ISSN 1726-5479

SENSORS 111

TRANSDUCERS

TN el
~ Nanosensors and Nanodevices

International Frequency Sensor Association Publishing 2_/—#-3‘“


http://www.sensorsportal.com/HTML/DIGEST/Journal_Subscription.htm

~1ren

g—’ [
Sensors & Transducers

Volume 146, Issue 11 www.sensorsportal.com ISSN 1726-5479

November 2012

Editors-in-Chief: professor Sergey Y. Yurish, tel.: +34 696067716, e-mail: editor@sensorsportal.com

Editors for Western Europe
Meijer, Gerard C.M., Delft University of Technology, The Netherlands
Ferrari, Vittorio, Universita di Brescia, Italy

Editors for North America

Datskos, Panos G., Oak Ridge National Laboratory, USA
Fabien, J. Josse, Marquette University, USA

Katz, Evgeny, Clarkson University, USA

Editor South America
Costa-Felix, Rodrigo, Inmetro, Brazil

Editor for Eastern Europe
Sachenko, Anatoly, Ternopil State Economic University, Ukraine

Editor for Asia
Ohyama, Shinji, Tokyo Institute of Technology, Japan

Editor for Africa
Maki K.Habib, American University in Cairo, Egypt

Editor for Asia-Pacific
Mukhopadhyay, Subhas, Massey University, New Zealand

Editorial Advisory Board

Abdul Rahim, Ruzairi, Universiti Teknologi, Malaysia

Ahmad, Mohd Noor, Nothern University of Engineering, Malaysia
Annamalai, Karthigeyan, National Institute of Advanced Industrial Science
and Technology, Japan

Arcega, Francisco, University of Zaragoza, Spain

Arguel, Philippe, CNRS, France

Ahn, Jae-Pyoung, Korea Institute of Science and Technology, Korea
Arndt, Michael, Robert Bosch GmbH, Germany

Ascoli, Giorgio, George Mason University, USA

Atalay, Selcuk, Inonu University, Turkey

Atghiaee, Ahmad, University of Tehran, Iran

Augutis, Vygantas, Kaunas University of Technology, Lithuania
Avachit, Patil Lalchand, North Maharashtra University, India

Ayesh, Aladdin, De Montfort University, UK

Azamimi, Azian binti Abdullah, Universiti Malaysia Perlis, Malaysia
Bahreyni, Behraad, University of Manitoba, Canada

Baliga, Shankar, B., General Monitors Transnational, USA

Baoxian, Ye, Zhengzhou University, China

Barford, Lee, Agilent Laboratories, USA

Barlingay, Ravindra, RF Arrays Systems, India

Basu, Sukumar, Jadavpur University, India

Beck, Stephen, University of Sheffield, UK

Ben Bouzid, Sihem, Institut National de Recherche Scientifique, Tunisia
Benachaiba, Chellali, Universitaire de Bechar, Algeria

Binnie, T. David, Napier University, UK

Bischoff, Gerlinde, Inst. Analytical Chemistry, Germany

Bodas, Dhananjay, IMTEK, Germany

Borges Carval, Nuno, Universidade de Aveiro, Portugal

Bouchikhi, Benachir, University Moulay Ismail, Morocco
Bousbia-Salah, Mounir, University of Annaba, Algeria

Bouvet, Marcel, CNRS — UPMC, France

Brudzewski, Kazimierz, Warsaw University of Technology, Poland
Cai, Chenxin, Nanjing Normal University, China

Cai, Qingyun, Hunan University, China

Calvo-Gallego, Jaime, Universidad de Salamanca, Spain

Campanella, Luigi, University La Sapienza, Italy

Carvalho, Vitor, Minho University, Portugal

Cecelja, Franjo, Brunel University, London, UK

Cerda Belmonte, Judith, Imperial College London, UK

Chakrabarty, Chandan Kumar, Universiti Tenaga Nasional, Malaysia
Chakravorty, Dipankar, Association for the Cultivation of Science, India
Changhai, Ru, Harbin Engineering University, China

Chaudhari, Gajanan, Shri Shivaji Science College, India

Chavali, Murthy, N.I. Center for Higher Education, (N.1. University), India
Chen, Jiming, Zhejiang University, China

Chen, Rongshun, National Tsing Hua University, Taiwan

Cheng, Kuo-Sheng, National Cheng Kung University, Taiwan

Chiang, Jeffrey (Cheng-Ta), Industrial Technol. Research Institute, Taiwan
Chiriac, Horia, National Institute of Research and Development, Romania
Chowdhuri, Arijit, University of Delhi, India

Chung, Wen-Yaw, Chung Yuan Christian University, Taiwan

Corres, Jesus, Universidad Publica de Navarra, Spain

Cortes, Camilo A., Universidad Nacional de Colombia, Colombia
Courtois, Christian, Universite de Valenciennes, France

Cusano, Andrea, University of Sannio, Italy

D'Amico, Arnaldo, Universita di Tor Vergata, Italy

De Stefano, Luca, Institute for Microelectronics and Microsystem, Italy
Deshmukh, Kiran, Shri Shivaji Mahavidyalaya, Barshi, India

Dickert, Franz L., Vienna University, Austria

Dieguez, Angel, University of Barcelona, Spain

Dighavkar, C. G., M.G. Vidyamandir’s L. V.H. College, India
Dimitropoulos, Panos, University of Thessaly, Greece

Ding, Jianning, Jiangsu Polytechnic University, China

Djordjevich, Alexandar, City University of Hong Kong, Hong Kong
Donato, Nicola, University of Messina, Italy

Donato, Patricio, Universidad de Mar del Plata, Argentina
Dong, Feng, Tianjin University, China

Drljaca, Predrag, Instersema Sensoric SA, Switzerland

Dubey, Venketesh, Bournemouth University, UK

Enderle, Stefan, Univ.of Ulm and KTB Mechatronics GmbH, Germany
Erdem, Gursan K. Arzum, Ege University, Turkey

Erkmen, Aydan M., Middle East Technical University, Turkey
Estelle, Patrice, Insa Rennes, France

Estrada, Horacio, University of North Carolina, USA

Faiz, Adil, INSA Lyon, France

Fericean, Sorin, Balluff GmbH, Germany

Fernandes, Joana M., University of Porto, Portugal

Francioso, Luca, CNR-IMM Institute for Microelectronics and Microsystems, Italy
Francis, Laurent, University Catholique de Louvain, Belgium
Fu, Weiling, South-Western Hospital, Chongging, China
Gaura, Elena, Coventry University, UK

Geng, Yanfeng, China University of Petroleum, China

Gole, James, Georgia Institute of Technology, USA

Gong, Hao, National University of Singapore, Singapore
Gonzalez de la Rosa, Juan Jose, University of Cadiz, Spain
Granel, Annette, Goteborg University, Sweden

Graff, Mason, The University of Texas at Arlington, USA
Guan, Shan, Eastman Kodak, USA

Guillet, Bruno, University of Caen, France

Guo, Zhen, New Jersey Institute of Technology, USA

Gupta, Narendra Kumar, Napier University, UK

Hadjiloucas, Sillas, The University of Reading, UK

Haider, Mohammad R., Sonoma State University, USA
Hashsham, Syed, Michigan State University, USA

Hasni, Abdelhafid, Bechar University, Algeria

Hernandez, Alvaro, University of Alcala, Spain

Hernandez, Wilmar, Universidad Politecnica de Madrid, Spain
Homentcovschi, Dorel, SUNY Binghamton, USA

Horstman, Tom, U.S. Automation Group, LLC, USA

Hsiai, Tzung (John), University of Southern California, USA
Huang, Jeng-Sheng, Chung Yuan Christian University, Taiwan
Huang, Star, National Tsing Hua University, Taiwan

Huang, Wei, PSG Design Center, USA

Hui, David, University of New Orleans, USA
Jaffrezic-Renault, Nicole, Ecole Centrale de Lyon, France
James, Daniel, Griffith University, Australia

Janting, Jakob, DELTA Danish Electronics, Denmark

Jiang, Liudi, University of Southampton, UK

Jiang, Wei, University of Virginia, USA

Jiao, Zheng, Shanghai University, China

John, Joachim, IMEC, Belgium

Kalach, Andrew, Voronezh Institute of Ministry of Interior, Russia
Kang, Moonho, Sunmoon University, Korea South

Kaniusas, Eugenijus, Vienna University of Technology, Austria
Katake, Anup, Texas A&M University, USA

Kausel, Wilfried, University of Music, Vienna, Austria
Kavasoglu, Nese, Mugla University, Turkey

Ke, Cathy, Tyndall National Institute, Ireland

Khelfaoui, Rachid, Université de Bechar, Algeria

Khan, Asif, Aligarh Muslim University, Aligarh, India

Kim, Min Young, Kyungpook National University, Korea South
Ko, Sang Choon, Electronics. and Telecom. Research Inst., Korea South
Kotulska, Malgorzata, Wroclaw University of Technology, Poland
Kockar, Hakan, Balikesir University, Turkey

Kong, Ing, RMIT University, Australia

Kratz, Henrik, Uppsala University, Sweden


http://www.sensorsportal.com

Krishnamoorthy, Ganesh, University of Texas at Austin, USA
Kumar, Arun, University of Delaware, Newark, USA

Kumar, Subodh, National Physical Laboratory, India

Kung, Chih-Hsien, Chang-Jung Christian University, Taiwan
Lacnjevac, Caslav, University of Belgrade, Serbia

Lay-Ekuakille, Aime, University of Lecce, Italy

Lee, Jang Myung, Pusan National University, Korea South

Lee, Jun Su, Amkor Technology, Inc. South Korea

Lei, Hua, National Starch and Chemical Company, USA

Li, Fengyuan (Thomas), Purdue University, USA

Li, Genxi, Nanjing University, China

Li, Hui, Shanghai Jiaotong University, China

Li, Sihua, Agiltron, Inc., USA

Li, Xian-Fang, Central South University, China

Li, Yuefa, Wayne State University, USA

Liang, Yuanchang, University of Washington, USA
Liawruangrath, Saisunee, Chiang Mai University, Thailand

Liew, Kim Meow, City University of Hong Kong, Hong Kong

Lin, Hermann, National Kaohsiung University, Taiwan

Lin, Paul, Cleveland State University, USA

Linderholm, Pontus, EPFL - Microsystems Laboratory, Switzerland
Liu, Aihua, University of Oklahoma, USA

Liu Changgeng, Louisiana State University, USA

Liu, Cheng-Hsien, National Tsing Hua University, Taiwan

Liu, Songgin, Southeast University, China

Lodeiro, Carlos, University of Vigo, Spain

Lorenzo, Maria Encarnacio, Universidad Autonoma de Madrid, Spain
Lukaszewicz, Jerzy Pawel, Nicholas Copernicus University, Poland
Ma, Zhanfang, Northeast Normal University, China

Majstorovic, Vidosav, University of Belgrade, Serbia

Malyshev, V.V., National Research Centre ‘Kurchatov Institute’, Russia

Marquez, Alfredo, Centro de Investigacion en Materiales Avanzados, Mexico

Matay, Ladislav, Slovak Academy of Sciences, Slovakia

Mathur, Prafull, National Physical Laboratory, India

Maurya, D.K., Institute of Materials Research and Engineering, Singapore
Mekid, Samir, University of Manchester, UK

Melnyk, Ivan, Photon Control Inc., Canada

Mendes, Paulo, University of Minho, Portugal

Mennell, Julie, Northumbria University, UK

Mi, Bin, Boston Scientific Corporation, USA

Minas, Graca, University of Minho, Portugal

Mishra, Vivekanand, National Institute of Technology, India
Moghavvemi, Mahmoud, University of Malaya, Malaysia
Mohammadi, Mohammad-Reza, University of Cambridge, UK
Molina Flores, Esteban, Benemérita Universidad Auténoma de Puebla,
Mexico

Moradi, Majid, University of Kerman, Iran

Morello, Rosario, University "Mediterranea” of Reggio Calabria, Italy
Mounir, Ben Ali, University of Sousse, Tunisia

Mrad, Nezih, Defence R&D, Canada

Mulla, Imtiaz Sirajuddin, National Chemical Laboratory, Pune, India
Nabok, Aleksey, Sheffield Hallam University, UK

Neelamegam, Periasamy, Sastra Deemed University, India
Neshkova, Milka, Bulgarian Academy of Sciences, Bulgaria
Oberhammer, Joachim, Royal Institute of Technology, Sweden

Ould Lahoucine, Cherif, University of Guelma, Algeria
Pamidighanta, Sayanu, Bharat Electronics Limited (BEL), India
Pan, Jisheng, Institute of Materials Research & Engineering, Singapore
Park, Joon-Shik, Korea Electronics Technology Institute, Korea South
Passaro, Vittorio M. N., Politecnico di Bari, Italy

Penza, Michele, ENEA C.R., Italy

Pereira, Jose Miguel, Instituto Politecnico de Setebal, Portugal
Petsev, Dimiter, University of New Mexico, USA

Pogacnik, Lea, University of Ljubljana, Slovenia

Post, Michael, National Research Council, Canada

Prance, Robert, University of Sussex, UK

Prasad, Ambika, Gulbarga University, India

Prateepasen, Asa, Kingmoungut's University of Technology, Thailand
Pugno, Nicola M., Politecnico di Torino, Italy

Pullini, Daniele, Centro Ricerche FIAT, Italy

Pumera, Martin, National Institute for Materials Science, Japan
Radhakrishnan, S. National Chemical Laboratory, Pune, India
Rajanna, K., Indian Institute of Science, India

Ramadan, Qasem, Institute of Microelectronics, Singapore

Rao, Basuthkar, Tata Inst. of Fundamental Research, India

Raoof, Kosai, Joseph Fourier University of Grenoble, France

Rastogi Shiva, K. University of Idaho, USA

Reig, Candid, University of Valencia, Spain

Restivo, Maria Teresa, University of Porto, Portugal

Robert, Michel, University Henri Poincare, France

Rezazadeh, Ghader, Urmia University, Iran

Royo, Santiago, Universitat Politecnica de Catalunya, Spain
Rodriguez, Angel, Universidad Politecnica de Cataluna, Spain
Rothberg, Steve, Loughborough University, UK

Sadana, Ajit, University of Mississippi, USA

Sadeghian Marnani, Hamed, TU Delft, The Netherlands
Sapozhnikova, Ksenia, D.I.Mendeleyev Institute for Metrology, Russia

Sensors & Transducers Journal (ISSN 1726-5479) is a peer review international journal published monthly online by International Frequency Sensor Association (IFSA).

Sandacci, Serghei, Sensor Technology Ltd., UK

Saxena, Vibha, Bhbha Atomic Research Centre, Mumbai, India
Schneider, John K., Ultra-Scan Corporation, USA

Sengupta, Deepak, Advance Bio-Photonics, India

Seif, Selemani, Alabama A & M University, USA

Seifter, Achim, Los Alamos National Laboratory, USA

Shah, Kriyang, La Trobe University, Australia

Sankarraj, Anand, Detector Electronics Corp., USA

Silva Girao, Pedro, Technical University of Lisbon, Portugal

Singh, V. R., National Physical Laboratory, India

Slomovitz, Daniel, UTE, Uruguay

Smith, Martin, Open University, UK

Soleimanpour, Amir Masoud, University of Toledo, USA
Soleymanpour, Ahmad, University of Toledo, USA

Somani, Prakash R., Centre for Materials for Electronics Technol., India
Sridharan, M., Sastra University, India

Srinivas, Talabattula, Indian Institute of Science, Bangalore, India
Srivastava, Arvind K., NanoSonix Inc., USA

Stefan-van Staden, Raluca-loana, University of Pretoria, South Africa
Stefanescu, Dan Mihai, Romanian Measurement Society, Romania

Sumriddetchka, Sarun, National Electronics and Comp. Technol. Center, Thailand

Sun, Chengliang, Polytechnic University, Hong-Kong

Sun, Dongming, Jilin University, China

Sun, Junhua, Beijing University of Aeronautics and Astronautics, China
Sun, Zhigiang, Central South University, China

Suri, C. Raman, Institute of Microbial Technology, India

Sysoev, Victor, Saratov State Technical University, Russia

Szewczyk, Roman, Industr. Research Inst. for Automation and Measurement, Poland

Tan, Ooi Kiang, Nanyang Technological University, Singapore,
Tang, Dianping, Southwest University, China

Tang, Jaw-Luen, National Chung Cheng University, Taiwan
Teker, Kasif, Frostburg State University, USA
Thirunavukkarasu, 1., Manipal University Karnataka, India
Thumbavanam Pad, Kartik, Carnegie Mellon University, USA
Tian, Gui Yun, University of Newcastle, UK

Tsiantos, Vassilios, Technological Educational Institute of Kaval, Greece
Tsigara, Anna, National Hellenic Research Foundation, Greece
Twomey, Karen, University College Cork, Ireland

Valente, Antonio, University, Vila Real, - U.T.A.D., Portugal
Vanga, Raghav Rao, Summit Technology Services, Inc., USA
Vaseashta, Ashok, Marshall University, USA

Vazquez, Carmen, Carlos Il University in Madrid, Spain
Vieira, Manuela, Instituto Superior de Engenharia de Lisboa, Portugal
Vigna, Benedetto, STMicroelectronics, Italy

Vrba, Radimir, Brno University of Technology, Czech Republic
Wandelt, Barbara, Technical University of Lodz, Poland
Wang, Jiangping, Xi'an Shiyou University, China

Wang, Kedong, Beihang University, China

Wang, Liang, Pacific Northwest National Laboratory, USA
Wang, Mi, University of Leeds, UK

Wang, Shinn-Fwu, Ching Yun University, Taiwan

Wang, Wei-Chih, University of Washington, USA

Wang, Wensheng, University of Pennsylvania, USA

Watson, Steven, Center for NanoSpace Technologies Inc., USA
Weiping, Yan, Dalian University of Technology, China

Wells, Stephen, Southern Company Services, USA
Wolkenberg, Andrzej, Institute of Electron Technology, Poland
Woods, R. Clive, Louisiana State University, USA

Wu, DerHo, National Pingtung Univ. of Science and Technology, Taiwan
Wu, Zhaoyang, Hunan University, China

Xiu Tao, Ge, Chuzhou University, China

Xu, Lisheng, The Chinese University of Hong Kong, Hong Kong
Xu, Sen, Drexel University, USA

Xu, Tao, University of California, Irvine, USA

Yang, Dongfang, National Research Council, Canada

Yang, Shuang-Hua, Loughborough University, UK

Yang, Wugiang, The University of Manchester, UK

Yang, Xiaoling, University of Georgia, Athens, GA, USA
Yaping Dan, Harvard University, USA

Ymeti, Aurel, University of Twente, Netherland

Yong Zhao, Northeastern University, China

Yu, Haihu, Wuhan University of Technology, China

Yuan, Yong, Massey University, New Zealand

Yufera Garcia, Alberto, Seville University, Spain

Zakaria, Zulkarnay, University Malaysia Perlis, Malaysia
Zagnoni, Michele, University of Southampton, UK

Zamani, Cyrus, Universitat de Barcelona, Spain

Zeni, Luigi, Second University of Naples, Italy

Zhang, Minglong, Shanghai University, China

Zhang, Qintao, University of California at Berkeley, USA
Zhang, Weiping, Shanghai Jiao Tong University, China

Zhang, Wenming, Shanghai Jiao Tong University, China
Zhang, Xueji, World Precision Instruments, Inc., USA

Zhong, Haoxiang, Henan Normal University, China

Zhu, Qing, Fujifilm Dimatix, Inc., USA

Zorzano, Luis, Universidad de La Rioja, Spain

Zourob, Mohammed, University of Cambridge, UK

Available in electronic and on CD. Copyright © 2012 by International Frequency Sensor Association. All rights reserved.



Sensors & Transducers Journal /“

g——’ f
Volume 146 Www_sensorsportal_com ISSN 1726-5479
Issue 11
November 2012
Research Articles
Diffusion in Carbon Nanotubes: Details, Characteristics, Comparisons at Nanolevel
Lz o) o3 B - 1
Synthesis Characterization and Humidity Sensing Properties of Sol-gel Derived Novel
Nanomaterials of LaSr,Fe1-,0;5
Mary Teresita V., Jeseentharani V., Avila Josephine B., Jeyaraj B., Arul Antony S. ......................... 8
Gas Sensing Characteristics of ZnO Nanowires Fabricated
by Carbothermal Evaporation Method
Roghayeh Imani and Mohammad Orvatinia..................occueeiiiiueeiiiiee et 17
In-Situ Decoration of Electrostatically Functionalized Multiwalled Carbon Nanotubes
with B-Ni(OH), Nanoparticles for Low Temperature NO, Detection
Richa Saggar, Vasuda Bhatia, Prashant Shukla, Nitin Bhardwayj, Vinod K Jain ...........c....cccccccenee... 28
Synthesis and Characterization of ZnO Nanoparticles as Prepared by Gel-combustion
and ZnO Nanomorphologies by Sol-gel
Mario F. Bianchetti, Marjeta Macek-Krzmanc, Ines Bracko, Sreco D. Skapin
and Noemi E. WalSO€ 8 RECA ...ttt e e e e e s e e e e e e aesasnneeeaaeeaananssnneeens 36

Multiwalled Carbon Nanotubes Reinforced Cement Composite Based Room Temperature
Sensor for Smoke Detection
Prashant Shukla, Vasuda Bhatia, Vikesh Gaur, Nitin Bhardwaj, Vinod Kumar Jain.......................... 48

A Facile and Green Synthesis of Small Silver Nanoparticles in f—cyclodextrins Performing
as Chemical Microreactors and Capping Agents
Giorgio Ventimiglia and AleSSandro MOTEA ..............c.ooueei i 59

Electrostatically Functionalized Multi-Walled Carbon Nanotubes Based Flexible
and Non-Enzymatic Biosensor for Glucose Detection
Bhawana Singh, Vasuda Bhatia, V. K. JaIN. .............c..oeeeiiieeeiieeiee ettt aaa e 69

Amperometric Acetylcholinesterase Biosensor Based on Poly (Diallyldimethylammonium
Chloride)/Gold Nanoparticles/Multi-walled Carbon Nanotubes-chitosans Composite

Film-modified Electrode

Xia Sun, Zhili Gong, Yaoyao Cao, Xiangyou Wang .............cccueuie i 78

Structural, Morphological and Optical Properties of Spray Deposited Nano-crystalline CdO
Thin Films
Maqgbul A. Barote, Elahipasha U. Masumaar. ...............ccccccoooeeeeeeeeeeeeieeeeeeeee 90

A Novel Amperometric Inmunosensor Based on {MWCNTs-COOH-CHIT},/GNPs
for Detection of Chlorpyrifos
Xia Sun, Lu Qiao, XianNGyOU WENG ...........euueeeeeeeeeeeeee ettt ettt e e e e ettt e e e e e esisssseaenaas 96


http://www.sensorsportal.com

Y** Added Nanocrystallite Mg-Cd Ferrite LPG, Cl, and C,HsOH Sensors
Ashok B. Gadkari, Tukaram J. Shinde, Pramod N. Vasambekar................cccceeecvireeesiineeesiinaeennnn 110

Immunosensor Based on Gold Nanoparticles-multi-walled Carbon Nanotubes-chitosans
Composite and Prussian Blue for Detection of Chlorpyrifos
Xia Sun, Falan Li, Xiangyou WanG. ..............cooeuueeeiieeeeeeeeeeee ettt e ettt taa e e e e s e ssnseaa e e 121

Nanostructured CdFe,O, Thick Film Resistors as Ethonal Gas Sensors
S. V. Bangale, R. D. Prakshale, S. R. BAMANE...........c..cooeeeeeeieiiaeeeeeseieeia e esteaa e e essnnaeaaaees 133

A Novel Combustion Route for the Preparation of Nanocrystalline LaAlO3 Oxide Based
Electronic NoseSensitive to NH3 at Room Temperature
K. A. Khamkar, S. V. Bangale, V. V. Dhapte, D. R. Patil, S. R. Bamane. .............cccccccccvvvvrevscvnnanns 145

Gold Nanoparticle Amplification Combined with Quartz Crystal Microbalance DNA Based
Biosensor for Detection of Mycobacterium Tuberculosis
Thongchai Kaewphinit, Somchai Santiwatanakul and KoSUmM CRaNSIli.......ccceeeererirssssessssessensesssssanas 156

Structural, Morphological and Optical Properties of Spray Deposited Nanocrystalline ZnO
Thin Films: Effect of Nozzle to Substrate Distance
Elahipasha U. Masumdar, Magbul A. Barote. ..............couueee oo 164

Zinc and Pyrrole-added Akaganeite (B-FeOOH) Films by Ultrasonic Spray Pyrolisis
Assessed as Propane Sensors
Carlos Torres Frausto, Alejandro AVila-Garcia........ouiumissssscsssssssssssssssssssssssssssssssssssssssssssssssssssssssses 170

Potentiometric Determination of Low Content of Water in Different Organic Solvents Using
NASICON Based Probe
Parul Yadav and M. C. BRAINAQAI.........uiccceeseeeeneiiisssssssmessnssssssssssssssssssssssssssssssssssssssssssnsnssssssasssssnnsnns 182

Development of Electrochemical Sensors for the Detection of Mercury by CNT/Li*, Cgo/Li"

and Activated Carbon Modified Glassy Carbon Electrode in Blood Medium
Muhammed M. Radhi, Dawood S. Dawood, Nawfal K. Al-Damlooji and Tan W. Tee ........ccccueeuurenn. 191

Authors are encouraged to submit article in MS Word (doc) and Acrobat (pdf) formats by e-mail: editor@sensorsportal.com
Please visit journal’s webpage with preparation instructions: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm

International Frequency Sensor Association (IFSA).

Gyroscopes and IMUs
for Defense, Aerospace & Industrial

Report up to 2017

his report highlights market share analysis &
as well as global company shipments

o
#

B Order online:
http://www.sensorsportal.com/HTML/Gyroscopes_and_IMUs_markets.htm



http://www.sensorsportal.com/HTML/Gyroscopes_and_IMUs_markets.htm

The Fourth International Conference on Sensor Device Technologies and Applications

= SENSORDEVICES 2013

25 - 31 August 2013 - Barcelona, Spain

Tracks: Sensor devices - Ultrasonic and Plezosensors - Photonics - Infrared - Gas Sensors - Geosensors - Sensor device
technologies - Sensors signal conditioning and interfocing circuits - Medical devices and sensors applications - Sensors
domain-oriented devices, technologies, and opplications - Sensor-baosed localization and tracking technologies -
Sensors and Transducers for Mon-Destructive Testing

The Seventh International Conference on Sensor Technologies and Applications

4

H

25 - 31 August 2013 - Barce Ic,-rm, SKk

Tracks: Architectures, protocols and algorithms of sensor networks - Energy, monogement
and control of senser networks - Resource allocation, services, Glel and fault tolerance in
sensor networks - Performance, simulation and modelling of sensor networks - Security
and menitoring of senser networks - Sensor circuits and sensor devices - Rodio issues in
wireless sensor netwaorks - Software, applications and programming of sensor netwarks -
Data allocation and infarmation in sensor networks - Deployments and implementations
of sensor netweorks = Under water sensors and systems - Energy optimization
Inwireless sensor netwaorks

http://www.iaria.org/conferences201 3/SENSORCOMMI 3.himl

The Sixth International Conference on Advances in Circuits, Electronics and Micro-electronics

CENICS 2013

25 - 31 August 2013 - Barcelona, Spain

Tracks: Semiconductors and applications - Design, models and languages -
Signal processing circuits - Arithmetic computational circuits - Microelectronics -
Electronics technologies - Special circuits - Consumer electronics - Application-
oriented electronics

-

Fuate

"wﬂéﬂ" T



http://www.iaria.org/conferences2013/SENSORDEVICES13.html
http://www.iaria.org/conferences2013/SENSORCOMM13.html
http://www.iaria.org/conferences2013/CENICS13.html

Sensors & Transducers Journal, Vol. 146, Issue 11, November 2012, pp. 1-7

T Sensors & Transducers
e ISSN 1726-5479

www.sensorsportal.com © 2012 by IFSA
http://www.sensorsportal.com

Diffusion in Carbon Nanotubes: Details, Characteristics,
Comparisons at Nanolevel

Paolo DI SIA

Faculty of Education, University of Bressanone-Brixen,
Viale Ratisbona 16, I- 39042 Bressanone- Brixen, Italy
Tel.: +39 0474 013 642 (Fax: 609)

E-mail: paolo.disia@gmail.com, pdisia@unibz.it

Received: 26 October 2012 /Accepted: 23 November 2012 /Published: 30 November 2012

Abstract: The theoretical modelling improves the knowledge of matter at nanoscale and utilizing the
results of experimental research brings continuously new details to be experimentally verified. It has
been recently appeared a new “time-domain” Drude-Lorentz-like model for classical and quantum
transport in nanosystems, which demonstrates high generality and good fitting with experimental data
of literature. It allows interesting applications in the field of nanostructured materials, for biological
and medical applications, as well as in nano-bio-sensoristics. I use this model considering interesting
details of Carbon Nanotubes, in relation to variations of parameters, like temperature and effective
mass of electrons and in comparison with other important nanomaterials of current scientific and
technological use. Copyright © 2012 IFSA.

Keywords: Carbon nanotubes, Diffusion, Nano-bio-sensors, Nano-bio-materials, Theoretical
modeling.

1. Introduction

The growing global needs of energy at technological and social levels require at present scientific
efforts for the development of nanodevices and nanosystems of critical importance for implantable,
ultrasensitive, chemical and molecular bio-sensoristics, so as for medical science, nano-robotics,
micro-(nano)-opto-electro-mechanical systems (M(N)OEMS), remote and mobile environmental
sensors, portable and resistant personal electronics, defense technologies. It is also required and highly
desirable that the implantable biomedical devices are self-powered, i.e. batteries-free. Therefore it
became crucial the exploration of innovative nanotechnologies for the conversion of mechanical
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energy (body movements, muscle stretching), vibrational energy (acoustic and ultrasonic waves),
hydraulic energy (flow of body fluids), chemical energy (for example from glucose) into electrical
energy, to be used for such batteries-free devices [1]. Considering also the global pollution, the
research of “green” and renewable energetic resources is one of the most urgent challenges to the
sustainable development of the human civilization. At great scale, near the known energetic resources
of the actual world, as oil, coal, hydroelectric energy, natural gas, nuclear energy, alternatives
energetic resources are in great development, as solar energy, geothermal energy, biomasses, eolic
energy, hydrogen. For all these reasons, one of the challenges of actual nanotechnology is the study
and development of ultra small, ultrasensitive, multifunctional, low-consumption systems [2, 3]. At
today, among the most commonly studied, promising and used materials at nanoscale we find zinc
oxide (ZnO), titanium dioxide (TiO,), gallium arsenide (GaAs), silicon (Si) and carbon nanotubes
(CNTs). About nanotubes, these cylindrical carbon molecules have interesting properties and
increasing use for nano-bio-technology, electronics, optics and other materials science fields. The
strength and flexibility of carbon nanotubes makes them of potential use in controlling other structures
at nanoscale, particularly in nano-bio-technology engineering sector, as nanoelectronic devices, field
emitters, gas sensors, high-strength composites, for hydrogen storage. It is so crucial the theoretical
detailed understanding and the previsions that the existing and the new models can offer for an always
deeper knowledge of this nanomaterials [4, 5].

2. Characteristics of Carbon Nanotubes

The word “nanotube” derives from its size, being the diameter of a nanotube of order of a few
nanometers and it can be up to several micrometers in length. The nanotube is a member of the
fullerene structural family. Carbon nanotubes are cylindrical carbon molecules with particular
mechanical, electrical, thermal, and chemical properties; they are 10 times stronger than steel, among
the best field emission emitters, can maintain a current density of order or more than 10 A/cm? and
have a thermal conductivity comparable to that of diamond. These characteristics make them
potentially useful in a wide range of applications, from optics to nanoelectronics, from composite
materials to conductive polymers, in the sensoristics. CNTs are of two types, the “single-walled carbon
nanotubes” (SWCNTs) and the “multi-walled carbon nanotubes” (MWCNTs). Discovered in 1993,
SWCNTSs have normally a diameter of order of 1 nm and a tube length from 10’ nm to the order of cm
[6]. The form of a SWCNT consists in a wrapping of a one-atom-thick layer of graphite (or graphene)
into a cylinder, with possible representation by a pair of indices (n, m) called the chiral vector.
SWCNTs exhibit interesting electrical properties not showing by MWCNTSs. The most basic building
block of these systems is the electric wire, an excellent conductor.

MWCNTs consist of multiple layers of graphite rolled up on themselves forming a tube. The outer
diameter of a MWCNT is normally in the range 1-50 nm, while the inner diameter is usually of some
nm. CNTs carry high currents with negligible heating, act as sensing materials in pressure, flow,
thermal, gas, optical, mass, position, stress, strain, chemical, and biological sensors.

Important sectors of CNTs utilization are:

a) Biomedical industry: as examples we remember the glucose sensing application, the monitoring of
the exposure to hazardous radiation like in nuclear plants/reactors or in chemical laboratories or
industries, as implantable sensors, for tracking glucose levels in the blood, for detecting DNA
sequences in the human body;

b) Food industry: sensors and biosensors for providing safety and quality control, for meat freshness
monitoring [7]. CNT-based chemical sensors can be used also to detect undesired chemical residues
resulting from food additives, animal drugs, pesticides, herbicides, and other environmental
contaminants;
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c) Agriculture and fishing industry: MWCNT-coated quartz crystal microbalance humidity sensors
used for monitoring relative humidity, CNT based CO, sensors to monitor the CO, concentration,
CNT-based pressure sensors for uniform spraying of liquid fertilizer, insecticides, pesticides,
herbicides. CNT-based pH sensors are highly useful for maintaining proper pH balance of water
quality for fishing industries [8];

d) Manufacturing industry: CNT based strain and pressure sensors for making strain and pressure
measurements in manufacturing industries, CNT-based hydrogen gas sensors in hydrogen
monitoring and control for petroleum transformation, rocket engines, welding;

e) Security: CNT-based sensors in defense and security, in unmanned defense systems like unmanned
aerial vehicles, CNT-based chemical sensors as electronic noses to detect hidden bombs, chemical
weapons in luggage, vehicles, aircraft.

Therefore the exceptional properties of these compounds make them relevant to a very growing
quantity of potential interesting and useful applications.

3. Interesting Features from a New Drude-Lorentz-like Model

The sensitivity is one of the most important feature of a nano-bio-sensor and nano-bio-device in
general, resulting in the ability to detect in very high modality, feature in connection with the charge
transport. Recently it has been appeared a new generalization of the Drude-Lorentz model, based on
the complete Fourier transform of the frequency-dependent complex conductivity o(w) of a system,

able to offer analytical expressions of the velocities correlation function <v(#)-v(0)>, at the
temperature T, the mean squared displacement R*(f) = <[1§(t)—1§(0)]2> and the diffusion coefficient D

[3,9,10]. One of the most interesting peculiarities of the model is the “time domain” approach used, not
previously found in such contest, contrarily to the existing theoretical approaches, which are
“frequency domain” treatments. Using literature data, it is possible to fit and confirm experimental
results, so as to find new characteristics and details to offer for confirmation at experimentalists.

4. Results and Discussion

The diffusion coefficient D related to the new model has the following classical analytical expression

[9]:
KT 1 l+ea, l1-¢,
Dz[mj(r)(a—[J (—exp(— +2a %)Jrexp[— 2a é}j, (1)

where K is the Boltzmann’s constant, 7 is the temperature, m * is the effective mass and ris the
relaxation time. The parameter ¢, of the model is defined in this way:

a;=1-47° (2)

It has been considered the D behaviour of CTNs at three different temperatures 77=100 K, 7,=200 K,
T3=300 K, considering m*=0.5m, [11] (m. is the electron mass), 7=0.17-10"%s [12] and «,=0.5
(a, €[0,1] is a real number). The diffusion coefficient D is directly proportional to the temperature 7, so

the increase of 7 promotes the diffusion, interesting characteristics to keep into account in particular in
the case of the utilization at nanosensoristic level. We note from Fig. 1 how the values of D, relatively
to the chosen parameters, span the range from 4 cm?/s to 12 cm?/s, of considerable interest at
technological industrial level.
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Fig. 1. D vs. t for CNT at three different temperatures (red solid line: 7;=100 K; blue dashed

line: 7,=200 K; green dot-dashed line: 75=300 K) (¢, =0.5,7=0.17-10""5).

In Fig. 2 it has been compared the D value of CNTs (violet dots line) with respect to Si (red solid line),
TiO; (blue dashed line), ZnO (green dot-dashed line) and GaAs (light blue dashed line), with values of
parameters resumed in Table 1.

Table 1. Values of effective mass m* and relaxation time 7 for the five studied nanomaterials.

Nanomaterial m* 7(9)
CTN[11,12] 0.5 m, 0.17-107"
Si[13] 1.08 m. 0.5-10°"

TiO, [14] 6 m, 0.1-107"
ZnO [15] 0.24 m, 0.84-107"
GaAs [16, 17] 0.067 m 107"

Except the case of GaAs (deliberately left out of scale in Fig. 2), CTN present for short times a high
diffusivity with respect to the other tested nanomaterials, feature of great importance at nano-bio-
sensoristic and nano-technological level [3].
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Fig. 2. Comparison in diffusion for the five studied nanomaterials (for details see text and Table 1)
(a;=0.5, T=300K).
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In Fig. 3 it is presented a detail of Fig. 2, i.e. considering long times; only GaAs demonstrates to have
the best response in diffusion, but with a peak in diffusion at bigger time with respect to CNT. This
feature could be not good if we need of a device with high fast initial diffusivity.
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Fig. 3. Detail of Fig. 2 considering long times.

Subsequently it has focused the attention on the diffusion behaviour of CNTs, in particular changing
their effective mass, which vary with the chiral vector inscribed in (n, m) indices. Fig. 4 illustrates the
variation of D in relation to three different CNT, two giving the greatest difference in mass and an
intermediate value, i.e. the CNT with (n, m) indices equal to (3,1) (green dot-dashed line), (4,2) (blue
dashed line) and (9,2) (red solid line). We note that the decrease of the effective mass involves a raise
of the diffusion of the CNT; the particular needs at practical and technological level will imply the
choice of the CNT with the right requested features [11].
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Fig. 4. Variation of D for CNT with (n, m) indices equal to (3,1) (green dot-dashed line),
(4,2) (blue dashed line) and (9,2) (red solid line) (a; =0.5, T=300K).

Finally it has tested the variation of diffusivity of CNTs varying the relaxation time 7 . Fig. 5
represents the behaviour of D in relation to the values 7,=10""s (red solid line), 7,=0.17-10""5

(green dot-dashed line) and 7,=10"""s (blue dashed line). We note that, changing 7 , not only changes

the value of D, but also the width of the curves, since the change involves also the arguments of the
exponentials of Eq. (1).
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Fig. 5. Variation of D for CNT with three different values of 7 (7, =10""s (red solid line), 7,=0.17 107 2s
(green dot-dashed line) and 7, =10""s (blue dashed line)) (& ;=0.5, T=300K).

5. Conclusions

In this work I have considered an application of the classical version of a new recently appeared
theoretical model [3, 9, 10] for testing the efficiency of CNTs in comparison to other important
materials actually utilized at nano-bio-level [3].

The carried analysis showed that CNT represent a very versatile and interesting nanomaterial, with
high values of diffusivity and able to meet, through appropriate combinations of the parameters, a
large spectrum of practical and technological needs, especially in the nano-bio-devices sector and at
nano-bio-sensoristic level. The possibility of a rapid answer for the carriers transport is a very
important peculiarity concerning nano-bio-devices, also in the nano-energy systems and nano-
technologies sector. The enhanced transport times for nanostructured systems may be also the basis for
the creation of new single nanotube nano-bio-sensors.
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