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About the School-cum-Workshop  

 

 

Inter-University Accelerator Centre (IUAC), an autonomous Centre of University 

Grants Commission under Ministry of Education, GOI, is hosting an online 

School-cum-Workshop on “Ion Beams in Sensor Development”. Sensors are all 

around us and in some way or the other we use them in our daily life. Ion beams 

can play a vital role in enhancing the sensing properties of sensors such as Gas 

Sensors, Bio-Sensors, Chemical Sensors and Optical Sensors etcetera. The 

school-cum-workshop will provide an exposure to the research scholars, the 

young faculty members and researchers of various Institutes / Universities work-

ing in the similar advanced field of Sensor applications on how the material prop-

erties can be modified using ion beams. The distinguished speakers delivering the 

talks are from reputed Indian and foreign laboratories and Institutes to teach par-

ticipants about basics of ion-matter interactions and sensing properties. 
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PROGRAM SCHEDULE 
 

Online School-cum-Workshop 

on 

Ion beams in Sensor Development 

7th to 8th September, 2021 

Inter University Accelerator Centre, New Delhi 

 

Day 1: Tuesday: 7th September 2021 

 

Online Platform: google meet. 

 

Time Event 

9:15AM-9:30AM Login to the link 

 

Inaugural Session 

 

 

 

09:30AM-10:40AM 

 

Welcome address by Dr. V V Sivakumar, IUAC, New Delhi 

Opening remarks by Prof. A. C. Pandey, Director, IUAC, New Delhi 

Introductory Talk 

on 

Materials Science Research Programme at IUAC 

Dr. Ambuj Tripathi 

Inter University Accelerator Centre, New Delhi (35+5 min.) 

Vote of Thanks by Dr. Indra Sulania, IUAC, New Delhi 

10:40AM -11:00AM Tea Break 

Technical Sessions 

Technical Session 1: Chair: Dr. Ambuj Tripathi 

11:00AM–11:40AM 

(35+5 min.) 

 

Ion matter interaction for modifying surfaces: a perspective for bio-

sensing applications 

Prof. D. K Avasthi 

Centre of Inter Disciplinary Research, University of Petroleum and 

Energy Studies, Dehradun 

11:40AM–12:20AM 

(35+5 min.) 

 

Tetrapods based Smart Materials for Advanced Technologies 

Prof. Y. K. Mishra 

NanoSYD, Mads Clausen Institute, University of Southern Denmark, 

Alsion, Denmark 

12.20AM–01.00 PM 

(35+5 min.) 

 

Tuning of sensing capability of Microwave devices using selective Ion 

Implantation 

Prof. B K Kuanr 

Special Centre for Nanoscience, Jawaharlal Nehru University, Delhi 

01.00PM–02:00PM Lunch 
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Technical Session 2: Chair: Dr. D Kabiraj 

02.15PM–02.55PM 

(35+5 min.) 

 

Irradiation induced enhancement in the electrochemical sensing 

performance of WO3 nanomaterials 

Prof. C. Sekar 

Dept. of Bioelectronics and Biosensors, Alagappa University, Karaikudi 

02:55PM –03.35PM 

(35+5 min.) 

 

Polymer Nanocomposites as Chemiresistive Sensors 

Prof. Sunita Rattan 

Amity Institute of Applied Sciences, Amity University, Noida 

03:35PM-03:50PM Tea Break 

03.50PM–4:30PM 

(35+5 min.) 

 

Modification of reduced graphene oxide by swift heavy ion beam and 

low energy ion implantation for development of gas sensors 

Prof. Amarjeet Kaur 

Department of Physics and Astrophysics, University of Delhi, Delhi 

04:30PM–05.10PM 

(35+5 min.) 

 

Ion implantation /irradiation promoted photo-response in zinc tin 

phosphide thin films 

Dr. Y. L. Jeyachandran 

Department of Physics, Bharathiar University, Coimbatore, TN 

End of the first day’s proceedings 

 

Day 2: Wednesday: 8th September 2021 

 

Time Event 

Technical Session 3: Chair: Dr. F Singh 

09:30AM–10.10AM 

(35+5 min.) 

 

Comparative evaluation of enzyme-free nanoclayionic liquid based 

electrodes for detection of Bioanalytes 

Dr. Kamla Rawat 

School of Chemical and Life Sciences, Jamia Hamdard, ND 

10:10AM–10:50AM 

(35+5 min.) 

 

 

Palladium based nano-structured materials for hydrogen gas sensors 

Dr. P K Kulriya 

School of Physical Sciences, Jawaharlal Nehru University New Delhi 

10:50AM-11:30AM 

(35+5 min.) 

 

Nano-engineering of materials via ion beams towards health care 

diagnostic applications 

Dr. Aashish Mathur 

Department of Physics, University of Petroleum and Energy Studies, 

Dehradun 

11:30AM -11:40AM Tea Break 

11.40AM–12.20AM 

(35+5 min.) 

 

Gamma and Au ions irradiation to enhance the sensitivity of ZnO 

based hydrogen sensor 

Dr. Mahesh Kumar 
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Department of Electrical Engineering, Indian Institute of Technology 

Jodhpur, Jodhpur 

12.20AM–01.00PM 

(35+5 min.) 

 

 

SERS-based detection for Food, Agriculture and Medical Science 

Application 

Dr. Mukesh Ranjan 

Institute for Plasma Research (IPR), Gandhinagar, Gujarat 

01:00PM-02:00PM Lunch 

Technical Session 4: Chair: Dr. S A Khan 

02.20PM-03:00PM 

(35+5 min.) 

 

Plasmon Enhanced Optical Properties of Ion Implanted Glass 

Dr. S K Srivastava 

Synchrotron Utilization Section, Raja Ramanna Centre for Advanced 

Technology, Indore 

03.00PM–03:40PM 

(35+5 min.) 

 

Ion beam engineering of nanostructured metal oxide thin films and 

plasmonic nanohybrids for enhanced gas sensing 

Dr. S. Mohapatra 

University School of Basic and Applied Sciences, Guru Gobind Singh 

Indraprastha University, New Delhi. 

03:40PM-03:55PM Tea Break 

3.55PM-04:35PM 

(35+5 min.) 

 

Fundamental aspects of Nano-Biosensors 

Dr. GBVS Lakshmi 

Special Center for Nanoscience, JNU, New Delhi 

4:35PM-5:15PM 

(35+5 min.) 

 

Manipulative nano-biosensor to manage infectious diseases 

intelligently 

Prof. Ajeet Kaushik 

NanoBioTech Laboratory, Florida Polytechnic University, Lakeland, USA 

05:15PM Feedback from participants & Concluding Session (VVSK/ IS) 

End of the Second day and workshop proceedings 
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Materials Science Research Programme at IUAC 

A. Tripathi 

Inter University Accelerator Centre, New Delhi 

Abstract 

 The energetic ion beams are increasingly being used as modern tools for engineering 

the properties of materials, besides being used for synthesis and characterizations. The 

materials science research programmes at IUAC utilizes ion beams of wide range of energies 

varying from few hundreds of keVs to few hundreds of MeVs and many in-situ/ on-line as well 

as off-line characterization facilities. The materials science facilities at IUAC support research 

programmes of a large number of users from Indian Universities and research Institutions. The 

areas of research include nano-structuring, nanocomposites and applications, novel phase 

formations, radiation stability of materials/devices, band gap tuning etc. Some of these 

applications including those on sensors will also be discussed. 
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Ion matter interaction for modifying surfaces: a perspective for bio sensing 

applications 

D.K. Avasthi 

Centre of Inter Disciplinary Research, University of Petroleum and Energy Studies, Dehradun-248007 

Abstract 

The unique features of the ion beams and basics of ion matter interaction will be briefed so as 

to understand the role of energetic ions in improving the performance in bio-sensors. Ion 

irradiation is a state of art tool for modifying the surfaces for improving the functionalization 

of the surface, leading to enhancement in the sensor properties. The modification of surface 

and the functional groups at surface, surface morphology, surface area, conductivity, of the 

sensor material are different key parameters responsible for the enhancement of sensor 

properties by irradiation of energetic ions. There are several reports by different research 

groups [1-6] that demonstrate the usefulness of energetic ion beams in terms of enhanced 

performance of sensor by ion irradiation. Some of the examples are briefed here. It has been 

shown that the N ion irradiation of ZnO tetrapods coated electrodes results in the improved 

performance of biosensor to detect H. pyroli in terms of response time and sensitivity [1]. One 

dimensional metallic nano ripple structures synthesized by cluster ion irradiation have been 

exploited for Localized Surface Plasmon Resonance (LSPR) based sensor with special feature 

of being label free and real time detection with high sensitivity [2]. The partially embedded 

nanostructures synthesized by ion beam have potentials of applications in biosensors by 

Surface Enhanced Raman Scattering [4, 5]. 

References 

[1] N. Chauhan et al., ACS Appl. Mater. Interfaces 36(2018)30631–30639 

[2] I. Saleem et al., Sensing and Bio sensing Research 11(2016)14. 

[3] D. Fink et al., Radiation Effects and Defects in Solids 172(2017)159. 

[4] U.B. Singh et al., Radiation Effects and Defects in Solids 166(2011)553. 

[5] Akanksha Motla et al., International conference on Nanostructuring by Ion Beams, IGCAR 

Kalpakkam, November 2019. 

[6] J Bala et al., Colloids and Surfaces B: Biointerfaces 195 (2020)111239. 
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Tetrapods based Smart Materials for Advanced Technologies 

Reza Abolhassani, Fateme S. Mirsafi, Horst-Günter Rubahn, Yogendra Kumar Mishra* 

*Smart Materials, NanoSYD, Mads Clausen Institute, University of Southern Denmark, Alsion 2, 6400, 

Sønderborg, DENMARK  

Email: mishra@mci.sdu.dk 

Abstract 

Considering the size dependent utilization complexities of nanoscopic dimensions towards real 

applications, the focus of nanomaterials community is merging to three-dimensional (3D) form 

of materials which are built out interconnected nanostructures. This talk will briefly introduce 

the importance of complex shaped nanostructures towards smart 3D nanomaterials structuring. 

A simple flame based single step approach was developed for synthesizing zinc oxide tetrapods 

which demonstrated many applications in different technologies. These tetrapods have been 

used as building blocks to construct highly porous interconnected 3D nanonetworks in form of 

flexible ceramics which offer further new application avenues. Additionally, these 3D networks 

have been utilized as sacrificial templates to develop hollow tetrapodal 3D networks from 

almost any desired material, carbons, nitrides, oxides, polymers, hydrogels, etc. The sacrificial 

template-based strategy offers new and unique opportunities in the direction of 3D 

nanomaterials engineering and accordingly advanced technological applications. Some 

examples of 3D nanomaterials engineering will be demonstrated along with their applications 

[1-10]. The scopes of 3D nano-structuring based smart materials in sensing, optoelectronics, 

energy, and biomedical engineering will be briefly highlighted in the talk. 

Keywords: Smart materials, Tetrapods, Hybrid nanomaterials, Advanced Technologies  

References 

1. Materials Today 2021 (DOI:10.1016/j.mattod.2021.07.025) 

2. Materials Today 2021 (DOI:10.1016/j.mattod.2021.03.010) 

3. Advanced Science, 2100864, 2021 

4. Nano Energy 88, 106255, 2021 

5. Advanced Functional Materials 31, 20007555, 2021 

6. ACS Nano 15, 8069, 2021 

7. Materials Today 32, 108 -130, 2020 

8. Advanced Functional Materials 1909725, 2020  

9. Materials Horizons 7, 598-604, 2020 

10. Materials Today 6, 631-651, 2018  
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Tuning of sensing capability of Microwave devices using selective Ion 

Implantation 

B K Kuanr 

Special Centre for Nanoscience, Jawaharlal Nehru University, New Mehrauli Road, New Delhi 110067 

Abstract 

Ion implantation technique has the potential to strategically alter the magnetic properties of 

layered magnetic nanostructures like thin films and magnetic nanodots. This localized change 

in magnetization in layered structure has an effect on various damping parameters which 

control the high frequency operation of magnetic devices useful for 5-G technology. Ion beam 

irradiation give us the selectivity by manipulating beam energy, fluences and incident angle 

various novel properties.  

I will present the fabrication and testing of various microwave spintronic devices for high 

frequency (10-30 GHz) 5-G technology front-end devices which include, filters, isolators, 

phase shifters etc. They can be controlled by the effective change of magnetization (Ms) and 

anisotropy (Ha) using energetic ion beam patterning on thin film surfaces. Energetic ions of 

chromium, Nickel and Rare earth elements etc. were implanted in a selective area of the thin 

films which alter the magnetization and anisotropy of the implanted area in a gradual manner. 

We have controlled the magnetization and the damping independently using this technique 

which are proved useful for high frequency device fabrication. Magnetic thin films (20-200nm) 

of Yttrium Iron Garnet (YIG) and Barium Hexaferrite (BaM) were prepared using Pulse laser 

deposition (PLD)/RF Sputtering technique and are used for this purpose. 

 

Using the above procedure presented in Figure 1 of the schematic, we have obtained gradient 

change in the magnetization (Ms) of the film by localized Ion implantation. For this, a 



9 

 

polymethyl methacrylate (PMMA) mask with periodic arrays in few μm range was patterned 

on the sample by a laser cutting method. The irradiation of sample thin film by a beam of 

selective ions with varying kinetic energy (100Kev to 1Mev) and fluences were achieved in 

the elemental stoichiometry and hence that change the Ms of the unshielded region. Various 

ion species and energy were used to irradiate the magnetic samples of YIG and BaM to achieve 

the optimal conditions for filtering and maximum power absorption. 
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Irradiation induced enhancement in the electrochemical sensing 

performance of WO3 nanomaterials 

A.C. Anithaaa, K. Asokanb, N. Lavanyaa, C. Sekara* 

aDept. of Bioelectronics and Biosensors, Alagappa University, Karaikudi 630003, TN. 

bMaterials Science Division, Inter-University Accelerator Centre, New Delhi 110067. 

*E-mail: sekar2025@gmail.com  

Abstract 

Performance of the sensors are constantly upgraded by adopting different strategies 

including modification of sensing materials. Irradiation of metal oxides with appropriate tools 

is known to induce recrystallization, homogenization, lattice defects in the form of vacancies, 

dislocations and clusters which are desirable characteristics for sensor applications.  

In the present work, we report the synthesis of WO3 nanoparticles by soft chemical 

method and surface modification by gamma irradiation with different doses (0-150 kGy). The 

irradiated samples were characterized by powder XRD, HRTEM, and photoluminescence (PL) 

to evaluate the effect of γ-ray irradiation on the morphology and microstructure of the 

synthesized NPs. The well characterized gamma irradiated WO3 NPs have been applied for 

electrochemical sensing of important catecholamine neurotransmitters such as L-dopa, 

dopamine, serotonin, and epinephrine [1-2].  

Recently, WO3 NPs were synthesized using ethylene diamine tetra acetic acid (EDTA) 

as surfactant and subsequently modified through gamma irradiation and electrochemical 

immobilization with nicotinamide adenine dinucleotide (NAD). Glassy carbon electrode 

(GCE) modified with GI-WO3 NPs and NAD exhibited strong electrocatalytic activity towards 

the oxidation norepinephrine (NEP), melatonin (MEL) and nicotine (NIC) in 0.1 M phosphate 

buffer saline (PBS) at pH 7. Square wave voltammetry (SWV) studies exhibited three well-

defined peaks at potentials of 120, 570 and 840 mV, corresponding to the oxidation of NEP, 

MEL and NIC respectively. The proposed electrode based on NAD/GI EDTA-WO/GCE 

displayed a wide linear range of 10 nM–1000 μM with the LODs of 1.4 nM for NEP, 2.6 nM 

for MEL and 1.7 nM for NIC respectively [3].  

The fabricated sensors showed excellent anti-interference ability against electroactive 

species and metal ions with good stability and reproducibility. Furthermore, the sensors were 

successfully applied to detect NEP, MEL and NIC in pharmaceutical and cigarette samples 

with excellent selectivity and reproducibility. 

References 

1. A.C. Anithaa, K.  Asokan ,  C. Sekar, Sens. Actuators B: Chem. B 238 (2017) 667–675 

2. A.C. Anithaa, N. Lavanya, K. Asokan, C. Sekar, Electrochim. Acta 167 (2015) 294 

3. A.C. Anithaa, K. Asokan, N. Lavanya, C. Sekar, Biosensors & Bioelectron. 142(2020) 111598 

mailto:sekar2025@gmail.com
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Polymer Nanocomposites as Chemiresistive Sensors 

Sunita Rattan 

Amity Institute of Applied Sciences, Amity University Uttar Pradesh, Noida, India 

Abstract 

Polymer nanocomposites has attracted a great deal of attention as sensing material because of 

their high simplicity and flexibility, owing to their interesting mechanical, thermal, chemical 

and electrical properties for a variety of applications [1]. Carbon based nanomaterials as 

nanofillers in polymer nano composites are highly attractive due to their ability to impart 

conductivity to the insulating matrix, along with providing excellent electrical and structural 

properties. Tremendous amount of work has been carried out on graphene based nanofillers (as 

expanded graphite, nano-graphitic pallets (NGPs), graphitic oxides (GO) etc) to fully exploit 

their potential in polymer nanocomposites [2,3]. 

The dominating factor in development of nanocomposites and realising the properties of the 

nanocomposites is the interface between the matrix and the filler. The interface controls the 

degree of interaction between filler and polymer and hence defines the mechanical and 

electrical properties of the polymer nanocomposites. [4-5] Thus, the properties of the 

nanocomposites can be fully realised if the interfacial region is extended through homogeneous 

dispersion and strong interfacial interaction. 

The present talk deals with the dispersion of nanographite (NGP) into the polymer matrix for 

sensor applications. Substantial research is necessary to introduce a novel processing route 

which can provide strong interfacial interaction along with the complete exploitation of the 

NGPs within the polymer matrix. In an attempt to deliver such a material, we have 

demonstrated the preparation of novel polymer nanocomposites through Ion beam irradiation 

[6]. The strategy facilitates the enhanced exfoliation of NGPs in polymer system which 

introduces a high density of interfaces in polymer nanocomposites resulting in significant 

increase in the flexibility, mechanical strength, durability, high carrier mobility and thus 

providing a useful material for sensor application as chemi-resistive sensors. 

References 

1. Kim. H.; Abdala. A. A.; Macosko. C. W. Graphene/ Polymer Nanocomposites, Macromolecules. 

2010, 43, 6515-6530. 

2. Ha. H. W.; Choudhury. A.; Kamal. T.; Kim. D.; Park. S. Effect of chemical modification of 

graphene on mechanical, electrical, and thermal properties of polyimide/ graphene nanocomposites, 

App. Mater. Interface. 2012, 4, 4623-4630. 

3. Maiti. S.; Shrivastava. N. K.; Suin. S.; Khatua. B. B. Polystyrene/MWCNT/graphite nanoplate 

nanocomposites: Efficient electromagnetic interference shielding material through graphite 

nanoplate –MWCNT- graphite nanoplate networking. App. Mater. Interface. 2013, 5, 4712-4724. 
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4. Abdolmaleki. A.; Mallakpour. S.; Borandeh. S.; Improving interfacial interaction of L-

Phenylalanine-functionalized graphene nanofiller and poly (vinyl alcohol) nanocomposites for 

obtaining significant membrane properties: Morphology, thermal, and mechanical studies. Polymer 

Composites. 2015, DOI: 10.1002/pc.23371. 

5.  Li. P.; Chen. X.; Zeng. J.; Gan. L.; Wang. M.; Enhancement of the interfacial interaction between 

poly (vinyl chloride) and zinc oxide modified reduced graphene oxide. RSC. Adv. 2016, 6, 5784-

5791. 

6. P. Singhal and S. Rattan, Swift Heavy Ion Irradiation as a Tool for Homogeneous Dispersion of 

Nanographite Platelets within the Polymer Matrices: Towards Tailoring the Properties of PEDOT: 

PSS/ Nanographite Nanocomposites, J. Phys. Chem. B 2016; 120: 3403–3413 
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Modification of reduced graphene oxide by swift heavy ion beam and low 

energy ion implantation for development of gas sensors 

Amarjeet Kaur 

Department of Physics and Astrophysics, University of Delhi, Delhi 110007 

Email:amarkaur@physics.du.ac.in 

Abstract 

Gas sensors play a vital role in numerous application fields of environmental protection, 

industrial manufacturing, medical diagnosis, and national defence. There has been a 

tremendous development of gas sensors based on chemical sensing in many fields. Being light 

weight and possessing high specific surface area, the reduced graphene oxide (rGO) is a 

promising candidate for gas sensing application at room temperature. The room temperature 

operation of reduced graphene oxide-based sensors has several advantages over inorganic 

metal oxides-based sensors, which requires complex circuitry and high-power consumption. 

Moreover, fusion of grain boundaries occurs at higher temperature, which may change the 

stability of metal oxides nanostructures and hence the lifetime of the sensor.  The present talk 

is dedicated to the electrical gas sensing property of rGO reduced with various novel reduction 

techniques. The graphene oxide (GO) was prepared by the well-established Hummer’s method 

and was reduced chemically to make it conducting. This chemically reduced rGO was further 

processed and reduced by using two different techniques. The low energy ion beam (at IUAC, 

New Delhi) of 50 keV nitrogen (N+) ions was used to implant in the samples at four different 

fluences of 1013, 1014, 5 x 1014 and 1015 ions /cm2. In another series, the samples were exposed 

to swift heavy ions (SHI) of 100 MeV silver ions (Ag8+) at four different fluences varying from 

1x1011, 1x1012, 1x1013 and 5x1013 ions/cm2 [1]. The graphene oxide (GO) has the conductivity 

of 2.25x10-9 S/cm whereas after chemical reduction it increased remarkably to around 10S/cm 

and at maximum fluence of N+ ions it reached around 200 S/cm and with Ag8+ SHI beam it 

could reach up to 235 S /cm at maximum fluence. BET measurements on these samples showed 

noteworthy increase in the pore volume and surface area, which motivated us to develop gas 

sensors.  The selective sensors for sensing   SO2 developed from both the series could detect 

gas concentration as low as 5ppm at room temperature with maximum response of 7.35% at 

5ppm of SO2 for the samples irradiated with SHI beam at the fluence of 5x1013 ions/cm2.    

Reference 

[1] R. Kumar, D.K Avasthi and A. Kaur, Fabrication of chemiresistive gas sensors based on multistep 

reduced graphene oxide for low parts per million monitoring of sulphur dioxide at room temperature, 

Sensors and Actuators B 242 (2017) 461–468. 
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Ion implantation / irradiation promoted photo-response in zinc tin 

phosphide thin films 

Y. L. Jeyachandran  

Department of Physics, Bharathiar University, Coimbatore 641046, Tamil Nadu 

Abstract 

II-IV-V2 ternary semiconductors are increasingly investigated, as low-cost alternatives to II-III 

and III-V compounds, for light sensing applications. Zinc tin phosphide (ZTP) is one of the 

potential candidates that exhibit favourable optical, structural and electrical properties 

applicable for photodetector and photovoltaic devices. The ZTP thin films prepared by vacuum 

evaporation were found to exhibit a broad band photo-response in the visible wavelength 

region, which could be tuned / enhanced by ion implantation or irradiation. The photo-response 

behaviour of the films up on ion implantation was found related to the implantation depth and 

nuclear energy loss (Sn) of the ions in the films, and the same up on high energy ion irradiation 

was related to the electron energy loss (Se). The photo-responsivity of the films increased with 

decreasing depth, increasing Sn of the low energy ions and on rapid thermal processing in 

implantation process and with decreasing Se in irradiation process. Furthermore, the 

implantation or irradiation fluence and the associated changes in the optical band gap and 

structural factor of the films produced related variation in the photo-responsivity of the films. 

The study established the ion implantation and irradiation induced modification in ZTP films 

and demonstrated their applicability as photo-sensors.  
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Comparative evaluation of enzyme-free nanoclayionic liquid based 

electrodes for detection of Bioanalytes 

Kamla Rawat 

Department of Chemistry, School of Chemical and Life Sciences, Jamia Hamdard, New Delhi, India 

Abstract 

Enzyme-free electrodes were fabricated using nano-clay LAPONITE® and montmorillonite 

(MMT) and imidazolium based ionic liquids (ILs), 1-ethyl-3-methyl imidazolium chloride 

([C2mim][Cl]) and 1-methyl-3-octyl imidazolium chloride ([C8mim][Cl]). Here, we have 

presented a set of quantitative results which conclude that these enzyme-free electrodes can be 

used successfully for the development of strip sensors for detection of bio-analytes. 

Introduction of ILs into nano-clay dispersions resulted in the enhancement of stability of the 

thin film electrodes formed of the NC-IL materials. The fabricated electrodes were used for 

sensing various bio-analytes, such as ascorbic acid (AA), oxalic acid (OA), urea (U), citric acid 

(CA), glucose (Glu) and cholesterol (Chox). The influence of different alkyl chain lengths of 

ionic liquids, and the aspect ratio of nano-clay platelets were studied with respect to their 

electrochemical response to different analytes, which covered seven distinct matrices coated 

on the electrode surface. Further, the effect of oxygen ion beam irradiation on the 

electrochemical profiles of these electrodes was explored. The irradiation leads to reduction of 

the electrochemical properties by blocking certain active charge transfer sites. The 

electrochemical characterization of these electrodes was done using cyclic voltammetry (CV), 

Fourier transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM).  

 

 

Schematics for the preparation of (A) only NC based electrodes and (B) NC-IL based electrodes. 
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Palladium based nano-structured materials for hydrogen gas sensors  

P. K. Kulriya 

School of Physical Sciences, Jawaharlal Nehru University New Delhi 110067 

Email: pkkulriya@mail.jnu.ac.in   

Abstract 

Hydrogen is considered as a clean fuel among various other energy sources because its 

oxidation product water is environment friendly. Further, hydrogen is also lightweight and 

highly abundant, but explosive in nature. Therefore, development of hydrogen gas sensors 

having properties such as fast response, easy fabrication, stability, low cost, good compatibility 

with integrated circuits for sensing device fabrication and reproducibility, is required. 

Semiconductors and oxide materials are suggested for hydrogen sensing applications but 

sensor having fast response time along with reversible under reasonable operating conditions 

is still questionable. Therefore, a different approach based on the combination of 

nanotechnology, surface modification using energetic ion irradiation and utilization of 

hydrogen sensing metals, is expected to overcome these weaknesses. Palladium nanostructures 

are most suitable for hydrogen sensing technology due to their high sensitivity and faster 

response time. Though, there is a broad range of Pd-based hydrogen sensors which rely on 

optical and electrical changes in hydrogen incorporation into Pd but resistive sensors display 

all above said good characteristics. In this talk, a comparative study on the sensing response of 

the various types of Pd nanostructures like Pd thin film, Pd nanoparticle, and Pd/C 

nanocomposite systems would be presented. The role of nanoparticle’s size, surface and metal-

carbon interface on interactions of the metal-hydride system will be also discussed.  
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Nano-engineering of materials via ion beams towards health care 

diagnostic applications 

Ashish Mathur 

Department of Physics, School of Engineering, University of Petroleum and Energy Studies (UPES), Bidholi 

Campus, Dehradun 248007 

Abstract 

With the recent advancement in the field of nanotechnology, the point-of-care biosensor 

devices have shown a potential growth to revolutionize the future of health care diagnostic 

tools. The intelligent use of nano-materials is expected to enhance the performance of bio-

molecular electronic devices with high sensitivities and detection limits. Ion beam techniques 

have extensively been used for regulating the performance of various nano-materials and thin-

films. Energetic ion beams can provide us the capability to fine tune the surface morphology 

and physical and chemical nature of the nano-materials. They can also be used to fabricate 

nano-materials, including 2D materials, nanoparticles, and nanowires. The main advantage of 

this process is that these processes do not introduce any impurities into the target materials as 

compared with many other conventional methods. In addition, ion beam techniques exhibit 

high controllability and repeatability. The advantage of ion implantation over other doping 

processes is the high level of homogeneity obtained owing to energy of irradiation and nuclear 

energy loss at room temperature. The enhanced electro-analytical response arises from the 

generation of edge defects resulting in higher space charge at electrode-electrolyte interface 

which is highly useful in electrochemical sensing applications. This field is getting lots of 

attention recently and many reports of exciting sensors using ion-beam irradiated materials 

have appeared recently.  

        

*Email: ashish.mathur@ddn.upes.ac.in, nanoashish@gmail.com  

mailto:ashish.mathur@ddn.upes.ac.in
mailto:nanoashish@gmail.com
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Gamma and Au ions irradiation to enhance the sensitivity of ZnO based 

hydrogen sensor 

Mahesh Kumar 

Department of Electrical Engineering, Indian Institute of Technology Jodhpur, Jodhpur-342011, India 

Abstract 

Hydrogen gas sensors are important for utilization of hydrogen as a clean and renewable 

alternative to carbon-based fuels. Though, there is broad range of hydrogen sensors designed 

based on optical and electrical properties of materials, but the sensors are either working at 

very high temperature (> 150 °C) or incompatible with integrated circuits for sensing device 

fabrication and reproducibility. The sensor reported in present study, can be able to detect 

hydrogen gas at lower temperature with fast response and recovery times and can be integrated 

with existing Si based technology. The lower working temperature is necessary for power 

saving and reduction of risk associated with H2 gas. The present study aimed to explore the 

effect of swift heavy ion irradiation (SHI) and gamma irradiation on hydrogen gas sensitivity 

of RF sputtered ZnO nanostructures. SHI irradiation plays a significant role in enhancement of 

hydrogen sensitivity response as it modifies structural, optical, surface morphology of ZnO 

thin films. 120 MeV Au ions are used for post deposition treatment for ZnO thin film with 

varying ion fluences (1x1011 ions/cm2 to 1x1011 ions/cm2). SHI irradiation increases 

crystallinity and reduces in-plane stress up to moderate fluence (1x1011 ions/cm2). Although at 

highest ion fluence (1x1011 ions/cm2), ZnO thin film becomes almost stress free but its 

crystallinity decreases from pristine ZnO thin film. Due to SHI irradiation, grain fragmentation 

reduces average grain size and increases its surface roughness as ion irradiation fluences 

increases to maximum fluence. Average grain size reduction enhances the surface reaction area 

for hydrogen gas, which increases gas sensitivity. Hydrogen gas sensitivity response of nano-

crystalline ZnO thin films is improved significantly around ~31% by using SHI technique.  At 

1 kGy, hydrogen sensor’s response enhanced from 67% to 77% for 1% hydrogen in pure argon 

at 150 ºC operating temperature. However, at 10 kGy relative response decreased to 33.5%. 

High gamma irradiation causes displacement damage and defects in ZnO NRs, as a result 

degrade the sensor performance. Low gamma irradiation doses activate the ZnO NRs surface 

through ionization, which enhances the sensor performance. The relative response of hydrogen 

sensor was enhanced by ~14% using 1 kGy gamma ray treatment. This talk will also focus on 

gas sensing mechanisms and impact of irradiation on Sensor’s performance.  
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Abstract 

Now-a-days, adulteration in food items is very common. Adulteration is primarily intended for 

economic gains. However, a prolonged consumption of adulterated food may lead to serious 

health risks. In this study, we have utilized Surface Enhanced Raman Scattering (SERS) 

technique for detection of some hazardous dyes in spices and polished waxes on apples. A 

SERS substrate is fabricated using nanoscale silicon ripples (R-Si) (wavelength = 30 nm) by 

low energy ion-beam bombardment followed by the deposition of highly ordered Ag-

nanoparticles (Ag-NPs) along these ripple patterns [1-3]. Different concentrations of dyes 

(starting from 10-2 M to 10-9 M) are mixed with saturated solutions of turmeric and chilly 

powders and their presence is probed using Ag-NPs/R-Si SERS substrates. It is observed that 

an ultralow concentration of these adulterant dyes can be detected using these SERS substrates 

[1-3]. This study paves a way toward improving the efficacy of adulterants detection in foods. 

Later we also investigated hazardous pesticides and blood glucose concentrations using the 

above method of ion beams produced ripple patterns and found to be very promising tools for 

the SERS based detection.  
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Abstract 

Cover glass samples were irradiated by 1.8 MeV Au2+ ions with various ion doses at normal 

incidence. As a result, ripple and dot patterns formed in the glass samples. As observed, 

structure formation depends on the ion doses. Samples contain embedded Au nanoparticles 

with varying depth and volume fractions along with surface patterns. Surface-plasmon 

resonance (SPR) of embedded Au nanoparticles have been studied here using the scanning 

near-field optical microscopy (SNOM). Samples irradiated with low doses of Au2+ ions 

remained smooth. However, there is light transmission enhancement pattern in the form of 

ripples. Enhancement in the light transmission is due to the nano-antenna effect caused by the 

embedded Au nanoparticles. The nanoparticles are segregated in form of ripples prior to start 

of growth of surface patterns. At intermediate ion doses, ripple patterns have been observed. 

The corresponding SNOM (illumination) image shows a peculiar light transmission pattern. 

For example, light transmits on one-half side of the ripple hill and gets blocked at another half 

side. The observed light transmission variation is three orders higher than the thickness 

variation. With the maximum ion doses, ripple patterns transformed into random micro dots on 

largely smooth surface. SNOM (collection) measurements reveal surface-plasmon resonance 

waves originating from different sources on the surface. These SPR sources are randomly 

placed and have no relation with micro dot features on the surface. Light intensity in SPR 

excitation centers have been observed much higher (~8 times) than excitation from isolated Au 

nanoparticles observed at low ion doses. The SPR waves appear as elliptical rings with a central 

spot surrounded by a dark region. Cross-section TEM measurements estimates Au 

nanoparticles of sizes in the range of 30 to 50 nm, and nanoparticles are randomly distributed 

from the surface up to a depth of around 1 μm. The observed light patterns are related to 

collective plasmonic properties of the Au nanoparticles, confinement of SPR in surface features 

and interference of different optical modes. The optical responses can be tailored by type of 

nanoparticles and architectures, providing great opportunity and flexibility for designing 

plasmon-enhanced optical sensors.  
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Abstract 

Hybrid nanostructures combine the favourable properties of the constituents to obtain 

multifunctionality. Plasmonic nanohybrids consisting of noble metal/ metal oxide 

semiconductor nanostructures have attracted significant attention for diverse applications in 

fields ranging from optoelectronics to photocatalysis and gas sensing [1-6]. The present talk is 

concerned with the ion beam engineering of nanostructured metal oxide thin films and noble 

metal/ metal oxide hybrid nanostructures prepared by thermal evaporation combined with 

sputtering or facile wet chemical methods for gas sensing applications. Cu doped SnO2 nano 

disks [4], Ag-SnO2 plasmonic nanohybrids [5] and Au-SnO2 hybrid plasmonic nanostructures 

[6] were found to exhibit excellent CO gas sensing properties. We have fabricated high density 

of SnO2 nano rings [7] with enhanced CO gas sensing properties by MeV ion irradiation of 

nanostructured SnO2 thin films. CO gas sensing properties of SnO2 thin film were significantly 

improved upon 8 MeV Si ion irradiation. MeV ion irradiation resulted in 16 times enhancement 

in the sensor response and improved CO gas sensing properties compared to the as-deposited 

nanostructured SnO2 thin film. 
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Abstract 

Biosensors are ubiquitous in biomedical diagnosis and other areas such as point-of-care 

monitoring of treatment and disease progression, food control, environmental monitoring, 

forensics and biomedical research, drug discovery and so on. A wide range of techniques can 

be used for the development of biosensors. Their coupling with high-affinity biomolecules 

allows the sensitive and selective detection of a range of analytes. Efforts are being made to 

enhance the resolution, accuracy, and miniaturization of biosensors for detection of 

biomolecules. The use of NPs, nanotubes, and nanowires, etc. in biosensor diagnostic devices 

are being explored. With the advancement in properties of nanomaterials, their dimensions at 

the nanoscale level, new biodevices (smart biosensors) that can detect minute concentration of 

a desired analyte are emerging. Nanomaterials are generally used as transducer materials that 

are an important part for biosensor development. A biosensor consists of four parts namely (1) 

bioreceptor, (2) a transducer, (3) a signal processor for converting electronic signal to a desired 

signal, and (4) an interface to display. A variety of samples such as body fluids, food samples, 

and cells culture can be explored to analyse using biosensors. A general introduction to 

biosensors and biosensing technologies and the advancement in the biosensor properties with 

the incorporation of nanomaterials will be discussed. In nanocomposite materials, ion beam 

irradiation of the composites alters the materials properties and thereby affect the sensing 

properties. Also, how the ion beam embedded or patterned structures can be used as the sensing 

substrates will be discussed. 
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Abstract 

Advancements in nano-biotechnology revolutionized healthcare management via developing 

smart rapid diagnostics systems and nanomedicine along with efficient drug delivery systems 

designed for targeted diseases. Due to easy tuneable performance features these systems serve 

in a controlled manner and significantly useful for intelligent healthcare in personalized 

manner. It has been investigated that a standard technology is useful but sometimes is not 

applicable to everyone due to variabilities in human genomics. Thus, investigating efficient 

nano-systems of tuneable performance is essential to design and develop nano-enabled high-

performance systems for intelligent health management; toward point-of-care as well. In this 

direction, my laboratory is exploring miniaturized nano-enabled biosensing systems to detect 

targeted biomarkers to diagnostics of infectious diseases like zika-virus and SARS-CoV-2 

infection. Our research based on nanotechnology has significance to develop novel future 

technology for therapy development, early-stage diseases diagnostics, and therapy monitoring 

to manage health in personalized manner.  As recent effects, we are engaged in introducing 

aspects of artificial intelligence (AI) and internet of medical things (IoMT) to make our 

developed nano-therapeutics and diagnostics systems more efficient, effective, and affordable.  
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