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                                                                                                                                            Annexure – VIII 
 
 

UNIVERSITY GRANTS COMMISSION  

BAHADUR SHAH ZAFAR MARG  

               NEW DELHI – 110 002 
 

                   Final Report of the work done on the Major Research Project  
          (Report to be submitted within 6 weeks after completion of each year) 
 

 
1. Project  report No.                : Final report  

2. UGC Reference No.   : F.No.40-2/2011 

3. Period of report    : 01.07.2011 to 30.06.2014 

4. Title of research project   : Synthesis of WO3 and TiO2 Nanomaterials and  
                                                                                     Fabrication of Gas Sensors. 
5.  (a) Name of the Principal Investigator : Dr. C. Sekar 

      (b) Department    : Bioelectronics & Biosensors 

      (c) University where work has progressed : Alagappa University, Karaikudi, Tamilnadu 

6.  Effective date of starting of the project :  01.07.2011 

7.  Grant approved and expenditure incurred during the period of the report: 

     a. Total amount approved                : Rs. 12,32,328/- ; amount Received Rs. 11,65,475/- 

     b. Total expenditure                : Rs. 11,47,289/- 

     c. Report of the work done   : (Please attach a separate sheet) 

 i.  Brief objectives of the project: 

          (i)  To synthesize nanostructured metal oxides (WO3, TiO2  &  SnO2) in pure and doped form    

               (Co, Mn, Ni etc.) and characterize them using XRD, SEM, TEM, VSM, XPS, etc. 
 
         (ii) To fabricate sensors for biomedical, food and environmental applications. 

    ii.   Work done so far, and results achieved and publications: 

 Successfully synthesized WO3, TiO2  &  SnO2 nanoparticles by microwave irradiation,  chemical 

precipitation  and hydrothermal methods 

 Characterized extensively to confirm their structural, morphological, and magnetic properties by 

XRD, SEM, TEM, VSM, XPS, cyclic voltammetry and impedance spectroscopy methods.  

1. A mediator-free horseradish peroxidise based H2O2 biosensor was fabricated using Ni doped 

SnO2 NPs synthesized by microwave irradiation method. Direct electrochemistry of horseradish 

peroxidase (HRP)/1wt% Ni-SnO2 modified glassy carbon electrode (GCE) exhibited excellent 

electron transfer properties for the detection of H2O2. The fabricated biosensor exhibits good 
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affinity, fast response, wide linear range (1.0×10-7 to 3.0×10-4 M), lower detection limit (43 nM), 

high sensitivity, operational convenience, storage stability and acceptable reproducibility. The 

fabricated Ni-SnO2 based electrochemical sensor can be used for analyses of clinical samples. 

Publication: Fabrication of hydrogen peroxide biosensor based on Ni doped SnO2 nanoparticles 

         N Lavanya, S Radhakrishnan, C Sekar (Biosensors & Bioelectronics 36 (2012) 41-47). 

        (Impact  factor: 10.257). 

2. A Riboflavin (vitamin B2) sensor has been fabricated based on Cr doped SnO2 nanoparticles. 

Compared with undoped SnO2 the 3 wt% Cr doped SnO2 exhibit improved catalytic activity 

toward the detection of riboflavin. The fabricated sensor showed an excellent anti-interference 

ability against electroactive species and metal ions and proved to be useful to estimate RF 

content in the pharmaceutical samples with satisfactory recovery.  

Publication: Fabrication of Cr doped SnO2 nanoparticles based biosensor for the selective         

           determination of riboflavin in pharmaceuticals  

`        N Lavanya, S Radhakrishnan, C Sekar, M Navaneethan, Y Hayakawa 

                     Analyst  138 (2013) 206 (Impact Factor: 3.864). 

 
3. A novel folic acid biosensor has been fabricated using Cu-SnO2 NPs synthesized by a simple 

microwav irradiation method. Cu (20 wt%) doped SnO2 NPs are proved to be a good sensing 

element for the determination of folic acid. Cu-SnO2 NPs (20 wt%) modified glassy carbon 

electrode (GCE) exhibited the lowest detection limit of 0.024 nM over a wide folic acid 

concentration range of 1.0 ×10 -10 to 6.7 ×10-5 m at physiological pH of 7.0. The fabricated sensor is 

highly selective towards the determination of FA even in the presence of a 100-fold excess of 

common interferent ascorbic acid. The sensor proved to be useful for the estimation of FA content 

in pharmaceutical sample with satisfactory recovery. 

 
Publication: Fabrication of folic acid sensor based on the Cu doped SnO2 nanoparticles      

                     modified glassy carbon electrode,  N Lavanya, S Radhakrishnan, N Sudhan,  

                     C Sekar, SG Leonardi,    C Cannilla, G Neri, Nanotechnology 25 (2014) 295501   

                     (Impact Factor: 3.55). 

 
4.  A chemo resistive gas sensor was fabricated by depositing the nanostructured Cu-SnO2 on a 

ceramic substrate provided with interdigited electrodes. The synthesis and the morphological-

microstructural characterization of the sensing material were first investigated. The electrical and 

CO sensing experiments showed good performance of the fabricated sensor when operated in air 

https://pubs.rsc.org/am/content/articlehtml/2013/an/c3an36754a
https://pubs.rsc.org/am/content/articlehtml/2013/an/c3an36754a
https://iopscience.iop.org/article/10.1088/0957-4484/25/29/295501/meta
https://iopscience.iop.org/article/10.1088/0957-4484/25/29/295501/meta
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and nitrogen atmosphere, i.e. high sensitivity in a wide range of CO concentrations with very fast 

response/recovery time. 

Publication:  Development of a CO Sensor for Hydrogen Fuel Cell Powered Vehicles.  

                       G. Neri, G. Leonardi, M. Parthibavarman, V. Hariharan, C. Sekar.  

                       Vehicle Engineering (2013), Academy publisher 

 

5. Tungsten trioxide (WO3) is an n-type indirect type semiconductor with wide band gap (Eg~ 2.5 

to 3.6 eV) and structural polymorphism. Owing to its outstanding optical and electrical properties, 

WO3 has been widely used in various applications such as electrochromic devices, solar cells, 

lithium secondary batteries, gas sensors and catalysis.  We have synthesized WO3 NPs using simple 

household microwave oven. Precursor was prepared by mixing appropriate amount of starting 

materials (H2WO4 and NaOH), stirred well and then exposed to microwave under 180 W for 15 

min. Powder XRD confirmed that the as-prepared sample is WO3 with monoclinic structure (γ-

WO3) and the average crystallite size estimated to be 33 nm. Upon subsequent annealing at 600°C 

for 6 h under ambient conditions monoclinic γ-WO3 got transferred to orthorhombic (β-WO3) 

phase and that the average crystallite size increased to 38 nm. Further, this phase was confirmed 

by Electron Energy Loss (EEL) spectra. Structural changes and electronic properties were 

investigated by Raman, PL and UV-Visible spectroscopy. Electrochemical investigations revealed 

that the γ-WO3 NPs modified GCE has excellent electrocatalytic activity towards the oxidation of 

dopamine (DA) in the presence of ascorbic acid (AA) at pH 7.0. Differential pulse voltammetry 

(DPV) studies of the γ-WO3/GCE exhibited linear response over a wide concentration range of 0.1 

μM to 600 μM of DA with the detection limit of 24 nM. The fabricated sensor showed an excellent 

anti-interference ability against electroactive species and metal ions with good stability and 

reproducibility. Finally, the developed sensor was applied to determine DA concentration in 

dopamine hydrochloride injection which indicates that this electrode can be effectively used for 

real sample analysis.  

Publication: WO3 nanoparticles based direct electrochemical dopamine sensor in the presence   

                     of  ascorbic  acid, AC Anithaa, N Lavanya, K Asokan, C Sekar Electrochimica Acta 167    

                     (2015) 294-302. (Impact Factor: 6.216). 

 
iii. Project has been completed as per original plan: 01.07.2011 to 30.06.2014 

iv. Please indicate the difficulties, if any, experienced in implementing the project 

                            There were no difficulties in implementing the project 
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v. If project has not been completed, please indicate the approximate time by which it is likely to    

    be completed. A summary of the work done for the period (Annual basis) may please be sent to    

    the Commission on a separate sheet. 

                                                              Not applicable 
vi. If the project has been completed, please enclose a summary of the findings of the study. One   

     bound copy of the final report of work done may also be sent to University Grants commission. 

 

      Final report of work done is attached 

vii. Any other information which would help in evaluation of work done on the project. At the   

      completion of the project, the first report should indicate the output, such as (a) Man power   

      trained (b) Ph.D. awarded (c) Publication of results (d) other impact, if any 

  
      (i) Ms. N. Lavanya (Project Fellow) registered for Ph.D. programme in the Dept. of   

           Bioelectronics & Biosensors. Register No.449/2010 dt.20.10.2012. 

 

      (ii) Mr. A. Arulram (Project Fellow) registered for Ph.D. programme in the Dept. of   

            Bioelectronics & Biosensors. Register No. 0956/2014-15 dt.17.07.2014. 

 
Based on the work done under this scheme, five original research papers have been published. 

Sensors developed during the project period will be helpful for the society. 

 
 
 
 
 
 
SIGNATURE OF THE 

PRINCIPAL INVESTIGATOR                                                                                               REGISTRAR 
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                                                                                                                                                        Annexure – IX 
 

UNIVERSITY GRANTS COMMISSION  

     BAHADUR SHAH ZAFAR MARG  

               NEW DELHI – 110 002 
 

PROFORMA FOR SUBMISSION OF INFORMATION AT THE TIME OF SENDING  
             THE FINAL REPORT OF THE WORK DONE ON THE PROJECT 

 

 

 1.  TITLE OF THE PROJECT                   :     Synthesis of WO3 and TiO2  Nanomaterials and Fabrication of                                        
                                                                         Gas Sensors. 
 
2.  NAME AND ADDRESS OF THE        :    Dr. C. Sekar, 

        PRINCIPAL INVESTIGATOR                 Dept. of Bioelectronics And Biosensors,   
                                                                       Alagappa  University, Karaikudi-  630003, TN 

 
3.  NAME AND ADDRESS OF                :    Alagappa University 

        THE INSTITUTION                                 Karaikudi – 630003, TN 
 
4. UGC APPROVAL Letter & DATE    :      F.N0. 40-2/2011(SR), Dated: 29.06.2011. 

 
5.   DATE OF IMPLEMENTATION    :     01.07.2011 

 
 
6.   TENURE OF THE PROJECT    :     01.07.2011 to 30.06.2014 
 
7.   TOTAL GRANT ALLOCATED            :      Rs. 12,32,328/- 

 
8.   TOTAL GRANT RECEIVED               :       Rs. 11,65,475/- 

 
9.   FINAL EXPENDITURE                       :       Rs. 11,47,289/- 

          TITLE OF THE PROJECT                   :       Synthesis of WO3 and TiO2  Nanomaterials and Fabrication   
                                                                             of Gas Sensors. 
 
10.  OBJECTIVES OF THE PROJECT: 

 

(i)  To synthesize nanostructured metal oxides (WO3, TiO2  &  SnO2) in pure and doped form 

(Co, Mn, Ni etc.) and characterize them using XRD, SEM, TEM, VSM, XPS, etc. 

   (ii) To fabricate sensors for biomedical, food and environmental applications. 

 
11. WHETHER OBJECTIVES WERE ACHIEVED: Yes 
            
12.  ACHIEVEMENTS FROM THE PROJECT : 
 

1. Fabrication of hydrogen peroxide biosensor based on Ni doped SnO2  Nanoparticles,                    
N. Lavanya, S. Radhakrishnan, C. Sekar  
Biosensors and Bioelectronics 36 (2012) 41-47).(IF: 10.257) 
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2. Fabrication of Cr doped SnO2 nanoparticles based biosensor for the seletive    
determination of ribodlavin in pharmaceuticals, N. Lavanya, S.Radhakrishnan,  
C. Sekar, M. Navaneethan and Y. Hayakawa, 
Analyst (2013, 138,206 (IF: 3.864). 

3. Development of a CO Sensor for Hydrogen Fuel Cell Powered Vechicles, G.Neri, G.       
Leonardi, M. Parthibavarman, V. Hariharan, C. Sekar. A chapter in the book entitled  
"Vehicle Engineering" (2013), Academy Publishers. 

4. Fabrication of folic acid sensor based on the Cu doped SnO2 nanoparticles      
modified glassy carbon electrode 
N. Lavanya, S. Radhakrishnan, N. Sudhan  C. Sekar, S. G. Leonardi, C. Cannilla, G. Neri 
Nanotechnology, 25 (2014) 295501 (IF: 3.55) 

5. WO3 nanoparticles based direct electrochemical dopamine sensor in the presence of ascorbic 
acid, Electrochimica Acta 167 (2015) 294-302 (IF: 6.216) 

 
 
13.  SUMMARY OF THE FINDINGS                  :     
 

Sensors have become an indispensable part of our technology driven society and 

detection/quantification of chemical or biological species is of utmost importance for 

pharmaceutical, food, biomedical, environmental, security, industrial safety, clinical and indoor 

monitoring applications. The recent advances in the nanotechnology enabled the development of 

smart sensors that can detect even very low-level concentrations of analyte with high precision and 

miniaturization of the devices have become feasible. Despite all of these positive developments, 

there is a great demand for further improvement in the performance of the sensors in terms of its 

sensitivity, selectivity, reproducibility, simultaneous detection of a family of compounds, and to 

make the cost effective and user-friendly portable devices. 

 Nanostructured metal oxides semiconductors (NMOs) based chemical sensors endows an 

ambit for various innovative and novel functions with a variety of desired applications. Among 

various metal oxides, tin dioxide (SnO2) is a versatile material with a wide band gap (3.6 eV at 300 

K) in its stoichiometric form, but it becomes an n-type semiconductor due to lattice imperfections 

and intrinsic oxygen vacancies.  Detailed literature survey revealed that the nanostructured SnO2 

have been extensively used as sensing material for the development and technological 

implementation of gas sensor for various applications. SnO2 NPs are known to exhibit high surface 

reactivity, good catalytic activity and strong adsorption ability making it suitable candidate material 

for electrochemical sensing applications.  

In this perspective, the main objective of this research work was to fabricate novel 

electrochemical sensors based on nanostructured SnO2 for precise and rapid detection of 
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biomolecules, food constituents, contaminants, pollutants and toxic gases. We had successfully 

prepared good quality SnO2 nanoparticles (NPs) in pure and chemically doped form by a simple 

microwave irradiation method and its applicability for the development of various sensors for 

selective and simultaneous detection of either single or two to three different kinds of molecules of 

the same family like (i) hydrogen peroxide, (ii) riboflavin, (iii) ascorbic acid, uric acid, folic acid,  (iv) 

carbamazepine, (v) epinephrine and norepinephrine, (vi) hydroquinone and catechol. The SnO2 NPs 

modified by chemical doping were further applied for the detection hydrogen and carbon 

monoxide gases by chemo-resistive method. A few results are highlighted below.  

Fabrication of H2O2 biosensor using Ni doped SnO2 NPs 

  This chapter describes the fabrication of a mediator-free horseradish peroxidise based H2O2 

biosensor using Ni doped SnO2 NPs synthesized by microwave irradiation method. The Ni-SnO2 NPs 

were characterized using a variety of techniques such as powder XRD, HRTEM, VSM, ESR, UV-Vis 

absorption, CV and EIS. Direct electrochemistry of horseradish peroxidase (HRP)/1wt% Ni-SnO2 

modified glassy carbon electrode (GCE) exhibited excellent electron transfer properties for the 

detection of H2O2. The fabricated biosensor exhibits good affinity, fast response, wide linear range 

(1.0×10-7 to 3.0×10-4 M), lower detection limit (43 nM), high sensitivity, operational convenience, 

storage stability and acceptable reproducibility. The fabricated Ni-SnO2 based electrochemical 

sensor can be used for analyses of clinical samples. 

Vitamin sensors based on Cr and Cu doped SnO2 NPs   

The first part of this work describes the construction, optimization and characterization of 

Cr doped SnO2 NPs based electrochemical sensor for sensitive and selective detection of riboflavin 

(RF). The VB2 is a water-soluble and essential vitamin to human health for converting 

carbohydrates, fats and proteins into energy and it supports the body during the stress of daily 

living. We have fabricated a new electrochemical sensor based on chromium (Cr) ion doped SnO2 

NPs for rapid detection of RF with high sensitivity, wide response range and the lowest detection 

limit of 107 nM. The developed sensor showed an excellent anti-interference ability against 

potential electroactive species (L-ascorbic acid and uric acid) and metal ions (Fe3+, Mg2+ and Ca2+) 

and proved to be useful to estimate RF content in the riboflavin tablet and milk powder with 

satisfactory recovery.   

We have also fabricated a novel folic acid (vitamin B9) sensor using Cu doped SnO2 NPs. The 

20wt% Cu doped SnO2 modified GCE is proved to be a good sensing element for the determination 

of folic acid (FA) with the lowest detection limit of 0.024 nM over a wide concentration range of 1.0 
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× 10−10 to 6.7 × 10−5 M at physiological pH 7.0.  The ascorbic acid (AA) always coexists with FA in 

human body fluid and its concentration is   much higher than that of FA. Therefore the 

determination of FA in the presence of high concentration of AA is very important.  We have 

demonstrated that the newly fabricated electrode is highly selective towards the determination of 

FA in the presence of even 100-fold excess of AA. The sensor is further applied for the estimation of 

FA content in folic acid tablet.  

Fabrication of Dopamine Sensor using Tungsten Trioxide (WO3)   

Tungsten trioxide (WO3) is an n-type indirect type semiconductor with wide band gap (Eg~ 

2.5 to 3.6 eV) and structural polymorphism. Owing to its outstanding optical and electrical 

properties, WO3 has been widely used in various applications such as electrochromic devices, solar 

cells, lithium secondary batteries, gas sensors and catalysis.  We have synthesized WO3 NPs using 

simple household microwave oven. Precursor was prepared by mixing appropriate amount of 

starting materials (H2WO4 and NaOH), stirred well and then exposed to microwave under 180 W for 

15 min. Powder XRD confirmed that the as-prepared sample is WO3 with monoclinic structure (γ-

WO3) and the average crystallite size estimated to be 33 nm. Upon subsequent annealing at 600°C 

for 6 h under ambient conditions monoclinic γ-WO3 got transferred to orthorhombic (β-WO3) phase 

and that the average crystallite size increased to 38 nm. Further, this phase was confirmed by 

Electron Energy Loss (EEL) spectra. Structural changes and electronic properties were investigated 

by Raman, PL and UV-Visible spectroscopy. Electrochemical investigations revealed that the γ-WO3 

NPs modified GCE has excellent electrocatalytic activity towards the oxidation of dopamine (DA) in 

the presence of ascorbic acid (AA) at pH 7.0. Differential pulse voltammetry (DPV) studies of the γ-

WO3/GCE exhibited linear response over a wide concentration range of 0.1 μM to 600 μM of DA 

with the detection limit of 24 nM. The fabricated sensor showed an excellent anti-interference 

ability against electroactive species and metal ions with good stability and reproducibility. Finally, 

the developed sensor was applied to determine DA concentration in dopamine hydrochloride 

injection which indicates that this electrode can be effectively used for real sample analysis.  

The key findings of these extensive interdisciplinary research accomplishments have been 

compiled neatly as a thesis for the award of Ph.D. degree by Alagappa University, Karakudi.   

 
14.  CONTRIBUTION TO THE SOCIETY :           
 

Sensing materials with superior properties have been identified and characterized SnO2 and 

WO3 NPs were used to modify/fabricate electrodes for e l e c t r o c h e m i c a l  sensing 
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applications. The developed sensors were tested towards the detection of various biomolecules 

such as hydrogen peroxide (H2O2), vitamins (riboflavin & ascorbic acid, folic acid), drug 

(carbamazepine), neurotransmitters (epinephrine and norepinephrine), pollutants 

(hydroquinone, catechol) by electrochemical methods. The fabricated electrochemical sensors 

were further applied for analysis of real sample applications like pharmaceutical products, 

fruits, tap water and urine samples.  

Chemo-resistive gas sensors were fabricated and successfully tested for the detection of 

hydrogen and carbon monoxide with high precision. By making use of the sensing elements 

developed in the present work, high performance sensors can be fabricated at low cost. The 

future objective is to produce such sensors under Make in India scheme. 

 
15. WHETHER ANY Ph.D. ENROLLED/PRODUCED OUT OF THE PROJECT: 
         
(i) Ms. N. Lavanya (Project Fellow) registered for Ph.D. (No. 449/2010 dt. 20.01.2012) under the   
     guidance of PI.  
 
(ii) Mr. A. Arulram (Project Fellow) registered for Ph.D. (No.0956/2014-15 dt.17.07.2014) under  
      the guidance of PI. 
 
16. NO. OF PUBLICATIONS OUT OF THE PROJECT:  5 

 
 
 
 
 

 
 
 
PRINCIPAL INVESTIGATOR                                                                          REGISTRAR 
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Publication: 
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