to be temperature 
dependent at low frequency. The loss tangent δ of the sample was found to be temperature dependent. AC 
conductivity is frequency dependent and it increases with increase in temperature and frequency. The 
capacitance of sample is temperature dependent at low frequency and it increases with temperature. All this 
study of CuO/ZnO nanoscale composite junction is found to be consistent with past study. 
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ABSTRACT 
The absorption effects of gamma radiations on lipids are shown using radiological parameters such as mass 
attenuation coefficients, total attenuation cross section and molar extinction coefficient. Which will be useful, 
particularly in the energy region of 122 to 1330keV photon energies, by performing transmission experiments 
using gamma active sources 57Co, 133Ba , 22Na 137Cs ,54Mn, and 60Co sources. Accurate values of these physical 
parameters provide essential data in medical physics have been calculated for some sphingolipids were 
measured using gamma ray spectrometry with energy resolution 8.2% at 663 keV was used for detection. 
Gamma ray transmission method with a narrow beam good geometry set up are used in the study. Observed 
values are decrease initially and then tends to be almost constant at higher energies. Experimental results of 
radiological parameters were observed in good agreement with WinXCom values. 

Keywords: Gamma ray Spectrometry, lipids, Mass attenuation coefficients (m), Molar extinction coefficient 
(ε),Radioactive sources, Total attenuation cross section (σtot), WinXCom program. 

1. INTRODUCTION 
A living cell is a dynamic biological system composed primarily of carbohydrates, lipids, nucleic acids, and 
proteins that structurally and functionally interact with many other molecules to carry out normal cell 
metabolism. The present research work is about effect of radiation on such types of lipids and it is rather well 
documented that plasma membrane of mammalian tissues are rich in sphingolipids and especially 
sphingoglycolipids. Sphingolipids were first described by [1] in A Treatise on the Chemical Constitution of 
Brain.  Sphingoglycolipids are a family of complex lipids with structures representing a large variety of 
carbohydrate compositions which are characteristics for a mammalian organ and can vary depending on the 
species of origin [2]. The study of siphingoglycolipid composition in various, radiosensitive and non-
radiosensitive tissues, might indicate whether damages induced by the ionizing radiation on the plasma 
membrane matrix are involved in the process of cell death [3]. So in this research work we focus the effect of 
radiation on lipids at medical, radiological, biological research point of view. 

Biological significance of sphingolipids; Sphingolipids are found in essentially all animals, plants, and fungi, as 
well as some prokaryotic organisms and viruses. They are mostly in membranes, but are also major constituents 
of lipoproteins. The functions of sphingolipids are still being discovered, but there are at least three, i.e., 
structure, recognition and signal transduction [4]. Later studies fulfilled Thudichum's faith in the value of basic 
research when several genetic diseases were found to have elevated amounts of sphingolipids (such as 
sphingomyelin in Niemann-Pick's disease and cerebrosides in Gaucher's disease) arising from defects in 
enzymes responsible for sphingolipid turnover, activator proteins for such enzymes, or lipid trafficking [5,6]. 
This knowledge allowed development of methods for diagnosis of such sphingolipid storage diseases, screening 
of families at risk, and, for at least Gaucher's disease, some degree of correction of the disorder by enzyme 
replacement. There are also indications that sphingolipids and sphingolipid analogs may be useful for 
prevention and treatment of disease, e.g., gangliosides [7] and alpha-galactosylceramide have potent effects as 
modulators of the immune system, ceramide-coated balloon catheters limit neointimal hyperplasia after stretch 
injury in carotid arteries [8] and dietary  sphingolipids protect against colon tumorigenesis [9]. So, the relation 
between radiation and sphingolipids is very much important in medical and research context. Because the 
research area of absorption, penetration, attenuation and photon interactions with biological material such as 
amino acids, fatty acids, lipids, vitamins, and carbohydrates is essential in radiation medicine and biology, 
nuclear technology and space research[10]. The study of photon interactions with matter is important and the 
data on the transmission and absorption of X-rays and gamma rays in biological shielding and dosimetric 
materials assumed great significance by virtue of the diverse application in the field of medical physics and 
medical biology [11,12]. [13] reported en/ data for elements, compound and mixtures as a function of energy 
of photons[14]. Selection of material for radiation shielding and protection needs an accurate assessment of 
interaction parameters [15]. 

There have been recent experimental and theoretical investigations [16,17] to determine Absorption coefficient, 
mass attenuation coefficients, total attenuation cross section and such type of radiological parameters for 
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complex biological molecules such as lipids, carbohydrates, proteins, fats and oils composed of H, C, N and O 
elements in varying proportions. 

2.  THEORY 
In this section, some theoretical relations are summarized that have been used for the determination of mass 
absorption and related parameters in the present work. When a monochromatic beam of gamma ray photons is 
incident on a target, some photons are emitted due to the dominant interaction processes and therefore, the 
transmitted beam is attenuated. The extent of attenuation depends on given elemental target. This attenuation of 
the beam is expressed by the following equation: 

teII  0                                                 (1) 

where I0 and I are the incident and transmitted photon intensities, respectively,  (cm-1) is the linear attenuation 
coefficient of the material and t (cm) is the sample thickness. Rearrangement of Eq. (1) yields the following 
equation for the linear attenuation coefficient: 






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

I
Io

t
ln1                                                    (2) 

In Eq. (2), the mass attenuation coefficients m (cm2 g-1) for the samples were obtained from Eq. (3) by using 
the density of the corresponding samples: 
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where ρ (g/cm3) is a measured density of the corresponding sample. The values of mass attenuation coefficients 
were then used to determine the total attenuation cross section(tot ) by the following relation 

)/()( Amtot NM               (4) 

where M= ∑i ni Ai is the molecular weight of the compound, NA  is the Avogadro’s number. 

And the values of molar extinction coefficients were determined using the following relation: 

totAN  4343.0                                                        (5) 

All these radiological parameters are convenient parameters used to characterize the radiation response of a 
multi-element material in many technical and medical applications. Accurate values of these physical 
parameters provide essential data in medical physics. 

3. EXPERIMENTAL SET UP AND MEASUREMENTS 
The gamma active radioactive sources 57Co, 133Ba , 22Na 137Cs ,54Mn, and 60Co were used in the present 
investigation having energies 122, 356, 511, 662, 835, 1173, 1275 and 1332 keV emitted by the above 
radioactive sources were collimated and detected by the NaI (Tl) based gamma ray spectrometry. The signals 
from the detector were amplified and analyzed with 13-bit multichannel analyzer. In the present study, samples 
of lipids (sphingolipids) are in powder form which are 99.9% pure and by using KBr press machine it converted 
into pellet forms (0.13 g/cm2 of uniform thicknesses) shaped and confined in a cylindrical plastic container 
having the same diameter as that of sample pellets. The diameters of the samples were determined with the help 
of a traveling microscope. These pellets are placed on an empty plastic container which play a role of substrate. 
It was observed that the attenuation of photons of the empty containers were negligible. The sample thickness 
was selected in order to satisfy the following ideal condition as far as possible [4]: 2 < ln (I0 /I )< 4. 

The schematic view of the experimental set up is displayed in Fig.1. From the measured values of unattenuated 
photon intensity I0 (with empty plastic container) and attenuated photon intensity I (with sample), the mass 
attenuation coefficients (m) for all the samples of sphingolipids were calculated using Eq.(3). The experimental 
values of mass attenuation coefficients were compare against the Win-Xcom program by [2] at all photon 
energies of current interest which, can give the theoretical numerical data of all compounds, mixture, metal, 
alloys for references. The contribution of coherent as well as incoherent scattering at such angles in the 
measured cross-sections at intermediate energies is negligible. Hence, no small angle scattering corrections 
were applied to the measured data. The error due to the sample impurities can be high only when large 
percentage of high Z impurities is present in the sample.The samples sphingolipids are used in the present study 
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were of high pure and sample impurity corrections were not applied to the measured data. Here all the 
radiological quantities; mass attenuation coefficients, total attenuation cross section and molar extinction 
coefficient are determined by using equations 1 to 5. 

4. FIGURES AND TABLES 

 
Fig-1: The schematic view of Scintillation counter. 
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Fig-2: Plot of m versus photon energy for Dehydrophytosphingosine (C18H37NO3). 
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Fig-3: Plots of tot versus photon energy for Dehydrophytosphingosine (C18H37NO3). 
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Fig-4: Plots of ε versus photon energy for Dehydrophytosphingosine (C18H37NO3). 

Table-1: Mean atomic numbers (Z) calculated from the chemical formula for sphingolipids. 

 
Table-2: Comparison of measured and calculated values of mass attenuation coefficient (μm cm2/g) of 
sphingolipids at different photon energies. The calculated values are based on Win-XCOM program. 

 
Table-3: Comparison of measured and calculated values of total attenuation cross section (tot barn/atom) of 

sphingolipids at different photon energies. The calculated values are based on Win-XCOM program. 
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Table-4: Comparison of measured and calculated values of molar extinction coefficient (ε cm2/mol) of 
sphingolipids at different photon energies. The calculated values are based on Win-XCOM program. 

 
5. RESULTS AND DISCUSSION 
The values of mean atomic numbers calculated from the chemical formulae of sphingolipids studied in the 
present work are displayed in Table1. The experimentally measured values of m (cm2/g) for some 
sphingolipids such as Dehydrophytosphingosine, Myriocin, Hemsleyin imine A at 122, 356, 511, 662,835, 
1173, 1275 and 1332 keV  photon energies tabulated  in Table 2. The typical plot of m versus energy E for 
Dehydrophytosphingosine (C18H37NO3) is displayed in Fig.(2). The Fig.(2) also includes the variation of  
theoretically determined m values versus energy. It is clearly seen that the m depends on photon energy and 
decreases with increasing photon energy. The experimental (m) values agree with theoretical values calculated 
using the Win-XCom program. The total experimental uncertainty of the (m) values depend on the 
uncertainties of I0 (without attenuation), I (after attenuation), mass thickness measurements and counting 
statistics. Typical total uncertainty in the measured experimental (m) values is estimated to be 2-3%. Measured 
total atomic cross section (tot) and molar extinction coefficient (ε) values for the presently studied 
sphingolipids have been displayed in Table 3 and Table 4, respectively. The typical plots of tot  versus E and ε 
versus E are displayed in Figs.(3) and Fig.(4) respectively. The behavior of tot and ε with photon energies 
shows almost similar behavior to (m ) plots. All calculations of molar extinction are done according to XCOM 
program and our calculations are based on Win-XCom which is updated version of XCOM also arrange narrow 
beam good geometry setup for performing experiment. 

The present experimental study has been undertaken to get information on mass attenuation coefficient μm 
values and related parameters σtot, ε for bio-molecules samples which are convenient parameters used to 
characterize the radiation response of a multi-element material in many technical and medical applications. 
Accurate values of these physical parameters provide essential data in medical physics and mainly in dosimetry.  
The μm and related quantities were found to decrease with increasing photon energies. The measured data were 
compared against Win-XCom program. 

6. CONCLUSIONS 
 The biological effect of ionizing radiation on human being depends on absorber dose, types of radiation 

alpha, beta, gamma and organs irradiated Photon entering the bodies not only lose but also they give rise 
energy and are finally absorbed, but also they give rise to new photons by multiple scattering gamma and X-
rays are use for diagnostic in nuclear medicine, computed tomography scanning, radiography, radiotherapy, 
gamma knife radio surgery etc for treatment of many diseases. 

 The results on m, ε,  Zeff, and Neff  of biological C,H,N,O based compounds, reported in the present work, 
would be useful, particularly in the energy region of interest, in many medical and biological applications 
(e.g. for the interpretation of absorbed dose), and in radiation shielding and protection. 

 With proper knowledge of the attenuation parameters and buildup of photons in human organs and tissues, 
energy-absorption in the human body can be carefully controlled. The experimental data will also help in 
estimating safe dose levels for radiotherapy patients. For people working with gamma radiation and X-rays, 
especially at reactors and nuclear power plants, the present studies on the energy-absorption factor of human 
organs and tissues will help them to take proper precautions. 
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STUDY THE MASS ATTENUATION COEFFICIENT OF ALCOHOL SOLUBLE COMPOUND AT 
ENERGY 511eV 

Mitkari S R and Deshmukh V P 
Shri Siddheshwar Mahavidyalaya, Majalgaon, Dist. Beed 

ABSTRACT 
Linear and mass attenuation of 511eV gamma radiations from alcohol ethanol by dilute solution of Para-nitro 
aniline (C6H6O2N2) studied for different concentrations. Mixture rule for theoretical calculation of attenuation 
coefficient is developed for the solution; our study explores the validity of the expected exponential absorption 
law for gamma-ray radiations in solution and also provides an alternative method for direct determination of 
linear and mass attenuation coefficients of soluble compound in alcohol. 

Keywords: Mass and linear attenuation coefficients, Gamma-rays, HP (Ge) photon detector, Para-nitro aniline 
and ethanol. 

INTRODUCTION 
Linear and mass attenuation coefficient for gamma rays for different materials and solutions plays an important 
role in RSID units. There are different measurement techniques to measure them. As the technology developed 
day by day, the gamma rays are used in many fields, like medicine, food preservation and with their 
measurement techniques are developed but we find these measurements can be made with still simpler method. 
Recently Teli et al has developed the mixture rule and we have modified the rule with simpler approach and are 
considered for our research work. 

This method is developed from single element mass attenuation coefficient of gamma rays to mixtures (solute 
and solvent)  Dongarge S.M. (2010) extended the mixture of liquid and solid materials also. There are various 
reports on the measurement of these quantities (1-6). Hubbell (3) has developed the rule for calculation of 
gamma absorption coefficient for mixtures and gave tables of theoretical values for various elements and their 
mixtures. Teli et al (1994) have measured the attenuation coefficient of 123 Kev gamma radiations by dilute 
solution of sodium chloride. Dongarge et al (2010) reported the linear attenuation coefficient for measurement 
of linear attenuation coefficients of gamma ray for ammonium sulfate by aqueous solution method. 1.28 MeV 
gamma energy. 

So for the study of both types of absorption coefficient for gamma rays has been done for materials in solid and 
crystal forms by using various techniques as reported above and the observations are compared with the 
theoretical values as calculated from Hubbell’s mixture rule and his table 

We give here the measurement of mass attenuation of ethanol soluble compound Para-nitro aniline at energy 
level 511eV for different concentrations. 

EXPERIMENTAL ARRANGEMENT 

 
Fig-1: Experimental arrangement 
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The experimental arrangement is as shown in fig. (1) Cylindrical prefix container of internal diameter 2.46 cm 
was placed below the source at a distance 1.2 cm and above the detector at 2.2 cm by using efficient 
geometrical arrangement. The NaI (T1) crystal is used as the detector connected to multichannel analyzer. The 
stand is made up of prefix sheet with suitable size the source and absorber are placed along the axis of the stand 
the whole system is enclosed in a lead castle. 

METHOD OF OBSERVATIONS 
First the gamma rays are passed through empty container reaching the detector. The spectrum is obtained for 
1800 sec. using MCA which gives plot of channel number Vs counts, we select the interested peak which is 
smoothed for avoiding the random nature and obtain the peak gross area Ao (The sum of the spread counts 
which are coming under the peak) this is obtained because in MCA the counts get spread over some energy 
range around the photo peak. This increases the accuracy of measured solution kept in the container and gamma 
rays are passed through it. The concentration varied by p-nitro-aniline compound adding to it. The gamma rays 
are passed through such solutions and interested peak gross area measured as A1, A2, .… A10 the other quantities 
measured in the experiment are the volume of para-nitro aniline (Va) and ethanol Ve added together to give total 
volume (V). 

The actual volume V of the solution is calculated by measuring its height in the container and by multiplying it 
by the cross-sectional inner area of the container (πr2). This procedure is repeated for all the concentrations we 
prepared for gamma energy 511eV. 

THEORETICAL DEVELOPMENT FOR THE EXPERIMENT 
The graph of In (A0/A) versus height of liquid column h (cm) is measured as shown in graph-1. The observed 
points are seen to be closely distributed around the line having positive slopes. These lines are obtained by 
fitting the experimental data by the least square method. Their slope gives the linear coefficient and thus the 
linearity of the curves with positive slopes suggests the relation. 

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

This indicates the validity of the standard exponential absorption law of gamma rays when they pass through 
liquid substances. 

A = A0 e-µh        -------------     (2) 

We know Hubbell’s mixture rule (1982). The mass attenuation coefficient of gamma rays in chemical or any 
other mixtures of compound is assumed to depend upon the sum of the cross section presented by all the atoms 
in the mixture because the bonds are only of the order of few electron volts, there have no significant effects on 
the Compton, photo or pair interaction. 

Where, A0 and A are the initial and final intensities of interacting photons respectively. The µ (cm-1) is linear 
attenuation coefficient of the sample and h (cm) is the thickness of a material. The linear attenuation coefficient 
(µ) of the materials from equation (2) is expressed as 

 
We have Hubbell’s mixture rule the mass attenuation coefficient of gamma rays in chemical or any other 
mixtures of compound is assumed to be depending upon the sum of the cross sections presented by all the atoms 
in the mixture because the bends are only of the order of few electron volts; there is no significant effect on the 
Compton, photo or pair interaction.  Mass attenuation coefficient for solution is given by. 

ii
i

W   
    
       ------------    (3) 

Where ρ is the density and which is made up on solution of elements. Wi is the fraction by weight. 

The effect of shrinkage on the linear attenuation coefficient of a solution is given by Bragg mixture rule which 
we assume without approximation for alcohol namely, 

a c
sol a c

W W       
             

 ---------   (4) 
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When the Phenol is dissolved in ethanol then the homogeneous solution is forms. If the solution is 
homogeneous then one can neglect the density from both sides. If we use this formula for the proposed work in 
the following way then it will be 

µsolution= µethanolwethanol + µanilinewaniline       ----------    (5) 

Table 1 gives the values using equation (5) for various concentration and theoretical values of (µethanol) and 
(µaniline) are calculated by multiplying their densities to (µ/ρ) which is calculated by Hubble mixture rule. 

ii
i

W   
    
   -------------- (6) 

SOLUTION TECHNIQUE FOR CALCULATION OF MASS ATTENUATION COEFFICIENT OF 
PHENOL 
The mass (mp) of the phenol is already weighted using four digit digital balance. Mass of ethanol (me) is 
obtained (at room temp.) by multiplying density of ethanol to volume of ethanol. The cross sectional area of the 
container is measured, and then the experimental mass-attenuation coefficient for phenol solution is calculated 
by the formula as 

------------ (7) 

Where -            m    =   mp + me mass of solution 

A    =   gross area obtained for the different concentrations of the solution after passing gamma rays through 
them. 

Ao   =  is the initial gross area of the interested peak of the observed spectrum when gamma rays are passed 
through the empty container. 

The Braggs mixture rule for mass attenuation coefficient is given by 

m  

The graph of m  = A In  against mass of ethanol gives a straight line whose intercept gives 

mp p  and slope gives e. The p and e values are calculated for phenol and ethanol at 0.84 MeV 

gamma ray energies. The measured values are found to be agreeing well with the theoretical values. The 
percentage error with respect to theoretical values of mass absorption coefficient of phenol the formula as 
follows. 

% error  =      -----------(8) 

µ/ ρ for alcohol and Para-nitro aniline is obtained from Hubbell Table by multiplying its density we get 
theoretical the  for alcohol and Para-nitro aniline then by using eq.(5) the  is obtained, the calculated results 
are tabulated in table 1 for Para-nitro aniline solution. Eqn (5) is the eqn of straight line between µexp and 
concentration in which alcohol volume is fixed. The intercept is the attenuation coefficient for the alcohol and 
its slop the attenuation coefficient for Para-nitro aniline. We observe from these tables that the experimental 
values µexp are within the acceptable limit showing very good agreement. The graph -1 shows the   In(A0/A) 
versus height of liquid column h (cm) of Para-nitro aniline in ethanol. The  exp (cm-1) and the  (cm-1) versus 
concentration v/v' at 511eV gamma ray energy for Para-nitro aniline are shown in graph 2. 
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Table no-1: Mass attenuation coefficient for Para-nitro aniline solution in ethanol for A0 =32.7 and for 
energy 511 eV 

v/v' A/m A ln(A0/A) (µ/ρ)exp (µ/ρ)the %error 
0.009881 0.29691 29.46 0.104341667 0.030979693 0.031072088 0.297355211 
0.019569 0.29324 29.35 0.108082532 0.031694202 0.031800667 0.334788675 
0.02907 0.28966 29.24 0.111837443 0.032395352 0.032511476 0.357177245 

0.038388 0.28617 29.13 0.115606507 0.033083657 0.033205157 0.365904994 
0.047529 0.28277 29.03 0.1190453 0.033662184 0.033882321 0.649710743 
0.056497 0.27944 28.91 0.123187522 0.034423666 0.034543553 0.347060136 
0.065299 0.27619 28.81 0.126652529 0.034980398 0.035189407 0.593955485 
0.073937 0.27302 28.70 0.130477955 0.035622731 0.035820414 0.551870846 
0.082418 0.26991 28.59 0.134318072 0.036254432 0.03643708 0.501269001 
0.090744 0.26688 28.49 0.137821929 0.036782195 0.037039888 0.695715887 

Graph-1: In (A0/A) versus height of liquid column h (cm) of Para-nitro aniline in ethanol 

 

 
CONCLUSIONS 
Our experimental measurement of mass attenuation coefficient of alcohol soluble Para-nitro aniline for different 
concentrations and estimated from them the attenuation coefficient for pure compound by using the mixture rule 
developed by Teli (1998) established the validity and utility of the solution technique. This method is simple 
and avoids the need of preparation of pure crystalline compound for experiment there by saving time and 
expenditure. The use of multichannel analyzer has also improved the results as we could replace the counts at 
the photo peak by the area under it. Further the variation of concentration of solution is made easy by adding 
alcohol to solution without changing the compound amount in it. This saves the compound quantity and thus 
further economizes the experiment. The results are in good agreement (Mitkar S R et al 2012). 
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ABSTRACT 
The catalysts supported on ceria-alumina show higher conversions compared to the one supported on alumina 
at a temperature range of 800-900˚C, which can be attributed to the redox properties of ceria.In the present 
study, Al2O3-CeO2 mixed nano-composites (1:1) were successfully prepared by using self-sustaining solution 
combustion synthesis process using aluminium nitrate and cerium nitrate as precursors whereas urea as fuel. 
The synthesized powders were characterized using X-ray diffraction technique for their phase analysis, BET 
surface area analyzer for specific average surface area, and transmission electron microscope for particle 
size.XRD revealed presence of both alumina and ceria phases in Al2O3–CeO2nano-composite with crystallite 
size in nanometer scale. TEM images showed thatthe material was composed of nano-particles with an average 
size of35 nm, whereas surface area calculated from BET analysis was found to be 261.0539 m2/g which 
included an external surface area of 132.2495 m2/g, and a micropore area of 128.8044 m2/g. 

Keywords: Al2O3-CeO2 ,Nanocomposite, BET, surface area, micropore area. 

1. INTRODUCTION 
Alumina is a porous material and widely used as a catalyst. Its properties differ substantially those of other 
porous material. Alumina is extensively used in chemical applications due to its high specific surface and is 
much cleared pore structure. [1] Ceria (CeO2) is one of the oxides which are mostly used to progress the 
performance of alumina.[2] CeO2 is a multifunctional rare earth oxide with various physics and chemical 
properties.[3] Ceria can affect the structural stability and thermal stability of alumina, the degree of dispersion 
of a metal catalyst supported on an alumina catalyst carrier.[4] Thus CeO2-Al2O3 is used in many ways of 
catalytic process.[5-7] 

Doping of CeO2 into Al2O3 matrix was found to improve dry reforming activity for H2 and CO production at the 
operating temperatures (800–900oC). The catalyst provides significantly higher reforming reactivity and 
resistance toward carbon deposition compared to the conventional Ni/Al2O3. These enhancements are mainly 
due to the influence of the redox property of ceria [8-13]. This material (ceria) is an important material for a 
variety of catalytic reactions involving oxidation of hydrocarbons (e.g. automobile exhaust catalysts). It 
contains a high concentration of highly mobile oxygen vacancies, which act as local sources or sinks for oxygen 
involved in reactions taking place on its surface [12]. According to the literature [12], during dry reforming 
process, the gas–solid reaction on ceria surface takes place, which reduces the degree of carbon deposition on 
catalyst surface from methane decomposition and Boudard reactions. In this study, Al2O3-CeO2nano composite 
in ratio 1:1 have been prepared by solution combustion synthesis using urea as fuel and their properties have 
been studies using various characterization techniques. 

2. EXPERIMENTAL 
Alumina–Ceria (Al2O3-CeO2) nano-composite were prepared by single step solution combustion synthesis. The 
precursors involved in this synthesis are aluminium nitrate (Al(NO3)3·9H2O) and cerium nitrate Ce 
(NO3)3•6H2O , both from Merck (AR Grade). Urea CO(NH2)2 is used as fuel because of its relatively low price, 
availability, commercially grade and safety. The stoichiometric quantities of the oxidizers [Al (NO3)3・9H2O 
and Ce (NO3)3 .6H2O)] and fuel [Urea] were mixed in 50 ml deionized water with constant stirring. Aluminum 
nitrate to Cerium nitrate ratio was maintained 1:1.  The solution was then kept on hot plate in order to evaporate 
more than half of water content. This solution moved to microwave with power of 900 W. After some minutes, 
first a gel-like structure was obtained and then swelled, followed by the evolution of a large volume of gases. In 
other word self propagating solution combustion occurred. This reaction product was treated at temperature of 
8000C to obtain desired phase of Al2O3-CeO2  The identification and phase determination of the compound were 
done by powder XRD. 

3. RESULT AND DISCUSSION 
It can be seen from the figure 1, both alumina and ceria phases exist together. The peaks are relatively broader 
indicating smaller particle size. The average grain size calculated from Scherer equation was found to be 30 nm. 
As mentioned in literature the cerium is present as Ce3+ and replaces Al3+ in Al2O3 lattice. [13]. The alumina and 
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ceria powders with ratio 1:1 show only the cubic CeO2 phase because of the relative high peak intensity of ceria 
peaks over alumina. However, both cubic ceria and γ-alumina phases co-exist. 

The TEM images and selected area electron diffraction pattern (SAED) of the Al2O3-CeO2nano composite 
prepared in a ratio (1:1) are shown in figure 2. It can be seen from the figure that there are many irregular 
particle with shape close to spherical. The average particle size can be seen from the TEM images was found to 
be 35 nm which is close agreement with value calculated from XRD by Scherer formula. The SAED pattern 
reveals the formation of crystalline phase highlighting various diffraction planes which can be conformed from 
XRD analysis. 

 
Figure-1: XRD pattern of Al2O3-CeO2 identified a mixture of a gamma alumina phase (JCPDS file no. 10-0425) 

and a cubic ceria phase (JCPDS file no. 34-394). 

 
Figure-2: TEM images and SAED pattern of Al2O3-CeO2nano composite prepared in a ratio (1:1) sintered at 

800oC. 

In this study, surface area and micropore volumes of the samples were determined using Micromeritics 2020 
(Accelerated Surface and Porosimetry System) BET Surface analyzer. Prior to analysis, 0.6g of sample was first 
degassed under vacuum at 90oC for 1 hour. Then the temperature was increased to 300oC and degassed 
overnight.The typical N2 adsorption isotherms for the Al2O3-CeO2nano-composite are shown in figure 3. To 
obtain detailed information about the pore size, the specific surface area, the mesopore volume and the pore size 
distribution, a N2 adsorption and desorption isotherm were performed on the Al2O3-CeO2nano-composite. 

 
Figure-3: N2 adsorption/desorption isotherm and pore volume distribution of Al2O3-CeO2nano-composite 
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Using the BET method, a large total surface are of 261.0539 m2/g was obtained which included an external 
surface area of 132.2495 m2/g, and a micropore area of 128.8044 m2/g which is very high as compared with 
pure  CeO2 (85 m2/g as reported by P. Periyet et al) [15]. Therefore Al2O3–CeO2 system can act as excellent 
support system for acid catalysis [16], in which Al2O3 serves as a support material. A BJH adsorption pore 
distribution reported an accumulative pore volume 0.172464 cm³/g at cumulative pore surface area of 157.314 
m²/g, whereas for desorption BJH method gave a cumulative pore volume of 0.171159 cm³/g  at cumulative 
pore surface area 185.0207 m²/g. Noteworthy, the pores are filled with liquid adsorptive, especially in the case 
of mesoporous filling. Due to this assumption, the micropore volume was determined using t-plot method; 
generating a value of -0.002891cm³/g. The existence of such high surface area and pore volume is due the 
evolution of large amount of gases during combustion process.The BJH method for calculating pore size 
distribution using Kelvin equation generated an adsorption pore diameter of 49.1522 Å, with BJH desorption 
average pore diameter of 43.852 Å (figure 4). These values are within the acceptable range as compared with 
the average pore diameter of 37.003 Å obtained using the BET method. However the BET method is used most 
importantly to investigate surface areas. These values are within the range 20-100 Å which shows the Al2O3–
CeO2nanocomposite falls within the diameter range expected for mesoporous material as per the literature 
survey conducted by Blasto et al (1965). 

4. CONCLUSION 
Al2O3-CeO2nano-composite has been successfully prepared via solution combustion synthesis method. Both the 
alumina and ceria phases were found in the composite as seen in XRD and SEM. The samples were obtained in 
nanoscale with average particle size 35 nm.The BET surface area was found to be 157.314 m²/g, with average 
pore diameter 49.1522 Å showing mesoporous nature of the materialwhich finds many applications in catalytic 
support.In nano-scale form, the amount of lattice defects such as oxygen vacancy and grain boundary increases 
as the particle size decreases which results in increase in surface area.  Moreover, ceria is expected to play a key 
role as it can supply oxygen coming from its lattice and replace it through the dissociation of carbon dioxide on 
its surface. These oxygen vacancies are the active sites for the dissociative adsorption of CO2, where carbon 
dioxide adsorbs through the oxygen atom. Charge transfer from the support to the adsorbate is weakening the 
C–O bond, facilitating the dissociation of CO2. As a consequence higher CO2 conversion and lower amounts of 
carbonaceous deposits are expected. 
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EFFECT OF Zn++ ION SUBSTITUTION ON DIELECTRIC BEHAVIOUR OF MAGNESIUM 
FERRITE WITH VARYING FREQUENCY 

C. T. Birajdar 
S. M. P. M. Murum, Dist. Osmanabad 

ABSTRACT 
The samples of zinc substituted magnesium ferrite with formula MgZn1-xCrxO4   spinal ferrite systems  varying 
x [x=0.0-1.0] were synthesized via standard  wet-chemical co-precipitation techanique using AR grade sulphate 
.The formation of single phase cubic spinel structure of all the samples under investigation have been carried 
out using X-ray diffraction technique at room temperature. The dielectric constant (ε,), dielectric loss (ε”), 
dielectric loss tangent (tanδ) was measured as a function of frequency by using LCR-Q meter. The frequency 
dependence of dielectric measurements was carried out within the range 100 Hz to 1 MHz. The Knowledge of 
dielectric loss in ferrite is considered to be originated from two mechanisms namely electron hopping and 
charge defect dipoles. Electron hopping contributes to the dielectric loss mainly in the low frequency region. In 
the high frequency region the dielectric loss mainly results from the response of defect dipole to the field. These 
dipoles in ferrites are found due to the change of cation valance state such as Fe3+/Fe2+, Mg2+/Mg3+ during 
sintering process. It is observed that the dielectric constant (ε,), dielectric loss (ε”), dielectric loss tangent 
(tanδ) appreciable increases with zinc concentration x but decrease with increase in frequency. 

Keywords-Mg-Zn spinel Ferrite, XRD, dielectric properties. 

INTRODUCTION 
Ferrites are ferromagnetic materials with good magnetic, dielectric properties and a large number of technical 
applications in satellite communication. In recent time processing of ferrites by non-conventional solution 
technique has gained importance with a view to obtain good quality and high performance materials for various 
applications [1]. Wet chemical co-precipitation is one of the techniques for synthesis of nano size ferrites. 

Ferrites, ferromagnetic cubic spinel possesses the combined properties of magnetic materials and electrical 
insulators. They have been extensively investigated and being the subject of great interest because of their 
importance in many technological application [2]. The important, structural, electrical and magnetic properties 
of nano size ferrites are responsible for their application in various fields[3,4].The spinel ferrites belong to an 
important class of magnetic materials, because of their remarkable magnetic properties particularly in radio 
frequency region, physical flexibility high electrical resistivity, mechanical hardness and chemical stability. 

Among the different spinel type ferrites the Mg-Zn spinel ferrite system is one of the most versatile, from the 
point of view of their large number of potential applications[5,6].In the present study, zinc substituted 
magnesium ferrite  (Mg1-xZnxFe2O4) system is prepared by wet chemical co-precipitation technique. The 
results obtained on structural, electrical and dielectric properties are presented in this work.  Magnesium 
ferrite, MgFe2O4 is a soft magnetic n-type semi-conducting material [7,8], which finds applications in 
absorption, sensor and in magnetic technologies. According to crystal structure MgFe2O4 is inverse spinel 
ferrites whose degree of inversion depends on the heat treatment. In the present study, zinc substituted 
magnesium ferrite (Mg1-xZnxFe2O4) system is prepared by wet chemical co-precipitation technique. The aim 
of present work is to study dielectric loss in  (Mg1-xZnxFe2O4) ferrite prepared by wet chemical co-
precipitation method. 

Experimental details The samples of Mg1-xZnxFe2O4 spinel ferrite systems with varying x [x = 0.0, 0.2, 0.4, 
0.6, 0.8 and 1.0] were synthesized via wet chemical co-precipitation technique. AR grade sulphates of 
magnesium, zinc and ferrous were used for the preparation of Mg-Zn ferrites[9,10]. The aqueous solutions of 
sulphate were prepared using stoichiometric molar proportion. The solutions were mixed together and allowed 
to settle for 24 hours. The initial pH of the solution was measured. A two molar NaOH solution was prepared 
and slowly added to the mixed solution. H2O2 was also added simultaneously in the mixed solution to increase 
the oxidation reaction[11,12]. The solution was constantly stirred and heated at low temperature i.e. 600C 
during the addition of NaOH and H2O2. The NaOH was added in the solution until the precipitate becomes 
dark brownish in colour and pH of the precipitation become11. The precipitation is washed several times by 
acetone and then by double distilled water and then filtered to get-fine particles of Mg-Zn ferrites. The fine 
powders were then heated at 1500C to remove water molecules. The powders were then sintered at 8000C for 
10 hours[13.14]. 
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All the synthesis powders were characterized using X-ray diffraction (Philips X-ray diffractometer, model 
PW3710) technique at room temperature. The XRD patterns were recorded in the 2� range of 200-800 using 
Cu-K� radiation. Microstructure and particle size of all the samples were studied using scanning electron 
microscopy (SEM)[15,16].  IR spectra were recorded using Perkin Elmer spectrometer by the KBr pellet. Each 
of the sintered disc shaped pellets were polished before electrical measurement for ensuring a good electrical 
contact. The d.c. / a.c. electrical measurement were carried out in the temperature range 300-850K using two 
probe method. The dielectric properties were measured as a function of composition and frequency using 
LCR-Q meter (Model HP 4284A). The dielectric measurements were performed in the frequency range 100 Hz 
– 1 MHz. 

RESULT AND DISCUSSION 
XRD (X-ray diffraction):The XRD pattern shows that all the samples possess single-phase cubic spinel 
structure. The XRD pattern shows the presence of (220), (311), (222), (400), (422), (333) and (440) planes. All 
these planes belong to face centered cubic structure. The figure shows typical XRD pattern for x=0.2.The 
Bragg’s peak are sharp and intense it gives the values of inter-planner spacing and corresponding Miller indices 
along with the Bragg’s angle[10,11]. It is observed that the lattice constant increases slowly by increasing 
concentration of zinc. Figure  shows the X-ray diffraction patterns recorded at room temperature anner spacing 
‘d’ values changes with the composition x. 

 
Fig-1: Typical X-ray diffraction pattern of the system ( Mg1-xZnXFe2O4 )for X = (0.0, 0.2) 

DIELECTRIC PROPERTIES 
Frequency dependent dielectric properties of all the samples of Mg-Zn ferrite system are investigated using 
LCR-Q meter in the frequency range 100 Hz to 1 MHz. The dielectric constant ((and dielectric loss tangent 
(tan are calculated using the relation. Figure shows the variation of dielectric constant  with logF. It can be 
observed that the dielectric constant decreases with increasing frequency. The similar behaviour of dielectric 
constant with frequency was observed in bulk samples of Mg-Zn spinel ferrite [17,18]. The decrease in 
dielectric constant is of expontional nature. At low frequency the dielectric constant decreases fast for all 
composition. At high frequency the dielectric constant decreases very slowly. 

The behaviour of dielectric loss tangent with frequency is shown in Figure. It is evident from figure that the 
dielectric loss tangent decreases with increasing frequency. The dielectric behaviour and dispersion 
phenomenon in spinel ferrite can be explained on the basis of polarization process[19]. The dielectric constant is 
a function of degree of polarization. As frequency increases beyond the certain frequency, the electronic 
exchange Fe2+� Fe3+ does not follows the applied alternating field resulting in reduction of dielectric 
behaviour. All the samples of Mg-Zn spinel ferrite system revealed dispersion due to Maxwell-Wagner  
interfacial polarization in agreement with Koops phenomenological theory . 

 
Figures: The variation of Dielectric loss tangent (tan δ) with Log F 
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CONCLUSION 
1. Synthesis of  spinel (Mg1-xZnxFe2O4)  ferrite was successful carried by wet- chemical co precipitation 

technique. 

2. Single phase cubic spinel structured of various sample obtained successfully by this techanique. 

3. The dielectric constant , dielectric loss and dielectric loss tangent tan decreases with increase in 
frequency. 
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SUBSTITUTED TO NICKEL FERRITE NANO PARTICAL 
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Department of Physics, Vivekanand Art's Sardar Dallipsing Commerce & Science College, Aurangabad 

ABSTRACT 
Various method have developed to synthesis Nano-Crystalline Spinal ferrites with superior  properties the 
synthesis of solid can be achieved by number of methods these method include co-precipitation sol-gel, 
hydrothermal among these synthesis method sol-gel auto combustion is most commonly used the method has 
advantage like homogeneity good crystallinity and economy the synthesis of nano material is an important 
orientation for good quality and desired application A series of nano-crystalline sample Ni1-xCdxFeO4 (x=0.0, 
0.1, 0.2, 0.3, 0.4) Were prepared by auto combustion method XRD studies confirm the prepared  sample are 
nano size E-DAX are good agreement with its nominal composition. Infrared spectra showed two distinct 
absorption band near 400cm-1 and 600cm -1 at octahedral and tetrahedral sites, indicating spinal ferrites SEM 
micrograph shows grain growth is uniform 

Keywards: Ftir, E-DAX, Spinal Ferrites, SEM 

1. INTRODUCTION 
Chemically ferrites are very inert substance oxides and many metals are basic and so are soluble in dilute acid 
oxides of metal are atmospheric and dissolved readily in aqueous solutions of basic oxides the ferrites are very 
stable even though they one ionic [1] because of their insolubility in ionizing solvents the electrical conductivity 
of soft ferrite law as compared to magnetic material [2] 

The presence of Fe2+ ions is sometimes desirable as it reduces magnetostriction and resistivity and conduction 
mechanism in spinal can explained on basis of small polaron hopping mechanism [3,4]  ferrites have vast 
application to radio frequencies [5] the low conductivity of ferrites cause them for its use in microwave 
application they exhibit high resistivity and dielectric properties and dielectric properties depend upon method 
of preparations chemical composition and grain size.  The substitution of Cd2+ in ferrites is well known to 
enhance the magnetic and electrical properties like saturation magnetization [6,7] 

2. SAMPLE PREPARATION 
Nanocrystalline powders of  Ni1-xcdxfe2O4(0.0< x < 0.4)were synthesized by using sol gel auto combustion 
method In this  procedure, nickel nitrate hexahydrate (Ni(No3)2-6H2O, cadmium nitrate hexahydrate, ferric 
nitrate monohydrate, citric acid (C6H8O7H2O) were used as starting material double distilled water was used as 
solvent according to the stoichiometric proportion of Ni1-xcdxfe2O4 ,(Where X=0.0, 0.1, 0.2, 0.3, 0.4) 

All the nitrates were separately dissolved in distilled water and stirred on magnetic stirred for  20 minutes. All 
the solutions were mixed together and stirred on a magnetic stirrer until the nitrates were completely dissolved. 
The metal nitrate to citric acid ratio was taken as 1:3 The solution were stirred the continuous stirring on 
magnetic stirrer; drop by drop ammonia solution was added to adjust the pH value to 7. Then the solution was 
heated on hot plate at  9000C with constant stirring until gel was formed. Instantaneously gel ignites with the 
formation of large amount of gas, resulting in to light weight voluminous powder. The resulting precursor 
powder was annealed at 7000C  for  6 h to obtain        Ni1-xCdxFeO4  nano crystalline material. 

3. ENERGY DISPERSIVE X-RAY ANALYSIS [EDAX] 
The EDAX measurement was done in order to determine the chemical composition on the surface of the sample 
to support our observation on the structure of the ferrites the typical EDAX pattern Ni1-xCdxFe2O4 are shown in 
fig. a 

 
Fig-a 
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4. INFRARED SPECTROSCOPY (IR) 
The IR spectra of Ni1-xCdxFeO4 samples are shown in fig. b. 
Indicating the two absorption hands in wave number range 350-800 cm-1  it has been reported that the 
occurrence of 600 cm-1 and 400 cm-1 band are attributed to the intrinsic vibrations of tetrahedral and octahedral 
groups respectively  [8,9] 

 
Fig-b 

5. SCANING ELECTRON MICROSCOPY (SEM) 
Average grain size and surface morphology of Cd2+ substituted Ni1-xCdxFeO4 nano particles were determined by 
using scanning electron microscope technique by selecting 35000 magnification range. SEM images for x=0.0 
& 0.1 and shown in fig. c  micrograph shows the grain growth is uniform and porous and uniform 
microstructure with spherical morphology of ferrite sample 

The effect of Cd substitution on microstructure Nife2O4  can be explained in terms of the increase pore mobility 
due to erection or excess caution vacancies [10] 

 
Fig-c 

CONCLUSION 
 Cd2+ substituted nickel ferrites, with nominal compositions Ni1-xCdxFeO4 (0.0< x <0.4) nanoparticles were 

successfully synthesized by a sol-gel auto combustion method. 

 The average grain size obtained from scanning electron microscopy was found in the range of 80-102nm. 

 Energy dispersive spectroscopy analysis confirmed that the synthesized sample were near stoichiometric. 

 Infrared spectra exhibit two distinct absorption bands near about  400 cm-1 and  600 cm-1 at  octahedral and 
tetrahedral sites, respectively indicating the characteristic features of spinel ferrites. 
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INVESTIGATION OF PHYSICOCHEMICAL PROPERTIES USING LCR METER TECHNIQUE 

P. T. Sonwane and S. R. Gaur 
Sants Ramdas Arts, Science & Commerce College, Ghansawangi, Dist. Jalna 

ABSTRACT 
Study of Physicochemical Properties like Viscosity, Density and Refractive Index for Binary Mixture of 1-
Propanal+2-butoxyethanol. Concentration range are measured at 308 K, the experimental data further use to 
determine the excess properties Viz. Excess molar Volume, Excess viscosity and excess molar refraction .The 
values of excess Properties further Fitted with Redlich-Kister equation to calculate the binary Coefficients. The 
resulting Excess Parameters are used to indicate the presence of intermolecular interactions and strength of 
Intermolecular interactions between the molecules in the binary mixtures.  

Keywords: Dielectric Constant, Density, Viscosity, Refractive Index, LCR meter. 

INTRODUCTION 
The study of binary liquid mixtures provides sensitive tool for detecting molecular interactions. In order to 
study the effect of increase of molecular size on solute solventinteraction the series of alcohols and 
alkoxyalkanols are selected becauseno attempts have been made to study this 

binary system. Alcohols play an importantrole in many chemical reactions [1-4] dueto their ability to undergo 
self-associationwith manifold internal structure and are inwide use in industry and science asreagent, solvent 
and fuels. Monoalkylethers of [5] ethylene glycol may exist indynamic equilibrium existing in Gauche aswell as 
open chain form. In this casemonoalkyl ethers of dimethylene glycol intermolecular hydrogen bondingdecreases 
with the increase in the size ofthe alkyl group. These molecules are alsofound to exist in both intermolecular 
hydrogen bonded form inequilibrium withopen chain form in dilute solutions. The intermolecular association is 
found to beabsent in dilute solutions, whereas in pureliquid state the molecule existing in open chain may form 
multimers [6]. Because of such interesting facts it is decided to carry out dielectric relaxation study of Alcohols 
with Alkoxyalkanols. 

EXPERIMENTAL DETAILS 
The setup consists of Digitizing oscilloscope Auto compute LCR QMETER et Model 4910 

Density Measurement: The Density measurement were Carried out by PortableDigital Density 

Meter (Anton Paar-35) for pure liquids andbinary mixture. 

Viscosity Measurements: Viscosity of thesample in the present study were measuredby using 

Brookfield Viscometer Model LV DV-II+Pro, Cone plate Model with CPE-40 Spindle. 

Refractive Index: Measurement:Refractive Index Measurement are Studied using Abbeys Refractometer.LCR 
Meter Technique: Dielectric Constant were measured in thePresent Study By using Auto computeLCR Q-
METER et Model 4910 

RESULTS AND DISCUSSIONS 
Table-1: Excess Molar Volume of 1 Propanol+2-butoxyethnol Ethanol at 308 K. 

Volume of fractional 1-
Propanal+2- butoxyethanol 

Density Viscosity Refractive 
Index 

Dielectric 
Constant 

0 0.7935 0.541 1.332 6.8 
0.163 0.7932 0.549 1.336 7.64 
0.305 0.793 0.587 1.339 8.40 
0.429 0.7928 0.610 1.411 9.30 
0.539 0.7925 0.665 1.414 10.30 
0.637 0.7922 0.692 1.416 11.50 
0.724 0.792 0.768 1.418 12.80 
0.803 0.7917 0.835 1.422 14.30 
0.875 0.7914 0. 892 1.425 15.95 
0.940 0.791 0.9850 1.427 17.30 

1 0.7907 1.014 1.432 19.10 
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The existence of an intermolecular interaction through hydrogen bounded structures between Binary 
Mixtures.Dielectric relaxation study of liquids generally carried out on dilute solution of polar and non-polar 
liquids or binarymixture in dilute solutions of non-polar liquids and on mixtures of polar liquids or simply 
binary mixtures. A large amount of work has been done on dilute solutions.Difficulty arises in measuring 
thedielectric absorption data in pure liquids 

because of its viscosity, bipolarinteractions and internal field. Therefore,dielectric properties are usually carried 
outin dilute solutions of non-polar solvents. Inthese cases polar molecules will be quasiisolatedstate. 

CONCLUSION 
If a dielectric medium consists of polarmolecules (permanent dipole) then the dipoles are Oriented at random in 
theabsence of an external electric field whenan electric field is applied then the forcesacting on a dipole give 
rise to a couplewhose effect is to orient the dipole alongthe direction of electric field. Thus thepolar molecules 
become induced dipoles when they are oriented by the field andtherefore their dipole moments getincreased. 
This phenomenon is known asorientation polarization. 
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ABSTRACT 
Polycrystalline spinel ferrites are prepared by using double sintering ceramic method. In this, ferrite material 
shows single phase cubic spinel structure verified by X-ray diffractometer techniques. Lattice constant changes 
with changing Mn ion concentration. Generally, lattice constant is affected by the surface reconstruction that 
results in a deviation from its mean value. Theoretical values of lattice constant are good agreed with 
experimental values. The ionic radii of tetrahedral (A) site goes on increases and that of octahedral [B] site 
goes on decreases linearly. X-ray density increases with Mn ion concentration, bulk density reflect same 
behavior as X-ray density where as porosity decreases with increasing Mn ion concentration. Particle size 
increases with increasing Mn ion Concentration. IR spectra of system Mn-Cu-Zn ferrites have been analyze in 
the frequency range 200-800 cm-1.Two absorption bands are observed in the frequency range  585-593 cm-1 and 
410- 413 cm-1. The force constant Kt abruptly changes with composition x and Ko increases linearly with 
increasing composition x. 

Keywords: Spinel ferrites, X-ray diffraction, particle size, porosity, IR. 

1. INTRODUCTION 
Now days, a wide variety of ferrite cores are available, resulting in a great expansion in the field of its 
application both in consumer equipment such as radio, tape recorders and T. V. receivers as well as professional 
equipment such as computers, control equipment, telephone exchanges, transmission equipment, etc. 

Copper ferrite and copper containing ferrites have been focus of continuous interest in many years. The 
application of Mn-Zn ferrites in power electronics is constantly increasing. Particularly the growth of 
commercial market for switch mode power supplies demands on ferrite industry to produce high performance 
ferrite cores capable of operating at increasingly higher frequencies [1]. Recently, many efforts have been made 
to develop low power loss Mn-Zn ferrites for application at high frequencies [2, 3]. Mn containing ferrites have 
various applications such as electromagnetic interference [4], transformers [5], asymmetric digital subscriber 
line [6] etc. Otherwise, the processing techniques have been a sensitive factor for the magnetic properties. The 
magnetic properties of Mn-Zn ferrite depend upon their chemical composition, grain size etc. [7].  In this paper, 
the attempt has been made to investigate the effect of Mn4+ ion on copper-zinc ferrite to study structural and 
infrared properties. 

2. EXPERIMENTAL DETAILS 
The standard double sintering ceramic technique is used to prepare polycrystalline spinel ferrites having 
compositional formula Cu0.7+xZn0.3MnxFe2-2xO4 where x=0.0, 0.1, and 0.2. The analytical regent oxides such as 
CuO, ZnO, MnO2 and Fe2O3 (all are 99.9% pure) are used. They are weighed and mixed in their proper 
proportions and ground in agate mortar for minimum two hours. For pre-sintering, the samples are heated at 
700C for 12 hours in muffle furnace and then slowly cooled to room temperature. Then again samples were 
ground for minimum two hours. The pellets were made by applying a pressure of 5 ton/inch2 for 10 minutes. 
Finally, these pellets and remaining samples are sintered at 980C for 24 hours and slowly cooled to room 
temperature. 

To study structural behavior, X-ray diffraction pattern were recorded at our Department, Shri Chhatrapati 
Shivaji College, Omerga on Regaku Miniflux II, Desktop X-ray diffractometer using CuKα radiation (λ= 
1.54056 Aº). To study the absorption bands, IR spectra in the range 200 to 800 cm-1 were recorded at room 
temperature on infrared spectrometer (model 783 Perkin –Elmer). 

3. RESULTS AND DISCUSSION 
3.1 X-ray diffraction 
Fig. 1 shows X-ray diffraction pattern of polycrystalline spinel ferrites having chemical formula 
Cu0.7+xZn0.3MnxFe2-2xO4 where x=0.0, 0.1 and 0.2.  X-ray diffraction pattern shows a sharp diffraction line which 
confirms the single phase spinel structure. 
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Figure-1: XRD Pattern of polycrystalline spinel ferrite Cu0.7+xZn0.3MnxFe2-2xO4 system where x= 0.0, 0.1 and 0.2 

The planes observed are (111), (220), (311), (222), (400), (422), (333), (440) and (533) which corresponds to 
the allowed values for cubic spinel structure. Bragg’s peak (311) observed at an angle 2  35.33 which 
indicate formation of ferrite material. 

Lattice constant ‘a’ is determined by knowing the values of interplanar distance ‘d’ and miller indices h, k, and l 

using relation 222 lkhda  . The Values of lattice constant ‘a’ decreases linearly from 8.4190 to 8.4102 
A with increasing composition ‘x’ is as shown in table 1. 

The decrease in lattice constant ‘a’ with composition ‘x’ is due to replacement of 2 3Fe (0.64A) ion by 2Cu  
(0.72 A) and 4Mn (0.52 A) ions i.e. 

2Fe3+Cu2+ + Mn4+ 

Regarding that ionic radius of 2Fe3+ ions are larger than that of Cu2+ and Mn4+ ions. So that increase of Mn4+ ion 
concentration leads to decrease of lattice constant which obeys Vegard’s laws [8]. Similar behavior of lattice 
constant also reported in study of Ge4+ [9]. 

Theoretical value of lattice constant can be calculated using the values of tetrahedral and octahedral radii (rA and 
rB) and is given by the relation [10], 

)](3)[(
33

8
OBOAth rrrra   

where Ro is radius of oxygen ions (1.32A). 

The cations distribution of given samples should be known to calculate rA and rB. According to cations 
distribution of given series, the value of rA and rB can be calculated as, 

])1([ 322   FeZnCuA rtxrxrtr  

and 

])21()1[(
2
1

32
4

  
FeCuB rytxyMnrytxr  

where  3242 ,, FeZnMnCu randrrr is the ionic radius of copper (0.72
o
A ), manganese (0.52

o
A ), zinc (0.83

o
A ) and 

iron (0.64
o
A ) respectively. 
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Theoretical value of lattice constant (ath), experimental values (a), ionic radii (rA and rB) are tabulated in table 1. 
It is observed that theoretical values of lattice constant are good agreed with experimental values. The ionic 
radii of (A) site goes on increasing linearly by values  0.0248 A and [B] site goes on decreasing linearly by 
values  0.032 A. This increase or decrease in ionic radii on tetrahedral and octahedral site depends upon the 
site preference of cations. 

The X- ray density ‘dx’ is calculated using the relation, 
NV
ZMd x   

where Z is number of molecules per unit cell (Z=8), M is molecular weight, N is Avogadro’s number 
(6.0231023) and V (= a3) is volume of unit cell. The values of X-ray density are increases and bulk density 
decreases with increasing composition ‘x’ as shown in table 1. This increasing X-ray density is attributed to 
decrease in lattice constant and increase in molecular weight of compositions. 

The percentage porosity was calculated using the relation, %100)1( 
xd

dP     where d is bulk density and 

dx is X-ray density. Porosity decreases as Mn content increases which reflects the opposite behavior of density. 

The particle size of each composition is calculated by using Scherrer’s formula, 



CosB

t 9.0
   where  is 

wavelength (1.54056 A) of Cu target, B is full width at half maximum diffracted line in radian. The values of 
particle size is as shown in table 1. Particle size increases with increasing Mn ion concentration which is 
consistent with particle size prepared by ceramic techniques. 

Table-1: Compositional variation of theoretical and experimental values of lattice constant, ionic radii of (A) 
and [B] site, X-ray density, bulk density, porosity and particle size of the Cu0.7+xZn0.3MnxFe2-2xO4 system. 
(x) Theo. value 

of lattice     
Constant 

(ath ) in A 

Expt. value 
of lattice     
Constant   

(ath ) in A 

Ionic Radii of A-site 
and B-site 

 

X-ray 
density 
dx  in 

(gm/cm3) 

Bulk 
density 

d in 
(gm/cm3) 

Porosity   
P in(%) 

Particle 
size t in  

(A) 
rA (A) rB (A) 

0.0 8.4068 8.4190 0.6986 0.6671 4.819 4.9707 6.84 187.6 
0.1 8.4022 8.4140 0.7010 0.6640 5.376 4.7492 11.40 268.0 
0.2 8.3973 8.4102 0.7034 0.6608 5.408 4.7852 11.10 277.9 

3.2 IR studies 
Fig. 2 shows IR spectra of polycrystalline spinel ferrites having chemical formula Cu0.7+xZn0.3MnxFe2-2xO4 
where x=0.0, 0.1 and 0.2. There are two absorption bands are observed in expected region of IR. 

 
Figure-2: IR absorption band positions of polycrystalline spinel ferrite Cu0.7+xZn0.3MnxFe2-2xO4 system where x= 

0.0, 0.1 and 0.2 
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The band position, force constant and bond length are summarized in table 2. According to Waldron [11], the 
Band 1 is arises due to the stretching vibration of tetrahedral complexes and 2 to that of octahedral complexes. 
The high frequency band 1 is obtained in the range of 585-593 cm-1 and is related to the intrinsic vibrations of 
tetrahedral group and second band 2   is in the range of 410- 413 cm-1 and is due to octahedral metal 
complexes. An absorption band positions increases with increasing composition x. This difference in position of 
bands for the various compositions was expected because of difference in the distances for the octahedral and 
tetrahedral ions [12]. The difference in position of two strong bands 1 and 2 could be related to the difference 
in   23 OFe  distance for A- sites and B-sites [13].The similar observations have been made by Srinivasan et 
al. [14]. Most of the workers [15-16] have also observed the IR bands in the ferrites and their conclusions are in 
agreement with result of Waldron. 

The force constant at tetrahedral site Kt and octahedral site Ko have been obtained from the infrared absorption 
data. The values of Kt abruptly changes with composition x and Ko increases linearly with increasing 
composition x as shown in table 2. 

Table-2: Compositional Variation of band position, force constants and bond lengths of the  
Cu0.7+xZn0.3MnxFe2-2xO4 system. 

 
 

(x) 

Band position Force constant Bond length 
1 cm-1 2 cm-1 Kt 

dyne/cm 
Ko 

dyne/cm 
RA 

(A) 
RB 

(A) 
0.0 585 410 15349.9 10437.0 0.5028 0.7847 
0.1 590 412 14887.8 10534.0 0.5017 0.7835 
0.2 593 413 14946.02 10717.0 0.5009 0.7826 

The molecular weight of tetrahedral and octahedral site has been calculated by assuming the cations distribution 
formula. The bond length RA and RB values are obtained by using relation, 

)()
8
5(

)(3)
4
1(

2

2









OrauR

OrauR

B

A

 

where 
8
3u  and 

o
AOr 32.1)( 2  . 

The values of bond length RA and RB both decreases with increasing content of Mn4+. This decrease of bond 
length should be normally leads to increase in force constant. 

4. CONCLUSION 
From X-ray diffraction pattern, it is observed that the Mn4+ doped Cu-Zn ferrites confirm cubic spinel structure. 
Lattice constant decreases with increasing composition x. Theoretical values of lattice constant are good agreed 
with experimental values. The ionic radii of (A) site goes on increases and that of [B] site goes on decreases 
linearly. Porosity decreases as composition x increases which reflects the opposite behavior of density. Particle 
size increases with increasing composition x. Two main IR absorption bands are observed, the high frequency 
band 1 is obtained in the range of  585-593 cm-1  and low frequency band 2   is observed in the range of 410- 
413cm-1. The force constant Kt and Ko changes with composition x and it is attributed to decrease in bond 
length. 
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ABSTRACT 
The samples of MgZnxMnxFe2-2xO4 spinel ferrite systems with varying x [x = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6] 
were synthesized by double sintering ceramic method. A. R. grade oxides of magnesium, zinc, manganese and 
ferric were used for the preparation of MgZnxMnxFe2-2xO4 ferrite. 

All the synthesis powders were characterized by using X-ray diffraction (Philips X-ray diffractometer, Model 
PW3710) technique at room temperature. The X-ray diffraction patterns were recorded in the 2 range of 200-
800 using Cu-K radiation. The magnetic properties were measured using pulse field technique provided by 
Magneta company. 

INTRODUCTION 
The spinel ferrite represented by the formula MFe2O4 (where, M = Ni, Cu, Mn, Co, Fe, etc.) have a value for 
many technological applications due to their insulating property, high permeability, and moderate 
magnetization. The spinel ferrites are used in high frequency transformers, filters, isolators, automobiles, 
communication equipments, radio, television, and microwave and satellite communication [1]. 

Magnesium ferrites have been the subject of study for a long time [2, 3]. A number of researchers have studied 
the electrical and magnetic properties of magnesium ferrite substituted by divalent [4], trivalent [5] and 
tetravalent [6] ions. The simultaneous substitutions of divalent non magnetic and tetravalent magnetic cations 
like Zn, Mn ions in magnesium ferrites may give rise to an interesting result. 

EXPERIMENTAL DETAILS 
The samples of MgZnxMnxFe2-2xO4 spinel ferrite systems with varying x [x = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6] 
were synthesized by double sintering ceramic method. A. R. grade oxides of magnesium, zinc, manganese and 
ferric were used for the preparation of MgZnxMnxFe2-2xO4 ferrite. [7] 

The magnetic properties were measured using pulse field technique provided by Magneta company. A.C. 
susceptibility measurements were carried out using double coil setup in the temperature range 300-800K. [8] 

RESULTS AND DISCUSSION 
The magnetic properties like saturation magnetization (Ms), remanant magnetization (Mr), coerecivity (Hc) and 
others are investigated using pulse field hysteresis loop technique. Fig 1 (a and b) represents the M-H plots for 
all the compositions( x=0.0 to0.6). All the samples of the series MgZnxMnxFe2-2xO4 exhibit typical hysteresis 
curve showing ferrimagnetic behavior of the samples. These M-H plots are used to obtain the values of 
coercivity, remanant magnetizations etc. and the values of these magnetic parameter are presented in Table 1. 

The values of saturation magnetization are used to determine the magneton number (nB)(the saturation 
magnetization per formula unit in B). [9] 

The decrease in Curie temperature with increase in zinc ion concentration ‘x’ is related to decrease in magnetic 
linkages associated with tetrahedral (A) and octahedral [B] site. [10] 

Table-1: Magnetization parameters of the system MgZnxMnxFe2-2xO4. 

Comp. x 
Magnetization parameter 

Mr (emu/gm) Ms (emu/gm) Hc (Oe) 
0.0 4.24 22.50 58.48 
0.1 1.62 45.93 2.34 
0.2 0.19 70.01 11.18 
0.3 27.31 76.12 42.83 
0.4 0.75 75.29 6.93 
0.5 12.76 52.90 33.23 
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Figure 1. a) Variation magnetic field strength with magnetic moments for the system MgZnxMnxFe2-2xO4 
for X = 0.0, 0.1, 0.2, 0.3 
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Fig-1.b): Variation magnetic field strength with magnetic moments for the system MgZnxMnxFe2-2xO4 for X = 

0.4, 0.5, 0.6, 

CONCLUSIONS 
The saturation magnetization Ms initially increases and then decreases with Zn, Mn concentration ‘x’. 
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ABSTRACT  
The Cost effective and eco-friendly technique for green synthesis of Gold and Copper nanoparticles using 
Cinnamomum tamala (tejpatta) steam aqueous extract was carried out in this study. The formation of Gold 
nanoparticles (AuNPs) and Copper Nanoparticles (CuNPs) were confirmed by different techniques such as UV-
Visible spectroscopy, X-ray diffraction,  Energy dispersive X-ray spectroscopy (EDX) and scanning electron 
microscopy (SEM). Gold and Copper nanoparticles of different sizes were synthesised by optimizing method 
parameters. The average particle size of  AuNPs and CuNPs were found to be 15 and 52 nm calculated using 
sherrer equation. The synthesized Copper and gold nanoparticles show size dependent catalytic activity.  The 
effect of particle size on catalytic reduction was studied using UV-Vis spectrophotometry. These nanoparticles 
were used for synthesis various organic molecules.  The Biomedical application of Gold nanoparticles can be 
rendered more effective by using biologically synthesized nanoparticles that are found to be exceptionally 
stable, minimize toxicity and cost. 

Keywords:  AuNPs, CuNPs, Cinnamomum tamala, Green synthesis, SEM and EDX.  

INTRODUCTION 
Synthesis of metal nanoparticles (MNP) has been a prime area of interest for the researcher’s community in the 
recent times [1, 2]. This is mainly because of the their astonishing optical, electrical as well as biological 
properties, due to which they are extensively employed in medicinal [3], Catalytic [4], Pharmaceuticals [5], 
Sensors [6] and so on [7]. metal nanoparticles  can now be routinely synthesized by adopting various chemical 
and physical methods. Their acts and applications mainly depend upon shape, size and composition of 
nanoparticles [8].   

Gold Nanoparticles and Silver nanoparticles (AuNPs) were studied by considering their exceptional applications 
in optical receptors [9], filters [10], electrical batteries [11], bio-sensing [12], antimicrobial agents [13]. Metal 
nanoparticles  also find potential applications in medicines, especially in ointments to cure the burns, open 
wounds [14]. There are copious methods reported in literature for synthesis of AuNPs. On the other hand, 
biological methods are suitable methods as they are not only inexpensive, but also are environmentally benign. 
This is because they don’t incorporate any hazardous chemicals and also don’t form any harmful bi-products, 
thereby abiding the principles of green chemistry [15,16]. Also by incorporating biomaterials, synthesis of 
nanoparticles become inexpensive, rapid, eco-friendly and generally consists of a single step [17]. Bio-synthesis 
of metal nanoparticles has been achieved in two ways: i) by using microorganisms ii) by using plant materials. 
Many recent reports show synthesis of nanomaterials by means of microorganisms such as E. coli [ 18],  
Fusarium oxysporum [19]; and by using plants such as basil [ 20] and  Corundum Sativum [ 20]. These bio-
organisms are advantageous for synthesis because they use natural reducing agents present in plants and are 
generally needless of any capping agents as phytochemicals are readily available to serve that purpose.  

Cinnamomum tamala, Indian bay leaf', also known as , tejpat, tejapatta, Malabar leaf, Indian bark, Indian cassia, 

or malabathrum, is a tree in the Lauraceae family that is native to India, Bangladesh, Nepal, Bhutan, and China. 
 It can grow up to 20 m (66 ft) tall. Its leaves have a clove-like aroma with a hint of peppery taste, they are used 
for culinary and medicinal purposes. It is thought to have been one of the major sources of the medicinal plant 
leaves known in classic and medieval times as malabathrum (or malobathrum). The bark is sometimes used for 
cooking, although it is regarded as inferior to true cinnamon or cassia.  Methanolic extract of C. tamala leaves 
fed at 10 mg/kg to alloxan-induced diabetic rats for 15 days resulted in significant reduction in blood glucose 
level, blood glycosylated haemoglobin, LPO, serum AST and ALT, and significant increase in the antioxidant 
enzymes such as CAT, GSH and SOD. C. tamala could be used as an adjunct therapy in diabetes.[21]  

In this paper, the eco-friendly, solvothermal synthesis of Gold and Copper  nanoparticles involving 
Cinnamomum tamala leave extract is reported. The lustrous black coloured Copper  nanoparticles are obtained 
when copper nitrate is treated with extract in certain proportion and no other capping agent was required to 
stabilize CuNPs. The characterization was done by UV-visible spectroscopy and X-ray diffraction (XRD). 
Surface morphology in terms of shape was determined by employing scanning electron microscopy (SEM), 
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energy dispersive X-rays analysis (EDX) and transmission electron microscopy (TEM). The above synthesized 
Ag nanoparticles find potential applications in catalysis. To the best of our knowledge, it is a first instance where 
AuNPs were synthesized using Cinnamomum tamala extract.  

MATERIAL AND EXPERIMENTAL METHODS  
Chemicals: Gold Chloride (AuCl2), cupric nitrate (Cu(NO3)2), and nitro phenols were obtained from Merck 
Chemicals. All glassware has been properly washed with distilled water and dried in oven before use. 

Preparation of Cinnamomum tamala leaf extract :  Leaf of Cinnamomum tamala were collected from local 
area, Mumbai. The voucher specimen was numbered and kept in our lab for further reference. Following 
procedure was followed for the preparation of leaf extract: The leaves were cleaned by washing twice with tap 
water and finally with distilled water. They were gently dried using a soft cotton cloth. The clean leaves were 
finely cut and then were crushed using mortar-pestle by adding water occasionally. The paste prepared above 
was taken in a beaker and equal amount of water was added. The resultant mixture was sonicated using 
ultrasonic bath for 25-30 min with frequent stirring in order to have aqueous extract containing plant 
components. The mixture was filtered using Whatmann filter paper and filtrate was collected in a beaker. This 
aqueous Cinnamomum tamala leaf extract was used for synthesis of Silver nanoparticles.   

 
Figure -1: Cinnamomum tamala leaf 

 Synthesis of Gold nanoparticles using Cinnamomum tamala leaf extract: AuNPs were synthesized by 
following method: 50 cm3 of fresh aqueous leaf extract was taken in a 150 cm3 beaker. To this, 25 cm3 of 1000 
ppm gold chloride solution was slowly added. The colour of the solution readily changed when gold chloride was 
added and silvery colloidal suspension was formed. The suspension was then stirred for eight hours at 500 rpm 
using magnetic stirrer bar. The stirring was stopped and precipitate was allowed to settle down. The solution was 
then centrifuged several times at 3500  rpm to get AuNPs which were dried at 70° C for two days  and were 
stored in a bottle kept in dark place. The ratio of plant extract: gold chloride was also varied and it was observed 
that 50 cm3 of leaf extract along with 25 cm3 of 1000 ppm AuNO3 gave best results and thus were chosen to be 
final proportion. 

The AuNPs synthesized in this manner involved direct interaction between AuCl2 and phytochemicals present in 
leaf extract which resulted in dexterous reduction of gold to produce AuNPs without making use of any 
chemicals. As a result, reaction followed green chemistry principles and could definitely be called cent percent 
green method. In addition, Cinnamomum tamala linn leaf extract mediated synthesis of AuNPs didn’t require 
any stabilizers or capping agents as secondary metabolites in the plant were mainly causing a formation of  
robust coating on gold nanoparticles and thus preventing the self-agglomeration.  

Synthesis of Copper nanoparticles using Cinnamomum tamala leaf extract: The 25 gm of leafs was boiled 
with 100 ml deionized water for 120 minutes. The extract was cooled down and filtered with Whatman filter 
paper and extract was stored in a refrigerator. The CuNPs were prepared by adding 20 cm3 of aqueous extract of 
plant material to 100 cm3  of  0.01M aqueous solution of cupric nitrate. The mixture was irradiated in microwave 
oven for 5 hours and allowed to cool at room temperature. Finally, the reaction mixture was centrifuged at 3500 
rpm for 25-30 minutes and residue was dried at room temperature. 

 Instrumental Techniques: Remi (1 MLH) magnetic stirrer with magnetic was bar used for solvothermal 
synthesis of AuNPs and CuNPs. UV-Visible spectra was recorded on UV-Visible spectrophotometer (UV- 
2450), Shimadzu having Version 2.32 software. Scanning electron microscopy (SEM) images were obtained 
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from S-4800 field emission SEM system (FEI Quanta 200) operating at 20.0 kV equipped to perform elemental 
chemical analysis by energy dispersive X-ray spectroscopy (EDX). Transmission electron microscopy (TEM) 
micrographs were performed using a field emission transmission electron microscope (TEM) (JEOL JEM-2100F 
TEM/STEM, Oxford Instruments, USA) operated at 200 kV. XRD studies were carried out using Maxima 7000S 
XRD (Shimadzu, Japan). FTIR analysis was performed using Fourier transform infrared spectrophotometer from 
Perkin Elmer (Frontier Sr. No. 91579).  

RESULTS AND DISCUSSIONS 
UV- Visible spectroscopic analysis: UV-Visible spectroscopy is a handy technique to acquire information about 
formation of nanoparticles. AuNP were characterized by UV-Visible spectroscopy within a range of 200 -700 
nm. For this, minimum amount of AuNP were added in 5 cm3 water and suspension was sonicated for 30 min to 
have better dispersivity of nanoparticles. As it can be seen from Figure-2A, a distinct surface Plasmon resonance 
(SPR) band at 530.4 nm was observed which is a prominent characteristic of gold nanoparticles is. At longer 
wavelengths, SPR band showed tailing giving a broad peak which may be attributed to distribution of particles. 
There was a little self-aggregation and AuNPs were found to be stable in aqueous medium.  

The UV-Visible spectra of CuNPs prepared from leaves extract are shown in Figure -2B. The absorption band 
of CuNPs occurs at 540.1 nm. The CuNPs exhibit a yellowish-brown color in aqueous solution due to the 
excitation in UV-visible spectrum depending upon the particle size.  The absorption bands for CuNPs have been 
reported to be in the range of 450-800 nm [22]. The absorption peak ascribed to the SPR of Cu particles formed 
here [23]. The intensity of peak increases as a function of time  for four hours the peak at 540.1nm but for one 
hour no value in spectra. 

 
Figure-2: UV-visible spectra of AuNPs (A) &CuNPs(B) of Cinnamomum tamala leaf extract 

X-ray diffraction (XRD) analysis : The formation of nanoparticles and its composition was analyzed using XRD 
technique by spreading the AuNPs on glass substrate with wide range of Bragg angles 2θ at a scanning rate of 2 
θ min−1. The five distinct diffraction peaks were obtained at 2θ = 39.1°, 44.8°, 65.0°, 78.7° and 82.3 (Figure-3A), 
when 2θ range  30° - 90° was kept for analysis. These peaks were accredited for (111), (200), (220), (311) and ( 
211) planes of a faced center cubic (fcc) lattice. XRD analysis is also used for calculation of particle size by 
making use of Debye Scherrer equation given below: 

t = 0.89 × λ/ β cos θ.   ------- (I) 

Where t is particle size of nanomaterials, λ is X-ray wavelength, β is Line broadening half maximum intensity 
and θ = Braggs angle of diffraction. By incorporating all these values in equation (I), the particle size of AuNPs 
using Cinnamomum tamala linn extract was found to be 15 nm.  



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

71 

ISSN  2394 - 7780 

 
Figure-3: X-ray Diffraction AuNPs (A) &CuNPs(B) of Cinnamomum tamala leaf extract 

The powder XRD of the CuNPs was recorded between 2θ values 40°  to 80°  exhibits crystalline nature showing 
possible peaks of  copper metal in Figure -3 B. Bragg’s diffraction peaks for Copper nanoparticles are observed 
at 44.1°, 50.3°, 74.9°, corresponding to 111, 200 and 220  respectively, representing face centered cubic structure 
of Copper. The average crystallite size of CuNPs was calculated to be about 52 nm, respectively, using Scherer 
formula,   where λ is incident X-ray wavelength (Cu Kα = 1.542 Å), β is full width half maximum in radians of 
the prominent line that is, (111), and θ is position of that line in the pattern. 

Table 1: Peak Intensity from d-spacing Value for AuNPs 
Sr. No 2θ d-spacing 1000/d2 hkl 

1 39.1 2.30 168.91 111 
2 44.8 1.98 255.10 200 
3 65.0 1.52 432.90 220 
4 78.7 1.24 740.74 311 
5 82.3 1.12 800.0 211 

Table 2: Peak Intensity from d-spacing Value for CuNPs 
Sr. No 2θ d-spacing 1000/d2 hkl 

1 44.1 1.95 263.15 111 
2 50.3 1.72 338.98 200 
3 74.9 1.22 972.04 220 

Scanning electron microscopic analysis (SEM) and Transmission electron microscopic (TEM) analysis:  
Scanning electron microscope employed for surface characterization of the nanoparticles was FEI Quanta-200, 
with an operating voltage of 20 kV. SEM analysis shows the surface morphology of nanomaterials including its 
size and shape. SEM and TEM analysis shows the presence of well distributed spherical gold nanoparticles as 
shown in Figure -4. This was followed by EDAX analysis (as depicted in Figure -5) in which peak of gold can 
be seen, proves that nanoparticles formed by green synthesis are gold nanoparticles only.  

 
Figure-4:  (A) SEM image of Gold nanoparticles, (B) and (C) TEM images ofAuNPs, (D) SAED pattern for AuNPs 
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APPLICATIONS OF GOLD  NANOPARTICLES FOR DETERMINING THEIR CATALYTIC 
ACTIVITY  
The AuNPs synthesized by green method were employed to investigate catalytic activity, using reduction of 4-
nitrophenol to 4-aminophenol by sodium borohydride as a standard/ model reaction. To a 1 cm3 cuvette, freshly 
prepared sodium borohydride (0.35 cm3, 0.5 M) along with 4-nitrophenol (0.70 cm3, 0.5 mM) were added. The 
UV-visible absorption spectra was recorded for the reduction of 4-nitrophenol catalyzed by AuNPs. 4-
aminophenol in aqueous form shows λmax at 297 nm when scanned in the range of 200-800 nm, whereas 4-
nitrophenol shows its characteristic spectra having absorption maxima at 317 nm. After addition of sodium 
borohydride, the peak for 4-nitrophenol (317 nm) shifts to 400 nm which is attributed to the formation of 4-
nitrophenolate ion as observed in the literature. After addition of AuNPs to the previous solution, the cuvette 
was shaken vigorously for some time and was then placed in the spectrophotometer. The disappearance of peak 
at 400 nm was observed and new peak was formed at 297 nm which was because of the absorption of 4-
aminophenol.  

CONCLUSION 
Green synthesis of spherical shaped AuNPs and CuNPs of Cinnamomum tamala leaf extract was achieved. The 
mode of synthesis was simple, safe, eco-friendly which did not produce any harmful bi-products. The 
phytochemicals present in the plant acted as reducing agent for formation of AuNPs. The nanoparticles were 
stable and were characterized by means of UV-visible spectroscopy, XRD, SEM, TEM and EDX which 
provided evidences for their successful synthesis.  

The present method is advantageous as compared to chemical synthesis due to absence of hazardous chemicals. 
The method is also superior to microbial method as it is free from microbial agents which can cause diseases to 
human beings. Above all, a low cost route of metal nanoparticles synthesis has been found which is 
economically viable. These Gold nanoparticles proved to be an excellent catalyst for facile reduction of 4-
nitrophenol to 4-aminophenol. These nanoparticles could be applied in the fields of drug delivery, 
biodiagnostics, and filters as well as in optical imaging. Green synthesized MNPs have various relevance’s in 
biochemical-pharmacological investigations such as anti-microbial, anti-oxidant, anti-diabetic and wound 
healing activities. In addition, this green synthetic practice would be a better alternative to the accessible 
methods. 
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ABSTRACT 
Cobalt doped zinc nickel ferrite Ni0.3Zn0.7-xCoxFeCrO4 (0 ≤ x ≤ 0.5) nanostructures was synthesized by sol-gel 
combustion route. The structural parameter derived from XRD data. The XRD spectra revealed that the all 
ferrite samples were cubic spinel structure with 23-35 nm average crystallite size.  The lattice parameter was 
decreased and crystallite size decreased with Co2+ substitution caused increase in porosity which resulted 
decrease in the bulk density of the sample. The different properties like dielectric constant (), dielectric loss 
( ), loss tangent () and AC conductivity have been studied by LCR-Q meter with increasing frequency for all 
samples. Low loss at high frequency was supported high feasibility of synthesized doped ferrites for microwave 
and absorbing materials application. 

Keywords: Lattice parameter, Dielectric constant, Loss tangent, A. C. Conductivity 

1. INTRODUCTION 
Ferrite was known from ancient as lodestone (i.e. Fe3O4) as navigation compasses used by sea travellers. 
Modern ferrite has been studied after 1930s for their structural, magnetic and electrical properties [1]. Basically 
ferrite is insulating magnetic oxide materials, they possess very high permeability from low to high frequency. 
The low eddy current losses made the material unique for various electronic applications [2]. 

The ferrite structure, be it spinel, garnet or magnetoplumbite, the crystal structure arrangement has closed 
packed structure of oxygen. The metallic cations reside on the interstices of the closed-packed oxygen lattice. 
The spinel structures have tetrahedral (A) and octahedral (B) sub-lattice forms closed pack arrangement. The 
magnetism in ferrite arises from super-exchange mechanism. This is the reason that magnetization in ferrite is 
lower than the magnetism of 3d metallic alloys in which spins are parallel aligned. Spin arrangement of B-site 
and A-site in ferrite are antiparallel, the magnetization (M) can be increases by imbalance between A and B sub-
lattice. This can be done by substituting nonmagnetic cations like Bi3+ or Zn2+ for A-site. 

To develop new generation microwave devices technology ferrite materials must be made to have special 
properties. The intrinsic property of ferrite depends upon chemical composition, type of substitution and 
preparation method. The small amount of non- magnetic ions can change structural, magnetic and electrical 
properties. In order to increase the applicability of ferrite materials, in present work magnetic Co2+ substituted 
zinc ferrite has been undertaken. We have reported sol-gel auto-combustion method for the preparation of 
cobalt doped Zinc ferrite. We also present the effect of Co2+ on structural and dielectric properties of cobalt 
ferrite. 

2. EXPERIMENTAL DETAILS 
2.1 Synthesis 
Cobalt-bismuth ferrite Ni0.3Zn0.7-xCoxFeCrO4 (where x = 0.0, 0. 0.1, 0.2, 0.3, 0.4, 0.5) samples were prepared by 
sol-gel routes. The high purity AR grade (99.99%) starting materials used were nickel nitrate Ni(NO2)2 9H2O,  
ferric nitrate (Fe(NO3)3 9H2O), cobalt nitrate (Co(NO3)2 6H2O), zinc nitrate (Zn(NO3)2 5H2O), chromium nitrate 
(Cr(No3)3 9H2O and citric acid (C6H8O7 H2O) (99.9% sd-fine). All reagents were weighed in stoichiometric 
proportions; the products of the system were produced by keeping metal nitrate to citrate ratio 1:3. All the metal 
nitrates are dissolved into certain amount deionized water and mixed together to get clear solution (pH3). An 
aqueous solution of citric acid was mixed with metal nitrate as chelating agent and the pH of solution was kept 
constant and equal to 7 during the reaction adding ammonia solution. The reaction was carried out in natural 
medium. The solution was kept on hot plate with continuous starring at 100 °C during evaporation; the solution 
becomes viscous and finally formed very viscous gel. When finally all water molecules were removed from the 
mixture, after few minutes the gel automatically ignited and burnt with glowing flints. The auto-ignition was 
completed within one minute, yielding the brown color ashes termed as precursor. The as prepared powders of 
all samples were heated separately at 500 °C for 4h to get the final product. These heat treated powders were 
used for further characterization. 
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2.2 Characterization tools 
The X-ray powder diffraction patterns were recorded on Rigaku –denki (Japan) X-ray diffractrometer 
(D/MAX2500) using Cu-K radiation (=1.5418 Å). The XRD patterns were in the 2 range from 20° to 
70°with scanning rate 10°/min. The measurements were taken at room temperature. The dielectric constant (), 
dielectric loss (), and dielectric loss tangent (tan) were measured as a function of frequency by using (LCR 
Hi Tester 3520-50) LCR-Q meter. 

3. RESULT AND DISCUSSION 
3.1 Structural analysis 
Figure 1 depicts the XRD spectra of all Ni0.3Zn0.7-xCoxFeCrO4 ferrite samples at various x values. The XRD data 
is in good agreement with powder data of JCPDS card number 22-1012 which concludes the formation of zinc 
ferrite of the investigated samples [3]. Analysis of the diffraction patterns of all samples reveals the formation 
of single phase cubic spinel structure. The XRD data shows considerable line broadening, indicating that the 
particles were nanosized with average particle sizes and lattice parameter as listed in table 1. All the diffraction 
peaks were indexed as (111), (220), (311), (400), (422), (511), (440) and (533). The inter-planner spacing “d” 
was calculated using Bragg’s law. The lattice parameter “a” was calculated using the relation [4]. 

           1 

Where a is the lattice constant, (h k l) are miller indices and d is the inter-planar distance. 

 
Figure-1: XRD pattern of Ni0.3Zn0.7-xCoxFeCrO4 sintered at 500°C for 4h. 

The values of lattice parameters were calculated using Bragg’s equation. The calculated lattice parameter 
indicated the samples to be cubic spinel. The crystalline size for each composition was calculated from XRD 
line width of the (311) peak using Scherrer formula [5]. The crystallite size, lattice constant and X-ray density 
were deduced from X-ray data and presented in table 1 along with bulk density of the samples. The variation of 
lattice parameter of investigated samples as a function of Co-concentration is shown in figure 2(a). The lattice 
parameter exhibited a continuous decreases with increase in Co substitution which can be explained on the basis 
of the relative ionic radius of Co2+=0.78 Å and Fe3+=0.67Å. As varying components were cobalt and zinc, 
replacement of smaller Fe3+ ions for larger Zn2+ ions in Ni0.3Zn0.7-xCoxFeCrO4 ferrite causes increase in 
decreases constant. In short decrease in lattice parameter may logically be attributed to the difference in ionic 
radius where a partial replacement of Fe3+ ion by Co2+ causes the decrease of the unit cell dimensions there by 
decrease the lattice parameter. 

 
Figure-2: (a) Variation of lattice constant, (b) x-ray and bulk density with bismuth content ‘x’. 
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Table-1: Lattice constant (a), X-ray density (dx), bulk density (db), porosity (P) and crystallite size (D) of 
Ni0.3Zn0.7-xCoxFeCrO4 samples. 

Composition 
'x' 

‘a’ (Å) ‘dx’ 
(gm/cm3) 

‘db’ 
(gm/cm3) 

‘P’ 
( %) 

‘D’ 
(nm) 

0 8.364 5.375 3.326 46 34 
0.1 8.347 5.393 2.564 48 26 
0.2 8.334 5.404 2.497 49 32 
0.3 8.325 5.407 2.628 48 25 
0.4 8.322 5.398 2.652 53 23 
0.5 8.320 5.386 2.618 48 22 

The X-ray density (dx) of cobalt substituted zinc ferrites was calculated using following formula. 

 gm/ cm3          2 

where,  M is molecular weight,  N the Avogadro’s constant, a is the lattice constant and 8 is the number of 
molecules per unit cell for cubic structure. 
The density plays important role in structural properties of ferrite. The values of bulk density and X-ray density 
are presented in table 1. The X-ray densities (true density) of prepared samples calculated from X-ray 
diffraction pattern. The X-ray density increases linearly with the increase of Co concentration [figure 2(b)]. The 
X-ray densities were higher in magnitudes than the corresponding bulk densities in ferrites which could be due 
to the existence of pores which were formed and developed during the preparation of samples or the sintering 
process [6]. The bulk density was found to decrease with increasing Co2+ substitution. In the present series, both 
the molecular weight and volume of the unit cell was decrease with increasing Co2+ substitution [7]. But the 
derrease in volume overtakes the increase in molecular weight which results in decrease of bulk density, which 
led to a increase in porosity (P). The average crystallite size was determined from the full width at half maxima 
(FWHM) using Debye Scherrer equation [8] 

            4.3 

where D is the crystalline size (nm),   is wavelength (1.54 Å for Cu K) of the X-ray radiation,  is Bragg’s 
angle,  is the full width of the diffraction line at half maximum intensity measured in radians for (311) peak. 
Using this relation the particle sizes of all samples have been calculated and are listed in table 1. It is clear that 
samples of nanometer particle size can be prepared by sol gel auto combustion method. 
4. DIELECTRIC STUDIES 
The pellets of the samples were prepared using KBr press for the dielectric measurement. The dielectric 
constant () measurements were carried out in frequency range from 100Hz to 5 MHz. The dielectric constant 
was calculated using the formula [9]. 

             3 

where C is the capacitance of pallet in farad, d is the thickness of the pallet in meter, A is the cross-sectional 
area in m2 of the flat surface of the pallet and 0 is the constant of permittivity of free space. 

The dielectric loss tangent can be calculated using the relation [10], 

           4 

where  is loss angle, f is the frequency, Rp is the equivalent parallel resistance and Cp is the equivalent parallel 
capacitance. The dielectric loss () was also measured in terms of tangent loss factor (tan) defined by the 
relation [11], 

=  tan            5 

The AC conductivity was calculated using the values of frequency, dielectric constant and dielectric loss 
tangent [11]. 

AC = 2 f 0  tan           6 

where 0,  and tan are defined above. 
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The variations dielectric constant () and dielectric loss () with frequency are shown in figures 3 for all 
samples. From figures 3 (a) and (b) that both dielectric constant and loss were decreased with increase of 
frequency. Such behavior is common in ferrites for example Mn-Zn ferrite [12], Cr- Co ferrite [11], Co-Zn and 
Co-Mg ferrite [13] etc.  The dielectric constant () and dielectric loss () decreased with increasing frequency 
due to the fact that the polarization was decreased with increasing frequency and then remains constant at high 
frequencies. The variation in  and can be explained on the basis of space charge polarization, which was due 
to an inhomogeneous structure governed by number of space charge carriers and the resistivity of the samples 
[11, 14]. The space-charge polarization resulting from electron displacement on the application of electric field 
and subsequent charge build up at the insulating grain boundary could be major contribution to dielectric 
properties in ferrites [15]. The values of  and  were decreased from 98 to 18 and 66 to 24 at 1KHz ,13.57 to 
6.09 and 59.29 to 36.30 at 1MHz and 7.69 to 4.0 and 37.17 to 24.98 at 5MHz, respectively, with addition of 
bismuth in cobalt ferrite. The decrease in dielectric constant () and dielectric loss () rapidly at low 
frequencies and slowly at high frequencies were confirmed. 

 
Figure-3: (a) Variation of dielectric constant (), (b) dielectric loss () with log (f) in Hz at room temperature. 

This could be explained as at low frequency AC electric field was smaller than the movements of electrons from 
Fe2+ to Fe3+ ions, electrons were responding to low AC field and loss is high [15]. When frequency of applied 
AC electric field was much larger than the hopping frequency of electron, then the electron could not jump from 
ion to ion and dielectric loss was decreased [15]. Therefore, the decrease in both  and  on increasing the 
frequency took place when hopping frequency of electrons exchange between Fe2+ and Fe3+ ions were not 
following the alternating frequency [16]. Figure 4(a) shows variation of dielectric loss tangent (tan) with 
frequency at room temperature for all samples. The values of dielectric loss tangent were decreased from 1.4 to 
0.76 at 1 KHz, 0.22 to 0.16 at 1MHz and 0.20 to 0.16 at 5MHz with addition of bismuth. Dielectric loss tangent 
in ferrites was considered to originate from two mechanisms; electron hopping and charged defect diploes. 
Former contributed to dielectric loss tangent in the low frequency region, while in the high frequency range; 
dielectric loss tangent mainly was caused from the response of the defect dipoles to the AC applied field. These 
dipoles in ferrites were formed due to change in cation sites, such as Fe2+ /Fe3+, during the sintering process. 
Figurer 4(b) shows the dependence of AC conductivity on the frequency and composition at room temperature. 

 
Figure-4: (a) Variation of dielectric loss tangent (tan), (b) AC conductivity (AC) with log (f) in Hz. 
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To understand the conduction mechanism and the type of ions responsible for conduction, the variation of AC 
conductivity of nano-sized bismuth substituted cobalt ferrites was studied as a function of frequency from 100 
Hz to 5 MHz. The AC conductivity was increased with frequency of the applied AC field. As the frequency of 
the AC increased, hopping of charge carriers also was increased, thereby increasing the AC conductivity. The 
variation of AC conductivity with applied frequency could be explained on the basis of Koops model [17]. 
According to this model, the AC conductivity at low frequency is due to the conducting grain boundaries while; 
the conductivity at high frequencies is due to conducting grains. 

CONCLUSION 
Bi3+ substituted cobalt ferrite Ni0.3Zn0.7-xCoxFeCrO4 (0 ≤ x ≤ 0.5) nanostructures were successfully synthesized 
by sol-gel auto combustion method. The XRD spectra revealed that the all ferrite samples were cubic spinel 
structure with 23-35 nm average crystallite size.  The lattice parameter was decreased and crystallite size 
decreased with Co2+ substitution caused increase in porosity which resulted decrease in the bulk density of the 
sample.  The dielectric constant (’), dielectric loss (”) and loss tangent were decreased with increasing Co2+ 

doping for increasing frequency. AC conductivity was increased with increasing frequency for all samples. Low 
loss at high frequency was supported high feasibility of synthesized doped ferrites for microwave and absorbing 
materials application. 
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POLYANILINE MATRIX FOR BIOELECTRONICS DEVICES 

P. D. Gaikwad 

Department of Physics, Sunderrao Solanke Mahavidyalaya Majalgaon, Beed 

ABSTRACT 
The polyaniline matrix is synthesized using potentiostatic method. The synthesized matrix was characterized by 
using electrochemical technique. The enzyme  was immobilized by cross-linking via glutaraldehyde on the 
Polyaniline matrix. The characterization of resulting has been determined. The stability and life time of the 
Polyaniline matrix have been studied. In the present work biochemical signal through Boolean logic networks 
composed to bioelectronics devices. 

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

INTRODUCTION 
The synthesis and characterization of electro active polymers have become two of the most important areas of 
research in polymer and materials science [1]. polyaniline (PANI) receives greater attention as a conducting 
organic material due to its good environmental stability [2-3]. The ability to be formed in aqueous electrolytic 
solutions [4]. PANI is recognized to be an air-stable organic conducting polymer with interesting 
electrochemical properties. In particular, glucose is of special importance because of its involvement in human 
metabolic process [5]. The amperometric biosensors are reliable, relatively cheap and highly sensitive for 
clinical, industrial and environment purposes [6-7]. 

Enzymatic logic gates allowed information processing mimicking various Boolean logic operations: AND, OR, 
XOR, NAND, NOR, etc. [8-9], the system consisted of AND/OR logic gates based on the concerted operation 
of, glucose oxidase, [10]. AND/OR, as progress in networking these gates and coupling of the resulting system 
to responsive electrode for output readout, have opened new biosensing opportunities. 

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

Immobilization of GODx on Polyaniline matrix:The stock solution of GODx (1 mg/ml) prepared in 0.1 M 
phosphate buffer was adsorbed onto the surface of Polyanilinel matrix. The enzyme GOD (SISCO) was 
immobilized by cross-linking via glutaraldehyde (Loba Chemie) on Polyaniline matrix. This kind of 
immobilization results in greater physical and chemical stability l due to the cross-linking of enzyme. 

RESULT AND DISCUSSION 
He chronoamperogram of synthesized Polyaniline l matrix is shown in Fig. 1. 

 
Fig-1: Chronoamperogram of PANI-HCl  Matrix 

Figure.1 has resulted in conducting Polyanilinel matrix  with uniform and porous surface morphology. The 
behavior of the amperometric synthesis overshoot during first few second probably indicates difficult formation 
of dimmers and oligomers. After this, current remain constant suggesting that building up of the matrix 
proceeds according to the same reaction along the full thickness of the polymer. 
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Current response of Polyaniline matrixl-GODx electrodes: The GODx was immobilized on electrochemically 
synthesized Polyaniline matrix by cross-linking via glutaraldehyde. The current -time relationship of 
Polyaniline-GODx electrode when the applied current set at 0.6 mV in phosphate  as shown in Fig.2 . 

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

buffer with pH 5. 

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

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

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

Lifetime(days) 25 

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

 
Fig-3: Enzymatic Boolean AND/OR logic gate 

CONCLUSIONS 
The PANI-GODx Matrix have been successfully synthesized and by crosslinking via glutaraldehyde has been 
successfully carried out. The sensitivity of PANI-GODx electrode was found to be higher excellent response in 
phosphate buffer (5.0 pH) and also excellent stability for 25 days. Biochemical signal applied in Combination of 
logic process for Bioelectronics devices. 
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ABSTRACT 
In the present work, the electronic cross-section is evaluated experimentally and theoretically for Vitamins 
using the obtained of mass attenuation coefficients and total attenuation cross section at photon energies of 
radioisotopes Co57 (122 keV), 22Na (511 and 1275 keV), Cs137 (662 keV), and Co60 (1330 keV). The 
attenuation effect of gamma radiations against vitamins are shown using related parameters such as mass 
attenuation coefficient, total attenuation cross section and electronic cross-section. Observed values provide 
essential data in medical health physics have been calculated for some vitamins were measured using Na(I) 
with energy resolution 8.2% at 0.663 MeV was used for detection. Observed values are decrease initially and 
then tends to be almost constant at higher energies. Experimental results of radiological parameters were 
observed in good agreement with actual theoretical XCom values. 

Keywords: Electronic cross-section(ele), Mass attenuation coefficients (m), Na(I) Detector, Radioactive 
sources, Total attenuation cross section (σtot), XCom program. 

1. INTRODUCTION 
Complex molecules such as carbohydrates, proteins, lipids, enzymes, vitamins and hormones perform a variety 
of physiological functions in biological systems. These complex molecules have as their basic building blocks, 
sugars, amino acids and fatty acids etc., which are essentially H, C, N and O based compounds. Thus, in several 
applications of medical physics and radiation biology such as radiotherapy with photons, µ/ values of such 
samples are a prerequisite for radiation dosimetry. However, it is worth noting that the mass absorption 
coefficients (µ/) cannot be measured directly, but are instead derived from the linear attenuation coefficients 
(µ) in terms of the theoretical f-factors provided by Seltzer [1]. The study of photon interactions with matter is 
important and the data on the transmission and absorption of X-rays and gamma-rays in biological shielding and 
dosimetric materials assumed great significance by virtue of their diverse applications in the field of medical 
physics and medical biology [2]. The photon interaction cross-section can be expressed as a function of the 
photon energies and the atomic number Z. At a given photon energies, the interaction cross section is 
proportional to Zn. n is expected to be between 4 and 5 for the photoelectric effect, 1 for the Compton Effect and 
2 for pair production[3]. Experimental results were compared with theoretical values. A variety of physiological 
functions inside living systems are performed by complex molecules such as Lipids, Carbohydrates, Proteins, 
Fats and Oils composed of H, C, N and O based compounds. Photon energies from 1500 keV down to about 5 
keV are widely used in medical and biological applications [4] especially during diagnosis and therapy. A 
thorough knowledge of the nature of interaction of these biologically important complex molecules such as 
Vitaminss is desirable over this energy region. Theoretical values for the mass attenuation coefficients can be 
found in the tabulation by Hubbell and Seltzer [5].A convenient alternative to manual calculations using 
tabulated data is to generate attenuation data as needed using a computer. For this purpose Berger and Hubbell 
[6] developed WIN-XCOM software for calculating mass attenuation coefficients or photon interaction cross-
sections for any element compound for a wide range of energies. 

There have been a great number of experimental and theoretical investigations to determine mass attenuation 
coefficients for complex biological molecules such as Lipids, Carbohydrates, Proteins, Fats and Oils composed 
of H, C, N and O elements in varying proportions  Sandhu et al. [7] have investigated fatty acids in the energy 
region 81-1330 keV. Gowda et al. (2004, 2005) [8,9]have reported total attenuation cross-sections for sugar and 
amino acids. Measurements on the sample containing H,C and O in the energy range 54-1333 keV have been 
reported by El-Kateeb and Abdul Hamid [10]. There have been recent experimental and theoretical 
investigations [11,12] to determine Absorption coefficient, mass attenuation coefficients, total attenuation cross 
section and such type of radiological parameters for complex biological molecules such as lipids, fatty acids, 
amino acids composed of H, C, N and O elements in varying proportions. In this work we measured the mass 
attenuation coefficients, the atomic cross-sections, the electronic cross ssection and the for H, C, N and O based 
Vitamins in the energy range 122 keV to 1330 keV and then compared these experimentally evaluated 
parameters with theory using WIN-XCOM program. 
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2.  THEORETICAL CALCULATIONS 
In this section, some theoretical relations are described which have been used for the determination of mass 
absorption and related parameters in the present work. The mass attenuation coefficients m (cm2 g-1) for the 
samples were obtained from Eq. (3) by using the density of the corresponding samples: 
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where ρ (g/cm3) is a measured density of the corresponding sample. The values of mass attenuation coefficients 
were then used to determine the total attenuation cross section(tot ) by the following relation 
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where M= ∑i ni Ai is the molecular weight of the compound, NA  is the Avogadro’s number. 

Similarly, electronic cross-section (ele ) for the individual element is given by : 
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All these radiological parameters are convenient parameters used to characterize the radiation response of a 
multi-element material in many technical and medical applications. Accurate values of these physical 
parameters provide essential data in medical physics. 

3. EXPERIMENTAL SET UP AND MEASUREMENTS 
The measurement of incident and transmitted photon energies were done with the help of narrow beam good 
geometry set up.  Fig.1 gives the schematic view of the experimental set up. The signal from the detector 
(2″X2″) NaI(Tl) crystal having energy resolution of 8.2% at 662keV gamma ray from the decay of Cs137 after 
suitable amplification was recorded in EG&G ORTEC 8K plug-in-card coupled to a PC/AT. The radioactive 
sources of strengths Co57, Na22, Cs137 and Co60(134kBq) were obtained from Bhabha Atomic Research Centre, 
Mumbai, India. The stability and reproducibility of the arrangement was tested before and after each set of runs 
in the usual manner. The experiments were performed in an air-conditioned room to avoid possible shifts of the 
photopeaks. To minimize the contribution of small angle scattering and multiple scattering events to the 
measured intensity; the transmitted intensity was measured by getting the channels at the full-width at half-
maximum position of photo peak. 

The diameters of the samples were determined with the help of a traveling microscope. Cylindrical pellets by 
pressing the weighed quantity of the finely ground powder in a hand  operated hydraulic press at a pressure of 
10 ton. The attenuation of photon for empty container was found to be negligible. The sample thicknesses were 
selected in order to satisfy the following ideal condition as far as possible. 

  4ln2 0  II  

The room temperature was 23±1ºC throughout the experimental period. In the transmission experiments a rigid 
good geometry was maintained, placing the sample normal to the beam and midway between source and 
detector.  The transmitted intensity of gamma-rays for various combinations of specimen thickness was 
recorded and corrected for background intensity. 
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4. FIGURES AND TABLES 

 
Fig-1: The schematic view of the experimental set up. 

 
Fig-2: Plot of m versus photon energy for Vitamin C. 

 
Fig-3: Plots of tot versus photon energy for Vitamin C 
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Fig-4: Plots ofversus ele photon energy for Vitamin C 

 
5. RESULTS AND DISCUSSION 
The experimentally measured mass attenuation coefficient μm (cm2/g) for the Vitamins C and B1  at 122, 360, 
511, 662, 1170, 1275 and 1330 keV. The schematic view of the experimental set up is shown in Fig.(1). The 
typical plot of m versus energy E for Vitamin C is displayed in Fig.(2).The Fig.(2) also includes the variation of  
theoretical and experimental values of m values versus energy. It is clearly seen that the mass attenuation 
coefficient (m) depends on photon energy and decreases with increasing photon energy. As can be seen in 
Table 1 and the typical plot displayed in Fig.(2). The experimental (m) values agree with theoretical values 
calculated using the XCOM program based on the mixture rule. The total experimental uncertainty of the (m) 
values depend on the uncertainties of I0 (without attenuation), I (after attenuation), mass thickness 
measurements and counting statistics. Typical total uncertainty in the measured experimental (m) values is 
estimated to be 2-3%. Measured total cross-sections (tot) and Electronic cross-sections(ele) values for the 
Vitamins have been displayed in Table 2 and Table 3, respectively. The typical plots of tot  versus E and ele 
versus E are displayed in Figs.(3) and Fig.(4) respectively. The behavior of both quantities with photon energies 
shows almost similar behavior to (m ) plots. The present experimental study has been undertaken to get 
information on mass attenuation coefficient μm values and related parameters for bio-molecules samples which 
are convenient parameters used to characterize the radiation response of a multi-element material in many 
technical and medical applications. Accurate values of these physical parameters provide essential data in 
medical physics and mainly in dosimetry.  The μm and related quantities were found to decrease with increasing 
photon energies. The measured data were compared against XCom program. 
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6. CONCLUSIONS 
 The results on m,  tot  and ele of Vitamins, reported in the present work, would be useful, particularly in the 

energy region of interest, in many medical and biological applications (e.g. for the interpretation of absorbed 
dose). With proper knowledge of the attenuation parameters and buildup of photons in human organs and 
tissues, energy-absorption in the human body can be carefully controlled. The experimental data will also 
help in estimating safe dose levels for radiotherapy patients. For people working with gamma radiation and 
X-rays, especially at reactors and nuclear power plants, the present studies on the energy-absorption factor of 
human organs and tissues will help them to take proper precautions. 
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ABSTRACT  
This work reports development of a nano-TiO2 coated aluminum tip electrode for non-enzymatic amperometric 
glucose sensor, working at very low applied potential of 0.2 V. A highly fractured TiO2 film with porous 
structures is synthesized on aluminum substrate via dip coating method followed by annealing at 350 oC. 
Glucose sensing properties were determined via amperometric measurement and showed high sensitivity of 
0.766 mA/mM-cm2 over a linear range of 0.55 to 55 mM with a lower detection limit of 0.55 mM of glucose. 
With such good analytical performance of the slack porous nano-TiO2 prepared from a simple process, it is 
believed that nano material coated metal tips become smart tips for its use in the biosensors, particularly non-
enzymatic sensors. 

Keywords: Nano-materials; TiO2; dip-coating; non-enzymatic biosensors; glucose; amperometric sensors 

1. INTRODUCTION 
Looking at current scenario of death and disability of human across the World, diabetes mellitus happens to be 
one of the principal cause, which is highly responsible for heart disease, kidney failure and effective blindness. 
International Diabetes Federation (IDF) report reveals that about 8.8 % of the adult population worldwide is 
suffering from diabetes and this share is predicted to reach ~ 10 % by the year 20451. Now a day, frequent 
testing of physiological blood glucose level, to avoid diabetic emergencies, turn out to be crucial for making a 
decision of effective treatment. Currently available glucose sensors in market are basically enzyme based 
electrochemical sensors, which utilizes glucose oxidase as bio-recognition material2-4. Even though enzymatic 
sensors have several merits, like high sensitivity and selectivity, the catalytic activity of glucose oxidase may 
easily reduce by variations in pH, temperature, humidity and interference offered by other substances5. 
Therefore, to overcome with these issues, there is a need to develop non-enzymatic glucose sensor. 

Currently researchers are focusing on non-enzymatic glucose sensors based on metal oxide and became popular 
due to their acceptable reproducibility, stability, low costs and simplicity. Metals oxides, such as NiO, TiO2, 
CuO, ZnO, etc. are very often recognized in their native or modified forms for the oxidation of glucose and 
reported (in various geometries) for non-enzymatic glucose sensors6-9. Still more work is required in the 
fabrication of non-enzymatic glucose sensor electrodes for improving their sensitivity and selectivity via 
modifying the bare electrode surface with metal oxide nanoparticles. Modified electrodes provide a greater 
surface area, improving the electron transfer between the sensing reaction and the electrode. 

Titanium oxide (TiO2) in homogenous nano size and well defined dispersion receive high demand for the 
numerous applications including electrical, optical and catalysis. Looking for it’s application in bio-sensing, 
electrical and catalytic properties plays important role in enhancing the sensing signal via improving interaction 
between biomolecules and the surfaces of electrode. Various routes are available so far for the fabrication of 
TiO2 nano-material including sol-gel, surfactant mediated synthesis, thermal decomposition, polymer matrix 
assisted preparation, etc. 

In this work, nano-TiO2 coated aluminium (Al) tip/electrodes were synthesized by a simple dip coating method. 
The electrodes successfully utilized for enzyme free glucose sensor through amperometric measurements. The 
sensor tip is very stable, reproducible, repeatable and sensitive. 

2. EXPERIMENTAL 
2.1. Fabrication of nano-crystalline TiO2/Al tip/electrode: For fabrication of the nano-TiO2/Al tip using dip 
coating method, Ti(OH)x solution was prepared using Titanium Tetra iso-propoxide (TTIP). In a typical 
synthesis, appropriate amount of TTIP was added into 20 ml of ethanol containing few drops of acetic acid and 
stirred for 2 hrs at room temperature. A transparent solution was obtained upon evaporation of the excess 
ethanol. Film of Ti(OH)x was fabricated on highly polished Al sheet (99.99 % pure Al substrate of thickness 
0.14 mm procured from Alfa Aesar). A tip shaped strip (as shown in Figure 1(a)) was cut from the Al sheet and 
manually dipped (up to ~ 1 cm from tip side) into this solution for 5 seconds. The tip was dried using hot air 
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blower for few seconds. Similar procedure was repeated three times to get good coating on the tip (as shown in 
Figure 1(a)). Al tip coated with Ti(OH)x show a white color film on the electrode. After coating, the film was 
annealed at 350 oC for 2 hours to get pure TiO2 phase on the tip. 

2.2. Preparation of glucose and buffer solution: For glucose detection, liquid glucose sample (similar to normal 
blood glucose level of 5.5 mM/L) was prepared by dissolving using Dextrose (99 %, procured from Merck 
Chemicals) in distilled water. Dextrose is basically glucose. Four solutions of concentration 0.55, 2.1, 5.5 and 
55 mM/L were prepared. Along with this, NaCl buffer solution (which is also present in blood at 140 mM/L) 
was also prepared by dissolving NaCl (99 %, procured from SD Fine Chemicals) in distilled water to get 
solution of 14, 70, 140 and 280 mM/L. As the blood also contains both NaCl and glucose, solutions of various 
glucose concentrations in 140 mM/L NaCl buffer were prepared; namely Mix-A (0.55 mM/L Glucose + 140 
mM/L NaCl), Mix-B (2.1 mM/L Glucose + 140 mM/L NaCl), Mix-C (5.5 mM/L Glucose + 140 mM/L NaCl) 
and Mix-D (55 mM/L Glucose + 140 mM/L NaCl) for glucose level detection using nano-TiO2/Al tips. 

2.3. Device Fabrication: Glucose detection test was performed using nano-TiO2/Al electrodes in the geometry 
shown in Figure 1(b). Two coated electrodes were mounted (facing each other) across a small circular open area 
on a non-conductive double sided tape pasted on a clean glass slide. For amperometric measurement, electrodes 
were connected in series with a DC power supply and Keithley 6514 current meter. A drop of 30 μL of distilled 
water or glucose solution or NaCl solution or mix solution was used for amperometric measurement and current 
was recorded at an interval of 10 seconds. 

 
Figure-1: (a) From left to right is pure Al tip, Ti(OH)x coated Al tip and TiO2 coated Al tip and (b) Schematic 

of the test setup and actual setup with TiO2 coated Al tip on glass substrate. 

2.4. Characterization: The structural, morphological and elemental analysis of nano-TiO2 coated Al electrode 
was carried out using x-ray diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive x-
ray spectroscopy (EDS) techniques, respectively. 

3. RESULTS AND DISCUSSION 
3.1. Structural, morphological and elemental analysis of TiO2/Al tip 
The structural, morphological and elemental analysis of the TiO2 coated Al tip are shown in Figure 2. XRD 
pattern of TiO2 film deposited on Al tip, Figure 2(a), exhibits peak corresponding to (101), (004), (200), (105), 
(211), (204) and (215) crystal planes of anatase phase of TiO2 (JCPDF#84-1286)10. Along with TiO2 peaks, * 
marked peak represents Al. Particle size calculated from the full width half maxima (FWHM) of (101) peak 
signify nano sized TiO2 crystallites with size ~ 60 ± 10 nm. These results indicate polycrystalline-nano-anatase 
TiO2 particles on Al tip. 
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Figure-2: (a) XRD pattern, (b) and (c) are SEM images of Ti(OH)x film and nano-TiO2 on Al tip and (d) EDS 

spectra of TiO2 coated Al tip. 

Figure 2(b) and 2(c) show surface morphological SEM images of as deposited Ti(OH)x and nano-TiO2 (after 
annealing at 350 oC) film on Al tip. As deposited Ti(OH)x film have nearly 100 % coverage of Al tip surface 
with formation of small particulates. Whereas, annealing of the film at 350 oC converts Ti(OH)x into TiO2 and 
SEM image (Figure 2(c)) represents fractured film with small and porous algi like nano-structures on the tip. 
The EDS data captured on nano-TiO2 coated Al tip, shown in Figure 2(d), confirms the presence of Ti and O 
elements in the film along with Al. A peak for Pt is because of the conducting coating made on the film to 
capture clear SEM images. 

3.2. Glucose sensing measurement 
The glucose sensing performance of nano-TiO2/Al tip was carefully investigated via amperometric 
measurement utilizing the setup shown in Figure 1(b) and results are shown in Figure 3 for glucose, buffer and 
glucose with buffer. During measurement, one nano-TiO2/Al tip was connected to the positive terminal and 
another nano-TiO2/Al tip to the negative terminal of the digital power supply. This allow to use both the tips for 
oxidation or reduction reaction while glucose interaction with the nano-TiO2. Operating voltage of 0.5 V was 
applied and the transient current across the tips in the presence of respective solution was recorded. Before 
starting glucose sensing measuring, a drop of distilled water was placed between the tip and the background 
current (observed to be stable at 0.1 μA) was recorded for 10 min.   For 0.55 mM glucose, Figure 3(a), the 
current was observed to jump suddenly to higher value of 1.1 μA from 0.1 μA and later on starts decaying 
slowly with increasing measurement time. During amperometric measurement the current decays by 37 % in 
100 sec. As the glucose concentration increases, an increase in the current was observed. The current was found 
to be 2.3 µA for 5.5 mM glucose, which decays almost by 10 % after 100 sec. Further increase in the glucose 
concentration to 55 mM results with more increase in the current. No saturation effect was observed till 55 mM 
glucose concentration. This observed current after glucose addition is due to the glucose oxidation process using 
nano-TiO2. The highest sensitivity of glucose for the nano-TiO2/Al tip was about 0.157 mA/mM-cm2. 

As NaCl is vital content in physiological fluids (blood, at normal concentration of 140 mM/L) and have an 
electro-active nature, which may interfere with the detection of glucose in blood. Therefore, amperometric 
sensing activity of the nano-TiO2/Al electrode with nascent NaCl at concentration in the range from 14 to 280 
mM was carried out. The amperometric measurement performed at lower operating voltage (0.2 V) due to 
electro-active nature of NaCl, which may degrade the electrode. The measurement, Figure 3(b), show relative 
higher current (3.2 μA) at lower NaCl concentration (1.4 mM, which is 100 times lower than normal level found 
in human blood) as compared with the solvent (0.1 μA), which decay slowly (by 22 %) in 100 sec. It is well 
known that the NaCl concentration in blood for a normal person is around 140 mM and at this concentration the 
recorded current was 7 µA, which decays by 25 % after 100 seconds. At very higher NaCl concentration (280 
mM) the current was found to increase linearly and reaches to 10 µA. 
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Figure-3: The sensing performance of nano-TiO2/Al tip (a) only glucose, (b) only buffer and (c) glucose with 

buffer (140 mM NaCl) measured at operating voltage of 0.5 and 0.2 V respectively. 

Based on the above results, a NaCl concentration of 140 mM was chosen as a buffer solution for glucose 
sensing, which mimics the human blood. For amperometric measurement, mixed solutions were prepared as 
discussed in methods by mixing glucose (at various concentrations) in 140 mM NaCl solution under vigorous 
stirring. Amperometric sensing recorded at 0.2 V for nano-TiO2/Al electrode is shown in Figure 3(c). A fast and 
stable increase in current was observed when glucose was added in buffer solution. For Mix-A, the current was 
observed to jump to 5.9 μA, which decays slowly by 15 % after 100 sec. The sensor shows a good linear trend 
response in the range 0 to 55 mM with no saturation effect up to 55 mM of glucose. The sensitivity of the sensor 
is in the linear range and estimated to be 0.766 mA/mM-cm2, which is almost ~ 5 times higher than recorded for 
pure glucose. As comparing with the pure glucose case (Figure 3(a)), the current signal intensified with increase 
of concentration due to accumulation of more and more intermediate species on electrode surface. 

The stability of the developed sensor tip was investigated by measuring its current response for glucose over 4 
months and shown in Figure 4. The prepared nano-TiO2/Al tip was used to record the amperometric response 
for mixture A, B, C and D with a frequency of 30 day/ 1 month. 

 
Figure-4: Stability of the nano-TiO2/Al tip glucose sensor over 4 months for mixture A, B, C and D at 0.2 V. 

The sensor shows almost 100 % sensitivity for all mixture solution at start, however, at the end of 1st month the 
sensitivity drops down by 10 % and further drops down linearly and at the end of 4th months it still remained 
above 50 % of its initial response, revealing a good stability of the non-enzymatic glucose sensor electrodes. 
Interestingly, for lower and higher concentration of glucose in mixture solutions, the sensitivity remains above 
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60 % suggesting a good capability of the electrodes. Thus nano-TiO2/Al tip acts as a good glucose sensor due to 
the glucose oxidation ability of the nano-TiO2. As these tips are kept under normal environmental conditions for 
long time, few of the active sites available o the surface of nano-TiO2 gets blocked by the adsorbed species and 
the oxidization of glucose restricts, resulting in sensitivity decay. 

To understand the mechanism of oxidation of glucose, one needs to understand the oxidation of glucose. Nano-
TiO2 modified tip mediates the heterogeneous redox reactions resulting Ti(IV) species11-17, which provides 
charges to flow across the applied bias. As the concentration of glucose increases, the concentration of charges 
increases resulting in higher current. The obtained results show typical steady-state amperometric response of 
nano-TiO2/Al tip with a successively increasing glucose concentration. It is well known that the glucose and 
NaCl concentration for a normal person ranges from 4.4 to 6.6 mM and 135 to 145 mM. The current response of 
nano-TiO2/Al tip toward mix solution increase linearly, while that for pure glucose is much lower and only 
realized a slight increase with the addition of glucose into the test cell. The present nano-TiO2/Al based glucose 
sensors show a linear dependence on the glucose concentration with a dynamic range of 0.55 to 55 mM, with a 
sensitivity of 0.766 mA/mM-cm2 and a low detection limit of 0.55 mM. The response of the glucose biosensor 
based on nano-TiO2/Al tip was found to be larger than those of the biosensors based on TiO2 thin films or 
nanostructures. This novel nano-TiO2/Al electrode glucose sensor exhibits good sensitivity, a low detection 
limit and a fast response time in less than 2 seconds. This indicates that the as-prepared nano-TiO2/Al tip 
glucose biosensor is suitable for detecting the human blood sugar concentration for the diagnosis of diabetes 
mellitus. 

4. CONCLUSION 
In summary, we demonstrate a simple and effective method for development of highly sensitive glucose 
biosensor based on a nano-TiO2 coated on Al tip fabricated using a simple dip coating technique. The obtained 
results reveal that the nano-TiO2 improved the electro-activity in the solution, which in turn enhanced the 
sensitivity of the biosensor for glucose detection. Furthermore, the performance of the biosensor showed high 
and reproducible sensitivity of 0.766 mA/mM-cm2 over a linear range from 0.55 to 55 mM with a response time 
of less than 2 s and good stability over relatively long-term storage (more than 4 months). The large surface 
area, together with the good electrical properties, made the nano-TiO2/Al tip promising electrode for sensing 
applications. This study would probably provide an economic way to meet the industrial requirements of a low 
cost processing technique for large-scale production. 
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STRUCTURAL PROPERTIES OF RARE EARTH DOPED COBALT FERRITE 
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ABSTRACT 
Rare earth doped  cobalt ferrite materials with chemical formula CoFe2-xRxO4     (x = 0.00 and 0.02 where R3+= 
Sm3+

, Nd3+
,
 Dy3+ ) have been synthesized by standard ceramic technique using AR grade CoO, Sm2O3, Nd2O3, 

Dy2O3 and Fe2O3. The X- ray diffraction (XRD) measurements confirmed the formation of a single phase cubic 
spinel structure. The unit cell volume, particle size, Hopping length and lattice constant decreases, while the         
X- ray density, bulk density, porosity increases with rare earth doped CoFe2O4. 

Keywords: Cobalt ferrite, rare earths and Structural properties. 

1. INTRODUCTION 
Spinel ferrites with general formula MFe2O4 (M is a divalent metal ion) are very important materials because of 
their high electrical resistivity, moderate saturation magnetization and low eddy current and dielectric losses, 
which makes them useful in many applications. The important electrical and magnetic properties of ferrite 
depend on chemical compositions, method of preparation and cation distribution in the two sub-lattices i.e. 
tetrahedral (A) and octahedral [B] site. The study of cation distribution in spinel ferrites is essential to 
understand structural and magnetic properties of spinel ferrites [1, 2]. 

In the family of spinel ferrites CoFe2O4 is a unique ferrite having inverse spinel structure. CoFe2O4 is a hard 
magnetic material possessing high magneto crystalline anisotropy, high Curie temperature, high corecivity and 
moderate saturation magnetization along with the chemical stability and mechanical hardness [3, 4]. Several 
researchers have studied pure and substituted cobalt ferrite with a view to understand their basic properties [5-
7]. 

Spinel with rare earth ions has attracted great altention in the material science field because of their interesting 
properties such as infrared emission, catalytic, photoelectric and magnetic properties [8, 9]. Many investigations 
have been carried out to make further improvements on the structural and magnetic properties of substituted 
ferrites. It is known that the rare earth (RE) ions have unpaired 4f electrons which have the role of originating 
magnetic anisotropy because of their orbital shape. Doping of rare earth ions into spinel ferrites, the occurrence 
of 4f-3d coupling which determine the magneto crystalline anisotropy in ferrites can also improve the electrical 
and magnetic properties of spinel ferrites. 

Recent research shows by introducing rare earth ions into the spinel lattice, can lead to small changes in the 
structural, magnetization and Curie temperature of the spinel ferrite [10-12]. In the present work, we report our 
result on the structural properties of rare earth doped CoFe2O4. 

2. EXPERIMENTAL DETAILS: 
Samples with chemical formula CoFe2-xRxO4 (x = 0.00 and 0.02 where R3+= Sm3+

, Nd3+
,
  Dy3+) were prepared by 

standard ceramic technique [13] using analytical reagent grade oxides. Compounds were accurately weighted in 
molecular weight percentage with single pan microbalance. The mixed powders were wet ground and pre-
sintered at 9500 C for 24 hours. The sintered powder is again re-ground and pelletized. Polyvinyl alcohol was 
used as a binder in making circular pellets of 10mm diameter and 2–3mm thickness. The pellets were finally 
sintered in muffle furnace for 11800 C for 24 hours and then slowly cooled to the room temperature. 

X-Ray diffraction patterns were taken at room temperature to confirm the crystal structure of the prepared 
samples. The XRD patterns were recorded in the 2 range from 200 to 800 using Cu-k radiation ( = 1.5406 Å) 
with scanning rate 20 per/m. 

3. RESULTS AND DISCUSSION 
3.1 Structural analysis 
Room temperature X-ray powder diffraction patterns (XRD) for series having molecular formula CoFe2-xRxO4 
were (x=0.00 and x=0.02 where R3+= Sm3+

, Nd3+
,
 Dy3+) prepared by standard ceramic technique shown in Fig 1. 
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Fig-1: XRD patterns of CoFe2-xRxO4 (x = 0.00 & 0.02 where R3+= Dy3+

, Sm3+
, Nd3+) 

The Braggs reflections (hkl) belonging to the plane (220), (311), (222), (400), (422), (511), (440) and (533) 
confirms the formation of single phase cubic spinel structures.  No extra peak of rare earth doped CoFe2O4 
materials is observed for x =0.02. Similar reports of XRD pattern are available in the literature [14-16]. 

Table-1: Lattice constant (a), X- ray density (dx), bulk density (dB), Porosity (P) and Particle size (t) of 
CoFe2-xRxO4 system. 

CoFe2-xRxO4 
‘a’ 
(Å) 

‘a3’ 
(Å)3 

dx 
(gm/cm3) 

dB 
(gm/cm3) 

P 
(%) 

t 
(Å) 

CoFe2O4 8.376 587.64 5.305 3.864 27.16 396.71 
CoFe1.98Sm0.02O4 8.362 584.70 5.373 3.866 28.05 395.47 
CoFe1.98Nd0.02O4 8.343 580.72 5.407 3.877 28.30 395.59 
CoFe1.98Dy0.02O4 8.369 586.16 5.305 3.864 27.16 417.40 

Using XRD data the lattice constant (a) was calculated using standard relation for cubic spinel structure. The 
values of lattice constant are given in Table 1 that the lattice constant of rare earth doped CoFe2O4 is less than 
pure CoFe2O4. A minor decreases in lattice parameter, o of CoFe2O4 with rare earth doped, which may be due 
to the compressive pressure exerted on the ferrite lattice by R3+FeO3 [17] . The X-ray density (dx) was 
calculated using the equation 

3x
d

aaN

ZM


                                 

…(1) 

Where ‘Z’ is number of molecules per unit cell. (For spinel system Z= 8), ‘M’ is the molar mass of the ferrite, 
‘Na’ is the Avogadro’s number and ‘a3’ is the unit cell volume computed from the values of lattice constant. X-
ray density (dx) increases almost linearly with the doped of R3+ because the Fe3+ ions on the octahedral sites are 
being replaced by the larger mass R3+ ions. 

The bulk density of the samples was measured by using Archimedes principle [18] and values are presented in 
Table 1. The porosity of the samples was calculated by using the following relation and values are tabulated in 
Table 1. 

100%
x

d
B

d
1p  














                  
…(2) 

where dB is the bulk density and dx is X-ray density. 
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The particle size ‘t’ of sample was determined by most intense peak (311) by using the relation 





cos

9.0
t

           
…(3)

 
Where  the full width at half maximum (FWHM) and λ is is wavelength of the target material. The particle 
size values are given in Table 1. It is observed from table 1 that the particle size of rare earth doped is smaller 
than the pure CoFe2O4. 

The values of the tetrahedral and octahedral bondlength (dAX and dBX), the tetrahedral edge (dAXE), and the 
shared and unshared octahedral edge (dBEX and dBXEU) can be calculated according Eqs (4)  (8). Using the 
value of the lattice parameter ‘a’ (Å) and the oxygen position parameter ‘u’ (u=0.381 Å). The value of the 
bondlength of the tetrahedral and octahedral sites are shown in Table 2, It is seen that the all values are depend 
on the lattice parameter so, the lattice parameter decrease, then the edge and the bondlength of the tetrahedral 
and octahedral sites are decreases. 







 

4
13 uad AX

         
…(4) 

2
1

2

64
43

4
113 





















 uuad BX

        
…(5) 







 

2
122 uad AXE

        
…(6) 

 uad BAX 212 
           

…(7) 

2
1

2

16
1134 














 uuad BXEU

       
…(8) 

The distance between magnetic ions (hopping length) in the tetrahedral sites is given by Eqs (9) (10). 

4
3aL A 

                    
…(9)

 

4
2aL B                        …(10) 

where ‘a’ is the lattice constant, the value Hopping length (LA, LB) are shown in Table 2, Hopping length (LA, 
LB) values are depend on the lattice parameter so that the lattice parameter  are decrease so the Hopping length 
(LA, LB) also decreases. 

Table-2: Hopping length (LA, LB), Tetrahedral bond (dAX), Octahedral bond (dBX), tetra edge (dAXE) and 
octaedge (dBXE) (Shared and non-shared) of CoFe2-xRxO4 system. 

CoFe2-xRxO4 LA 
(Å) 

LB 
(Å) 

dAX 
(Å) 

dBX 
(Å) 

dAXE 
(Å) 

dAXE (Å) 
(Shared) (Unshared) 

CoFe2O4 3.629 2.961 1.901 2.045 3.103 2.819 2.963 
CoFe1.98Sm0.02O4 3.621 2.956 1.897 2.042 3.098 2.815 2.958 
CoFe1.98Nd0.02O4 3.613 2.950 1.893 2.037 3.091 2.808 2.952 
CoFe1.98Dy0.02O4 3.629 2.959 1.899 2.043 3.101 2.817 2.961 

4. CONCLUSIONS 
The CoFe2-xRxO4 (x = 0.00 and 0.02 where R3+=Sm3+, Nd3+, Dy3+) spinel ferrite system was successfully 
prepared by standard ceramic technique. The X-ray powder diffraction analysis of the samples revealed that the 
prepared sample posseses single phase cubic spinel structure. The lattice constant, particle size decreases but X-
ray density, bulk density and porosity increases with rare earth doped CoFe2O4. Hopping length, tetrahedral 
bond, Octahedral bond, tetra edge and octa edge are decreases with rare earth doped CoFe2O4. 
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TEMPERATURE DEPENDENT GAS DETECTION OF SPRAY DEPOSITED ZNO THIN FILMS 
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ABSTRACT 
ZnO semiconductor thin films were prepared by cost effective chemical spray pyrolysis technique. The effect of 
temperature on different gases detection properties has been studied. The ZnO film showed more selectivity for 
LPG over Ethanol and Acetone at an operating temperature of 300 0C. The effective surface area for LPG to 
react increased and so the response increased, which offered more efficient surface area for interaction with 
LPG molecules on the surface as well as inside porous structure, compared to other films. 

Keywords: Spray pyrolysis; ZnO films; sensing properties; dynamic response. 

INTRODUCTION 
There has been a great deal of interest in zinc oxide (ZnO) semiconductor materials lately, as seen from a surge 
of a relevant number of publications. The interest in ZnO is fueled and fanned by its prospects in 
optoelectronics applications owing to its direct wide band gap (Eg~3.3 eV at 300 K). Some optoelectronic 
applications of ZnO overlap with that of GaN, another wide-gap semiconductor (Eg ~3.4 eV at 300 K) that is 
widely used for production of green, blue-ultraviolet, and white light-emitting devices (LED). However, ZnO 
has some advantages over GaN among which are availability of fairly high quality ZnO bulk crystals and a 
large exciton binding energy (60 meV). ZnO also has much simpler crystal-growth technology, resulting in a 
potentially lower cost for ZnO-based devices [1-8]. As a direct wide-band-gap material, ZnO is attracting a lot 
of attention for a variety of electronic and optoelectronic applications. Advantages associated with a large band 
gap include higher breakdown voltages, ability to sustain large electric fields, lower noise generation, and high 
temperature and high-power operation. Among the tetrahedrally bonded semiconductors, ZnO has the highest 
piezoelectric tensor or at least one comparable to that of GaN and AlN. This property makes it a technologically 
important material for many applications, which require a large electromechanical coupling [9-15]. 

EXPERIMENTAL DETAILS 
Zinc oxide films were deposited by spray pyrolysis method using an aqueous zinc nitrate solution. The Zinc 
oxide thin films were deposited 

a)  By varying the concentration of sprayed solution from 0.10 to 0.75 M by changing the amount of zinc nitrate 
dissolved in an aqueous solution. The deposited thin films were termed as ZM1, ZM2, ZM3 and ZM4. 

b) By varying the spray rate as 2 ml/min, 2.5 ml/min, 3 ml/min and 4 ml/min and the deposited films were 
denoted as ZS1, ZS2, ZS3 and ZS4. 

c) By varying the substrate to nozzle distance as 30 cm, 28 cm and 2 cm and films were termed as ZD1, ZD2 
and ZD3. 

d) By varying the substrate temperature from 425 oC to 475 oC at an interval of 25 oC and deposited films were 
labeled as ZT1, ZT2 and ZT3 

The solution was sprayed through a glass nozzle onto the ultrasonically cleaned glass substrates kept at various 
temperatures. The substrate temperature was optimized to 450 oC. The spray rate was maintained using air as a 
carrier gas and the spray rate of 3 ml/min was optimized. The temperature was controlled using electronic 
temperature controller. Hazardous fumes that evolved during the thermal decomposition of initial ingredient 
were expelled out. The nozzle to substrate distance was optimized as 28 cm. Here, after the deposition process 
completed, the films were kept on the heater at deposition temperature for 30 min in order to provide sufficient 
time and temperature for recrystallization. 

RESULTS AND DISCUSSIONS 
Temperature dependent gas detection 
Fig. 1 and Fig. 2 shows the histogram of gas response to different gases with operating temperature for the 
optimized sample for (a) 0.5 M molar concentration (ZM3), (b) spray rate of 3 ml/min (ZS3), (c) substrate to 
nozzle distance of 28 cm (ZD2), (d) substrate temperature at 400 0C (ZT2).  The histogram revealed that the 
sensor offered maximum response to Ethanol (16%) at 300 0C, Acetone (27%) at 300 0C and LPG (47%) at 300 
0C. The sensor selects a particular gas at a particular temperature. Thus, by setting the temperature, one can use 
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the sensor for particular gas detection. The same sensor could be used for the detection of different gases by 
operating it at particular temperature for a typical gas. Different gases have different energies for adsorption, 
desorption and reaction on the metal oxide surface, and therefore, the response of the sensor at different 
temperatures would depend on the gas being sensed. The ZnO film showed more selectivity for LPG over 
Ethanol and Acetone at an operating temperature of 300 0C. 

 
Figure-1: Gas response of ZnO film (0.5M) with operating temperature for different gases at a fixed gas 

concentration 1000 ppm. 

 
Figure-2: Gas response of ZnO film (spray rate 3ml/min) with operating temperature for different gases at a 

fixed gas concentration 1000 ppm. 

It revealed that LPG is the more selective against other two. The response of all the films does not exhibit any 
significant difference at lower temperatures. At a low operation temperature, the low response can be expected 
because the gas molecules do not have enough thermal energy to react with the surface adsorbed oxygen 
species. As the electrons are drawn from the conduction band of the ZnO by the adsorbed oxygen, and a 
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potential barrier to charge transport is developed. At higher temperatures the thermal energy obtained was high 
enough to overcome the potential barrier, and a significant increase in electron concentration resulted from the 
sensing reaction. The response of a semiconductor oxide gas sensor to the presence of a given gas depends on 
the speed of the chemical reaction on the surface of the grains and the speed of diffusion of the gas molecules to 
that surface which are activation processes, and the activation energy of the chemical reaction is higher. In this 
case, at low temperatures the sensor response is restricted by the speed of the chemical reaction, and at higher 
temperatures it is restricted by the speed of diffusion of gas molecules. At some intermediate temperature, the 
speed values of the two processes become equal, and at that point the sensor response reaches its maximum 
[16]. 

DYNAMIC GAS RESPONSE 
Fig. 3 shows the dynamic gas response transients of ZnO films of different molar concentrations, spray rate, 
nozzle to substrate distances and substrate temperatures for LPG at 300 0C. The maximum response was 
obtained with film 0.5 M (ZM3), spray rate 3 ml/min (ZS3), substrate to nozzle distance 28 cm (ZD2) and 
substrate temperature at 400 0C (ZT2). In the gas sensitivity, the grain size and porosity of the film played an 
important role [17]. For film ZS3, ZM3, ZT2 and ZD2 have the porous and non-spherical grains were observed. 
As exposure area of these films increased, the sensitivity was gradually increased. One can observe from SEM 
image the spherical grains with more porosity. Such kind of morphology helped for providing larger surface 
area to expose and react on the outer surface as well as inside porous surface more efficiently. Thus, the 
effective surface area for LPG to react increased and so the response increased, which offered more efficient 
surface area for interaction with LPG molecules on the surface as well as inside porous structure, compared to 
other films. When LPG was introduced in the gas chamber, the gas response initially increased with time and 
then remained stable. 

 
Figure-3: The dynamic response transients of ZnO films of various molar concentrations 

CONCLUSION 
 Zinc oxide films were deposited by spray pyrolysis method using an aqueous zinc nitrate solution. 

 The sensor offered maximum response to Ethanol (16%) at 300 0C, Acetone (27%) at 300 0C and LPG 
(47%) at 300 0C. 

 The ZnO film showed more selectivity for LPG 

 The maximum dynamic response was obtained with film 0.5 M (ZM3), spray rate 3 ml/min (ZS3), substrate 
to nozzle distance 28 cm (ZD2) and substrate temperature at 400 0C (ZT2). 

 The effective surface area for LPG to react increased and so the response increased. 
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ABSTRACT 
Surface water plays an essential role in determining the economic and social health of the areas on the Earth. 
The estimation of Earth surface water level using the microwave Synthetic Aperture Radar (SAR) is an 
interesting task. The SAR is an active remote sensing system. It allows the observation during the day as well as 
on night and independent from weather conditions. In the present work surface level assessed using 
classification techniques. It includes unsupervised and supervised classifiers. Here L-band quad polarized SIR-
C satellite SAR image of Kolkata, West Bengal, India is used. The hydrological study includes, the water 
distribution, and its amount of area covered on the Earth.The classification results are compared and analysed. 
It is concluded that the unsupervised classification is better compare to supervised classification for water level 
estimation. 

Keywords: SAR, SIR-C, unsupervised and supervised classification, hydrological study. 

INTRODUCTION 
The SAR is an active remote sensing system, which acquired very high resolution images of the Earth [1]. It has 
the capacity to penetrate through clouds, smoke, fog, etc., though there is change in environmental condition. 
The classification is one of the important tasks in image analysis, which is the process of assigning a set of is 
given data elements to a given set of classes. In remote sensing classifying data is very challenging because of 
many factors, such as the selected study area, the complexity of the scene in the study area, accuracy assessment 
and the types of classification techniques used in image processing. 

In the Earth, the total area covered by Water is more than 70%. Hence, many researcher works towards the 
various ocean applications. It includes sea surface pollution studied by Shaikh et. al. (2015), Sea ice type 
mapping by Scheuchl et. al. (2004), oil slicks finding by Maurizio et. al. (2007) and Zhang et. al. (2011) etc. 
Cedric et. al. (2006) and Chi et. al. (2008) classified microwave L band SAR dataset using the supervised 
classification. They reported that the accuracy of the L band dataset for both Wishart and SVM supervised 
classification is nearly same [2-7]. 

In the present study, we have been using SIR-C satelliteL-Band MLC (multi-look complex) format Kolkata city, 
India data. The MLC data is based on an averaging of multiple looks, and consists of one file for each scene per 
frequencywhich have been multilook and usually resampled to a ground range projection. The data also had 
speckle noise and was not geocoded [8-9]. Therefore, the azimuth and the range direction were different, hence 
slant range to ground range conversion was performed to equalize these resolutions. This resulted in the creation 
of an image with square pixels due to equalization of the azimuth and range resolution using multilooking 
process. This process was carried out to improve the radiometric accuracy of the measurements. Then further 
processing is carried out using speckle filtering and decomposition techniques. Hence, in the present work we 
have been H-alpha, Wishart H-alpha and Wishart H-A-alpha decomposition techniques used for unsupervised 
classification and supervised classification of SAR image. 

The objective of these works is to separate the polarimetry measurements from a random media into 
independent elements and estimate the water surface area present on the Earth using classification techniques. 
This paper will provide comparative simulation model results of classificationSIR-C PolSAR image analysis as 
per above mentioned decomposition techniques for classification by using PolSARPro Ver. 5.0 and NEST Ver. 
5.0.16 software. The both software’s are freely available on the internet developed by ESA. 

CLASSIFICATION 
The classification is one of the important tasks in image analysis, which is the process of assigning a set of is 
given data elements to a given set of classes. The unsupervised classification technique used is based upon 
polarimetric H-A-alpha decomposition classification parameters such as Entropy (H), Anisotropy (A) and Alpha 
(α) and this classification procedure is carried out using decomposition theorem and the H/A/α set of the 
coherency matrix. The entropy (H) provides information on the scattering degree of randomness. The 
anisotropy (A) gives information on the relative importance of secondary mechanisms whereas the alpha (α) 
parameter indicates the nature of the scattering single or double bounce reflection or scattering over anisotropic 
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media. The both H and A parameter cannot be interpreted separately from the entropy. Another type of 
classification is supervised classification which approach to pixel labelling requires the user to select 
representative training data for each predefined number of classes [10]. 

Unsupervised Classification 
The classification of SAR image is to identify the different spectral classes present in it and their relation to 
some specific ground cover type. The result of classification done here is based on H-alpha parameters and the 
Wishart classification based on the Wishart statistics of multilook coherency matrix. In the present work result 
from the H-alpha and Wishart H-alpha and Wishart H-A-alpha decomposition can be initialising as training sets 
of the unsupervised classifier is studied [11-12]. 

Supervised Classification 
The supervised classification involved three basic steps, in the training stage, the analyst identifies the training 
areas and developed numerical description of the spectral attributes of each object on the Earth of interest in the 
scene. Then in the classification stage each pixel in the dataset is categorized into the specific class. The 
accuracy of creating class depends upon selecting the training area and identifying the same pixel from the 
dataset. Then in the final stage classified output image is used for further analysis [13-14]. 

STUDY AREA 
The study area is located in the capital of West Bengal, Kolkata city with longitude 87051’57.60’’E to 
88035’06.00’’E and latitude of 21052’58.80’’N to 22045’07.20’’N [15].  The data is in MLC (multi-look 
complex) format and incident angle is 32.878. The SIR-C image with the quad polarization obtained on 
05/10/1994 is used in this study.  The figure 1 shows the location of study area with map of India and selected 
study area in Kolkata, West Bengal, India and figure 2 shows original quad dataset of SIR-C SAR satellite 
dataset with HH, HV, VH, VV polarization. 

 
(a)                        (b) 

Figure-1: Location of study area (a) map of India (b) selected area in Kolkata, West Bengal, India 

 
(a)                  (b)                         (c)                        (d) 

Figure-2: Original Quad PolSAR SIR-C image of Kolkata, India (a) HH (b) HV (c) VH (d) VV 

RESULT AND DISCUSSION 
The SIR-C SAR image was in MLC format, hence initially it is converted into the ground range using a 
multilook processing after importing the data in PolSARPro 5.0 software. The figure 3 (a) shows the Pauli RGB 
image, the Pauli decomposition image also called Pauli image which shows the in red, blue and green colours 
respectively representing all the polarimetric information of the matrix.Next the data filtered with 5x5 window 
size by using Lee Refined speckle filter, because speckle noise degrades the quality of SAR image. Then 
decomposition parameters the Entropy (H), Anisotropy (A) and Alpha (α) are generated images shown in figure 
3 (b), (c), (d). 
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(a)           (b)                        (c)                   (d) 

Figure-3: (a) Pauli RGB; Decomposition Parameter (b) Entropy (c) Anisotropy (d) Alpha Image 

Later, the images are classified using H-alpha, Wishart H-alpha and Wishart H-A-alpha unsupervised classifier 
and supervised classifier. The results of classified images are shown in the figure 4 (a), (b), (c), and (d) 
respectively. 

 
1. Water 2. Open Land 3. Vegetation 4. Settlement 

Figure-4: Unsupervised Classification (a) H Alpha (b) Wishart H Alpha (c) Wishart H A Alpha (d) 

SUPERVISED CLASSIFICATION 
These classified images results are further analysed by using NEST software. By comparing the H-alpha and 
Wishart H-alpha classification images, it is observed that though H-alpha and Wishart H-alpha having 8 number 
of classes but Wishart H-alpha shows more accurate results. Similarly, by comparing results of Wishart H-A-
alpha classified image having 16 classes and the results are much better than H-alpha and Wishart H-alpha 
classified image. 

In supervised classification 4 major classes are made and it is compare with the all unsupervised classification. 
From the comparison it is observed that the all four classes in supervised classifier having much larger value 
than the unsupervised classifier. The Table. 1 shows comparison for major 4 classes like water, open land, 
vegetation and settlement area of the above mentioned unsupervised and supervised classes. 

Table-1: Unsupervised Classification of SIR-C SAR Image 
 

 

 

 

 

The present study is more focus on Water class for surface water estimation. Hence from the above all 
classification results the water class is separate out. The figure 5 shows all unsupervised and supervised 
classification results for water class only. It is furhter compared and its comparision is shown in figure 6. 

Class 
Types of Unsupervised Classification Supervised 

Classification 
(%) 

H Alpha 
(%) 

Wishart H 
Alpha (%) 

Wishart H A 
Alpha (%) 

Water 11.001 12.956 8.861 24.741 
Open Land 25.939 8.853 9.358 9.850 
Vegetation 9.586 12.291 4.069 26.626 
Settlement 38.553 22.284 14.554 38.782 
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                                             (a)                     (b)                          (c)                      (d) 

Figure-5: Water class for Unsupervised Classification (a) H Alpha (b) Wishart H Alpha (c) Wishart H A 

Alpha (d) Supervised classification 

 
Figure-6: Graph of 4 Class for H Alpha, Wishart H-alpha & Wishart H-A-alpha Classification 

In comparison betweenthree types of unsupervised and supervised classification.It isobserved that Wishart H-A-
alpha shows lower area coverage as compared to other classification. Because a number of classes in Wishart 
H-A-alpha is more. The supervised classification results shows highest value for water class, but practically the 
study area not having that much water surface. Hence in comparison Wishart H Alpha shows better results for 
water surface area estimation. This results is very important for hydrological planning. 

CONCLUSION 
We have classified SAR SIR-C quad polarized MLC data using PolSARpro software for water surface area 
estimation. The decomposition techniques were used for generating the entropy, anisotropy and alpha images. 
Then by combining these parameters, the H-alpha, Wishart H-alpha and Wishart H-A-alpha techniques are used 
for unsupervised classification. The supervised classification is made by manually selected class. The 
classification results are compared and for analysed by using NEST software. The more accuracy and large 
number of classes was found in Wishart H Alpha unsupervised classified image as compared to supervised 
classification. The reason for that is due to less number of classes and low resolution of the dataset in selecting a 
training area while creating the classes.Hence, from all these studies it is concluded that the classification 
accuracy is better in Wishart H Alpha than other H Alpha and Wishart H A Alpha unsupervised, and supervised 
classification. 
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ABSTRACT 
Structural, morphological and optical properties of Zn1-xFexS nanoparticles have been prepared byCo-
precipitation  method  at  room  temperature.  The crystal structure, size and  lattice  strain have been estimated 
by X-ray diffraction techniques. The pure and Fe doped ZnSnanoparticles exhibits cubic crystal structure. The 
small decrease in lattice constant has been observed of Fe doped ZnS samples which can be attributed to the 
small distortion of Zn tetrahedron. The lattice strain increased with increasing Fe doping.  The SEM images of 
all samples show that nanocrystalline  innature.  The  UV-Vis  measurement  has  been  used  to  study  the  
effect  of  Fe doping on absorption spectra and optical band gap. 

Keywords: ZnS; nanocrystals; x-ray diffraction; strain; optical study. 

1.   INTRODUCTION 
Nanocrystals  are  in  huge  expansion  worldwide  due  to  its  unique  functional properties.  In recent years, a 
great effect has been made to the design and controls the development of nanocrystals such as Zinc sulfide [1-
2]. 

ZnS is an efficient luminescent material that belongs to the II-IV semi-conducting material  with  wide  band  
gap  energy of  3.7  eV  and  a  large  exciton  binding energy (40 meV) [3-4]. Due to its excellent properties 
ZnS has versatile potential applications electro luminescent device, optical coatings,  photoconductor,  field  
effect  transistor,  optical sensors, photovoltaic cells and LEDs [5-9]. In addition ZnS is a most promising 
material in biological application [10]. Interesting, the properties of ZnS has been change when doped with 
transition metals (TM) such as Ni, Fe, Mn, Cr, Co and Cu [11-17]. Among them, the doping of Fe into ZnS 
matrix become wide versatile owing their solubility in the Znslattice. 

In  this  work  we  report  an  investigation  of  structural,  morphological  and  optical properties  of  ZnS  
particles  doped  with  Fe.  TM  ions  doped  ZnSnanocrystals  can  be obtained in many ways such as spray-
based method, Gama irradiation method, chemical precipitation  method,  polymerization  and  sol-gel  method    
[18-22].We  preferred  co- precipitation  method  for  the  synthesis  of  ZnS  as  this  method  is  simple,  low-
cost  and availability of  the  equipments.  Crystal  structure  and  average  grain  size  were  measured using 
XRD. SEM is used to study the morphology. Optical energy band gap of pure and Fe doped ZnSnanocrystals 
were study using UV-Visible absorption spectroscopy. 

2.   EXPERIMENTAL DETAILS 
Samples with compositional formula Zn1-xFexS with x = 0.00, 0.02, and 0.06 were prepared  by  co-
precipitation  route.  In  this  procedure,  Zinc  acetate  dehydrate  of  1M  is diluted in distilled water (50 ml) 
and sodium sulfide 1M is diluted in distilled water (50 ml) were prepared and  added by   under vigorous  
stirring to obtain pH 13.5 for 2 h. A white  precipitate  was  obtained  which  was  separated  by centrifugation.   
The  precipitate which  is  separated  is  washed  several  times  with  distilled  water  and  ethanol  then  dried 
under vacuum at 60 oC to get the powder samples of ZnSnanocrystals.  For the synthesis of Fe doped 
ZnSnanocrystals were prepared at room temperature by mixing calculated 

amounts of zinc acetate solution and Fe acetate solution followed by drop wise addition of saturated solution of 
sodium sulfide up to pH 13.5. The mixture was vigorously stirred for 2 h. The precipitate was filtered from the 
reaction mixture and washed several times with ethanol to remove all sodium particles. The wet precipitate was 
then dried. Similarly prepared for samples of 2%, 6% Fe dopedZnS samples. 

XRD  measurements  were  employed  to  investigate  the  structural  properties  and average  crystallite  size  of  
the  Fe-doped  ZnSnanocrystals  (Model:  PW-3710).  The structural  analysis  of  the  synthesized  samples  
was  carried  out  using  a  powder  X-ray diffractometer (XPERT-PRO) with a Cu-Kα radiation source of 
wavelength 1.5406 A0. The surface morphology and particle size of prepared samples were characterized using 
by Scanning electron microscopy (SEM).  The optical properties  of  pure  and  Fe  dopedZnS samples were 
study using by Ultra-visible spectroscopy. 
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3.   RESULTS AND DISCUSSIONS 
3.1 Structural properties 
Figure  1  shows  x-ray diffraction  patterns  of  the  pure  and  Fe  doped  ZnSnanoparticles prepared  by co-
precipitation  method.  The  pure  and  Fe  doped  ZnSnanoparticles  exhibits cubic crystal structure.  No extra 
impurities phases were observed  which  means that  Fe3+ ions  would  be  uniform  substitute  into  the  Zn2+   
ions  in  the  ZnS  lattice.  In  addition, compared with ZnS increasing Fe content caused the position of the 
diffraction peaks shift of  the  Fe  doped  ZnSnanoparticles  to  higher  diffraction  angle.  The lattice  constant  
of prepared  samples  was  estimated  form  XRD  pattern.  FromXRD  analysis  found  that  the lattice constant 
of the samples decreased with increasing Fe doping in the ZnS lattice.  It may be due to the small difference 
between the Zn2+ions and Fe3+ ions. The volume of unit cell of pure ZnS samples was higher than that of Fe 
doped ZnSnanocrystals. 

 

 
Figure-1: XRDpatternpureandFedopedZnSsamples 
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The average crystallite size was calculated using Scherrer’s formula. It was found that the average crystallite  
size  is  in  the  range  of  1-2  nm.  The average  crystallite  size  decreased with increasing Fe doped 
ZnSnanocrystals. It may be due to the small grain growth of pure ZnS  sample  as  compared  to  the  Fe  doped  
ZnS  samples. The lattice  strain  of  samples increased with increasing Fe doping, this was attributive due to the 
decreased size of thenanocrystals. 

 
3.2 Morphological study 
Figure 2 shows the SEM images of pure and Fe doped ZnSnanocrystals. The pure ZnS  image  is  found  that  
the  Fe  doping  content  has  been  significant  influences  of  the surface  morphology.  The  pure  ZnS  sample  
is  composed  of  spherical  like  nature  with distribution   the   grain   size.   For   the   Fe   doped   
ZnSnanoparticles   observed   the agglomerated grain size and porous like structure. This may be due to the 
formation of structure by the difference in the size of Zn and Fe ions. 

 
                    Fig-2 (a). SEM image of ZnS sample             Fig.2(b). SEM image of 2% Fe doped ZnS sample 

 
Fig-2(c). SEM image of 6% Fe doped ZnS sample 
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3.3 Optical properties 
The optical absorption spectra of pure and Fe doped ZnSnanocrystals are shown in figure 3.  From figure  3, it is 
shown that a region of the absorption is located in the range of 300 to 400 nm. The figure 4 shows the plots of 
(αhν)² versus  photon energy (hν) for pure and Fe doped ZnS samples. Optical band gap were found to be vary 
from  3.33 to   2.85 eV as shown in table 1. It was shown that the optical band gap decreases with increasing Fe 
doping. This may due to the sp-d exchange interaction between the Fe ions and Zn ions. 

 
Figure-3: Absorption spectra of pure and Fe doped ZnSnanocrystals. 

 
Figure-4: (αhν)²VshνofpureandFedopedZnSsamples 

4.   CONCLUSIONS 
Fe doped ZnSnanocrystals were successfully prepared by co-precipitation method at room temperature. All 
prepared samples shows cubic crystal structure without any extra phases. The lattice constant of samples found 
to decrease with increasing Fe doping into the ZnS lattice. The volume of unit cell was also decreased with 
increasing Fe content. The strain of pure ZnSnanocrystals increased with increasing Fe doping, it may be due to 
the deceasing average crystallite size. The surface morphology of prepared samples was study using scanning 
electron microscopy. The SEM results shown that all samples have nanocrystalline structure. The optical band 
gap decreased with increasing Fe content into the ZnS lattice. 
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ABSTRACT 
In the present investigation the electrochemical impedance spectroscopy has been applied to analyse the dye 
sensitized solar cells (DSSCs). The characteristics of the dye sensitized photo anode has been investigated using 
various techniques like Atomic force Microscopy, UV visible spectroscopy. Consequently, the measurement of 
photovoltaic characteristics has been discussed and lastly, the EIS study of fabricated DSSCs have been done in 
order to analyse the DSSCs using Al doped TiO2 nanoparticles photo anode sensitized by eosin Y dye which 
reveals that the DSSC with 0.07M Al doped TiO2 nanoparticles photo anode has the charge transfer resistance 
of 138 ohm at the TiO2/dye/electrolyte interface 

Al doped TiO2, DSSCs, Eosin Y dye, EIS, photo anode 

1. INTRODUCTION 
Being mimicry of photosynthesis, dye sensitized solar cell has ever accepted as the best solar cell from last few 
decades [1]. DSSC is an electrochemical device, converting light energy into electrical energy, consist of three 
active layers namely, dye sensitized nano-crystalline semiconductor layer (known as photo anode), counter 
electrode and an organic electrolyte containing redox couple sandwiched between prior two layers. Both the 
semiconductor layer and counter electrode has synthesized usually on the Fluorine doped transparent 
conducting oxide layer on glass [2]. The highest efficiency ever achieved has been found to be 13% using 
porphyrin dye [3]. Charge generation and transfer process depends on the nature and compatibility of each layer 
with another and more particularly on the photo anode [4]. TiO2 nanoparticles has been proved to be most 
viable member to synthesize the photo anode owing to its properties like wide band gap, large exciton binding 
energy, low cost, non-toxic and environmental benign. The absorption in TiO2 layer can be increased by either 
doping or adsorbing the dye molecules on its surface [5]. Nanostructure of TiO2 photo anode provides the 
sufficiently large surface area for dye adsorption [4]. Further, doping the TiO2 will form the new valance state, 
decreases the Band gap, enhances the surface area and creates the charge carrier trapping sites which helps to 
increase the photo current [6]. Various metals and non-metals and other elements have been tried for doping the 
TiO2 in the thrust of enhancing the photo-catalytic activity of TiO2 photo anode [7]. Aluminium, the transitional 
metal having good optical quality, low resistivity, high conductance and high crystal qualities, when doped in 
TiO2 shifts onset of absorption from UV region to visible region [8-9]. According to the previous optimization it 
has been observed that the aluminium doping concentration of 0.07M exhibits superior results [10].  Hence, in 
the current study 0.07M aluminium doped TiO2 nanoparticles have been synthesized and used to create the 
photo anode of DSSC. 

The basic purpose behind the development of DSSC has been found to investigate a low cost, environmental 
friendly solar cell through the use of eco-friendly materials and methods [11]. Hence, while designing the 
DSSC, high efficiency along with the least environmental hazard must be the agenda. Sensitizer used to harvest 
the photo energy is the crucial parameter on this basis, deciding the response of DSSC. Inorganic metal complex 
dyes and organic dyes have been intensively investigated by researchers since from last two decades. Inorganic 
metal complex dyes has been studied, involves lengthy, tedious and expensive manufacturing steps [12-13]. 
Moreover, inorganic dyes contain heavy metals which are rarely found and hence become costly. Also, their 
toxic nature becomes hazardous for environment. On the contrary, organic dyes which are abundantly available 
in nature and found to be ideal for eco-friendly DSSCs being non-toxic, having affordable cost, renewable, 
biodegradable and easily available, not producing any hazardous by products. Particularly, Eosin Y dye has 
been shown to be one of the best synthetic dyes having high molar extinction coefficient (60803M-1 cm-1), upon 
excitation becomes more reducing and oxidizing and found to be applied in cell staining, as pH indicator and as 
a dye pigment in cosmetics also [14]. Eosin Y is having single carboxyl group which is suitable to anchor with 
TiO2 molecules in photo anode [15]. 
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In the previous studies it has been found that though the eosin Y dye sensitized Al doped TiO2 photo anode 
showing the potential candidate for natural DSSC, it’s overall efficiency obtained was trivial [16-17]. Prominent 
factors limiting the efficiency of DSSC are the recombination of photo generated electrons, insufficient catalytic 
activity of counter electrode to reduce the electrolyte and overall series resistance of the interfaces [2]. Physico-
chemical dynamic processes at the photo anode and the cathode have been successfully studied using 
electrochemical impedance spectroscopy (EIS) [18-20]. Subsequently, in the present study, EIS has been 
employed to investigate the reason behind the low efficiency of DSSC synthesized using Al doped TiO2 photo 
anode adsorbed with Eosin Y dye and platinum cathode accompanied by iodine/triiodide electrolyte. 

2. MATERIALS AND METHODS 
2.1 Materials 
Titanium Tetra iso-propoxide (TTIP) (Otto Chemicals, Germany), Eosin Y dye and Chloroplatinic acid 
(H2PtCl6) (Ward Hill, U.S.A.), Aluminium Nitrate (Al(NO3)3 and Poly-ethylene Glycol (Otto Chemicals, India), 
Lithium iodide and iodine all reagents were used without further purification. 

2.2 Preparation of dye sensitized solar cell 
0.07M Aluminium doped TiO2 nanoparticles has been synthesized using TTIP, Aluminium nitrate, Polyethylene 
glycol, Triton X-100, Ethanol and deionised water by sol gel method and characterized by XRD, Raman, SEM-
EDAX, FTIR spectroscopic methods and the DSSC has been synthesized as described in our previous work 
[10,16-17]. 

2.3 Measurements 
I-V characteristics and electrochemical impedance spectroscopic measurements has been taken one after other, 
immediately after preparation of DSSC, using Keithley 4200 Source Measurement Unit and Chi 660 
electrochemical work station respectively. The EIS experiment has been carried out under illumination with 
frequency range from 0.01 Hz to 1 MHz with ac amplitude set at 10mV. Park Atomic force microscope has 
been used to study the morphological characteristics of synthesized photo anodes and UV visible absorption 
spectra of eosin Y dye sensitized photo anodes has been investigated using 2400 UV visible spectrophotometer. 

7.3 RESULT AND DISCUSSION 
3.1 Morphological study of dye adsorbed photo anodes 
The morphological properties of the synthesized Al doped TiO2 photo anodes have been investigated using Park 
AFM optical microscope. Figure 1 explains the morphology of Eosin Y dye sensitized TiO2 photo anodes with 
aluminium doping concentration 0.07M. From the AFM investigation the values of root mean square roughness, 
average roughness and angle of contact of TiO2 with the FTO surface have been noted and listed in table1 

 
Figure-3: AFM image of 0.07M Al doped TiO2 photo anode sensitized by Eosin Y dye 3dimentional view 

Table-1: AFM surface study parameters of Al doped TiO2 photo anodes 
Al concentration in 
TiO2 photo anode 

RMS roughness 
in μm 

Average 
roughness in μm 

Area peak to valley 
height in μm 

Contact angle 
of contact 

0.07M 0.432 0.354 2.88 42.57 
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From table 7.1 it could be observed that the better rms surface roughness which might have enhanced the dye 
molecules adsorption on TiO2 surface to enhance the photo electron generation. Moreover, contact angle has 
been found to be fairly high for 0.07M Al doping which indicates the better affection of TiO2 film with the FTO 
surface [19]. 

3.2 UV visible absorption of dye adsorbed photo anodes 
Figure 2 exhibits the UV visible absorption spectra of Eosin Y dye adsorbed Undoped TiO2 and Al doped TiO2 
nanoparticles photo anodes. From figure 2 dye sensitized Al doped TiO2 photo anodes showed the absorption 
peak near 550nm wavelength which is attributed to better adsorption of Eosin Y dye on doped TiO2 photo 
anode [16]. 

 
Figure-7.2: UV visible spectro-photograph showing absorption spectra of undoped and Al doped TiO2 photo 

anode sensitized by Eosin Y dye 

3.3 Photovoltaic characterization of DSSCs 
Photovoltaic measurements of DSSCs have been performed by measuring the current-voltage characteristics 
under irradiation with white light (100mWcm-2) from the indigenous OHP assembly. Performance of DSSCs 
has been evaluated by short circuit current (Jsc), open circuit voltage (Voc), fill factor (FF), and energy 
conversion efficiency (η). The photovoltaic parameters of the DSSCs sensitized with Eosin Y dye are listed in 
Table 7.2 and the typical I–V curves of the DSSCs using the 0.07M Al doped photo anode has been shown in 
Fig. 7.3. 

Table-7.2: Photovoltaic Parameters Of DSSCs: Photo Current Density(Jsc), Open Circuit Voltage (Voc), 
Maximum Photo Current(Imax), Maximum Photo Voltage(Voc), Fill Factor(ff) And Efficiency(η) 
Al doping in photo anode Pmax=Imax*Vmax in nw Isc in μA Voc in mV %FF %η 

0.07M 24557.5 249.21 370 26.63 0.0246 

 
Figure-7.3: Current-voltage characteristics of DSSCs with Eosin Y dye sensitized photo anodes 
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The fill factor and power conversion efficiency of DSSCs have been calculated using equation (1) and equation. 
(2) 

 
 

 
Where, 

Fill factor (ff) is the measure of square shape of the DSSC characteristics curve. 

In the present work, though the short circuit current is having better value, the fill factor of the DSSC have 
found quite small which indicates that series resistance of equivalent circuit of DSSC must be very large and 
shunt resistance might be very small. Both these factors cause the lower efficiencies of DSSCs. In order to 
investigate this fact electrochemical impedance spectroscopy has been found to be applied by many researchers 
[12, 20] 

3.4 Electrochemical impedance spectroscopic (EIS) study of DSSCs 
EIS has been used as the versatile tool for investigating the dynamics of the bound or mobile charges in the 
DSSC. Nyquist plot evaluating electrochemical parameters like electrolyte solution resistance Rs, electrode 
polarization resistance Rp\ Rct and double layer capacitance Cdl has been illustrated in figure 4. According to 
Randle’s Electrochemical equivalent circuit model, Nyquist plot is always a semicircle due to a RC parallel 
equivalent circuit and intercept of semicircle to real axis towards the origin denotes the solution resistance Rs 
whereas, the interpolated intercept on other side gives the sum of Rs and polarization resistance Rp or Rct. 
Hence, diameter of semicircle is equal to the polarisation resistance [21]. 

 
Figure-4: Electrochemical impedance spectra of DSSCs with 0.07M Al doped TiO2 photo anode sensitized with 
Eosin Y dye the values of RS, Rct has been found by interpolation of curves on X axis and Capacitor values is 

adopted from equivalent circuits directly and listed in table 7.3. 

Table-7.3: Fitted impedance parameters of DSSCs with various concentrations Al doped TiO2 photo 
anodes sensitized with Eosin Y dye; with active area 1Cm2 and illuminated by Halogen lamp 

DSSC with Al concentration in photo anode Rs Ohm Rct Ohm Cct 
0.07M (DSSC3) 59 138 7.7*10-6 

From table 7.3, it can be observed that the series resistance Rs, indicating the electrolyte resistance, is 59 ohm. 
Secondly, out of three expected semicircles in nyquist plots, only central semicircle is prominently observed. 
The diameter of the semicircle has been found to be 138 ohm. This observation reveals that the DSSC with 
0.07M Al doped TiO2 nanoparticles photo anode has low charge transfer resistance at the TiO2/dye/electrolyte 
interface and hence improved photo-electrochemical performance of DSSC for 0.07M Al concentration in photo 
anode. Al metal ion doping might have reduced the electron hole recombination because the Fermi level of Al is 
slightly lower than the Fermi level of TiO2 and hence the conduction band electron might be transferred to this 
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Fermi level of Al, whereas, holes remains in the valance band of TiO2 avoiding the recombination of electron 
holes offering better photo current as compare to DSSC with undoped TiO2 photo anode [9, 10 & 17]. Thus, 
EIS study of the photo electrochemical system confirms that charge generation, separation and recombination 
strongly depend upon the nanostructure of photo anode, amount of dye loading and charge recombination at 
various interfaces. 

4. CONCLUSIONS 
Eosin Y dye sensitized Al doped TiO2 nanoparticles photo anodes of Al 0.07M has been incorporated into 
DSSCs and cell performance has been evaluated. Investigation of light absorption in dye adsorbed photo anode 
has proved that the Al doped TiO2 photo anodes shows the absorption peak near 540 nm wavelength which 
proves the adsorption of Eosin Y dye on Al doped photo anode. EIS study of DSSC reveals that o.07M Al 
doped TiO2 photo anode DSSC exhibits lower values of Rs and Rct corresponding to Randles equivalent model 
However, future of DSSC still depends on increasing the power conversion efficiency by enhancing the light 
harvesting capacity of solar cell, suggesting development in all components of DSSC particularly photo anode, 
Dye and electrolyte additives. 
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ABSTRACT 
In2Se3thin films were prepared by spray pyrolysis technique using InCl3 and SeO2 as initial chemicals on the 
amorphous glasses. The deposition conditions were optimized as temperature 4000C, spray rate 5ml/min, air 
pressure 1.2 kg/m2 and nozzle to substrate distance kept 30cm. Such deposited films were studied through the 
compositional, structuraland optical properties. The content of In and Se impurities in sprayed In2Se3films were 
measured by EDS analysis. It is seen that In2Se3 sample is In-rich. An excellent quality films were obtained with 
the spray pyrolysis. The samples were very tightly adhered to the substrate surface, film surface appeared to be 
smooth and diffusely reflecting with whitish in colour. 

Keywords: In2Se3 thin films, spray pyrolysis, diffusely reflecting, whitish. 

1. INTRODUCTION 
Synthesis and Processing Science addresses the fundamental understanding necessary to extend from design and 
synthesis to the preparation of materials with desired structure, properties, or behaviuor. This includes the 
assembly of atoms or molecules to form materials, the manipulation and control of the structure at all levels 
from the atomic to the macroscopic scale, and the development of processes to produce materials for specific 
applications.Solution chemistry is used sometimes to prepare the precursor, which is subsequently converted 
into the nanophase particles by nonliquid phase chemical reactions. Precipitation of a solid from a solution is a 
common technique for the synthesis of the fine particles. The general procedure involves reactions in aqueous 
or nonaqueous solution states containing the soluble or suspendedsalts. Once the solution becomes 
supersaturated with the product, the precipitate formed is either homogeneous or heterogeneous nucleation. [1-
5] for example, to form monodispersed particles. For instance, to prepare unagglomerated particles with a very 
narrow size distribution, all the nuclei must be formed at nearly the same time and subsequent growth must 
proceed without further nucleation or agglomeration of the particles [1-5]. In general, for the particle size and 
particle size distribution, the physical properties such as crystallinity and crystal structure and the degree of 
dispersion can be affected by the reaction kinetics. In addition, the concentration of reactions, the reaction 
temperature, and the order of reactants to the solution are also important.  In this paper therefore, the growth 
kinetics and mechanism of In2Se3 film formation are presented. 

2. EXPERIMENTAL DETAILS 
2.1 Deposition of In2Se3 thin films 
A modified spray pyrolysis setup as shown in fig.1 is used for deposition of the In2Se3, film samples. To deposit 
the In2Se3 films, aqueous solutions of Indium tricloride (InCl3) and selenium dioxide (SeO2) were prepared by 
dissolving appropriate amounts of their salts (all AR grade) in double distilled water. The 0.05 M InCl3 and 0.33 
M SeO2 solutions were mixed together in appropriate volumes and then sprayed through a nozzle onto the 
preheated amorphous glass substrates [6,7]. The experiment was carried out in three different steps to optimize 
the preparative parameters [6]. In the first step, the substrate temperature was varied and kept as 350 0C, 375 0C, 
400 0C, 450 0C, and 550 0C keeping spray rate and deposition time at the arbitrary values.In the second 
experiment, deposition temperature was kept at its optimum value (400 0C) and the spray rate was varied from 3 
ml/min to 7 ml/min in a step of 1 ml/min. In the third step, the temperature and spray rate were held at their 
optimized values and deposition time was varied from 6 to 12 min. The other parameters like quantity of 
spraying solution (40 ml), gas pressure (1.2 kg/cm2) and nozzle to substrate distance (30 cm) were selected so as 
to achieve the required yield [6,7]. 
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Fig-1: Schematic diagram of a chemical spray pyrolysis(CSP) unit. 

3. RESULTS AND DISCUSSION 
The spray pyrolysis technique is a chemical deposition process in which fine droplets of the desired materials 
are sprayed on a heated substrate maintained at elevated temperatures. Continuous films are formed on the hot 
substrates by thermal decomposition of the materials droplets. The chemical reactants are selected in such a way 
that products other than the desired compounds will volatile at the deposition temperature. The deposition is 
favoured by obtaining a mist of the solution conditions are met by spray deposition procedure [6]. Better control 
over the deposition conditions like spray rate, area of deposition and carrier gas pressure was monitored using a 
stepper motor controller by means of a PC through serial port [6]. This arrangement is particularly very helpful 
for large area deposition of thin films with greater uniformity [6,7]. The key parameters in the deposition of 
In2Se3 thin films are the substrate temperature, spray rate and the time for which the deposition process was 
carried out. The growth rate was measured in terms of a layer thickness and film thickness was measured as a 
function of the substrate temperature, spray rate and the deposition time, one by one [6]. The substrate 
temperature was varied (350 0C, 375 0C, 400 0C, 425 0C 450 0C, 500 0C) with the other parameters (spray rate 
and the deposition time) kept at their arbitrary values (spray rate = 5ml / min, deposition time = 10 mins.) and 
the films were obtained. The layer thickness was measured for each of the deposition temperature. The layer 
thickness is found to be increased up to 400 0C and then decreased for further higher deposition temperatures. It 
is further seen that, at low temperature, the deposits are non-uniform, flaky and porous and are easily 
detachable; the reason being incomplete decomposition of the sprayed droplets resulting in precipitation at the 
film substrate interface leading to easy detachment.Beyond 400 0C, fast precipitation and evaporation caused 
thinner, non-uniform and cracked deposits [6]. 

The spray rate is another important parameter influencing properties of the films formed. The substrate 
temperature was kept at its optimized value (400 0C), deposition time was chosen as 10 mins and spray rate was 
varied from 3ml / min in a step of 1ml / min. The layer thickness was measured as usual. It is seen that terminal 
layer thickness increased with increase in ml / min spray solution and is maximum at5 ml / min spray rate. For 
further increase in spray rate, the layer thickness decreased. Film quality is also dependent on the deposition 
time. Hence deposition time was varied from 6 mins to 15 mins with deposition temperature and spray rate kept 
optimized. The layer thickness was measured for various depositiondurations.The variation in layer thickness 
with the deposition time is quasilinear. Initially, the layer thickness is found to be increased almost linearly up 
to 8 min deposition time and saturation in layer thickness is observed for further increase in deposition time. A 
deposition time of 8 min was therefore selected for further deposition of the films[8-11]. 

In general, tightly adhered, hard and diffused whitish colour with rough surface deposits were obtained as 
shown in fig.2. We propose the following reaction steps as [6], 

2In3+ + 3Se2- → In2Se3. 

 
Fig-2: Photo of deposited In2Se3 thin film 
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4. CONCLUSIONS 
For the good quality deposition of In2Se3thin films by spray pyrolysis with various preparative parameters like 
temperature, time of the deposition, spray rate can easily be optimized. The samples were very tightly adhered 
to the substrate surface, film surface appeared to be smooth and diffusely reflecting with whitish colour. 
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ABSTRACT 
Fluorescence spectroscopy offers a less invasive approach for the detection of physical and chemical changes 
occurring in cells and tissue level because it is the most sensitive method for monitoring minor changes in the 
structure and  microenvironment of fluorophores(1) . Laser induced fluorescence is a noninvasive technique 
which is previously used for determination of breast cancer in vitro study involving 11patients for the valuation 
of the diagnostic potential of xenon lamp 45 W excited fluorescence spectroscopy of human breast tissue. The 
eleven (Malignant and non-malignant) samples are collected for the study of fluorescence spectra. The xenon is 
the source of excited light. The excitation, an emission monochromaters are placed at 900 to each other. We 
recorded the fluorescence spectra of cancer and normal tissue. The significant changes were observed in 
fluorescence from normal and breast cancer tissue. Our result suggests that a straight forward measurement of 
the total integrated fluorescence intensity can provide excellent distribution between cancer and normal tissue. 

Keywords: Breast cancer, fluorescence. 

INTRODUCTION 
Cancer incidence and mortality have globally increased in the past decade. It is well known that early diagnosis 
can increase the survival rate substantially and current method of screening have to be improved. Hence 
research in the development of noninvasive optical spectroscopic technique. For early diagnosis of malignancies 
is being carried out extensively all abnormal and malignant tissue. Malignancies of breast are one of the leading 
cancers in the world and second among Indian woman. Survival rates are shown to heavily depend on the stages 
of disease. Fluorescence spectroscopy was initially described as an ex vivo technique to differential normal and 
malignant breast, lung tissue obtained as surgery (2). 

The number of cancer deaths is increasing every year and among them breast cancer more than 20% of the 
cancer death, standing second in the cause of death for woman folk. In India the average incident rate of breast 
cancer is 16 per 1, 00,000 varying from 22-28 in urban area and 6 parts in rural areas. Based on this, the study is 
aimed to characterize the native fluorescence spectroscopy normal and different cancerous breast tissue by 
fluorescence emission and excitation spectra in the UV and visible region from the study. It is observed that 
there is increase in emission of NADH flavin and porphyrin and also increase in hemoglobin reabsorption as the 
tissues progresses from normal into malignant (3,4) . On the other hand the emission of tryptophan, tyrosine, 
collagen and elastin decreases as the normal tissues are transferred into malignant. 

We have investigated the Fluorescence spectra with respect to variation from site to site over the past decade. 
The numbers of research ground in the world have more use of medi photonic approach to various medical 
applications for the diagnosis of various diseases. Intrinsic Fluorescence of the molecule which play role in 
biological activity might give large amount of information about the help of muscles or organs (5). 

The Fluorescence spectra are recorded for eleven different samples of cancerous and normal tissues. The 
Fluorescence emitted by the fluorophore in the tissues were detected and analyzed. The Breast cancerous cells 
exhibits specific changes in the emitted Fluorescence spectra compared to normal cells. In this paper the present 
study describes light induced Fluorescence spectroscopy for the detection and diagnosis of Cancer tissue of 
female human breast. We explore the effectiveness of Fluorescence in the study different breast tissue. The goal 
of this study is to use of these spectral approaches to analyze the state of breast tissue. 

MATERIALS AND METHODS 
The normal and malignant samples were obtained from different pathologist from Nanded city region in 
Maharashtra state of India. The normal and malignant tissues were homogenized and resulting homogenate was 
mixed with equal volume (1:1) of 0.1normality of percloric acid, methenol and vertexed. After centrifugation at 
3000rpm for 10 min, the clear supernatent was taken for spectral analysis. The steady state Fluorescence 
measurement in visible region performed with of spox spectrofluorometer (Fluromax 2 U.S.A.) at an excitation 
wavelength of 280 nm. by scanning the emission Monochromater and emission spectra was scanned between 
300 and 600 nm emission. The signal were detected by using red sensitive photo multiplier tube (R) 928 
Instrument has Xenon lamp as source of exciting light. The excitation and emission Monochromater are placed 
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900 to each other and light is made to fall on the sample through PMT tube. The size of the sample is 
approximately 10 x 20 x 2 mm3. We have recorded Fluorescence spectra of malignant and normal spectra. 

RESULT AND DISCUSSION 
We have recorded Fluorescence spectra of muscles of various organs having cancerous growth and normal 
muscles from the organs in the spectral range 300- 500 nm. Out of the recorded spectra few samples show 
interesting result. We select 11 samples of human organ and spectra recorded in case of those humans for the 
details study and analysis. Fig.(A) shows laser induced Fluorescence spectra of cancer of normal breast tissue. 
Fluorescence spectrum at 280 nm excitation, shows one primary emission peak around 333 nm which may be 
attributed to aromatic amino acid tryptophan and Fig. (B) shows four additional peaks around 390 nm, 450 nm, 
480 nm and 490 nm which may be attributed to the presence of elastic, the coenzyme nicotinamide. Ademine 
dinucleotide (reduced from of NADH) and coenzyme flavil ademine dinucleotide (FAD). Fig (B) shows laser 
induced Fluorescence spectra of cancer of normal breast tissue. We also determine the intensity ratio cancer to 
normal of breast tissue of LIF spectra. We see that muscles in the form of peaks and deeps have exhibited 
various features. It seems if the spectra are studied and analyzed in details, some part of spectra emitted by 
cancerous tissues and normal tissues can easily distinguished. 

 
Fig-(A) 

 
Fig-(B) 
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CONCLUSIONS 
The laser induced Fluorescence spectra of cancerous and normal tissues shows that cancerous tissues can be 
very easily distinguished from normal tissues. The cancerous tissues in different stages might show different 
features and therefore we are sure that different stages of cancer can be detected using laser induced 
Fluorescence spectroscopy. 
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ABSTRACT 
Ni0.5Zn0.5Fe2O4ferrite was synthesized by sol-gel auto-combustion method. The precursor sintered at 600 0C for 
4 hours. The sintered ferrite characterized by XRD, SEM and I.R Spectroscopic method. The XRD pattern 
shown the single phase cubic structure. The Infrared spectra were recorded within the range of 300-800 cm-1. 
The two major bands observed, which are characteristic feature of ferrites.Synthesis of 6-amino-3-methyl-4-
phenyl-2, 4-dihydropyrano [2, 3-c] pyrazole-5-carbonitrile from ethyl acetoacetate, hydrazine hydrate, 
aromatic aldehydes and malononitrile in ethanol was carried using Ni0.5Zn0.5Fe2O4 ferrite as a catalyst. 

Keywords: Ferrite, XRD, Infrared spectra, PyranoPyrazole. 

INTRODUCTION 
Nano-materials have received prominent attention in recent years due to their remarkable properties and 
potential applications in diverse field materials at nano scale and it  can be easily engineered by controlling 
shape, crystallanity and composition. These three factors greatly regulate the physico-chemical properties, and 
consequently play key role for their use in majority of applications (Dhiman, M. etal., 2016). Magnetic nano 
particles of spinal ferrites (MFe2O4) of the great importance for addressing the fundamental relationship 
between the structure and their physical properties. They have generated diverse technological interests because 
of their potential applications in magnetic fluids, high frequency magnets, microwave absorbers, high density 
data storage, sensors, coolants, optical devices, etc. (Singhal, S., etal., 2012). Magnetic ferrite nanoparticles are 
the topic of current research interest due to their broad applications in technological fields like magnetic fluids, 
permanent magnets, microwave devices, disk recording, magnetic refrigeration systems and high density 
information storage (Bhukal, S., etal., 2012). 

Soft magnetic ferrites are one of the most used non-metallic magnetic materials, because of their high resistivity 
and low power loss. They include MnZn, NiZn and MgZn ferrites, in which the NiZn ferrites have much higher 
operating frequency, Curie temperature and resistivity compared with the other two series of ferrites. Public 
attention has been aroused to the importance of NiZn ferrites because of their new applications, such as modern 
communication, internet, electrical appliance, computer circuits (Liu, Z., etal., 2017). The development of nano 
scale magnetic material has been intensively pursued because of the appearance of some unique physical, 
chemical and structural properties. These properties allow them available widely for electronic devices, e.g. 
magnetic recording media and magnetic sensors. Especially, the nano scale spinel ferrite has triggered 
considerably interesting due to their distinctive properties as well as potential applications in catalysis (Pirouz, 
M. J., etal., 2015) water purification systemsenergy storage in super capacitor (Kumbhar, V. S., etal., 2012), 
antibacterial (Luo, Y., etal., 2014), Biomedical  (Sanpo, N., etal., 2013), drug delivery  (Wu, H., etal., 2011) and 
gas sensor (Mukherjee, K., etal., 2012) field. Recently, many e�orts have been made to optimize their basic 
properties by substituting various ions, introducing a coating structure or composite system. Among these 
modifications on the nano scale spinel ferrite, substituting various ions has been considered as an important way 
to improve the performance of spinel ferrite nanoparticles (Meng, F., etal., 2017). 

Now days, functionalized magnetite nanoparticles used as effective catalyst in different chemical reactions 
including synthesis of α-amino nitriles  (Kassaee, M. Z., etal., 2011), 1,1-diacetates from aldehydes  
(Esmaeilpour, M., etal., 2012), 1,4-dihydropyridines (Zamani, F., etal., 2013)etc. Many of the pyrano (2, 3-C) 
pyrazoles are known for their antimicrobial  (Sayed, H., etal., 1999), insecticidal  (Ismail, Z. H., etal., 2003), 
anti-inflammatory (Zaki, M. E. A., etal., 2006),activities. Four-component reactions of aldehydes, 1, 3-
dicarbonyl compounds, malononitrile, and hydrazine developed for the synthesis of pyranopyrazoles using 
triethylamine(El-Assaly, S. A., 2011), c-alumina(Mecadon, H., etal., 2011), iodine (Madhusudana Reddy, etal., 
2012), alumina (Mecadon, H., etal., 2011), amberlyst A21 (Bihani, M., etal., 2013), etc. 

Herein we wish to report an efficient synthesis of pyranopyrazole by one pot four component reaction of ethyl 
acetoacetate, hydrazine hydrate, aromatic aldehyde and malononitrile using Ni0.5Zn0.5Fe2O4 nanoparticles as a 
magnetically recoverable catalyst (Scheme 1). 
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Scheme-1: Synthesis of pyranopyrazoleusing 40 mol %Ni0.5Zn0.5Fe2O4 nanoparticles as catalyst. 

EXPERIMENTAL 
Synthesis of Ferrite 
Ni0.5Zn0.5Fe2O4 ferrite was synthesized by the sol-gel auto-combustion method. The molar ratio of metal nitrates 
to citric acid was 1:3. The metal nitrates were dissolved together in the minimum amount of double-distilled 
water needed to obtain a clear solution. An aqueous solution of citric acid was mixed with the metal-nitrate 
solution and pH 7 of solution was adjusted by gradually addition of the ammonia. The mixed solution was kept 
on a hot plate with constant stirring at 90°C. A viscous brown gel was formed during the evaporation of 
solution. When all of the water molecules were removed from the mixture, the viscous gel began to froth. After 
few a minutes, the gel ignited and burnt with glowing flints. The auto-combustion was completed within a 
minute, yielding brown-coloured ashes referred to as the precursor. 

General Procedurefor the Synthesis of Pyranopyrazole 
A pre-stirred mixture of ethylacetoacetate1 (1 mmole), hydrazine hydrate 2 (1.5 mmole) in ethanol (15 ml) was 
added, benzaldehyde3 (1 mmole) and malononitrile4 (1mole) and Ni0.5Zn0.5Fe2O4(40 mole %) as a catalyst was 
added, the reaction mixture then heated under reflux. The completion of reaction was monitored using TLC, 
[solvent system Ethyl acetate: n-Hexane (2:3)]. The catalyst removed by fixing the catalyst magnetically at the 
bottom of the flask with a strong magnet, The hot reaction mixture filtered,the residue treated with boiling 
methanol-ethyl acetate (1:1) and then filtered the orange coloured residue obtained which was then dried ,the 
melting point and, % yield calculated. 

Characterization of Catalyst 
The crystallographic structure was identified by X-ray powder diffraction with Cu Kα radiation (=1.5405Å) by 
Phillips X-ray diffractometer (Model 3710). Morphology of the powder sample was studied on JEOL-JSM-
5600 N Scanning Electron Microscope (SEM). The infrared spectra of the sample were recorded at room 
temperature in the range 200 to 800 cm-1 using Perkin Elmer infrared spectrophotometer. 

RESULTS AND DISCUSSION 
X-ray diffraction (XRD) patterns of the Ni0.5Zn0.5Fe2O4 spinel ferrite system is shown in Figure 1. The XRD 
patterns confirmed the formation of cubic spinel structure of single phase ferrites without additional peaks 
corresponding to any other phases. The crystal structures of NiCuZn ferrite are identified as cubic spinel (space 
group: fd3m) with the corresponding (220), (311), (222), (400), (422), (333) and (440) planes. 

 
Figure-1: XRD patterns of the sample 
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The Lattice parameter ‘a’ was calculated by using XRD data the equation discussed elsewhere (B.D. Culity, 
1967) and found 8.394 Å.The average crystalline diameter ‘DXRD’ of powder samples estimated from full width 
at half maxima of the most intense peak (311) of XRD calculated by using Scherer Relation (B.D. Culity, 
1967), and found 35.483 nm. 

The IR spectra as shown in Fig.2was recorded at room temperature in the frequency range 200-800 cm-1.The 
highest bandν1 observed, at 578.30 cm-1 and it corresponds to intrinsic stretching vibrations of the metal at the 
tetrahedral site (Td), Mtetra- O, whereas the ν2lowest band observed at 422.90 cm-1whichis assigned to 
octahedral-metal stretching (Oh), MOcta- O . 

 
Figure-2: The IR spectra of the sample 

Scanning electron micrograph (SEM) of the surfaces of sampleis shown in Figure 3.Sample is characterized by 
a typical porous structure and small rounded grains. 

 
Figure-3: SEM image of the sample 

Synthesis of 6-amino-3-methyl-4-phenyl-2, 4-dihydropyrano [2, 3-c] pyrazole-5-carbonitrile (5) from ethyl 
acetoacetate 1, hydrazine hydrate 2, aromatic aldehydes 3 and malononitrile4 in ethanol was carried using 
Ni0.5Zn0.5Fe2O4 ferrite catalyst (Scheme 1). The title compound 5 was isolated with 95% yield in the presence of 
Ni0.5Zn0.5Fe2O4 ferrite (40 mol %) in shorter reaction time (120 min). 

CONCLUSION 
Ni0.5Zn0.5Fe2O4ferrite successfully synthesized by sol-gel auto-combustion method. The precursor was sintered 
at 600 0C for 4 hours. The sintered ferrite was characterized by XRD, SEM and I.R Spectroscopic method. The 
XRD patterns showed the single phase cubic structure and lattice constant (a) observed 8.394 Å. In Infrared 
spectra two major bands observed, higher frequency band ‘ʋ1’ (578.30 cm-1) assigned to tetrahedral sites, while 
lower frequency band ‘ʋ2’ (422.90 cm-1) is assigned to octahedral site. Synthesis of 6-amino-3-methyl-4-phenyl-
2, 4-dihydropyrano [2, 3-c] pyrazole-5-carbonitrile from ethyl acetoacetate, hydrazine hydrate, aromatic 
aldehydes and malononitrile in ethanol was carried using Ni0.5Zn0.5Fe2O4 ferrite catalyst. 
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ABSTRACT 
The samples of cadmium substituted Ni-Cu mixed ferrites having the composition Ni0.5Cu0.5-xCdxFe2O4 (x = 0.0 
to 0.4 in the step of 0.2) have been synthesized by standard solid state reaction technique using AR grade 
oxides. The X-ray diffraction and Infrared spectroscopic analysis confirms the formation of single phase cubic 
spinel structure of ferrite phase. The lattice constant was found to increase with increase in cadmium content 
and was due to the large ionic radius of cadmium. The structural parameters such as lattice constant, X-ray 
density, cation distribution, ionic site radii, oxygen positional parameter, theoretical lattice constant, bond 
length, jump length of tetrahedral (A) site as well as octahedral [B] site, tetrahedral edge length, shared and 
unshared octahedral edge length was estimated. The estimated cation distribution of ferrite was verified by 
comparing the observed and theoretical lattice parameters. The elastic parameter of ferrites such as young’s 
modulus, rigidity modulus and bulk modulus was estimated by using IR technique. 

Keywords: Elastic properties, Structural Properties, X-ray diffraction. 

1. INTRODUCTION 
The mixed nickel copper ferrites are technologically important materials as it possess high saturation 
magnetization, high resistivity, high stability and low loss energy over a wide range of frequency [1, 2]. In fact, 
cadmium substituted Ni-Cu mixed ferrite are the subject of intensive investigations in the field of fundamental 
and applied research due to their wide applications in electronic industry. The physical properties of spinel 
ferrites depend on the type, amount of dopant and distribution of cations over the tetrahedral (A) and octahedral 
[B] sites [3, 4]. In electronic materials the elastic module are of much importance because they shows the nature 
of binding force in polycrystalline materials and also helps to understand the thermal properties of these 
materials. 

2. EXPERIMENTAL 
The ferrite with composition Ni0.5Cu0.5-xCdxFe2O4 (x = 0.0, 0.2, 0.4) were synthesized by standard double 
sintering ceramic method.[5,6,7]  Grinding using agate mortar (4 h) was carried out for each sample. The 
samples were pre-sintered at 1293 K for 12 h. The sintered powder is again reground and sintered at 1353 K for 
14 h. Then the powder of samples compressed into pellets of 10 mm diameter using a hydraulic press with 
pressure 6 ton/inch2 and sintered at 1273K for 12 h. The samples were furnace cooled to room temperature. The 
prepared samples were characterized by X-ray powder diffractometer in the 2 range 20-80at room 
temperature to confirm single phase spinel structure. The infrared spectra of a prepared sample were recorded at 
room temperature within the range 200 cm-1 to 800 cm-1 on the infrared spectrometer (Model 783, Perkin-
Elmer) 

3. RESULTS AND DISCUSSION 
The peaks appeared in the XRD pattern (fig.1) of the ferrites are identified. However, the non appearance of 
extra peaks reveals the formation of single phase cubic spinel structure of ferrite. The increase of observed 
lattice parameter ‘a’ and X-ray density ‘ρ’ with increase of the cadmium content was due to the difference in 
ionic radii and atomic weight of the component ions in the ferrite system [8]. The distribution of cations in the 
tetrahedral (A) and octahedral [B] sites can be expressed as [9], (CdxCuyFe1-x-y)A[Ni0.5Cu0.5-x-yFe1+x+y]BO4

-2 The 
theoretical lattice parameter of ferrite samples estimated using the relation [10] were listed in table 1. The good 
agreement between experimentally estimated and theoretical lattice parameters confirms the assumed cation 
distribution of the ferrites. 
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Fig-1: Typical XRD Pattern of Ni0.5Cu0.5-xCdxFe2O4 (x=0.4) 

The mean ionic radius of the tetrahedral site ‘rA’ found to be increase with Cd ion content where as mean ionic 
radius of the octahedral site ‘rB’ decreases with cadmium content. The increase of ionic radius ‘rA’ of tetrahedral 
site with Cd ion content was due to the larger ionic radii of Cd ions. But the values of oxygen positional 
parameter are almost same in the ferrite systems. 

The band positions of IR spectrum are listed in table 1. The shift of band position υ1 towards lower wavelength 
side was due to the substituted Cd2+ ion, preferably it occupies the tetrahedral (A) site [11]. The octahedral [B] 
site was occupied by Ni2+ions, where Fe3+, Cu2+ ions occupy both tetrahedral and octahedral sites. The force 
constant for tetrahedral ‘kt’ and octahedral ‘ko’ sites, longitudinal ‘Vl’ and transverse ‘Vs’ elastic wave 
velocities, elastic moduli for ferrite samples were estimated using the relations[9] and are listed in table 1. The 
decreases of octahedral force constant with increase of the Cd ion content, was due to the substitution of Cd ion 
content, which decreases the amount of Cu2+ and increases the amount of Fe ions in the octahedral [B] sites. The 
increase in rigidity modulus ‘G’, bulk modulus ‘B’ and young’s modulus ‘E’ with increase of the cadmium 
content, may be due to the strengthening of inter atomic bonding between various atoms continuously. The 
values of poisson’s ratio are found to be 0.35 for all the ferrites. The present estimated values of poisson’s ratios 
are lying in the range of -1 to 0.5; which reveals the theory of isotropic elasticity. 

Table-1: Structural and elastic parameters of ferrites system Ni0.5Cu0.5-xCdxFe2O4 (x= 0.0, 0.2, 0.4). 
Parameters x = 0.0 x = 0.2 x = 0.4 

a (Å) 8.367 8.423 8.488 
ρ x 103 (kg/m3) 5.37 5.479 5.568 
d x 103 (kg/m3) 4.003 3.939 3.931 

rA(Å) 0.67 0.73 0.79 
rB(Å) 0.687 0.682 0.677 

LA (Å) 3.623 3.647 3.675 
LB (Å) 2.953 2.978 3.001 
RA(Å) 1.898 1.911 1.925 
RB(Å) 1.990 2.004 2.019 
ath(Å) 8.417 8.496 8.575 

u 0.386 0.389 0.392 
υ1 x 102 (m-1) 590 585 581 
υ 2 x 102 (m-1) 389 397 395 

kt (N/m) 1.482 1.751 2.018 
ko x 102 (N/m) 0.988 0.965 0.943 

Vl (m/s) 5250 5420 5590 
Vs (m/s) 3031 3129 3227 

G x109 kg m-1s-2 49.33 53.64 57.98 
B x109 kg m-1s-2 148 161 174 
E x109 kg m-1s-2 133.2 144.8 156.5 

σ 0.35 0.35 0.35 
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4. CONCLUSIONS 
The X ray diffraction pattern revels the formation of cubic spinel structure of ferrite phase. The lattice 
parameter and X-ray density are found to increase with cadmium content. The estimated cation distribution of 
ferrites has been verified by comparing the observed and theoretical lattice parameters. The structural 
parameters estimated through X-ray diffraction were affected with cadmium content. The elastic parameters are 
found to increases with increase of cadmium content and was explained in terms of inter atomic bonding 
between various atoms and is being strengthened continuously. The estimated elastic parameters of the present 
results are in good agreement with the earlier reports. 
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ABSTRACT 
In3+ substituted yttrium iron garnet (YIG) samples, with a nominal composition of Y3InxFe5-xO12 with x= 0.0, 0.2 
and 0.4 were prepared by a solid-state reaction method. The samples were characterized by X-ray diffraction 
technique. The X-ray diffraction studies of compositions revealed the formation of single phase cubic structure 
with lattice constant ranging from 12.37 to 12.43 Å. 

The FTIR spectra of typical samples are taken in the range of 500-4000cm-1. IR spectra show typical absorption 
bands indicating the garnet nature of samples. The D.C. electrical resistivity ρd.c. was measured in the 
temperature range 300-725 K. The electrical measurements were carried out by means of two probe method; it 
is found that resistivity decreases with increase in temperature. 

Keyword: Electrical study, Indium, IR Spectra, XRD, Yttrium iron garnet. 

INTRODUCTION 
Mixed metal oxides with iron (III) oxides as their main component are known as ferrites. Historically ferrites 
represent an important category of materials, which are in great demands due to their numerous applications in 
many fields. The electrical and magnetic properties of ferrites are strongly dependent on their chemical 
composition and their method of preparation [8, 10]. It is important to optimize the electrical and magnetic 
properties of ferrites, for desired applications. Due to their interesting properties scientists, researchers and 
engineers are still interested in designing the various types of ferries material substituted with different cations 
with different valencies and prepared by different techniques. 

In the various types of ferrites rare earth garnet especially yttrium iron garnet (YIG) is of great importance for 
scientist and technologist because of their applications in microwave communication devices such as 
circulators, oscillators, gyrators and phase shifters because of its small ferromagnetic resonance line-width, high 
electrical resistivity and low dielectric loss in microwave regions in many fields [10]. Yttrium iron garnet (YIG) 
is microwave ferrite, which in polycrystalline form has specific characteristics. The magnetic and 
crystallographic properties of the magnetic iron garnet have been studied by many workers [1-5]. Substituted 
iron garnets have found extensive use in wide band non reciprocal microwave devices [11]. 

EXPERIMENTAL 
The samples of In3+ substituted Y3InxFe5-xO12 garnets with   x = 0.0,0.2 and 0.4 were prepared by well known 
double sintering ceramic method in which a molar ratio of analytical Y2O3, Fe2O3 and In2O3 (all 99.99% pure 
AR grade chemicals, Mumbai) were mixed thoroughly in stoichiometric proportions and then ground to very 
fine powder by using agate mortar for about 3 hr. These mixtures in powder form were pre-sintered in a Indfur 
Programmable muffle furnace at 1200 0C for 24 hr and cooled to room temperature slowly at the rate of 2 
0C/min. The samples were reground and re-fired at 13500C for 30 hr and slowly cooled to room temperature at 
the rate of 20 C/min., and then reground for 1 hr. The fine powdered sample was pelletized under the pressure 5 
ton/inch2. 

The electrical measurements were carried out by means of two probe method. The samples in the form of discs 
were polished well to have smooth parallel surfaces, and then these surfaces were coated with silver paste as a 
contact material for the electrical measurements. The temperature was measured by using chromel-alumel 
thermocouple in contact with the surface of the samples. The d.c. electrical resistivity ρd.c. was measured in the 
temperature range 300-725 K. 

RESULT AND DISCUSSION 
Mixed garnet ferrites system under investigation has been structurally investigated by X-ray diffraction 
technique. The typical XRD pattern shows the reflections namely (321), (400), (420), (422), (431), (521), (611), 
(444), (640), (642), (800), (842). No extra peaks other than cubic structure have been observed in the XRD 
pattern. The Bragg peaks are sharp and intense. The lattice parameters are calculated using XRD data and are 



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

132 

ISSN  2394 - 7780 

given in table-1. It is observed from table-1 that lattice constant increases with increase in indium content ‘x’. 
The ionic radii of yttrium (0.89Å) Fe3+ is (0.67Å) and indium (0.81Å) hence we observe variation in the lattice 
parameter with indium substitution. The bulk density of all samples was measured using Archimedes principle 
and values are tabulated in table-1. Bulk density increases with increase in indium content ‘x’. Using the values 
of molecular weight and volume of the sample X-ray density was calculated. The values of X-ray density are 
also listed in Table-1. X-ray density increase with composition ‘x’. The observed variation in X-ray density is 
attributed to increase in volume of the samples. The crystallographic parameters (lattice constant, X-ray density) 
are in good agreement with reported values [15] .The most intense peak (420) of XRD pattern was used to 
evaluate particle size of the samples. The particle size was calculated by using Scherer’s formula, the values of 
particle size for all the composition is listed in Table-1. 

 
Fig-1: Typical XRD patterns of Y3InxFe5-xO12. (x = 0.4) 

Table-1: Lattice constant (a), X-ray density (dx), bulk density (dB) porosity (P) and particle size (t) of 
Y3InxFe5-xO12. 

x 
 

a 
(Å) 

dx 
(gm/cm3) 

dB 
(gm/cm3) 

P 
(%) 

t 
(µm) 

0.0 12.370 5.179 4.13 20.25 3.42 
0.2 12.401 5.224 4.19 19.97 3.25 
0.4 12.43 5.264 4.26 19.07 3.17 

IR spectra show typical absorption bands indicating the garnet nature of the samples. The band positions 
obtained from IR spectra are given in Table-2 the vibrational frequency depends upon the cation mass, cation 
oxygen bonding force, distance etc. From IR spectra, it is revealed that, a broad band appears at around 611 cm-

1, 547 cm-1 and 670 cm-1, assignable to the stretching mode of the tetrahedral in the YIG and this indicates that 
the crystallization of samples is more complete [7,14,17]. The values of absorption bands are given in Table 4.3. 
Our results on IR studies are in good agreement with the literature reports. [11] 

Table-2: Vibrational band frequencies (1, 2, 3, 4) of Y3InxFe5-xO12, for x = 0.0, 0.2 and 0.4. 

x ν1 

(cm
-1

) 

ν2 

(cm
-1

) 
ν3 

(cm
-1

) 
ν4 

(cm
-1

) 
0.0 547.1 611.9 670.1 --- 
0.2 547.1 605.5 861.0 914.0 

 
Fig-4: IR spectra of Y3InxFe5-xO12 of samples x = 0.0 and 0.2 
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ANALYSIS OF ELECTRICAL RESISTIVITY 
The D. C. electrical resistivity (ρ) measurements  for all the samples of Y3InxFe5-xO12 garnet system were carried 
out in the temperature range of 300-725 K. Plots of log  Vs 1000/T are shown in Fig.5. It is observed from 
resistivity plots that, D.C. electrical resistivity decreases with increase in temperature. The plot exhibits a 
relatively sharp kink, which divides the curve in two parts. The resistivity plots obeys Arrhenius relation given 
by the equation, 

 = 0                                                   ….1 

Using the above relation and from the resistivity plot, the activation energy for two regions that is ferrimagnetic 
and paramagnetic was calculated and the values are given in table 3. It is observed form table 3 that, activation 
energy decreases with increase in In3+ ions. The experimental results on D.C. electrical resistivity studies 
closely matches with those reported in the literature [12]. 

Table-3: Activation energy (ΔE) in paramagnetic (Ep) and ferrimagnetic (Ef) region of Y3InxFe5-xO12. 

x Ep 
(eV) 

Ef 
(eV) 

ΔE 
(eV) 

0.0 0.25 0.13 0.12 
0.2 0.19 0.10 0.09 
0.4 0.13 0.06 0.07 

 
Fig-5: Variation of log versus 1000/T of Y3InxFe5-xO12. (x = 0.0, 0.2 and 0.4). 

CONCLUSION 
The garnet system In-YIG was prepared by a solid-state sintering method. The parameter lattice constant 
increases slightly with In3+ substitution. IR spectra show typical absorption bands indicating the garnet nature of 
the samples. It is observed from resistivity plots that, D.C. electrical resistivity decreases with increase in 
temperature and activation energy decreases with increase in In3+ ions. 
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