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Preface 
 

The national seminar on Nanoscience and Nanotechnology, NSNN – 2015 aims to provide a 

forum for eminent academicians, technologists and young researchers to exchange their ideas on the latest 

development and future trends in the fields of Synthesis, Characterizations and Technological 

Applications of Nanomaterials. Eminent persons in the respective fields share their experience and 

knowledge with the participants, which in turn are expected to promote research activities in these 

advanced materials.  This conference will also provide the platform for investment and collaborations 

between Academia, R&D sectors and Industries. The seminar will be extremely useful in the sense that it 

will be attended by chemists, physicists and engineers making it truly interdisciplinary. This conference 

aims to provide a suitable platform to young researchers to share their ideas and research findings in front 

of the peers of the respective fields to boost their research.  

The seminar topic is based on the nanoscience and nanotechnology, which is one of the emerging 

fields of research throughout the world and promised to be one of the most influencing fields on modern 

technology in all fields from electronics to biomedicine. India government has also put special emphasis 

on nanoscience and nanotechnology by introducing nanomission, nano centers at various national 

research institutes and Universities. A high percentage of researchers from various fields across the 

country are associated with nano based researches. In addition, a few Universities have already introduced 

Nanotechnology based courses in their undergraduate and graduate program.  Therefore, a seminar on this 

topic will provide a platform to many scientists, researchers, students to participate and interact to 

exchange and harvest new ideas. 

This seminar aims to bridge the gap between the scientists and the young undergraduate students 

by exposing the UG students to the scientific seminar and encouraging them to participate and interact 

with the renowned scientists working in different parts of the Country. UG students will be encouraged to 

present (Research/review) based scientific topics under proper supervision.  

We take the opportunity to express our heart-felt gratitude to all the contributors, delegated, 

invited speakers, guests, reviewers, members for their guidance and active co-operation for successful 

completion of the event. 

The convener thanks  Science and Engineering Research Board, Department of Science and 

Technology, Government of India for financial assistance. 

 

 

 

Dr. Soumitra Kar, 

Convener (NSNN 2015) 

Assistant Professor, 

Department of Applied Science, 

Haldia Institute of Technology 

Email: soumitrakar@gmail.com 

mailto:soumitrakar@gmail.com
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TECHNICAL SESSION DETAILS 

 
Day 1: 09.10.2015 (Friday) 
 

9.00 A.M. – 10.30: Registration (S. N. Bose Convention Centre, HIT Main Building) 

 

10.00-10.30:   Hi-Tea                                   
 

10.30 – 12.30:   Inaugural Session (S. N. Bose Convention Centre, HIT Main Building) 
 

   Inaugural Ceremony 

Message from Chairman 

Message from Principal 

Message from Director 

Welcome address by Convener 

    Vote of Thanks  

11.30-12.30:                 Keynote Address by Prof. Amitava Patra, IACS, Kolkata 

 

12.30-1.30:  LUNCH:    

 

1.30-4.30:   Post-Lunch Session: I (S. N. Bose Auditorium, HIT Main Building)  
 

Session Chair:   Prof. P. M. G. Nambissan, SINP, Kolkata              

 

1.30-2.10  Prof. Rabibrata Mukherjee, IIT, Kharagpur  

2.10 - 2.35                  Prof. Biswarup Satpati, SINP, Kolkata 

2.35-2.50            Dr. Gautam Kumar Pal, Hooghly Mahasin College 

2.50-3.05  Nandini Bhandaru, IIT, KGP 

3.05-3.20  Sumita Sahoo, IIT, KGP 

3.20-4.35  Meneka Banik, IIT, KGP 

3.35-4.00  Anuja Das, IIT, KGP 

 

1.30-4.00:    Post-Lunch Session: II (R& D Seminar hall, R&D Building)  

 

Session Chair             Prof. Nitin Chattopadhyay, JU, Kolkata 

 

1.30-2.15  Prof. Manabendra Mukherjee, SINP, Kolkata  

2.15 - 2.50                  Prof. S. C. Bhattacharya, Jadavpur University 

2.50-3.10            Dr. Priyabrata Banerjee, CMERI, Durgapur 

3.10-3.30  Dr. Soma Mitra Banerjee, HIT 

3.30-3.45  Mrinmoy Garai, CGCRI, Kolkata 

3.45-4.00  Dr. Ritayan Chatterjee, HIT, Haldia 

 

4.00 – 4.15  TEA BREAK                          

 

4.15-5.30  POSTER SESSION                       
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Day - 2: 10.10.2015 (Saturday) 
 

9.30-11-30:  Morning Session I (S. N. Bose Auditorium, HIT Main Building)  

 

Session Chair     Dr. Subhrama Gupta, Department of Biotechnology, HIT 

 9.30-10.10  Prof P. M. G Nambissan, SINP, Kolkata 

 10.10-10.40  Dr. Dipankar Pramanik, Haldia Govt. College     

10.40-11.00  Dr. T. K. Barik, Achhruram Memorial College   

 

9.30-11-30:   Morning Session II (R& D Seminar hall, R&D Building)  
 

Session Chair  Dr. Munish Pandey, K. M. Agrawal college, Mumbai  

9.30-10.15   Prof. Nitin Chattopadhyay, JU, Kolkata  

10.15-10.40  S.C. Sahoo, Indian Plywood Industries Research and Training Institute  

10.40-11.00   M.S.Matin, Indian Plywood Industries Research and Training Institute 

 

11.00-11.30  Tea Break:        

 

11.30-1.15:  Post-Tea Session I (S. N. Bose Auditorium, HIT Main Building)  
 

Session Chair  Dr. Dipankar Pramanik, Haldia Govt. College   

11.30-11.55  Dr. Munish pandey, K. M. Agrawal college, Mumbai  

11.55-12.15  Dr. Santi M. Mandal, Vidyasagar University 

12.15-1.30  Pritam Ghosh, CMERI, Durgapur 

12.30-12.45  Additi Roy Chowdhury, CMERI, Durgapur 

12.45-1.00  Palash Dhara
, 
IIT, KGP 

1.00-1.15  Sourav Kr. Saha, CMERI, Durgapur 

 

11.30-1.15:  Post-Tea Session II (R& D Seminar hall, R&D Building)  
 

Session Chair  Dr. T. K. Barik, Achhruram Memorial College   

11.30-12.00  Dr. Basudeb Pradhan, Central University of Jharkhand  

12.00-12.15  Sayan Bhattacharyya, IISER,  Kolkata 

12.15-1.30  Sayali Daptardar, B.. N. Bandodkar College, University of Mumbai 

12.30-12.45  Dr. Arka Chaudhuri, HIT 

12.45-1.00  Jatindranath Gain, Derozio Memorial College 

1.00-1.15  D pahari, Academy of Technology 

 

1.15-2.00P:   LUNCH                                   

 

2.00 PM -3.00:  Valedictory Session              
   

Distribution of Best poster Awards 

Valedictory Speech  

Vote for Thanks  
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Keynote Speech 

 

Photon Harvesting in Nanoscale Systems 
Amitava Patra

 

Department of Materials Science, Indian Association for the Cultivation of Science, Kolkata 700 032, 

India; E-mail: msap@iacs.res.in 

 

Abstract: The understanding of excited state dynamics of photo excited quantum dots is essential for 

technological applications such as efficient solar energy conversion, light emitting diodes, photovoltaic cells 

and so on.
1-5

 Here, our emphasis is directed to describe the influence of size, shape and composition of quantum 

dot on their different relaxation processes, i.e.  radiative relaxation rate, nonradiative relaxation rate and number 

of trap states.  A stochastic model of carrier relaxation dynamics in semiconductor QDs has been proposed to 

correlate with the experimental results. Again, we highlight the influence of size, shape and composition of QD 

on the kinetics of energy transfer. Interesting findings reveal that QD-based energy transfer process offers an 

exciting opportunity for future applications. We have examined the electron transfer process from QDs to GO 

as a function of the number of sites of QD and the mean fractional surface coverage of QD by GO sheet with 

changing the size of QD and concentration of GO which is an important issue to manipulate the performance of 

devices.
6
 Finally, we will discuss dye/porphyrin doped semiconducting polymer nanoparticles for various 

applications.
7
 Steady state and time-resolved fluorescence spectroscopic studies are used to investigate the 

energy transfer between host-guest and the local environments of dye/porphyrin molecules when encapsulated 

within the polymer nanoparticles. Core-shell nanostructures materials are found to be efficient for various 

applications.
8 

Reference 

1. S. Sadhu and A. Patra, J. Phys. Chem. C, 2012, 116, 15167.  

2. T. Sen, and A. Patra, J. Phys. Chem. C 2012, 116, 17307 (Invited Feature Article).  

3. S. Sadhu and A. Patra , J. Phys. Chem. C, 2011, 115, 16867.  

4. A. Kar and A. Patra, Nanoscale 2012, 4, 3608 (Invited Feature Article).  

5. S. Sadhu and A. Patra, ChemPhysChem. 2013, 14, 2641 (Minireview).  

6. S. Kundu, S. Sadhu, R. Bera, B. Pramanik and A. Patra , J. Phys. Chem. C, 2013,117, 23987-23995. 

7. S. Bhattacharyya, and A. Patra, J. Photochem. and Photobiol. C: Photochemistry Reviews  2014, 20, 51–70 ( 

Invited). 

8. A. Kar and A. Patra, J. Mater. Chem. C., 2014, 2, 6706-6722 (Feature article). 

9. S. Bhattacharyya, B. Jana, S. Sain, M. K. Barman, S. K. Pradhan and A. Patra 

Small, 2015 (accepted). 

10. R. Bera, S. Kundu and A. Patra,  ACS Appl. Mater. Interfaces, 2015, 7, 13251−13259. 

11. B. Jana, S.Bhattacharyya, A. Patra, Phys. Chem. Chem. Phys, 2015, 17, 15392—15399 

 

 

 

 

mailto:msap@iacs.res.in
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Invited Talks 
 

NANOSCIENCE USING A NUCLEAR SPECTROSCOPIC PROBE 

P.M.G. Nambissan 

Applied Nuclear Physics Division, Saha Institute of Nuclear Physics, Kolkata 700064, India 

The different facets of nanomaterials offer different challenges towards their investigation. 

Conversely, the use of different experimental investigative probes brings to light unknown aspects of the solids 

at nanoscale due to their very specific method of sensing the properties and changes. A rather unconventional 

experimental method to investigate the nanocrystals is based on a very fundamental process of nature, i.e., the 

annihilation of electrons by their antiparticles, the positrons. Positron annihilation spectroscopy has been mainly 

based on the ability of the positrons to get trapped in vacancy type defects prior to the annihilation. In 

nanocrystallites, positrons would thermally diffuse out to the crystallite boundaries and get eventually 

annihilated from there. The annihilation characteristics are therefore able to provide information on the 

crystallite surfaces and interfaces [1]. Thus a number of investigations have been either already reported or 

under progress to be reported soon. I shall discuss the basic principles of this technique and then present some 

typical examples to illustrate its potential as a very sensitive and useful spectroscopic probe. 

Although a wide variety of nanocrystalline solid systems ranging from metals to perovskites have been studied, 

I shall focus mainly on semiconductor nanocrystalline systems because of their increasing technological 

importance and practical applications. Especially, I shall discuss about the quantum confinement effects that 

deserves special attention while interpreting the results of experiments on semiconductor nanocrystallites of 

extremely low sizes, ~ 1-10 nm. Positron annihilation parameters have been found to be extremely sensitive to 

this phenomenon [2] and the findings could be supported by results from other more popular and conventional 

experimental techniques. 

References: [1] P.M.G. Nambissan in: Nanotechnology : Synthesis and Characterization – Volume 2 (Edited by 

Shishir Sinha, N.K. Navani and J.N. Govil, Studium Press LLC, Houston, U.S.A. 2013); chapter 16, p. 455- 

491. 

[2] Soumitra Kar, Subhajit Biswas, Subhadra Chaudhuri and P.M.G. Nambissan, Phys. Rev. B 72, 075338-1-7 

(2005) 
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Some Recent Novel Developments in Soft Nanotechnology 
Rabibrata Mukherjee 

Instability and Soft Patterning Laboratory 

Department of Chemical Engineering 

IIT Kharagpur, Pin 721302, West Bengal, India 

e-mail: rabibrata@che.iitkgp.ernet.in 

 

Topographically patterned films and surfaces with sub micron and meso scale lateral resolution find wide 

application in host of important and interesting areas. To cater to this segment, various polymer specific 

patterning methods have been developed in last couple of decades, which are simple and easy to execute. These 

methods are broadly classified as “Soft Lithography” (SL). Majority of the SL methods rely on replicating a 

“master” pattern by some mechanisms which include molding and visco plastic deformation, embossing or 

pattern replication by capillary driven flow. In addition, spontaneous instability in ultra thin soft films due to 

amplification of thermally excited capillary waves was also exploited to create meso scale polymer patterns. 

These inherently random patterns can be aligned by imposing lateral confinement in the form of a 

topographically or chemically patterned substrate. In this approach a thin film is initially spin coated on a 

topographically patterned substrate, and subsequently dewetting is engendered by heating the film beyond the 

Tg of the polymer. Thus, the technique becomes rather sluggish as evolution of a long chain high molecular 

weight polymer melt may take up to several hours.  

In contrast we recently discovered that on a topographically patterned substrate variety of ordered and 

disordered structures can form directly during spin coating due to topography mediated rupture. The pattern 

formation takes a few minutes in contrast to several hours in dewetting. We have termed this phenomenon as 

spin dewetting, which involves a complex interplay of evaporation, centripetal force driven spreading and 

spatially varying rates of deposition of polymer due to lateral confinement. Finally, we discuss how we have 

successfully created an array of nearly equal sized droplets of two polymers arranged in an alternating manner 

using sequential spin dewetting.  

 

Key References:  

S. Roy, K. J. Ansari, S. S. K. Jampa, P. Vutuluri and R. Mukherjee, ACS Applied Mater Interfaces 4, 1887, 

2012. 

S. Roy and R. Mukherjee, ACS Applied Mater Interfaces 4, 5375, 2012. 

N. Bhandaru, A. Das, N. Salunke and R. Mukherjee, Nano Letters 14, 7009, 2014. 

N. Bhandaru, P. S. Goohpattader, D. Faruqui, R. Mukherjee and A. Sharma. Langmuir 31, 3203, 2015. 

 

 

 

 

 

 

mailto:rabibrata@che.iitkgp.ernet.in
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Soft Chemical Synthesis of Nickel Oxalate and conversion to NiO, and 

Evaluation of Its Photocatalytic and Antimicrobial Activities 
S.C.Bhattacharya

 

Department of Chemistry 

Jadavpur University, Kolkata 

E-Mail : sbjuchem@yahoo.com 

 

An effective methodology for the controlled room-temperature aqueous synthesis of nickel oxalate (NiOX) 

nanosheets and nanoflakes in the presence of anion rich self-assembled bilayers of catanionic surfactant 

comprising sodium dodecyl sulfate (SDS) and cationic cetyltrimethylammonium bromide (CTAB) was 

developed. Alteration of the CTAB/SDS ratio played an effective role to form nanoflakes and nanosheets of 

NiOX. The synthetic approach was combined with calcination to produce anti-ferromagnetic spherical and 

hexagonal nickel oxide (NiO) nanoparticles (NPs) as the end product. TEM studies illustrated that spherical 

NiO NPs have an average size around 5–10 nm, and that of hexagonal NiO NPs of average width of about 22–

27 nm. Temperature and field dependent magnetic properties of the spherical and hexagonal NiO nanomaterials 

(NMs) were measured using a SQUID magnetometer which revealed canted anti-ferromagnetic and spin glass 

nature, respectively. In addition, we report photocatalytic activity of NiO NMs, investigated on the photo 

degradation of phenol under ambient conditions, and as expected, the NiO having a large surface area showed 

good catalytic efficiency. Antimicrobial properties of NiO NPs were investigated using Gram negative and 

Gram positive bacteria and their bactericidal effects were determined from minimum inhibitory concentrations 

(MIC) and minimum bactericidal concentrations (MBC). Haemolytic activity revealed the nontoxic nature of 

the NPs towards the blood proteins at MBC. TEM images of bacteria cells treated with NiO NPs showed 

irreversible damages to the cell wall leading to cell death. A possible mechanism of the antimicrobial effect of 

NiO NPs has been proposed. 

 

--------------------------------------------------------------------------------------------------------------------------------------- 

Role of dielectric and metal interfaces in Organic Thin Film Transistor 
 

Manabendra Mukherjee 

Saha Institute of Nuclear Physics, 

1/AF Bidhannagar, Kolkata 700064 

In recent years, organic thin-film transistors (OTFTs) have received considerable attention for their possible 

applications in driving elements of matrix-emissive or liquid-crystal flat panel displays, large area sensor arrays 

and radio frequency identification tags. The charge injection into organic semiconductor (OSc) active layer 

takes place at OSc/metal interfaces whereas the charge carrier transport of OTFTs occurs at OSc/dielectric 

interfaces. A thorough understanding and control of the OSc/metal as well as OSc/dielectric interfaces is of 

paramount importance for the realization of efficient devices. Motivated by such interesting issues, we are 

presently investigating the impacts of gate dielectric modifications and organic/metal interfaces in organic thin 

film transistors.  The findings of our study will be relevant for improvement of devices. 
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Characterization of Nanostructured Materials using Transmission 

Electron Microscopy 
Biswarup Satpati  

Saha Institute of Nuclear Physics, 1/AF, Bidhanangar, Kolkata, India 

Email: biswarup.satpati@saha.ac.in 

Current efforts to develop novel nanostructured materials and devices are stimulating the need for 

implementation of suitable experimental probes to determine the structure and chemical composition of solids. 

Transmission electron microscopy is one such important handle to deal with the structure of low-dimensional 

objects. It exploits the very small wavelengths of high-energy electrons to probe solids with a spatial resolution 

of 1 nanometre or better. It allows direct imaging of atomic structures in solids and on surfaces and is thus 

considered to be the “eyes” for imaging the nanoscale world. In this talk, I will focus on TEM studies on 

various classes of materials to address a few intriguing physics issues related to growth of low-dimensional 

systems. These will include understanding the appearance of different anisotropic nanostructures in chemical 

synthesis and a new type of heteroepitaxy of Ag on Ge substrate.  

Application of Zinc oxide nanomaterials in Organic Solar Cell 
Dr. Basudev Pradhan

 

Centre for Energy Engineering, Centre of Excellence (CoE) in Green and Efficient Energy 

Technology (GEET), Central University of Jharkhand, Ranchi, India. 

Email: basudev.pradhan@cuj.ac.in 

Organic solar cells (OSCs) have attracted great deals of research interest over the past decade as a 

viable alternative renewable energy source due to low cost, large area processibity and compatibility with 

flexible substrates. Relatively high power conversion efficiency with long term device stability is a growing 

concern of so far most efficient OSCs in bulk-heterojunction device structure. In most conventional bulk-

hetetrojunction (BHJ) device architecture, active layer consisting of conjugated polymer as donor and fullerene 

derivative as acceptor are sandwiched between typically poly (3,4- ethylenedioxythiophene):poly(styrene 

sulfonate) (PEDOT:PSS)-coated indium tin oxide (ITO) as anode, and low work function metal as cathode. This 

PEDOT:PSS act as an anode buffer player in this device structure. However, the strong acidic and hygroscopic 

nature of PEDOT:PSS, causes the interface instability in the photoactive layer and corrosion of ITO. On the 

other hand, the low work function metal electrode in this device geometry can be easily oxidized by oxygen and 

moisture leading to deterioration in device performance. To overcome this problem, solar cells have been 

developed in inverted device structure, where the charge collection nature is reversed direction. Inverted organic 

solar cells have been fabricated using low temperature annealed Zine oxide (ZnO) film as an electron transport 

layer and molybdenum oxide as hole transport layer. Uniform ZnO films were prepared by spin coating a 

diethylzine (DEZ) precursor solution in air, followed by annealing at 100°C. Organic solar cells prepared on 

these ZnO films with a 1:1 P3HT:PCBM blend as the active layer show a high power conversion efficiency of 

4.03%, which is more than 10% higher than the PCE of solar cells comprising ZnO prepared via a high 

temperature sol-gel route. These low temperature processed DEZ-ZnO layer allows for the preparation of 

inverted layer stacks on flexible plastic ITO substrates. 

mailto:biswarup.satpati@saha.ac.in
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Self-assembled Nano-capsules from Tea Beverage Copolymer: Drug to 

Gene Delivery and Wound Healing Activity 

Denial Mahata
a
, Golok B Nando

a
, Santi M Mandal

b,
* 

a
Rubber Technology Centre, Indian Institute of Technology Kharagpur, Kharagpur 721302, WB, India. 

b
Anti-Infective Research Lab., Department of Microbiology, Vidyasagar University, Midnapore 

721102, WB, India & Central Research Facility, Indian Institute of Technology Kharagpur, 721302, 

India. E-mail: mandalsm@gmail.com.  

Tea is one of the most consumed beverages in which polyphenols are major bioactive molecules, 

epigallocatechin (EGC), epigallocatechin gallate (EGCG), epicatechin (EC), epicatechin gallate (ECG) and 

condensed tannin. Several multi-functional biological and pharmacological properties of green tea have been 

reported. However, the extension of polymeric hydrogel derived from tea polyphenol has not been studied for 

targeted drug, gene delivery and wound dressing purposes.   Herein, we developed porous microcapsule like 

nanostructures from self-assembled polymeric tea beverage. Teamethacrylate-acrylamide copolymer was 

synthesized and self-assembled to hydrogel. The hydrogel shows significant biocompatibility and antioxidant 

activity. The developed material also showed excellent carrier potentiality for gene and drug delivery. Most 

important advantage is that it can be used as ointment where the carrier has itself wound healing activity. 

 

Optoelectronic applications of colloidal quantum dots (QDs) 
Dr. Bhola Nath Pal 

Indian Institute of Technology (BHU), Varanasi-221005, UP 

Abstract 

My presentation will highlight optoelectronic applications of colloidal quantum dots (QDs). Colloidal QDs are 

chemically synthesizing nanocrystal semiconductors which shows tunable band gap with particle size. In 

addition to that QDs shows very high internal quantum yield. These two unique properties make QDs a novel 

material for optoelectronics application. In recent years, many colloidal QD-based optoelectronic devices, and 

device concepts have been proposed and studied. In this presentation, different class of QDs-device will be 

discussed. Special emphasis is placed on new optoelectronic device concepts that incorporate ‘giant shell’ 

QDSs materials. Not only the extensions of traditional devices, such as photo detectors, light-emitting diodes 

(LED) and solar cells, but also new devices concepts like a light emitting transistor, single photon emitter, 

colour sensitive photodetector is possible. My presentation will focus a number of such novel QD-based devices 

and device concepts. 

 

 

 

 

 

mailto:mandalsm@gmail.com
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Photovoltaic Effect with Quantum Dot Absorbers 
Sayan Bhattacharyya 

Department of Chemical Sciences, Indian Institute of Science Education and Research (IISER) 

Kolkata, Mohanpur - 741246, India 

Email: sayanb@iiserkol.ac.in 

 

Semiconductor quantum dots (QDs) as solar harvesters constitute a promising approach towards low-cost 

third-generation photovoltaic devices owing to their band gap tunability, high absorption coefficient, 

solution processability and multiple exciton generation. Although QD solar cells (QDSCs) are expected to 

cross the Shockley-Queisser power conversion limit of ~32%, the device performance have only reached 

moderate power conversion efficiencies (PCE) of 6–8% due to interfacial charge recombination at the 

TiO2/QD-electrolyte interface which drives back the photo-generated electrons into the oxidized 

polysulfide electrolyte. This lecture will discuss few validated strategies with colloidal QDs to improve 

the PCEs. The first strategy is heteroatom doping in QDs to increase the lifetime of excited charge 

carriers and mitigate the deleterious charge recombination at the interface.
 
Maximal substitutional doping 

of Mn
2+

 ions inside CdS QD lattice could boost the PCE by 66.4% as compared to undoped CdS solar 

cells.
1
 Secondly dual sensitization through linker-assisted self-assembly of CdTe/CdS core/shell QDs on 

porous TiO2 and deposition of another CdS quasi-shell could achieve PCE as high as 6.32(9)% (6.41% 

for the champion cell), the highest for any aqueous processed QDSC.
2
 Third, combinations of graphene 

oxide ribbons and CuxS nanostructures with tuned Cu:S stoichiometry in the counter electrode could 

boost the PCE further to 6.81(8)%.
3
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Bio-degradable polymeric nanoparticle for improve drug 

pharmacodynamics 
Dipankar Pramanik 

Department of Chemistry, Haldia Government College, Haldia 

 

Several life saving drugs have been discovered in laboratory but their potential use has been limited due to poor 

aqueous solubility and bio-availability. Several attempts have been made to improve the bio-availability or the 

circulation time in blood for a better clinical efficacy. Development of polymer based nanoparticle and 

encapsulation of hydrophobic drugs in the hydrophobic groove the nanoparticle is one the interesting area of 

research and development. But again a serious question arises due the side effects of polymer itself as it is used 

in large excess. PLGA is a bio-degradable polymer which is made by co-polymerization of lactic acid and 

glycolic acid is already approved by FDA. 
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In recent time, several research groups are actively pursuing the efficacy of herbal drugs against different 

disease model. Curcumin is one of the dietary supplements which are being used mainly in southern Asia as a 

colouring agent of food. Several studies showed that curcumin have significant efficacy against different 

cancers and preclinical results are available for this. But poor bio-availability is the main drawback of curcumin 

for clinical translation.  

We have developed PLGA based nanoparticle where curcumin have been encapsulated inside the polymer. In a 

pilot study in mouse model we have demonstrated that the bio-availability of curcumin is significantly increased 

when PLGA nano-curcumin is injected in mice by tail vein compared to free curcumin injection. This result 

clearly indicates that PLGA nano-curcumin can be used in clinical settings because of the improved bio-

availability of the active drug curcumin and bio-degradable nature of the carried polymer molecule. 

Reference:  

Bisht S, Mizuma M, Feldmann G. et al. Systemic administration of polymeric nanoparticle-encapsulated 

curcumin (NanoCurc) blocks tumor growth and metastases in preclinical models of pancreatic cancer. Mol 

Cancer Ther. 2010; 9: 2255-2264. 

 

Chenna V, Hu C, Pramanik D. et. al. A polymeric nanoparticle encapsulated small-molecule inhibitor of 

Hedgehog signaling (NanoHHI) bypasses secondary mutational resistance to Smoothened antagonists. Mol 

Cancer Ther. 2010, 11: 165-173. 
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Preparation and characterization of ZnO nano structure thin films 

prepared by spray pyrolysis  
G. K. Paul 

Department of Physics, Hooghly Mohsin College, Hooghly – 712101, West Bengal, India 

gkpaul76@yahoo.in 

 

The microstructural, optical and electrical properties of aluminum and indium doped ZnO films prepared by 

spray pyrolysis technique have been reported.  The concentration ratio of [In]/[Zn] or [Al]/[Zn] is 1 at%.  All 

the films are prepared at the same substrate temperature. The film doped using aluminum chloride shows 

textured structure with (002) preferred orientation, but no texturisation is observed if doped with Al using 

aluminum nitrate and also with In using indium nitrate.  The surface morphology and grain size of films are 

slightly different for different dopants.  The conductivity of the films depends on Al-salt used for doping and 

the conductivity is vastly improved on doping with indium and also using aluminum chloride as doping salt. 

The measurements on thermoelectric power with temperature show a hump around 150-200K.  From the optical 

study the band gap value has been estimated as almost the same as pure ZnO i.e. 3.30ev excepting in In-doped 

films where a slight shrinkage of band-gap has been observed.  Thus from all these studies it is evident that in 

films prepared by spray pyrolysis the nature of doping salt influences the grain structure, surface morphology 

and nucleation process which ultimately govern the electrical and optical properties.         

Keywords: band gap; spray pyrolysis; thermoelectric power; ZnO 
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Raman Spectroscopic Study on Diamond-Like Nanocomposite 

(DLN) Thin Films 
Tarun Kumar Barik 

Department of Physics, Achhruram Memorial College, Jhalda, Purulia, India, Pin – 723 202 

 

Recently, much attention has been focused on diamond-like nanocomposite (DLN) thin films, 

compared to diamond-like carbon (DLC) films, which are considered as promising materials for 

electronic, optical, wear protection and biomedical applications as the coating materials because of their 

properties are similar to those of diamond. DLN thin films are deposited on pyrex glass or silicon 

substrates by plasma enhanced chemical vapor deposition (PECVD) technique using gas precursors like 

hexamethyldisilane (HMDS) or hexamethyldisiloxane (HMDSO) or  hexamethyldisilazane (HMDSN). 

The FESEM image of deposited DLN film shows nano-size particles (~ 6-25 nm) within interpenetrating 

amorphous C:H and Si:O matrix, which reduce the compressive stress of the films. The atomic force 

microscope (AFM) image shows, DLN films are very smooth with a very low surface roughness. The 

structure and properties of DLN films also have been studied extensively using Raman spectroscopy. In 

the Raman spectrum of the DLN films, two broad peaks are assigned as ‘D’ peak (disorder graphite band) 

and ‘G’ peak (single crystal graphite band) in the 1000-1800 cm
-1 

region which are the typical 

characteristics of amorphous carbon films. Raman spectroscopic study shows that the DLN films should 

have higher concentrations of sp
3
 carbon than the conventional DLC films. Also, due to increase of 

nitrogen content into the films for the use of different gas precursors, the intensity ratio of ‘D’ and ‘G’ 

peaks (ID/IG ) increases and  as a result hardness and elastic modulus decreases. The hardness of the films 

was verified by Nanoindentation test. To summarize, Raman scattering appears to be a successful 

technique for the characterization of DLN films. Raman scattering measurements clearly reveal the 

presence of sp
3
-bonded carbon network within the DLN amorphous structure. 

 

Key Words: DLN films, PECVD, Raman Spectroscopy 
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STUDY OF D.C. CONDUCTIVITY OF UREASE DOPED 

POLYPYRROLE MATERIAL 
MUNISH PANDEY*, RICHA BADLANI^ 

*Department of physics, K.M.Agrawal college, Kalyan. 

^ Department of physics R.K.T. college, UNR 

 ABSTRACT 

In situ polymerization of pyrrole was carried out in the presence of urease  to synthesize polypyrrole–urease 

composites by chemical oxidation method . The PPy/ urease have been synthesized with various compositions 

(10, 15,20, 25 and 30 wt%) of urease in pyrrole  in aquas medium at room temperature. The polypyrrole– urease 

composites were characterized by infrared spectroscopy (IR). The d.c. conductivity was studied in the 
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temperature range from 40–100°C. The dimensions of urease in the matrix have a greater influence on the 

observed conductivity values.  

Key word: urease, pyrrole. 

Keywords. Polypyrrole ;  urease; composites; conductivity. 

Contact mail id: drmunishpandey@yahoo.com 
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Recognition of fluoride anion at low ppm level inside living cell and 

from fluorosis affected tooth and saliva samples with Schiff base 

chemosensors: from molecule to handy device for mankind 
        Priyabrata Banerjee 

Surface Engineering & Tribology Group, CSIR-Central Mechanical Engineering Research Institute, 

Mahatma Gandhi Avenue, Durgapur-713209, WB, India. E-mail: pr_banerjee@cmeri.res.in and 

priyabrata_banerjee@yahoo.co.in 

Schiff base chemosensors are widely accepted for their wide spread application, low cost making, tunable 

scaffold and easy synthesis process. Several Schiff base molecules are prepared for selective sensing of 

fluoride (F
-
). Major emphasis has been given in detection of F

-
 from aqueous specimen like saliva and finally 

fabrication of a prototype for easy diagnosis of dental fluorosis.  

Molecules with suitable modifications in their backbone have been prepared. Our target is to detect F
-
 from 

human saliva by colorimetric way using suitable chemosensor, where interference from other anions are very 

less and detection of F
-
 is  highly selective. F

-
 recognition at ppm level from mouth rinses and toothpaste 

water solution has been successful. From health related concern of rural Indians it is highly necessary to 

detect F
-
 from fluorosis affected tooth as well as saliva samples for quick and easy diagnosis of dental 

fluorosis in rural and remote part of India as several states of India are suffering from fluorosis. To the best of 

our knowledge, in Supramolecular Chemistry detection of F
-
 from fluorosis affected tooth and saliva samples 

by colorimetric technique in presence of such chemosensors are scarce in the literature. Reversible UV-Vis 

mailto:drmunishpandey@yahoo.com
mailto:pr_banerjee@cmeri.res.in
mailto:priyabrata_banerjee@yahoo.co.in
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response for receptors with F
-
can mimic multiple logic gate function. 

Development of Test kit for F- detection from DMSO:water (1:1) mixture is also engineered. Intracellular F
-
 

from pollen grains of Techoma stans and Candida albicans (a diploid fungus), grown in 10
-6

(M) F
-
 

contaminated water has been successfully detected under fluorescence microscope also. 
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Targeted synthesis of transition metal complexes with phenol based 

chelating agent 
Dr. Debdas Mandal 

Department of Chemistry, 

Sidho- Kanho- Birsha University, Purulia, W.B. 723104 

E mail : deb_mandal@yahoo.co.in 

 

‘Metal ions in biology’ is an open frontier for contemporary research in co-ordination chemistry. Under the 

constraints of protein microenvironments, metal ions display interesting chemical reactivity due to their unusual 

stereochemistry and often to their less common oxidation state(s).    

Metal ion-phenoxo linkage (provided by the amino acid tyrosine) in many enzymes is believed to have 

enormous influence on the reactivity of these enzyme active sites. In recent time the study of metal- coordinated 

phenoxyl radicals has received much attention in due to their biological relevance. The presence of tyrosyl 

residue is well established in various metalloenzyme, including  Purple acid Phosphatase (PAPs), cytochrome c 

oxidase, glyoxal oxidase
 
and galactose oxidase.   

In addition to their bioinorganic perspective, many of these multinuclear metal complexes are also of 

considerable current interest because of their interesting magnetic behavior. Bridging capability of phenolate 
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donor site has been exploited judiciously to synthesize multinuclear metal complexes with aesthetically pleasing 

structural frame works.  

The study of the exchange interactions between the paramagnetic metal centers through multi atom bridges has 

been one of the most active area of contemporary coordination chemistry research with the aim of finding 

appropriate systems applicable as building units for the design of new interesting magnetic materials. 
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Teaching is proper if attitude is proper 
Nitin Chattopadhyay 

Department of Chemistry, Jadavpur University 

Kolkata- 700032. 

E-mail: nitin.chattopadhyay@yahoo.com 

What is the purpose of education? To acquire some information on certain subjects/topics, get degrees and 

certificates for getting jobs? Not really. The basic purpose of education is to develop and enhance the power of 

logical thinking. This is possible when a student loves the subject and gets involved into the method of 

education. Unfortunately, however, in these days the actual picture is perhaps not so clean.   

From personal experiences most of us have realized that many of the students taking entry in the Chemistry 

Honors course do not take chemistry as a subject of their choice. They opt for Chemistry either because it is the 

subject of choice of their parents/guardians taking into considerations many social and materialistic aspects like 

getting a job etc. The same realization was recorded in the December 2009 issue of the Journal of Chemical 

Education. In the Editorial message “Especially for HS Teachers” of the issue (J. Chem. Edu. 86 (2009) 1357) 

Professors L. E. Slocum and E. K. Jacobsen expressed their views in this connection. They have specially 

referred to another article of Professors W. C. McCarthy and B. B. Widanski published in the same issue (Pgs. 

1447-1449) in the same context. In the latter article the authors have reported on “Chemistry Anxiety”.  

I would like to share the issue before my esteemed colleagues and my junior friends many of whom are the 

prospective teachers in the coming years. In the course of the deliberation an attempt will be made to raise some 

well known aspects of “Chemistry Teaching” or “Science Teaching” in general. I will also try to make an 

endeavor to discuss on what should be our role to combat with “Chemistry Anxiety”. I will try to emphasize on 

the fact that Chemistry is not a subject “JUST TO MEMORIZE”, and there is much to enjoy with Chemistry – 

which is not the feeling of a Higher Secondary pass-out with Chemistry as a subject.    

mailto:nitin.chattopadhyay@yahoo.com
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Contributed Papers 

 

Confinement Induced Ordering and Miniaturization in Dewetting of 

Thin Polymer Bilayers on Topographically Patterned Substrates 

with Complex Geometry 
Nandini Bhandaru*, Anuja Das, and Rabibrata Mukherjee 

Department of Chemical Engineering 

Indian Institute of Technology Kharagpur, West Bengal, Pin 721302, India 

nandini.bhandaru@gmail.com 

Abstract 

Dewetting of a thin polymer film on physically heterogeneous substrates is known to result in numerous 

ordered meso scale structures. This work reports the dewetting of a thin bilayer of Polystyrene (PS) and 

Poly(methylmethacrylate) (PMMA) on a topographically patterned non wettable substrate comprising 

array of pillars, arranged in a square lattice. With increase in the concentration of PMMA solution (Cn–

PMMA), the morphology of the bottom layer changes as: 1) aligned array of spin dewetted droplets arranged 

along substrate grooves at very low Cn–PMMA; 2) threads surrounding each pillar at intermediate Cn–PMMA; 

and 3) continuous bottom layer at higher Cn–PMMA. The morphology of the PS top layer depends largely on 

the nature of the pre-existing bottom layer, in addition to Cn–PS. When both Cn–PMMA and Cn–PS are very 

low, an ordered array of PMMA core – PS shell droplets forms right after spin coating. The bilayers with 

other initial configurations evolve during thermal annealing, resulting in variety of ordered structures. We 

observe some unique morphologies such as laterally coexisting structures of the two polymers confined 

within the substrate grooves due to initial rupture of the bottom layer on the substrate followed by a 

squeezing flow of the top layer, an array of core-shell and single polymer droplets arranged in an 

alternating order etc. Our experiments reveal that ordering is achieved over a wide combination of Cn–

PMMA and Cn–PS, though the morphology and dewetting pathway differs significantly with variation in the 

thickness of the individual layers. Apart from ordering, under certain specific conditions significant 

miniaturization and downsizing of dewetted feature periodicity and dimension as compared to dewetting 

of a single layer on a flat substrate is observed.  
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Recovery of Copper from Chalcopyrite Concentrate 
R. Chatterjee 

Department of Applied Sciences, Haldia Institute of Technology 

ICARE Complex, Haldia, Purba Medinipur, West Bengal 721657, India 

E-mail: ritayanchatterjee@gmail.com 

 

An alternative method of copper extraction from chalcopyrite concentrate with a good intermediate 

product like powdery copper-silica composites was studied. A Ghatshila (India) chalcopyrite concentrate 

of average particle size 50 µm, containing primarily the minerals CuFeS2 and SiO2 (Cu 16%, Fe 26%, S 

14%, Si 5%, and O 33%) was reduced by a stream of hydrogen in a horizontal tube furnace at 1173 K, 

1223 K, 1273 K, and 1323 K for varying durations (150 min, maximum) and varying hydrogen flow rates 

(300 ml min
-1

, maximum), producing a mixture of Cu (26%, maximum), SiO2, Fe2O3, Fe3O4, and Cu2O. 

Subsequent acid leaching with 1 M HCl solution of the reduction product removed all iron oxides and 

other impurities too, leaving a Cu (59.8%, maximum)-SiO2 mixture, with a negligibly small percentage of 

Cu2O in it. This result compares well with the predicted final mixture of Cu (59%)-SiO2 based on a mass 

balance on the starting concentrate. Elemental chemical analyses were done by energy-dispersive X-ray 

spectroscopy (EDX). The phase identification and microstructural characterization of Cu-SiO2 mixtures 

were done by X-ray diffraction (XRD), and high-resolution transmission electron microscopy (HRTEM). 

It was found that in the Cu-SiO2 composite, spherical copper grains of nanometer order are embedded on 

silica matrix. Finally pure copper may be produced by melting of the copper in the composite followed by 

decantation or any other separation technique. 

Keywords: Chalcopyrite concentrate; hydrogen reduction; leaching; Cu-SiO2 composite; XRD; TEM. 
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Confinement induced ordering in colloidal self assembly and pattern 

transfer 
Meneka Banik

1
 and Rabibrata Mukherjee

1
 

1
Instability and soft patterning laboratory, Department of Chemical Engineering, Indian Institute 

of Technology Kharagpur, Kharagpur – 721302, India 

Corresponding author: meneka.303@gmail.com 

 

Keywords: assembly of colloidal particles, lithography, spin coating 

Self organization of colloidal particles has many applications, particularly in fabrication of solar cells 

with advanced light management strategies. Colloidal crystals with hexagonal closed pack ordering can 

be obtained by simple spin coating in presence of trace amount of surfactant. By spin coating on a 

topographically patterned substrate we can also obtain ordered colloidal structures with non HCP 

ordering. Under appropriate condition the particles accumulate within the substrate grooves to align 
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themselves along the geometry of the substrate. It is however not possible to obtain a non-HCP ordering 

on a flat substrate without any chemical or topographic patterning, which increases the number of 

processing steps. We have developed a method by which we can overcome this problem by fabricating 

the array on a patterned or flat flexible substrate and subsequently transfer the array on to another 

substrate. The flexible nature of the master makes it possible to transfer the array on to non planar 

substrates. Use of a patterned flexible template allows particles to be arranged with non-HCP orering, 

which when transferred to a flat surface manifests the formation of non-HCP ordering on a flat surface.   

The transfer mechanism is based on the fabrication of the particle array on a PMMA surface. This PMMA 

layer was patterned by employing the method of soft lithography. The colloidal particles align in the 

grooves of the PMMA pattern, and an ordered non-HCP arrangement was obtained. As the PMMA layer 

gets degraded by UV exposure, the colloidal particles detach from the template and adhere to the bottom 

substrate. Detailed schematic of the proposed mechanism is shown in Fig. 1(A) . Apart from fabricating 

the PMMA layer on a rigid UV transparent substrate, we can also use a flexible Sylgard 184 substrate. By 

use of a flexible substrate, the colloidal particles can be transferred onto non-planar surfaces as well. Thus 

our proposed method allows the colloidal structures to be transported across substrates irrespective of 

their surface energy, wettability or morphology. 

Therefore, we can conclude from this work that non hexagonal close packed array of particles can be 

obtained on a topographically or chemically patterned substrate by direct coating technique. However, 

ordered non HCP patterns are difficult to fabricate on non-planar surfaces, and substrates with arbitrary 

geometry and textures. In order to overcome this limitation, a novel technique was developed, where the 

ordered array was fabricated on a patterned PMMA film, and was subsequently transferred to other 

substrates. Since the particle array is transferred onto a substrate, without exposing it to any kind of 

chemical or thermal environment, it can be utilized for placing particles on top of thin film solar cells for 

improving their absorption efficiency. 

The authors want to acknowledge Department of Science and Technology, Government of India in 

carrying out this work. 

 

 
 

Fig.1. (a) Mechanism of transfer of colloidal particles, (b) AFM image of a transferred array on flat 

glass. 
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Morphology and phase transition of liquid crystal spin dewetted 

droplets on different surface energy substrates 
Palash Dhara

1*
, Rabibrata Mukherjee

2 

Instability and Soft Patterning Laboratory, Department of Chemical Engineering, 

IIT Kharagpur, Kharagpur, India 
*
Email: p.dhara09@gmail.com 

Dewetting is the phenomena where thin films rupture due to destabilizing attractive Van-der Waal’s 

interaction and form isolated random droplets [1]. The spin dewetting is the unique process where the 

isolated, random, mesoscale, equal size droplets form during the spin coating itself with very low 

concentration of casting polymer [2]. In this present work, morphological orientation and phase transition 

of spin dewetted mesoscale 4-n-pentyl-4’-cyanobiphenyl (5cb) liquid crystal (LC) droplets (nematic) 

upon thermal annealing on different surface energy substrates were studied.Dilute solution of 5cb in 

toluene was spin coated on different substrate to change the morphological orientation of the spin 

dewetted LC droplets. Figure 1(a) and (b) show the spin dewetted isolated nematic 5cb droplets on flat 

and patterned substrates respectively. Phase transition (nametic droplets to isotropic droplets) took placed 

at 33.4°C. Morphological orientation and phase transition of LC droplets were studied under bright-field 

optical and polarize microscope. 

                                   

 
                     

   Figure1.   5cb Spin dewetted droplets on (a) flat and (b) patterned substrate. 

References: 

[1].Reiter,G.,PRL, 1992, 68, 75 

[2]. Bhandaru, N., Das, A., Salunke, N., and Mukherjee, R., Nano Lett., 2014, 14(12), 7009 

 

 

 

 

 



  

   Proceedings of National Seminar on Nanoscience and Nanotechnology: NSNN-2015 

 

21                                                                                                           ISBN: 978-93-5254-967-2  

  
 

Effect of Viscoelasticity on Self Organized Buckles in a Thin Metal 

Polymer Bilayer 
Anuja Das, Aditya Banerji, Rabibrata Mukherjee* 

Instability and Soft Patterning Laboratory, Department of Chemical Engineering, Indian Institute 

of Technology Kharagpur, Kharagpur, West Bengal 721302, India, 

anujadas22@gmail.com, rabibrata@che.iitkgp.ernet.in 

*Corresponding Author 

Abstract 

With this work we report a novel strategy to generate surface wrinkles having dimensions in sub-micron 

to micron length-scale formed due to spontaneous buckling of an ultra-thin metal film thermally deposited 

on a polymer substrate with varying viscoelasticity. In a metal-polymer bilayer, after thermal deposition 

of thin metal film, an in-plane compressive stress is generated at the interface due to mismatch of the co-

efficients of thermal expansion of the two layers during subsequent cooling. On exceeding a critical value 

formation of out-of-plane sinusoidal buckles takes place to relieve the accumulated stress. The 

morphology of buckles, i.e. the wavelength and amplitude depends strongly on the mechanical property 

of the polymer layer. Previous works on spontaneous buckling involve fully cross-linked elastomeric base 

with negligible viscous properties. In this paper, we for the first time explore the dependence of the 

buckle morphology on the extent of viscous characteristics in the viscoelastic polymer. Buckle dimension 

ranging from sub-micron to micron scale could be achieved by varying the viscoelasticity of the polymer 

layer. Viscoelasticity of polymer, which is polydimethysiloxane(PDMS) in our case, could be varied by 

tailoring the duration of thermal pre-curing. Results show that buckles formed have higher wavelength 

and amplitude in case of PDMS with higher degree of viscosity. The results could be well explained by 

the fact that during stress generation at the time of cooling, presence of viscous characteristics in the 

underlying polymer leads to partial loss of compressive stress due to viscous dissipation. Hence, the 

effective stress responsible for buckling is lesser than the case when metal is coated on fully cured PDMS 

under same conditions. The relative magnitude of the stress loss depends on the viscoelasticity of the 

PDMS layer vis-a-vis the degree of pre-curing. This facile approach serves as an alternative technique to 

fabricate multi-length scale structures which has tremendous potential in several applications including 

enhancement of light extraction properties of optical devices and fabrication of super-hydrophobic 

surfaces among others.  

 
Figure 1: 2D AFM images of the buckles with progressively increasing duration of pre-curing of PDMS (A) 0 min, (B) 

2 min,  (C) 5 min, (D) 7 min, (E) 9 min, (F) 11 min, (G) 13 min 
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Electric-field induced surface instability in elastomeric polymer film 
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Electric-field induced self-organized structure formation in thin liquid films is already known to 

be a powerful potential method for meso-patterning of polymer. Electric field induced meso-patterning 

can also be achieved directly in soft solid elastic films, but the underlying physics that governs the 

structure length scale and morphology is quite distinct from that of a purely viscous, liquid film. Under an 

external electric field, a soft elastic film spontaneously undergoes surface instability when it is 

sandwiched between two electrodes, typically ITO glass. While the spontaneous as well as an external 

field mediated instability in a liquid film is long range, the same becomes shorter range in an elastomeric 

film due to the presence of cross-linked polymer chains. It can be shown that for elastic films only beyond 

a critical applied voltage the instability gets manifested. We determine the critical voltages for Sylgard 

184 films having a constant film thickness of ~ 5μm but varying levels of visco-elasticity (storage 

modulus, G” varying from 10
2
 Pa to 10

6
 Pa for a cross-linker concentration of 2 to 10 %). The 

morphological evolution of the film beyond the critical voltage where the competition between 

destabilizing electrostatic energy and stabilizing elastic strain energy guides the pattern formation has 

been studied. With higher elasticity, higher critical voltage is required to induce the instability. There are 

three distinct morphologies:  two-dimensional hexagonally arranged pillars, large-amplitude fingers and 

cavities which are studied comprehensively under an optical microscope. The morphologies are only 

existent under external electric field and after switching off the power, the film becomes totally flat within 

2-5 minutes. Here inorganic colloidal particles act as the spacer is generally dust particles and the distance 

between the film and the contactor (bare ITO) is approximately 10 μm. The patterns can be frozen at any 

level by exposing to UV-Ozone treatment. This phenomenon can lead to a robust method for meso-

patterning of soft solid elastic films which includes the strategies for the control of pattern morphology 

and its order. 
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Recognition of ppm level fluoride inside living cell and from 

fluorosis affected tooth-saliva specimens: fabrication of daily use 
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A simple Schiff base chemosensor 2-((2-(2,4-dinitro phenyl)hydrazono)methyl)-4-nitrophenol (L) has 

been developed as a colorimetric and fluorimetric ‘turn on’ sensor for fluoride (F
-
). F

- 
recognition at ppm 

level from mouth rinser and toothpaste water solution has been successful. From health related concern of 

rural Indians it is highly necessary to detect F
-
 from fluorosis affected tooth as well as saliva samples for 

quick and easy diagnosis of dental fluorosis in rural and remote part of India as twenty states of India are 

suffering from fluorosis. Dental specimen of different category patients from different parts of rural 

places of district Burdwan of West Bengal, India were collected and thereafter examined. To the best of 

our knowledge, in the history of Supramolecular Chemistry this is possibly the first ever evidence of 
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detection of F
-
 from fluorosis affected tooth and saliva samples by colorimetric way (yellow to intense 

reddish brown) in presence of a newly developed Schiff base chemosensor (L).  

Development of Test kit for F
- 
detection from

 
DMSO:water (1:1) mixture is also engineered. Intracellular 

F
-
 from pollen grains of Techoma stans and Candida albicans (a diploid fungus), grown in 10

-6
(M) F

-
 

contaminated water has been successfully detected under fluorescence microscope. 

 

[Ref: (1) P. Ghosh, B. G. Roy, S. K. Mukhopadhyay and P. Banerjee, RSC Adv. 2015, 5, 27387. 

(2) P. Ghosh, B. G. Roy, S. Jana, S. K. Mukhopadhyay and P. Banerjee, Phys. Chem. Chem. Phys., 2015, 

17, 20288. (3) A. R. Chowdhury, P. Ghosh, S. K. Saha, P. Mitra and P. Banerjee, Spectrochim. Acta. Part 

A, 2014, 124, 492.  

(4) I-S. Ke, M. Myahkostupov, F. N. Castellano and F. P. Gabbaï, J. Am. Chem. Soc., 2012, 134, 15309]    
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Potential corrosion inhibition effect of three Schiff base molecules 

on the mild steel surface in 1 M HCl: A combined experimental and 

theoretical approach 
Sourav Kr. Saha and Priyabrata Banerjee* 

Surface Engineering & Tribology Division, CSIR-CMERI, Durgapur-09, West Bengal. Email: 

pr_banerjee@cmeri.res.in 

In last few decades, it was observed, a large numbers of metals (mild steel, aluminum, copper etc.) are 

utilized in different purposes in industry. Thus, metals have gained a considerable attention due to their 

high societal impact. Generally these metals are highly durable in nature although there are instances of 

their breakdown due to uncontrolled corrosion. Worldwide, all industries have to face corrosion related 

problems. In the power sector corrosion is one of the most serious problems generated by the usage of 

untreated water. Oil and gas industry also carry various high impurity products which are inherently 

corrosive in nature. In general in most of the chemical industries corrosion occurs in the inner wall of the 

carrying containers likely; reaction vessels, pipes, storage tanks etc., during the transportation of solutions 

which are in general acidic in nature. In this occasion it is noteworthy that we have synthesized a series of 

economic and very easy to make Schiff bases namely 2-(2-hydroxybenzylideneamino)phenol (L
1
), 2-(5-

chloro-2-hydroxybenzylideneamino)phenol (L
2
), 2-(2-hydroxy-5-nitrobenzylideneamino)phenol (L

3
) and 

have tested their corrosion inhibition on mild steel in 1 M HCl. Electrochemical Impedance Spectroscopy 

(EIS) and Potentiodynamic Polarization revels that these three inhibitors are capable enough to protect 

mild steel corrosion in the acidic environment and their inhibition efficiency increases in the order of L
3 
> 

L
2 
> L

1
. Scanning electron microscopy (SEM) studies of the metal surfaces confirmed the existence of an 

adsorbed film. Furthermore, to know the inhibition mechanism and to cross check their corrosion 

inhibition efficiency Density Functional Theory (DFT) and Molecular Dynamics (MD) Simulation were 

carried out.  
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     A simple and dual responsive efficient new Schiff base 

chemoreceptor    for selective sensing of F
-
 and Hg

2+
: application to 

bioimaging in      living cells and mimicking of molecular logic gates 

   Additi Roy Chowdhury, Pritam Ghosh, and Priyabrata Banerjee* 

         CSIR-CMERI, Surface Engineering & Tribology Division, Durgapur-713209 

                                                   pr_banerjee@cmeri.res.in                                                    

A  novel colorimetric hydrazine-functionalized Schiff  base chemoreceptor, NPMP, was  synthesized 

following a simple one-step Schiff base condensation pathway. NPMP showed selective colorimetric 

change from faint  yellow to yellowish orange in the presence of biologically ubiquitous fluoride (F
-
). 

It also showed a ‘turn off’ fluorescent response in the presence of F
-
 that could effectively distinguish 

It from all anions tested except acetate. Acetate (OAc
-
) caused a weak response, while other anions like 

chloride, bromide, iodide, phosphate, hydrogen sulfate and nitrate did not have any observable effect on 

the NPMP receptor (E)-4-nitro-2-((2-(perfluorophenyl)hydrazono)methyl)phenol. Recognition of F
-
 in 

the presence of NPMP can be explained in light of multiple H-bonding interactions, as well as acid–base 

interactions between host receptor and guest F
-
. Interestingly, NPMP also showed enormous potential as 

a staining agent in determining the presence of low levels of intracellular fluoride. Moreover, it was found 

that in NPMP/F
-
 solutions, incorporation of  Hg

2+
 showed observable optical changes, revealing that this 
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compound is a smart material. Optical responses of NPMP can mimic a molecular logic gate (INHIBIT 

gate). This can be interpreted as a combination of an AND gate with a NOT function. It also represented a 

potential ‘Write–Read–Erase–Read’ memory function reflecting multi-writing ability. 
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Enhanced Thermal Expansion in Interlocked Microstructure 

Containing Mica Glass-ceramic: Advances for SOFC Sealing 

Application 
Mrinmoy Garai*, Basudeb Karmakar 

Glass Science and Technology Section,CSIR-Central Glass and Ceramic Research Institute, 

Kolkata-700032, *E-mail: mrinmoygarai@yahoo.in 

 

In understanding the SOFC sealing applicability of aluminosilicate glasses, the crystallization concert and 

microstructural evolution of (9-Χ)K2O-1Li2O-12MgO-10B2O3-16Al2O3-12F2-ΧPbO/BaO/ZnO (X = 0 or 

5 wt.%) glasses were studied by means of a non-isothermal differential scanning calorimetry (DSC), 

dilatometry, X-ray diffraction (XRD) and electron microscopy. The transparent glasses were synthesized 

by single-step melt-quench technique at 1500°C (2 h). The density of base glass (2.59 g.cm
–3

) increased 

to 2.61-2.63 g.cm
–3 

on addition of PbO, BaO and ZnO content, which were involved in increasing the 

glass transition temperature (Tg) and decreasing the dilatometric softening point (Td). For base glass, the 

thermal expansion value wass evaluated as 7.11 and 7.55 ×10
-6

/K at 50-300 and 50-500°C, respectively; 

and found to be decreased on addition of 5 wt.% PbO, BaO and ZnO. According to the non-isothermal 

DSC thermograph, the highest exothermic peak appeared at the temperature range 800-900°C is ascribed 
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to the crystalline phase fluorophlogopite. And the temperature for this fluorophlogopite crystallization 

(Tc) largely decreased in attendance of ZnO content. Opaque mica glass-ceramics were prepared from the 

studied glasses by controlled heat-treatment at 1000°C; and the predominant crystalline phase was 

identified as fluorophlogopite, KMg3(AlSi3O10)F2. FESEM study revealed that the plate like mica flake 

crystals randomly dispersed throughout the glass-ceramic matrix restructured to be nanocrystalline mica 

(crystal size = 30-50 nm) on addition of 5 wt% PbO. 5 wt.% ZnO content was adequate for adjusting the 

microstructure to be interlocked, where willemite (Zn2SiO4) was the additional crystalline phase. Higher 

thermal expansion (10.91-13.38 x10
-6

/K, at 50-800) compatible with SOFC component (YSZ electrolyte, 

crofer 22 APU interconnect); was observed in presence of BaO and ZnO content. Due to the combining 

effect of interlocked microstructure and large thermal expansion value, ZnO containing glass-ceramic 

shown microcrack resistivity in thermal recycling operation up to 10 thermal cycles. Thus, ZnO is one of 

the efficient additive for SiO2-MgO-Al2O3-B2O3-K2O-Li2O-AlPO4-F system to generate interlocked mica 

glass-ceramic having enhanced thermal expansion value for SOFC sealing application. 
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Fabrication of multifunctional BiFeO3/TiO2 nano-heterostructure 

and study of its photo-ferroelectricity and photovoltaic property 
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Multifunctional BiFeO3 nanostructure anchored TiO2 nanotubes are fabricated by coupling wet chemical 

and electrochemical routes. BiFeO3/TiO2 nano-heterostructure exhibits significant white-light-induced 

ferroelectricity at room temperature. Studies reveal that the photogenerated electrons trapped at the 

domain/grain boundaries tunes the ferroelectric polarization in BiFeO3 nanostructures. The photon 

controlled saturation and remanance polarization opens up the new possibility of ferroelectric memory 

devices based on BiFeO3. The nano-heterostructure also exhibits substantial photovoltaic effect. The 

photovoltaic property is found to be correlated with the ferroelectric polarization. Therefore, BiFeO3/TiO2 

nano-heterostructure coupled with logic, photovoltaics and memory characteristics holds a lot of promise 

for long-term technological applications in nanoelectronics devices. 
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Nanobiotechnology: A Potential Aid to the Application of Biocement 
Sayali Daptardar. 

Dept. of Microbiology, B. N. Bandodkar College, University of Mumbai 

Email ID: Sayali.daptardar@gmail.com 

Abstract: Nanotechnology has emerged as a boon for the various fields of science; and health sciences is 

no exception to it. In fact, nanomedicines give a new ray of hope to the scientists to combat various 

deadly diseases by targeting them with completely newer approaches. Nanotechnology thus proves to be 

an important interdisciplinary link. The hydrolysis of urea by the widely distributed enzyme, Urease, is 

one of the biologically occurring reactions that can generate carbonate ions. When this hydrolysis occurs 

in a calcium rich environment, calcite precipitates from a solution forming a solid crystalline material. 

This precipitate helps in binding of substances and thus it is also called as Biocement. Microbial Induced 

Calcite Precipitation (MICP) is being used extensively these days in various fields ranging from removal 

of heavy metals to remediation of building materials. Sulfate reducers, microalgae and Bacillus pasteurii 

like bacteria have been exploited for the same. There is still much to be explored in order to bring this 

environmentally safe, cost effective and convenient technology from lab to field scales. However, the 

field of health sciences is not much touched for the application of Biocement. This article briefly reviews 

the potential applications of Biocement in health care industry such as for treatment of hairline cracks and 

dental fillings, to encourage further research in the same.  

Keywords—Biocement, Healthcare applications, MICP, Nanomedicine, Nanotechnology 

I. INTRODUCTION 

Microorganisms have always proved to be helpful to mankind in various ways. In fact it will not be 

wrong if one thinks that nature has all the solutions to the problems that mankind is facing currently; for 

which major help is obtained by the exploitation of microorganisms.  

Biomineralization is a process by which 

living organisms produce minerals. These 

could be silicates in algae and diatoms, 

carbonates in invertebrates and calcium, 

phosphates and carbonates in vertebrates. 

The synthesis of minerals by prokaryotes is 

broadly classified into two classes: 

Biologically controlled mineralization 

(BCM) and Biologically induced 

mineralization (BIM). [Dhami 2013] The 

property of calcite precipitation of 

microorganisms has been exploited for its applications in various fields like Biotechnology, 

Geotechnology, Paleobiology to Civil engineering. Various examples of such microbial calcite 

precipitation can be sited in environment like that shown in the following images.  

 

 

Anthills: www.ykantiques.com Limestone: 

www.okinawa-information.com Corals: 

www.animals.nationalgeographic.com 
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II. Microbiologically Induced Calcite Precipitation 

Microbiologically induced calcium carbonate 

precipitation (MICP) is a biogeochemical process that 

induces calcium carbonate precipitation within the 

soil matrix. Calcium carbonate can be precipitated in 

three polymorphic forms, which in the order of their 

usual stabilities are calcite, aragonite and vaterite.  

 

A. Variety of Organisms 

The main groups of microorganisms that can induce 

the carbonate precipitation are photosynthetic 

microorganisms such as Cyanobacteria and 

Microalgae; Sulfate-reducing bacteria and some species 

of microorganisms involved in nitrogen cycle. [Varalakshmi 2014] 

III. Mechanisms of Calcite Precipitation 

Two different pathways Autotrophic and Heterotrophic, through which calcium carbonate is precipitated 

have been identified. Bacterial species precipitate carbonates in alkaline environments rich in Ca
2+

 ions 

and various mechanisms which could induce precipitation by bacteria in natural habitats have been 

proposed [Ehrlich,1996; Rivadeneyra,2004]. The precipitation of carbonates via urea hydrolysis by 

ureolytic bacteria is the most straightforward and most easily controlled mechanism of MICCP with 

potential to produce high amounts of carbonates in short period of time. Possible biochemical reactions in 

urea-CaCl2 medium to precipitate CaCO3 at the cell surface can be summarized as follows. [Dhami 

2013] 

Ca
2+

 + Cell
 −

→ Cell
−
 Ca

2+
 

Cl
−
+HCO3

−
 + NH3

−
→ NH4Cl + CO2

−3
 

Cell
−
 Ca

2+
 + CO2

−3
 → Cell

−
CaCO3 

IV. Applications in various fields  

MICP serves as potential solution to seal fractures and high permeability leaking zones. The storage of 

CO2 is enhanced by MICP by increasing the dissolved CO2 (as carbonate or bicarbonate) in the 

subsurface formation water or the precipitation of dissolved CO2 in carbonate minerals. [Mitchell 2010] 

Application of MICP technique has been recently reported to produce a material that can be used as filler 

in rubber and plastics, fluorescent particles in stationery ink, and a fluorescent marker. [Yoshida et al., 

2010] Recently, the techniques which aims at changing soil properties on demand by stimulating natural 

(bio) chemical processes in situ has been found and called as biogrouting  i.e., in situ soil strengthening 

technique, involving microbial induced carbonate precipitation. [Van Meurs, 2006; Whiffin, 2007; Ivanov 

and Chu, 2008] In case of sealing the cracks in concrete structures, biomineralized CaCO3 has proved its 

efficacy in many reports. [Gollapudi, 1995; Stocks-Fischer et al, 1999] MICP has also been studied for its 

efficacy in reducing the permeation properties and thereby leading to enhancing the durability of stone 

Polymorphs of CaCO3 (http://www.ruhr-uni-

bochum.de/ sediment/forschung.html) 
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specimens by various researchers. [Le Metayer Levrel, 1999; Rodriguez-Navarro et al, 2003; Dick et al, 

2006] Fly ash (FA) generated during the combustion of coal for energy production is one of the industrial 

byproduct that is recognized as an environmental pollutant. Rice husk ash (RHA) obtained from burning 

of rice husk is another major agricultural byproduct and available in all parts of the world except 

Antarctica [FAO, 2002]. Both these materials can be used successfully in construction materials such as 

bricks and blocks without any degradation in the quality of products [Nasly and Yassin, 2009] but 

problems associated with ash bricks are low strength, higher water adsorption, low resistance to abrasion, 

low fire resistance and high porosity. [Kumar and Palit, 1994]. Dhami et al. have studied the application 

of bacterial calcite on these ash bricks (FA and RHA) and found it to be very effective in reducing 

permeability and decreasing water absorption leading to enhanced durability of ash bricks. 

A. Potential application in Health Sciences 

Bone is a composite material with an organic phase (collagen and non-collagenous proteins) and an 

inorganic mineral phase (calcium hydroxyapatite). Among the different materials used in bone tissue 

engineering and bone grafts, ceramics have been used extensively due to their osteoconductivity. 

Bacterial Cellulose can be a good matrix for obtaining different types of calcium carbonate crystals with 

improved biocompatibility. Stoica-Guzun et al. have used calcium chloride (CaCl2) and sodium carbonate 

(Na2CO3) as starting reactants to promote calcium carbonate deposition on bacterial cellulose membranes. 

It has been proven that nanofibers can mimic collagen nanofibers for Ca-P minerals deposition via 

biomineralization. The resultant Ca-P minerals are platelet-like calcium-deficient hydroxyapatite (Hap), 

similar to the hydroxyapatite found in natural bone. [Torres, 2012] 

Calcium oxide is widely replacing calcium hydroxide for dental fillings. Its greater hardness makes it 

preferable over calcium hydroxide. This hardness is achieved when calcium hydroxide reacts with carbon 

dioxide and precipitates calcium carbonate. [International Academy of Oral Medicine & Toxicology] 

Microbially induced Calcite precipitation may serve a good purpose for both bones and tooth fillings.  

V. Use of Carbon Nanotubes 

The carbon nanotubes (CNT) are known as the stiffest and strongest materials in the world. They were 

discovered in the early 1990s and researchers started to focus on these new materials because of their 

notable physical and mechanical properties. They have remarkable mechanical properties such as high 

stiffness, strength, exceptional resilience, 

low-density, fiber-like structure with 

high aspect ratio (length/diameter), as 

well as high electrical and thermal 

properties. These carbon nanotubes 

mixed as additive in the Biocaulk can 

play a significant role to give increased 

strength. [Annamalai et al, 2013] as 

shown in the Figure. 
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VI. Conclusion 

The field of biomineralization includes a multidisciplinary research involving experts from various fields. 

One of the disadvantages of microbial cementation method in comparison with chemical methods is that 

the microbial process is usually slower. This method is more complex than the chemical one as the 

microbial activity depends on many environmental factors including temperature, pH, concentrations of 

donors and acceptors of electrons, concentrations and diffusion rates of nutrients and metabolites etc. Due 

to this complexity, its usage at large-scale has not been so encouraging. However with the advances in 

nanotechnology and its encouraged use for medical applications, there is a scope to have wide 

applications of MICP in various fields. This environment friendly cement has already been tested for its 

geotechnological applications and has proved to be of superior quality when mixed with nanotubes. Thus, 

its applications in various other fields can also be encouraged for research. Successful implementation of 

MICP at large scale would require researchers from various fields to work together for commercial scale 

applications. 
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 Tunneling of electrons through the Fibonacci series multiple quantum wells (FMQWs) has been 

studied theoretically within unified transfer matrix approach .The characterisation of light-emitting one-

dimensional photonic quasicrystals based on excitonic resonances is reported. The structures consist of 

GaAs/AlGaAs multiple quantum wells satisfying a Fibonacci sequence. The resulting band structure 

causes photons to become confined within the wells, where they occupy discrete quantized states. We 

have obtained an expression for the transmission coefficient of the Fibonacci series MQW nanostructures 

using analytical Transfer matrix method (ATMM) and found the resonance state within the photonic 

wells. These resonant states occur due to split pairs and coupling between degenerate states. The active 

photonic quasicrystals are good light emitters. The lack of periodicity in the Fibonacci series MQW 

results in strong emission. The resonant state describe here can be used to develop new types of 

opticaldevices, photonic- switching devices, detectors and optoelectronic devices.  

Keywords— Multiple Quantum wells, Photonic Devices, Transfer Matrix method, Quantum 
Tunneling,Resonanttunneling, Nanophotonics. 
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INTRODUCTION: The semiconductor heterostructures are gaining much importance in recent times due 

to the potential use of their unique properties in applications ranging from optoelectronics to high speed 

devices [1-2],[15].Photonic quasicrystals have attracted a great deal of attention due to their ability to 

localize and control the flow of light within their structures [3],[7].Photonic crystal heterostructures have 

provided a promising means for turning raw photonic crystals into functional devices. The Fibonacci 

sequence is a fundamental and a well-known example of a 1D quasiperiodic structure exhibiting aperiodic 

long range order[8-9].Periodic crystals are formed by a periodic repetition of a single building block, the 

so-called unit cell exhibiting a long range translational and orientational symmetry. Most of the 

quasicrystalline structures can be described by using aperiodic order where two or more different unit 

cells are used in the building block of the structure [4-6].                                          

Leonardo Bonacci (1170-1250) known as Fibonacci was an Italian mathematician, considered to be the 

most talented western mathematician of middle age. He has been immortalized in the famous sequence – 

0, 1, 1, 2, 3, 5, 8, 13 …rather than for what is considered his far greater mathematical achievement. He 

did not know about quasicrystals or the impact that quasicrystals would one day have a new form of 

matter. Quasicrystals are aperiodic but it exhibit long range order which underlying construction 

principal. Man made photonic quasicrystals are available in recent years with inter atomic spacing 

comparable to the wave length of light.  

Fibonacci sequence is the most well-known example of 1D aperiodic structure; along with Thue-Morse 

structures and the Cantor structure [5]. So we choose to study Fibonacci series MQW structure, as very few 

studies have been done till now. Another interesting property of Fibonacci structures is their direct 

connection with the 2D and 3D quasicrystals, the Penrose lattices. The Fibonacci numbers can be obtained 

from the recurrence relation  Fn = Fn-1 + Fn-2  which is also true for n < 1. Here F0 = 0 ,  F1=1, F2=1 and so on. 

The nth element in the Fibonacci series as an analytic function of n and s obtained from the relation  

                                          (1) 

The one dimensional Fibonacci lattice, being one of the most studied quasicrystals, is determined by the 

substitution rule: L→LS, S→L where L (large) and S (small) are two elements. 

 The parameters of this structure are given by τ = (√5+1)/2 ≈ 1.618, which is known as golden mean. 

Δ=Sp- Lp and d=Sp+ (Lp-Sp)/τ, where d is the mean period of the lattice structure. When Lp = Sp the 

structure becomes periodic and when Lp/Sp= τ(golden mean),it becomes the  Fibonacci chain multiple 

quantum wells structures.  

Here we developed a model  under most generalized assumptions and is based on Analytical Transfer 

Matrix Method (ATMM), which has been applied to any arbitrary potential well and barrier sequence 

successfully [10-11]. This is a most general mathematical model that helps in computing the energy Eigen 

values inside asymmetric and aperiodic MQW structures and predicts the carrier distribution for each of 

the energy states in terms of the eigen function. This model also helps in studying the extent of carrier 

tunneling through the quantum barrier and also Fibonacci chain MQWS.It has been shown that the 

phenomenon of resonant photonic tunneling can occur for a MQW with sufficiently thin photonic 

barriers. In the transmission spectrum of a MQW, resonant states appear as sharp peaks approaching unity 

[6-7]. Here, we studied resonant photonic states in photonic multiple quantum well (MQW) 

heterostructures in Fibonacci series consisting of two different photonic crystals. Using the transfer 

matrix method [11], we have obtained an expression for the transmission coefficient and hence tunneling 

probabilities of the MQWs Fibonacci chain heterostructures. In our simulations, we vary the thicknesses 

of the photonic barriers in order to study their effect on the carrier tunneling and resonant states of the 

system.  
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II. THEORY 

Here we consider the most generalized aperiodic MQW structures where the well and barrier widths are 

all unequal as shown in Fig.1. The well and barrier materials are also different with different barrier 

heights and effective electron masses. The barrier widths are narrow enough so that the adjacent wells are 

coupled through the intervening barrier. We have considered the general quantum structure as shown in 

Fig. 1 where the widths of the  three barriers are 2d, 2b and 2f (d≠ b≠ f.) and  two wells having widths 2a 

and 2c (a ≠ c).  

                                        

  Fig.1 Array of aperiodic and Asymmetric MQWS                              Fig.2: Array of Fibonacci series 

MQWS.                                                                                                                  

We solved the Schrödinger equation for the Quantum well and barrier region obtained by putting the 

appropriate values of the potential energy V, which may differ from region to region. The solutions take 

the following form as given by Equations (2) to (6). 

ΨB1(x) = AB1 exp (ikB1x) + BB1 exp (-ikB1x)     (2)  for - (b-2c-2d)  <x< -(b+2c)inside the first barrier                                       

ΨW1(x)=AW1exp(ikw1x)+BW1 exp(-ikW1x)        (3)        for-(b+2c)<x<-b inside the first well                                

ΨB2(x) = AB2 exp (ikB2x) + BB2 exp (-ikB2x)     (4)  for -b <x<+b inside the second barrier.                            

ΨW2(x) = AW2 exp (ikw2x) +BW2exp (-ikW2x)   (5)       for   b<x< b+2a inside the second well                                                                                                                             

ΨB3x) = AB3 exp (ikB3x)           for  
 
(b+2a) < x < (b+2a+2f) 

 ΨB3 (x) = AB3 exp (ikB3x)                                 (6)        for  
 
(b+2a) < x<(b+2a+2f) inside the third barrier                                                                                                                               

Now we applied boundary conditions and we got the transfer matrix for the coefficients of the wave 

function at the leftmost slab to those of the right most slabs is given below: 

 

                                                                   (7)              

Where j = 1, 2, 3.. etc. Using equations (2-6), we obtained the coefficients of the wave function at the 

leftmost slab to those of the right most slabs. 

 

   (8) 
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Where MJ is the j
th
 transfer matrix corresponding to the j

th
 junction written as: 

           (9)         

Doing this for all the slices X1……….XN, we obtained the complete transfer matrix M that connects 

the wave function on the left side of the potential with the one on the right side, 

U1   =MUN+1 where  M=T
1
T

2
 … T

N 
                     (10)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

The transmission coefficient derived by TMM method for the most general case simplified to some 

extent and becomes: 

τ= [4kBkW/ (mwmB)]
4
/[T1+2T2+2T3+2T4]   (11)         

                                                                                                                                                                                                      

The expression for the transmission coefficient simplifies and becomes: 

τ = 16(kB
 
kW)

2
/ [( mB mW)

2
{(kB

 
/ mB) +(kW

 
/mW)}

4
{(kW/mW)(kB/mB)}

4
2{(kW/mW)

2
(kB/mB)

2
}

2
cos(4ckB)}]    

                                                     (12)                                                                                                                                                                                                                                                                                                                                                      

The Eigen value energy equation becomes 

(mW kB) /(mBkW) = tan (ckB) /tan (ckW)    (13)        

where c is the well width. The coupling energies and tunneling probabilities in Fibonacci series 

multiple quantum wells are obtained from the above equations (12) and (13).The resonant tunneling 

across the Fibonacci multiple quantum wells (FMQW) system reached when τ =1. Here we have found 

the resonant tunneling energies in the FMQWs system from the τ vs E curve by a computer program 

using the search technique.  Resonant tunneling across the MQWs system occurs for both the regions 

E < V0 and E > V0.  

III. RESULTS AND DISCUSSION 

In this section we present our results obtained numerically by using MATLAB programming for the 

transmission coefficient across Fibonacci chain multiple quantum wells containing asymmetric and 

aperiodic heterostructures. The materials chosen are AlGaAs/GaAs. The values of the parameters chosen 

are: Electron effective mass of m (AlxGa1-xAs) = (0.063+0.083x) and the energy band gap is given 

Eg(AlxGa1-xAs )= (1.9+0.125x+0.143x2).The mole fraction x= 0.47. The band gaps for AlGaAs and GaAs 

are respectively (AlGaAs) = 1.99eV and Eg (GaAs) = 1.42eV. The conduction band difference is ΔEc 

=67% x=Eg(AlGaAs)–Eg (GaAs) = 0.38 eV. The electron effective mass of GaAs is m*(GaAs) =   

0.067mo; and that for AlGaAs is m*(AlGaAs) = 0.106mo. Here we consider the wells are in Fibonacci 

series and barriers lengths are in same. The wells with are taken as 5nm, 5nm, 10nm, 15nm, 25nm….etc. 

)(b)M(a)M(bM=M
+jBnjwIjBnj 1
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Variation of transmission coefficient of electrons (τ=T) with normalized energy E/Vo for 

GaAs/AlGaAs/GaAs FMQWs for barriers with LB= 5 nm for FIB10A (Fig.3), LB=10nm for FIB10B 

(Fig.4) and LB=15nm for FIB10C (Fig.5).and LB=20nm for FIB10D Fig.6. 

Here we changed the barriers length of same Fibonacci structure FIB10 and found structures FIB10A, 

FIB10B, FIB10C and FIB10D for barriers lengths 5nm, 10nm, 15nm and 20nm respectively and the 

variation of transmission coefficient of electrons with normalized Eigen energies as shown above figures 

(Fig3 –Fig.6).Here we observed that when E/Vo<1, the transmission coefficient T increases from 0 to1 in 

a non-linear fashion. Beyond the normalized energy (Enor = E/Vo) >1, there is resonance; i.e., there are 

quantized energy values where transmission reaches peak values sharply. When the barrier width 

decreases the peaks get more separated in energy and the normalized energy values vary continuously. If 

the widths of wells are reduced to the order of nanometers then the energy values inside the quantum 

wells will be quantized. This effect will be reflected in the nature of variation of the transmission 

coefficients and will have a crucial effect on carrier tunneling in FMQWs [12-14]. 

IV.  CONCLUSIONS 

The resonant energy states are obtained on the basis of the resonance condition TN =1. During the 

resonance tunneling, the electron energy resonates at the bound states of the single quantum well [6],[8-

9]. Here we see that the transmission coefficient exhibits a series of resonant peaks and valleys. The first 

series of resonant peaks are attributed to the resonant transmission tunneling through the fundamental 

quasibound state in the quantum well, while the second series is due to the tunneling through the first 

excited state. The width of the allowed band reduces significantly with increase in barrier width. Increase 

in barrier width causes decrease in the overlap interaction among the states of adjacent wells resulting in 

the decrease of band width. The energy-splitting phenomenon described here is in agreement with 

reported experimental results involving 1-D photonic crystals [8-10]. Our simulations have also shown 

that the total number of transmitted resonant states can be controlled by modifying the width of the 

photonic barriers in these nanostructures. Due to the enhanced light-matter coupling, the values of 
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transmission coefficient in the FMQWs for higher generation orders are significantly stronger than those 

in the PQWs under the Bragg or anti Bragg conditions.The resonant state describes here in proposed 

device might be useful  

for developing new types of photonic-switching devices, optical filters, detectors and other optoelectronic 

devices. Fibonacci series MQWs could form the basis of future quantum computers. 
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Nanotechnology is the scientific and engineering appreciation that are characteristically manufactured at 

the Nano scale (1nm =10
-9

m) and hence unique properties because of the small size of the fundamental 

building blocks. The objective of the study is to enhance properties of wood composite products like 

plywood etc. after reinforcement of Nano additive in the synthetic resin adhesive. Adding additives such 

as extenders or fillers into adhesive is a common practice in the manufacture of plywood. The purposes of 

adding filler or extender to an adhesive include increasing the initial viscosity, shortening the assembly 

time, preventing excessive penetration of adhesive into the wood, adding strength and reducing cost etc. 

However, conventional additives are not compatible with plywood adhesive resin due to non-uniform and 

dimensional size. Use of such enhanced Nano additive-PF resins in the production of composite wood 

products yields corresponding improvements in the structural properties . The phenolic resin that is used 

for manufacturing of plywood and other wood based panels are reinforced with various Nano additives at 

different concentration level. The rheological, bonding and mechanical properties of the plywood has 

been studied after reinforcement of Nano TiO2, Nano silica and Nano clay at different concentration 

level. The plywood panel has been tested as per IS: 1734 -2003 for mechanical properties and rheological 

and adhesive has been tested as per IS 848; 2006. Test data revels that enhancement of rheological, 

bonding and mechanical properties have been achieved after reinforcement of synthetic resin with 

adopting It has been observed that Nano technology. Nanomaterial-reinforced adhesives are superior to 

adhesives reinforced with conventional larger-dimensioned filler or extender for manufacture of 

composite wood products. 

Key words: -Nanotechnology, Nano additives, Nano TiO2, Nano silica and Nano clay, rheological, 

bonding and mechanical properties, Nanomaterial-reinforced adhesives. composite wood products. 
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In this work, we have tried to bring forth a main thrust area of the application of nanotechnology in 

solving human medical problems: DNA Nanotechnology. At nanoscale (1-100 nm), technology can be 

used for physiological treatment at a cellular level. Nadrian Seeman of New York University pioneered 

DNA nanotechnology when he successfully conceived bending strands of DNA into geometric shapes 

back in the 1980s. Today researchers have learnt to construct 2-D and 3-D shapes. There are no expensive 

and painstaking fabrications as DNA are self-fabricating and new age software can indicate which form 

the DNA is taking. Nanotechnology can be used to cure cancer by detecting cancer cells even before they 

are detectable by conventional means and in a less painful manner. In the near future nanotechnology can 

be used in normal people also to provide screening against cancer cells, to increase our abilities to super-

human level, to prevent and slow down aging, to cure heart diseases, provide structural support, etc. US 

defense agency DARPA is creating a nanoplatform to help diagnose soldiers with diseases and for easier 

methods of treatment and protection. Hence from our studies, we conclude that the future of medicines is 

closely tied to the success of nanotechnology. For nanotechnology to succeed, we need organized studies 

and research and we also need to redirect our talented power towards research work in Nanoscience and 

Nanotechnology.  
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Abstract 

Partial hydrolysis of the milk protein alpha lactalbumin by a protease form Bacillus lichiniformis results 

in building blocks, which self-assemble into nanometer sized tubular structure at appropriate conditions. 

These nanotubes are highly stable and for this stability factor application of alpha lactalbumin nanotubes 

is an important issue. There is potential application of these nanostructures in food, pharmaceuticals and 

also in non-food areas. Moreover it has significant nutritional properties. The stability of these nanotubes 

can be controlled and this controllable stability widens the scope of application. Transparent gel 

formation, nano-object synthesis are some application of alpha lactalbumin nanotubes. 

Key-words:- 

Alpha lactalbumin, partial hydrolysis, nanotubes, stability 
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Application of nanotechnology as Biomedical therapeutic molecules is an emerging area that promises 

progress of diagnosis and treatment of human diseases. Engineered nanoparticles enhanced both target 

selectivity and function.  This study demonstrates synthesis and modification of silver nanoparticles for 

development of model therapeutic molecules for selected genetic disorders. The ability to integrate 

therapeutic molecules (peptides, enzymes) or genes into a functionalized nanoparticle exhibits a new hope 

in gene therapy. Silver and zinc oxide nanoparticles are synthesised and partially characterized using UV-

Visible spectrophotometry, Transmission Electron Microscopy (TEM) and Scanning Electron 

Microscopy. Therapeutic enzymes isolated from soil bacteria are integrated with these nanoparticles 

either immobilized on the surface or loaded inside. The modified nanoparticles were tested for their 

therapeutic efficacy against target molecules. The in-vitro assays demonstrated positive results in 

inhibiting target molecules.  The antimicrobial activity of the nanoparticles was also profound. Hemolytic 

assay proves the biocompatibility of synthesised nanoparticles. Further experiments needed to validate 

our results. Our future goal is to develop biocompatible nanoparticles for curing genetic disorders by 

reducing the incompatibility of the faulty genes by therapeutic enzymes.  
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Cancer is a leading cause of death worldwide. Among many advances in treatment of 

cancerchemotherapy is still the best process to treat cancer. Although several new chemotherapy drugs 

are market available but the first line chemotherapeutic platinum drug is still used many cancer as first 

line of treatment. Cisplatin was discovered first and hence is being used against many cancers but severe 

nephrotoxicity limits its use. In second line oxaliplatin and carboplatin came into market but their efficacy 

is compromised compared to cisplatin although they have low side effects. The major chemistry behind 

the efficacy versus toxicity is controlled by released of the active platinum substrate after aquation in 

blood. Several strategies including nanoparticle synthesis have been reported to explore the control 

release of active platinum compound which can show chemotherapeutic effect. But all have its own 

limitation in different part. 
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In this field a polymer based platinum nanoparticle namely AP5346 have been reported which have no 

such adverse side effect and showed goof efficacy data. Later on this molecule has entered into clinical 

trials by name of Prolindac. DACH-Pt alkylates macromolecules and causes both inter- and intra-strand 

platinum-DNA crosslinks, which impede DNA replication and transcription, resulting in cell-cycle 

independent cytotoxicity. The HPMA-based drug delivery system increases the concentration and 

prolongs the half-life of DACH-Pt in tumor sites, while minimizing adverse effects on normal tissues. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Structure of Prolindac 

Ref: Advanced Drug Delivery Reviews 61 (2009) 1214–1219; Eur. J. Cancer 35 (1999) 994–1002; J. 

Drug Target. 10 (2002) 549–556;  Eur. J. Cancer 40 (2004) 291–297; Ind. Pharm. 29 (2003) 981–995; 

Pharm. Sci. Technol. 57 (2003) 198–207;  Anticancer Drugs 13 (2002) 915–924; Anal. Bioanal. Chem. 

373 (2002) 233–236;  Clin. Cancer Res. 10 (2004) 3386–3395; Clin. Cancer Res. 12 (2006) 2248–2254; 

Bioconjug. Chem. 17 (2006)1270–1279; Cancer Chemother. Pharmacol. 60 (2007) 523–533. 

 

 

Study of γ -Cyclodextrin Host-Guest Nanotube Aggregate using 

Fluorescence Correlation Spectroscopy 
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ABSTRACT 

Fluorescence correlation spectroscopy (FCS) has been used to study the formation of large nanotube 

aggregates involving γ-cyclodextrin ( γ-CD) and coumarin 153 (C153). It is observed that the length of a 

γ -CD:C153 nanotube aggregate is ∼770 nm. This is ∼ 480 times larger than the length of a 1:1 γ-

CD:C480 complex ( ∼1.6 nm) and ∼950 times that of a γ-CD. This implies that 950 γ-CD units are non-

covalently attached in the γ-CD:C153 aggregate. The burst integrated fluorescence lifetime (BIFL) 

histogram reveals presence of three distinct lifetime 1.8 ns (18%), 2.8 ns (69%), 3.2 ns (13%). These three 

lifetimes correspond to C153 present in bulk water and at the end and middle of the γ-CD:C153 nanotube 

aggregate, respectively. The lifetime of C480 in the 1:1 γ-CD:C480 complex is found to be 3.7 ns. 
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Abstract: 

In the 20th century, the vivid emergence of antibiotics and vaccines took place through top research and 

development priority for the effective treatment of infections towards an array of microbial disease. On 

the other hand, microbes have increasingly raised resistance and more virulent strains have outpaced the 

development of new antibiotics in recent days. Alternative approaches thus acquired importance for 

efficient management of microbial infections. Nanomedicine is efficiently becoming foremost motivating 

approach regarding sound changes in the antimicrobial field. We have introspected the recent 

advancement in nanomedicine for successful management of microbial infection as well as perception on 

the opportunities and challenges in antimicrobial nanomedicine. 

Keywords: Nanomedicine; Microbial infection; Diagnosis; Therapy; Management 
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Aishwarya Mukherjee, Reetaja Sinha, Oisorjo Chakraborty, Shreya, Suvroma Gupta* 

Department of Biotechnology, Haldia Institute of Technology, Haldia, Purba Medinipur 

 

The word “Nano” is developed from the Greek word meaning “dwarf” expressing a dimension of 

10
-9

. Nanotechnology is defined as “ability to work at the atomic, molecular and even at submolecular 

levels in order to create and use material structures, devices and systems with new properties and 

functions”. Nano materials are bestowed with unique properties like extra ordinary strength, chemical 

reactivity, high electrical conductivity and antimicrobial property. It can improve the quality of life 

through its applications in various fields like agriculture and pest control system. Keeping in mind, the 

ever growing demand for food in the near future, with limiting natural resources such as land, water, soil 

fertility along with the hike in price of chemical fertilisers and pesticides, thrust has been imposed on 

nanotech research for the development of agriculture. ZnO nanoparticles with excellent stability or long 

shelf life exhibits toxicity against wide range of microorganisms especially against the fungal Aspergillus 

species that otherwise is resistant to the commonly used conventional fungicides such as benzimidazoles 

and dicarboximides. Bioremediation of resistant pesticides has been conducted with nano-particles to 

prevent their entry to food chain offering environmental safety. In this regard, nanopesticides in various 

form namely nano-capsules, nano-gels, nano-spheres and micelle consisting of organic polymer or 

inorganic metal oxides have been used to serve the purpose.Design of pheromone releasing fibres for 

plant safety has been conducted to trap insects and disrupt mating patterns. Classes of organic pesticides 

(consisting of organic molecules) include organo-chlorine, organophosphate, organo-metallic, 

pyrethroids, and carbamates. 
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Hollow micro/nanostructures have attracted much attention for their special structures, and 

physical and chemical properties, which can potentially be applied in various fields including 

catalysis, delivery vehicles, photonic materials, optics, sensors, adsorbents etc. Up to date, many kinds of 

hollow spheres have been developed including organic, inorganic and their hybrid materials, like metal 

oxide, carbon, silica and silicate. Among them, magnetic hollow spheres, like those made from Fe3O4, 

have become a particularly important object of research, and have attracted a growing interest because of 

their hollow cavity and special magnetic properties. In this work we have reported the synthesis of Fe3O4 

hollow spheres by hydrothermal technique. We have also investigated its bilirubin adsorption capacity. 
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The phenomenon of inducing magnetic polarization or magnetization by applying an external electric 

field and vice versa due to the coupling of the two ferroic orders is termed Magnetoelectric (ME) effect. 

This property of inducing one ferroic order by changing another ferroic order gives it a huge potential for 

multiple applications. ME materials find applications as smart materials in actuators, sensors, magnetic 

probes, phase inverters, rectifiers, modulators, transducers in solid state microelectronics and microwave 

devices. It is extremely difficult for two ferroic orders to co-exist in a single state. The best 

magnetoelectric effect is realized in composite materials where one material is magnetostrictive and 

another material is piezoelectric. Such a type of ME composite material is CoFe2O4:BaTiO3 where 

CoFe2O4 is highly magnetostrictive and BaTiO3 is highly piezoelectric. We have prepared core-shell 

nanoparticles of CoFe2O4:BaTiO3 since core shell structure enhances the coupling than in simple 

composite. We have also proposed a model for its biological applications 
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Abstract 

Although most applications of ferrites as ceramic materials require high densities to achieve the desired 

properties, there are many applications for which lower densities and high surface area are preferred. 

Spinel-type oxides with a general formula of AB2O4 are important mixed oxides in gas sensors, and have 

been investigated for the detection of both oxidizing and reducing gases. Herein we report the synthesis of 

cube shaped NiFe2O4 nanoparticles of size ~60 nm. NiFe2O4 nanoparticles were prepared by the 

solvothermal technique using water and ethylene glycol in the ratio of 2:7. The gas sensing properties of 

the particles were measured in the presence of LPG, Ethanol, Methane and Carbon Monoxide gas with the 

variation of temperature. It was observed that the maximum sensitivity was obtained at 200
0
C and LPG 

gas showed the maximum sensitivity compared to other gases. 
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Nanotechnology is increasingly considered to be the technology of the future. Breakthroughs in 

nanotechnology promise to revolutionize drug manufacturing, drug delivery, and medical diagnostics. 

Nanoparticles hold tremendous potential as an effective drug delivery system.The emphases of this 

review are on biophysical attributes of the drug delivery and imaging platforms as well as the biological 

aspects that enable targeting of these platforms to injured and diseased tissues and cells. Recently Nano 

systems with different compositions and biological properties have been extensively investigated for drug 

and gene delivery applications. To make the drug delivery system prominent and efficient enough it is 

important to understand the interactions of nanomaterials with the biological environment, targeting cell-

surface receptors, drug release, multiple drug administration under consideration. It is proved that uptake 

of nanostructures has been reported to be 15–250 times greater than that of microparticles in the 1–10 µm 

range. Anti-cancer drugs as paclitaxel, doxorubicin, 5-fluorouracil and dexamethasone, loperamide and 
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doxorubicin bound to nanomaterials are efficiently working. Quantum dots, chitosan, Polylactic/glycolic 

acid (PLGA) and PLGA-based nanoparticles have also been used for in-vitro RNAi delivery. 

Nanomaterials are also successful for curing Neuro and colon diseases, retinal problems, HIV, Malaria 

etc. Self-assembling nano-scale vesicles can provide the stable, long-lasting encapsulation key to targeted 

drug delivery. Herein, we focus on the application of nanotechnology to drug delivery and highlight 

several areas of opportunity where current and emerging nanotechnologies could enable entirely novel 

classes of therapeutics. 

 

Keywords— Nanotechnology; Drug Delivery; Nanostructures; Targeted delivery 

 

 

A Femtosecond Study of Excited State Proton Transfer of HPTS in 

DMSO-water mixture 
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In this paper we have studied the excited state proton transfer (ESPT) of HPTS (8-

hydroxypyranine-1, 3, 6-trisulfonate) in DMSO (Dimethyl sulfoxide)-water binary mixture with varying 

concentration of DMSO in water. The ESPT was investigated using both picoseconds and femtosecond 

time resolved spectroscopy. The steady state study indicates that as the concentration of DMSO is 

increased in water the proton transfer process becomes very slower. Time resolved studies also indicate 

similar nature of retardation of ESPT process with increasing DMSO concentration. The time constant of 

initial proton transfer in 10% DMSO-water mixture is found to be ~72 ps which increase to ~150 ps in 

50% DMSO-water mixture. This retardation of ESPT process is attributed to the gradual decrease in 

proton acceptor in DMSO-water mixture with increasing DMSO concentration. It may be noted that in 

neat DMSO the proton transfer process of HPTS is extremely slower than in bulk water. This may be due 

the fact that the oxygen atom in DMSO has very less partial negative charge than the oxygen atom in 

water. Thus oxygen atom in DMSO is a weak proton acceptor for hydrogen bond formation. As result the 

interaction between the HPTS and DMSO in very small compared to water. This is also observed in the 

experimental data. 
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Abstract: Effect of Salt on the Excited State Proton Transfer (ESPT) process of 8-hydroxypyrene-1,3,6-

trisulfonate (HPTS) in the 30% DMSO-water binary mixture has been investigated using femtosecond up-

conversion set up. Mark retardation in the ESPT process has been observed with gradual addition of NaCl 

(1M-3M) in 30% DMSO-water mixture solution. It has been observed that the time constant of initial 

proton transfer becomes ~3.2 times slower in presence of 3M NaCl than in the absence at 30% DMSO-

water mixture. This is ascribed due to the strong attraction of water molecules by Na
+
 and Cl

-
, so that 

enough number of water molecules may not be available for stabilization of the ejected proton. 

Keywords—ESPT, Effect of NaCl, Femtosecond study, water-DMSO mixture. 

INTRODUCTION 

Proton transfer, in both ground and excited states, is a fundamental process in chemistry and 

biology [1]. In ESPT, the whole process has to occur within the excited state lifetime of the photoacid. 

Thus, dynamics plays a very important role in ESPT. Proton transfer is controlled by the availability of 

the proton acceptor, solvation of the proton, dissociation of the geminate ion pair, and diffusion of the ion 

pair [2]. 

The presence of salts can play an important role on rates and equilibrium of chemical processes. 

There is a long standing interest to study the effect of salts on proton transfer processes [3]. The 

individual kinetic steps of proton transfer become more complex on addition of salts. At low 

concentration, salts only modify the long range potential, by screening the Coulomb interaction between 

H
+
 and RO

-*
[3]. At high concentration, the ions of the salts strongly bind the water molecules. This causes 

a decrease in the number of free water molecules available for solvation of the ejected proton (H
+
) and the 

de-protonated species (RO
-
) [3d]. 

Huppert and co-workers used ultrafast time-resolved emission spectroscopy to study ESPT of HPTS 

molecule to water in the presence of inert salts, NaCl and MgCl2 [3b]. They observed that at lower 

concentration of MgCl2 (<0.5 M) the rate constants of proton transfer and geminate recombination are 

almost independent of salt concentrations. However, the rate of proton diffusion decreases with increase 

in salt concentration. 

Bakker and co-workers studied the effect of bromide salts on the aqueous proton transfer between 

HPTS and the base, acetate [4]. They observed that rate constant of both proton transfer and geminate 

recombination decreases with increase in salt concentration. They proposed that the slowing down of rate 

mailto:atanu.phy85@gmail.com
mailto:shirsendughosh@gmail.com
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of proton transfer mainly results from the disruption of the hydrogen-bond network of water due to the 

electric field of the cation and the ions of added salt. This shields the conjugate photo-base (RO
-
) from the 

proton (H
+
). As a result the rate of geminate recombination decreases. 

Dimethyl sulfoxide (DMSO) is an organosulfer colourless liquid that dissolves both polar and non-

polar solvent and is miscible with water. Many groups have studied DMSO in different field due its 

unusual behaviour [5].  Mohammed et al. have used femtosecond mid-infrared spectroscopy to follow the 

dynamics of IR-active vibrational band patterns of the photoacid pyranine (HPTS) in liquid solutions [6]. 

Their results demonstrate that in the aprotic solvent dimethyl sulfoxide an electronic state is reached, 

supposed to be of local excitation (LE) character according to theoretical considerations, without further 

dynamical changes of the fingerprint vibrations. 

In this paper we have studied the effect of salt (NaCl) on excited state proton transfer (ESPT) of 

HPTS in DMSO-water mixture using femtosecond time resolved spectroscopy. To investigate this effect 

we have used 30% DMSO-water mixture because at this volume ratio of DMSO maximum amount of salt 

(~3M) can be soluble to the system [7]. 

Experimental 

Pyranine (8-hydroxypyrene-1,3,6-trisulfonate, HPTS, Scheme 1A) was purchased from Fluka and 

used without further purification. Dimethyl sulfoxide (Scheme 1B) was purchased from sigma Aldrich 

and used as received. 

The steady state absorption and emission spectra were recorded in a Shimadzu UV-2401 

spectrophotometer and a Spex FluoroMax-3 spectrofluorimeter, respectively. Our femtosecond up-

conversion setup (FOG 100, CDP) and femtosecond laser (Tsunami pumped by a 5 W Millennia, Spectra 

Physics) as well as the picosecond TCSPC set up have been described earlier [8].
 
All experiments were 

done at room temperature (293 K) and at ex = 405 nm. 

 

 

 

 

 

 

 

 

In order to estimate the rate constants of proton transfer, we followed a simple kinetic scheme (Scheme 2) 

which was used earlier by several groups [9]. According to this scheme, the excited state proton transfer 

(ESPT) process in a photo-acid (ROH) involves three steps - initial proton transfer (kPT), recombination of 

the geminate ion pair (krec) and dissociation of the geminate ion pair into a solvent separated ion pair 

Scheme 2: Kinetic scheme of proton transfer in 

HPTS 

Scheme 1: Schematic Representation of (A) 8-

Hydroxy-pyranine-1,3,6-trisulfonate (HPTS), (B) 

DMSO 

        (A) HPTS (B) DMSO 
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(1) 

(2) 

(kdiss). The time evolution of the different species is described by the following coupled differential 

equations [9d]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

As discussed earlier, individual rate constants were calculated using the amplitude and the time constants 

of the emission transient of ROH and RO
- 
[9].

  

Results 

A. Steady state studies:  

The steady state emission spectrum is a good indicator of the efficiency of the ESPT process. In 

bulk water, HPTS exhibits an intense emission peak at ~515 nm due to the de-protonated form (RO
-
) and 

a weak emission peak at 430 nm due to the protonated (ROH) form [10]. 
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Figure 1: Normalized emission spectra of HPTS in water(Black), 30% DMSO-water(red), 30% 

DMSO-water+ 1M NaCl (green), 30% DMSO-water+ 2M NaCl (Blue), 30% DMSO-water+ 3M 

NaCl (Magenta) 
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Figure 1 shows the emission spectra of the HPTS in 30% DMSO-water mixture in the different NaCl 

concentration. In 30% DMSO-water mixture, the intensity of emission of the de-protonated form of 

HPTS (RO
-
, λem = 520 nm) is about ~11.5 times larger than that from the protonated form (ROH at λem = 

430 nm), i.e. IRO
-
/IROH is 11.5 (Table 1). However in bulk water this ration is ~25 [10]. This indicates the 

kinetics of proton transfer is slower in 30% DMSO-water mixture due to presence of DMSO. As the 

concentration of NaCl is increased in 30% DMSO-water mixture from 1M to 3M the IRO
-
/IROH ratio 

becomes 10.9 to 5.26, respectively (Table 1). This indicates that the gradual increase in the concentration 

of NaCl markedly reduces the proton transfer processes. 

Table 1: Ratio of de-protonated and protonated peaks (IRO
-
/IROH) of HPTS in different system 

System IRO
-
/IROH 

Water 26 

30% DMSO-water 11.5 

30% DMSO-water +1M NaCl 10.9 

30% DMSO-water +1M NaCl 8.5 

30% DMSO-water +1M NaCl 5.26 

 

Table 2: Picosecond Decay Parameters of the ROH Emission (at 430 nm) and the RO
-
 emission (at 

530 nm) of HPTS in different concentration of NaCl in 30% DMSO-water mixture. 
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Figure 2: Picoseconds transients of both ROH (em=430 nm, (A)) and RO
-
 (em=530 nm, 

(B)) emission of HPTS in 30% DMSO-water mixture (black) and in presence of 1 M (red), 

2 M (green) and 3 M (blue) NaCl. 

 

B. Time resolved studies:  

The steady state emission spectra give a qualitative picture of how NaCl affects the rate of ESPT in 

30% DMSO-water mixture. The rate constants of the primary steps of ESPT are obtained from 

picosecond and femtosecond studies. The fluorescence decays of the protonated form (ROH) were 

monitored at 430 nm, while those for the de-protonated form (RO
-
) are recorded at 530 nm. The proton 

transfer process involves both ultrafast (~ 1.5 ps) and slow (~200 ps) time scales. The slow time constants 

are obtained in a picosecond TCSPC setup, and the ultrafast ones are obtained in a femtosecond up-

conversion setup. 

Picosecond Time-resolved Studies: In bulk water, the emission at 530 nm (from the de-protonated form 

RO
- 
of HPTS) exhibits a rise of time constant, 90 ps [10]. In 30% DMSO-water mixture the long rise 

component increases to 400 ps (Table 2). Thus HPTS exhibit slower ESPT compared to that in bulk 

water.  
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Table 3: Femtosecond Decay Parameters of the ROH 

Emission (at 430 nm) and the RO
-
 emission (at 530 nm) 

of HPTS in different concentration of NaCl in 30% 

DMSO-water mixture. 

 

Figure 3: Femtosecond transients of both ROH (em=430 

nm, (A)) and RO
-
 (em=530 nm, (B)) emission of HPTS in 

30% DMSO-water mixture (black) and in presence of 1 

M (red), 2 M (green) and 3 M (blue) NaCl. 

 

Figure 2 shows the fluorescence transients of HPTS at 430 nm (ROH emission) and at 530 nm 

(RO
-
 emission) in the 30 % DMSO-water mixture both in presence and absence of NaCl. On addition of 

1M NaCl to 30% DMSO-water mixture, the de-protonated form of HPTS (RO
-
) exhibits a rise 

component, which is slightly longer (~410 ps) than the 30 % DMSO-water mixture (Table 2, Figure 2B). 

However, in the presence 2 M and 3 M NaCl longer rise time increases to 550 ps and 750 ps respectively. 

Thus presence of NaCl markedly retards the ESPT processes in 30 % DMSO-water mixture.  

Femtosecond Time-resolved Studies: In bulk water, femtosecond decay of ROH emission (at λem= 430 

nm) exhibits a 4- exponential decay with an ultrafast sub picosecond component (0.3 ps), two fast 

components (3 and 90 ps), and a relatively slow (750 ps) component [10]. Figure 3A shows the 

femtosecond transients of HPTS at 430 nm (ROH emission) in the 30 % DMSO-water mixture both in the 

absence and presence of NaCl. As shown in figure 3A and table 3, the decay components are 1.7, 50, 400 

and 1400 ps in 30 % DMSO-water mixture in the absence of salt. On addition of 3 M NaCl, the decay 

components increase to 1.8, 85, 750 and 2790 ps, respectively. 
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Table 3: Time constants of initial proton 

transfer, recombination and dissociation 

kinetics of HPTS in 30% DMSO-water 

mixture with different salt concentration. 

 

In bulk water, the RO
-
 emission at (λem = 530 nm) displays three rise components of 0.3, 3, and 90 

ps which matches with the decay components of ROH [10]. In 30 % DMSO-water mixture, the long rise 

time component increases to 400 ps which is ~ 4.5 times longer than that (90 ps) in bulk water (Figure 

3B). In addition to this long rise, we observed two other ultrafast rise times- 1.7 and 50 ps in the 30 % 

DMSO-water mixture in absence of NaCl (Table 3). 

In the 30% DMSO-water mixture, the long component of rise at 530 nm slightly increases to 410 

ps in 1 M NaCl. In the presence of 3 M NaCl, the long rise increases up to 750 ps and the other rise 

components increase to 1.8 ps and 85 ps (Table 3). It may be noted the rise times at 530 nm correlates 

well with the decay constants observed at 430 nm. 

Discussion 

The most important finding of this work is the dramatic dependence of rates of ESPT in 30% DMSO-

water mixture on addition of NaCl. The time constants PT (= 1/kPT), rec (= 1/krec), and diss (= 1/kdiss) 

(calculated using scheme 2 and equation 2) at different NaCl concentrations are summarized in Table 3. 

There are basically three steps of proton transfer processes. This first step namely initial proton transfer 

(τPT) depends on solvation of the ejected proton and the de-protonated form (RO
-
). This depends on the 

dielectric constant, solvation dynamics and availability of adequate number of water molecules. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The dielectric constant is determined by the ability of the water molecules to re-orient under an 

electric field. Addition of small ions with high electric field decreases the ability of a water molecule to 

re-orient and hence, causes reduction in the dielectric constant. As a result, solvation energy of a proton 

and RO
-
 in the presence of salt is lower than that in the absence of salt. This disfavors proton transfer in 

the presence of salt. The slower rate of initial proton transfer (PT ~131 ps) in 30% DMSO-water mixture 

may be due to lesser availability of adequate number of water molecules in 30% DMSO-water mixture 

compared to bulk water. 
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The presence of ions causes further decrease in the amount of free water. The strong electrostatic 

attraction of water molecules by Na
+
 and Cl

-
, and resulting hydration of the ions, decrease the number of 

relatively free water molecules available for stabilization of the ejected proton. The number of water 

molecules around HPTS in 30% DMSO-water mixture is already low for reasons discussed above. The 

presence of ions in 30% DMSO-water mixture reduces the number of available water molecules, further. 

In the presence of 1 M NaCl in 30% DMSO-water mixture the PT becomes ~174 ps and increases to 

~416 ps in the presence of 3 M NaCl. Figure 4 shows the variation of PT with various concentration of 

NaCl. 

The second step is the recombination process which involves a slight movement of the hydrogen-

bonded ejected proton by less than one angstrom distance. In 30% DMSO-water mixture the 

recombination time rec is found to be 120 ps which increase to 159 ps in 1 M NaCl and 240 ps in 3M 

NaCl (Figure 4, Table 2). This gradual increase in recombination time may be ascribed due to the 

presence of the ionic atmosphere of NaCl and the strong attraction of the large number of Na
+
 ions shield 

HPTS anion from the ejected proton and this may retard the recombination. 

The third step is the dissociation of ion pairs which depends on diffusion of the ejected proton 

(hydronium ion) and RO
-
. The dissociation time constant in 30% DMSO-water mixture is observed to be 

~156 ps which remain almost same with addition of salt (Figure 4). This indicates the addition of salt 

does not affect the diffusion of ejected proton. 

Conclusion 

This work shows that the time constant for proton transfer, recombination and dissociation in a 

30%DMSO-water mixture is markedly retarded by the addition of salt. This is attributed to the strong 

electrostatic attraction of water molecules by Na
+
 and Cl

-
, and resulting hydration of the ions, decrease the 

number of relatively free water molecules available for stabilization of the ejected proton. 
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In the faster pace of life and more consciousness among consumers about food safety and 

security, nanotechnology is an important tool to augment quality and safety of muscle foods to fulfill 

increasing demand. One of the applications is aggregation of protein nano-fibrillar particles developed 

and used as meat replacer with the process of electrospinning to achieve the fibrillar muscle protein 

structures. A soluble polymer is used as carrier for difficult-to-spin nano-protein fibers. The other 

promising area for nanotechnology application is in or on meat packaging. Generally, gas migration and 

permeability are two major issues associated with meat packaging. Polymer Nano Composites (PNCs) are 

the latest materials are applied to improve many relevant characteristics of meat packages such as 

moisture control, inhibition of microbial growth, and chemical stability. Transition from micro to nano-

scale of the particles applied enables improvements in these physical and chemical properties of a meat 

packaging material. 
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Microencapsulation is a process by which solids, liquids or even gases may be enclosed in 

microscopic particles by formation of thin coating / wall material around the substance(s) of interest. 

Microencapsulation technique offers a variety of opportunities such as protection,masking,reduced 

dissolution rate, facilitation of handling and spatial targeting of active ingredient(s). Novel drug delivery 

system is one such application that has several advantages over conventioinal multi-dose therapy. 

Considerable efforts are being made to deliver a drug in such a manner so as to get optimum so as to get 

optimum benefits. One such approach is using microspheres as carriers for drugs. Microencapsulation is 

used to modify and delayed drug release from pharmaceutical dosage forms. It is a reliable means to 

deliver the drug to the target site with specificity, if modified, and to maintain the desired concentration at 

the site of interest without untoward effects. Microspheres received much attention not only for prolonged 

release, but also for targeting of anticancer drugs to the tumor. Microencapsulation masks the bitter taste 

of drugs and reduce gastric and G.I tract irritation. Hygroscopic properties of core materials can be 

reduced by microencapsulation. The intent of the paper is to highlight the potential of microencapsulation 

technique as a vital novel drug delivery technique. 

 

KEYWORDS: microspheres, controlled release, sustained release, target site, novel drug delivery 
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Chlorpyrifos is a crystalline organophosphate insecticide widely used to eradicate pests from crop 

plants. It is reported to have toxic effect on humans, and exposure may cause neurological and 

developmental disorders. Although many literatures had reported and still being reported to have harmful 

effect on animal, but there are very few studies which reported adverse effects on plant system. Our 

present study demonstrates how chlorpyrifos can damage tissue membrane and cause cell death.  Most 

commonly available leaves was selected and treated with varying concentration of chlorpyrifos for 6 and 

12 hour. Treatment with chlorpyrifos exhibited leakage of leaf pigment and protein from the leaves. The 

data of conductivity measurement also shows leakage of ions from the chlorpyrifos treated leaves sample. 

The result of this report clearly shows injurious effect of chlorpyrifos on plant system and further suggests 

for introduction of alternative materials like bio-pesticides and nano-based insecticides.  

https://en.wikipedia.org/wiki/Organophosphate
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Nanotechnology is sometimes referred to as a general purpose technology because in its advanced version 

it will have significant impact on almost all industries and all areas of society. Nanotechnology offers 

potential solutions to many problems using emerging nanotechniques. Nanomaterials are not all new like 

nano- crystals, nanosized catalysts, magnetic nanoparticals have been long studied years now, for a 

variety of applications. Some applications in the form of composite have a good industrial importance. 

For instance, Chitosan/polyethersulfone (CS/PES) composite membrane was prepared from casting 

chitosan solution on polyethersulfone substrate membrane. The Substrate membrane was prepared by 

phase inversion technique using polyethersulfone (PES) and dimethylacetamide (DMAc) as solvent with 

and without the addition of polyvinylpyrrolidone (PVP) as pore-forming agent. The effects of the 

composition of the casting solution on  membrane morphology and water permeation were investigated. 

The membrane prepared from PES with PVP demonstrated better water permeability compared to other 

ompositions. But CS/PES composite membrane reinforced with nanosized bentonite having mean pore 

size 0.99 nm gives better flux and retention compared to previous one.  Another one very much potential 

green and reusable nano catalyst particle for dye synthesis is ‘Nanosilica periodic acid (nano-SPIA)’. It is 

found to be a new, powerful, and reusable heterogeneous catalyst for the rapid synthesis of 2-naphtholazo 

dyes via diazotization of aromatic amines and follows azo-coupling with 2-naphthol under solvent-free 

conditions at room temperature by grinding. Eco-friendly, heterogeneous reaction conditions, high 

stability of diazonium salt, simple experimental procedures, and high yields are some of the important 

advantages of this method.  Polymer-clay nanocomposite coatings have attracted much attention because 

of impressive enhancements of coating properties. In this research, both commercially available and 

isophoronediamine-modified montmorillonite clays were used to obtain epoxy-clay nanocomposite 

coatings. These nanocomposite materials with different clay loadings in the form of coatings were applied 

to cold-rolled steel (CRS).  The corrosion resistance properties of the neat resin and nanocomposite 

coatings in 3.5% NaCl solution were investigated by electrochemical impedance spectroscopy (EIS) for 

more than 210 days. After making the measurements and found advanced protection of nanocomposite 

samples against corrosion compared with the neat resin. Also, the results showed that the dispersion 

quality of clay layers into the matrix depended on the structure and modification of clay and the 

compounding method. Coating compositions containing two or more weight percent of well-dispersed 

clay resulted in superior corrosion protection. 

 Keywords: Nanoparticle; Chitosan; Composite membrane; Nanosilica periodic acid; Azo dye;  

 Nanocomposites; Epoxy. 
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Food safety can be defined as systems which ensure food and food products are free from hazards 

for the end user. Ensuring food safety has always been a very important part of government strategies in 

several countries. Presently, food safety is a global health goal and the food-borne diseases are major 

health concern that can have several impacts on society with tremendous financial burden to our health 

care systems. Therefore, detection of microbial pathogens in food is the solution to the prevention and 

recognition of problems related to health and safety.  

Undesirable microbial spoilage in a modern food processing plant poses a risk to consumers’ health, 

causing severe economic losses to the manufacturers and retailers, contributing to wastage of food and a 

concern to the world’s food supply. Risk assessment tools like Hazard Analysis and Critical Control 

Points (HACCP) can be applied during the food processing operations as a preventive strategy for 

eradicating contamination and for improving the product quality, safety and overall hygiene. The main 

goal of the quality management is to reduce the time interval between the filling and the detection of a 

microorganism before release, from several days, to minutes or, at most, hours. This would allow the food 

company to stop the production, limiting the damage to just a part of the entire batch, with considerable 

savings in terms of product value, thereby avoiding the utilization of raw materials, packaging and 

strongly reducing food waste. 

Rapid early detection of food contamination is more relevant for the containment of food-borne pathogens 

in compare to time-consuming and laborious conventional pathogen detection methods, such as 

microbiological and biochemical testing. The conventional methods for detection of food contamination 

based on culturing, colony counting, chromatography and immunoassay are tedious and time consuming 

while biosensors have overcome some of these disadvantages. In this context, microbial contamination 

management is a crucial task in the food industry. Sensor systems offer major advantages over current 

systems as they are versatile, affordable and can be integrated in any existing food processing systems as 

a process analytical control (PAT) tool. There is growing interest in biosensors due to high specificity, 

convenience and quick response. Optical and electrochemical biosensors show greater potential for the 

detection of pathogens, pesticide and drug residues, hygiene monitoring, heavy metals and other toxic 

substances in the food to check whether it is safe for consumption or not.  

The need of more flexible and sensitive targeting of pathogens has promoted research on the potential of 

nanoparticles (NPs) and their incorporation into biosensor systems. NPs with particular optical, 

electrochemical or magnetic properties may increase the speed and the detectability of the diagnostic 

methods. Nanomaterials or matrices with one of their dimensions in a range scale from 1 to 100 nms 

allows them to be used in conjunction with many signal transduction technologies in their manufacture. 

Their submicron size enables rapid analyses of multiple substances in complex matrices including food. 

Nanosensors, nanoprobes and nanosystems are being increasingly used to develop biosensors with a wide 
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range of applications. Carbon nanotubes (CNTs) having a hollow core suitable for storing guest 

molecules have been used in biosensor development. The CNTs have properties such as superconduction 

and metallic and semiconducting electron transport. CNTs unique properties together with signal 

enlargement make them ideal candidates for biosensor applications. 

Rapid detection of food-borne pathogen has also been attempted by Surface Enhanced Raman 

Spectroscopy (SERS) method using Ag nanorods array substrates. Recently field deployable label-free 

SERS devices have been used for detection and differentiation of foodborne pathogenic bacteria in mung 

bean sprouts. 

Keywords: Food safety, biosensor, pathogen, HACCP, nanosensor, carbon nanotubes, SERS 
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The protection and controlled release of bioactive functional compounds to its specific target can 

be implemented by encapsulation. Nanoencapsulation remains to be the one of the most promising 

technologies having the feasibility to entrap bioactive compounds. 

Nanotechnology has been touted as the next revolution in many industries, including agriculture, food and 

biochemical industries. Nanotechnology has been revolutionizing the entire food system from production 

to processing, storage, development of innovative materials, products, and applications. The application 

of nanotechnology to the food sector could generate innovation in the macroscale characteristics of food, 

such as texture, taste, microstructure, other sensory attributes, coloring strength, processing, and stability 

during shelf-life, leading to a great number of new products. Moreover, nanotechnology can also improve 

the water solubility, thermal stability, and oral bioavailability of bioactive compounds (Huang et al. 2010; 

McClements et al. 2009; Silva et al. 2012). At present, applications of nanotechnology in food industries 

are limited to nanocomposites in food packaging material for controlling diffusion and microbial 

protection, nanobiosensors for detection of contamination and quality deterioration, and 

nanoencapsulation or nanocarrier for controlled delivery of nutraceuticals (Chen et al. 2006 ; Sanguansri 

and Augustin 2006; Sozer and Kokini 2009; Weiss et al. 2006). Nanoencapsulation of bioactive 

compounds has versatile advantages for targeted site-specific delivery and efficient absorption through 

cells. However, researches in the food industry have been very limited and there are only a few review 

articles that explored the nanoencapsulation technology.  
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Mechanism of nanoencapsulation techniques 

Nanoparticles are colloidal-sized particles with diameters ranging from 10 to 1,000 nm and are 

expressed both as nanocapsules and nanospheres (Konan et al. 2002). Nanocapsules are vesicular systems 

in which the bioactive compound is confined to a cavity surrounded by a unique polymer membrane, 

while nanospheres are matrix systems where the bioactive compound is uniformly dispersed (Couvreur et 

al. 1995) Nanoencapsulation is defined as a technology to encapsulate substances in miniature and refers 

to bioactive packing at the nanoscale range (Lopez et al. 2006). The delivery of any bioactive compound 

to various sites within the body is directly affected by the particle size (Kawashima 2001; Hughes 2005). 

Thus, nanoencapsulation has the potential to enhance bioavailability, improve controlled release, and 

enable precision targeting of the bioactive compounds in a greater extent than microencapsulation 

(Mozafari et al. 2006). 

     Nanoencapsulation techniques use either 

top-down or bottom-up approaches for the 

development of nanomaterials. A top-down 

approach involves the application of precise 

tools that allow size reduction and structure 

shaping for desired application of the 

nanomaterials being developed. In the 

bottom-up approach, materials are 

constructed by self- 

assembly and organization of molecules, 

which were influenced by many factors 

including pH, temperature, concentration, 

and ionic strength (Augustin and Sanguansri 

2009). Techniques such as emulsification and emulsification–solvent evaporation are used under the top-

down approach. On the other hand, supercritical fluid technique, inclusion complexation, coacervation, 

and nanoprecipitation are used in the bottom-up approach (Mishra et al. 2010). These nanoencapsualtion 

techniques can be used for encapsulation of various hydrophilic and lipophilic bioactive compounds. 

Emulsification, coacervation, and supercritical fluid technique are used for encapsulation of both 

hydrophilic and lipophilic compounds. However, inclusion complexation, emulsification–solvent 

evaporation, and nanoprecipitation techniques are mostly used for lipophilic compounds (Reis et al. 

2006). Drying techniques such as spray drying and freeze drying for stabilization of nanoparticles are also 

used. Emulsion technology is generally applied for the encapsulation of bioactive compounds in aqueous 

solutions through the production of nanoemulsions. Nanoemulsions are colloidal dispersions comprising 

two immiscible liquids, of which one is being dispersed in the other, with droplet sizes ranging from 50 to 

1,000 nm (Sanguansri and Augustin 2006). 

Nanoencapsulation of food ingredients using carbohydrate and lipid based delivery system 

Nanoencapsulation allows protection of the sensitive bioactive food ingredients from unfavorable 

environmental conditions, eradication of incompatibilities, solubilization, or masking of unpleasant taste 

or odor. Natural and modified polysaccharides are promising carbohydrate-based delivery systems for 

nano and micro-encapsulation of active food ingredients. Various approaches for fabrication of 
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carbohydrate-based delivery systems includes coacervation, spray drying, electrospinning, electrospray, 

supercritical fluid technology, emulsion–diffusion, reverse micelle, emulsion-droplet coalescence, 

emulsification/solvent evaporation, salting-out, ultrasonication and high pressure homogenization. (Fathi 

et al. 2014) Different types of carbohydrates used to assemble delivery systems are commonly starch, 

cellulose, pectin, guar gum, chitosan, alginate, dextrin, cyclodextrins, new sources of native gums with its 

chemically modified forms. The functional performance of carbohydrate nanocarriers during digestion, 

absorption, metabolism and excretion are critical. In this regard, specific knowledge with their 

bioavailability, physiochemical properties, delivery mechanism, stabilization techniques and potential 

toxicity is essential. Lipid based carriers includes nanoemulsions, nanoliposomes, solid lipid 

nanoparticles (SLNs) and nanostructure lipid carriers (NLCs). Various mathematical models have been 

adopted for predicating bioactive release kinetics from lipid based nanocarriers, which can be crucial for 

parametric optimization of encapsulation systems. 

Also, encapsulating carotenoids and other functional lipids using nanotechnology approaches could 

address some of these concerns, prevent their degradation, and improve their water solubility and 

antimicrobial and antioxidant activities. Synthetic polymers and natural macromolecules have been 

extensively studied as colloidal materials for nanoparticles designed for drug delivery (Benita, 2006). 

Requirements for food ingredient and nutraceutical delivery systems 

A wide variety of colloidal delivery systems are available for utilization in the food industry to 

encapsulate, protect, and release nutraceutical components. The challenge for the food and beverage 

manufacturer is to decide which system is the most appropriate delivery system for a particular 

application, which is based on factors such as physicochemical properties, labeling, legal requirements, 

and economic factors. In this context it is important to understand different types of delivery systems; the 

different kinds of release mechanisms; the active components that can be encapsulated; and the 

methodology that can be used to fabricate delivery systems. In addition, a clear understanding is required 

for controlling particle characteristics (such as composition, charge, and size) to produce particular 

physicochemical and functional properties (such as optical, rheological, stability, and release). 

Colloidal emulsions and particles as micronutrient delivery systems eradicating food formulation 

challenges  

The formulation of micronutrients and nutraceuticals in the design of functional foods and 

beverages brings enormous technological challenges because often this can compromise product 

functionality. Issues often reported with unwanted changes in product physico-chemical stability, 

appearance, texture, flavor, taste and bioavailability due to instability of the bioactive molecules or 

interactions with other ingredients. Recent development uses colloidal dispersions as delivery systems for 

micronutrients and nutraceuticals in functional food design, and reviews current advances in this field 

with a specific emphasis on control of product functionality. Colloidal dispersions as delivery systems in 

functional food design can certainly improve stability of micronutrients and dietary supplements to 

complement inadequate diets.  

Interaction of food ingredient and nutraceutical delivery systems with the human gastrointestinal 

(GI) tract  

The human (gastrointestinal) Gi tract is complex and largly inaccessible to sampling. To optimize 

nutraceutical delivery , understanding of its delivery mechanism is important, specially, in-vitro model 
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systems that are commonly used in Gi research. The processes that are involved in the digestion of food 

in the Gi tract can be divided into four compartments: the mouth, stomach, small intestine and large 

intestine. The key features of each compartment and their importance for the development of functional 

foods has to be highlighted. 

Future advances of nanoencapsulation with Probiotics 

Nanoencapsulation may assume importance in the near future to develop designer probiotic 

bacterial preparations that could be delivered to certain parts of the gastro-intestinal tract where they 

interact with specific receptors. These nanoencapsulated designer probiotic bacterial preparations may act 

as vaccines, with the capability of modulating immune responses. Improved techniques need to be 

developed to track these micro-or nanoencapsulated probiotic bacterial cells for their delivery, 

persistence, sustained release and immune enhancing effects in the gastro-intestinal system. More in vivo 

model studies should be conducted using human subjects to confirm the efficacy of micro or 

nanoencapsulation in delivering probiotic bacteria and their controlled release in the gastro-intestinal 

system. Recently, Wageningen university researchers in collaboration with MicroNed program, has 

revealed a project on probiotic capsules with an oil shell having diameter between 2 and 10 micron. They 

claimed to use micro channels to produce stable and well-defined structured capsules in an aqueous 

continuous phase. It is proposed that this technique can lead to the production of stable encapsulates from 

foodgrade ingredients for use in dairy and fruit drinks. This project is carried out in close cooperation 

with industrial partners for evaluation of both research and economic perspectives.  

Potential risk assessment and safety issues with nanoencapsulation 

The advancement of nanoencapsulation process paves the way for protection, controlled delivery, 

and enhanced bioavailabilty of bioactive substances. Apart from its advancement, it has raised a number 

of safety, environmental, ethical, and regulatory issues, about the impacts of nano-sized materials on 

human health and the environment (EFSA 2009). The important issue in regard to nanoencapsulation has 

been the biotransformation of nanoparticles (NPs) after oral administration, which is less explored. Even 

the excretion of nanoparticles (NPs) is less known (FAO 2009). In general, the impact of nanoparticles on 

the body (i.e., nanotoxicity) is influenced by factors such as particle size, mass, chemical composition, 

surface properties, and the aggregation of individual nano particles (Nel et al. 2006; Oberdorster et al. 

2005). The unforeseen complexity of nanomaterials in natural systems in regard to hazard and exposure 

can only be answered with chemical and toxicological risk assessment studies (Donofrio 2006). A 

European Food Safety Authority report suggested that current risk assessment methodologies for 

micro/macroscale chemicals need to be modified to deal with the risks associated with nanotechnologies 

(EFSA 2009). The Scientific Committee on Emerging and Newly Identified Health Risks reported that 

several dose metrics such as surface area and particle number may need to be explored in addition to mass 

(SCENIHR 2009). Authorities responsible for government regulation have to make clear statements about 

their use and they should be regarded as novel products requiring evaluation and approval (Morris 2007). 

In 2006, FDA has formed an internal FDA nanotechnology task force for determining regulatory 

approaches for the nanomaterials. 
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Conclusion 

There is still a lot of debate on nanoingredients in food including some on encapsulation. According to the 

Friends of the Earth (FoE), nanoencapsulation may reduce the amount of additives needed - incresing 

profits for food manufacturers. Some researchers are concerned about possible health risks due to a 

greater potential for the uptake of nanomaterials at the cellular level - the effect of their chemical activity 

at this level is not well understood. Nutraceuticals provide nutrients that have clear disease prevention or 

therapeutic effect and promise to be better delivered and more bioavailable through nanoencapsulation. 

Legislation is probably the biggest barrier to commercialization of this technology. Inadequate risk 

assessment and safety studies along with regulatory limitation related to nanoencapsulation are also 

critical and can be a limiting factor for its intended use. There needs to be a clear regulatory landscape 

without which growth in this area and usage of research findings will be limited. 
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Nanotechnology deals with understanding and applications of particles having size ranging from 1 to 100 

nm. In this context, ground-water can be treated using nanoscale zero-valent iron particles (nZVI). They 

provide in situ treatment without the requirement for water to be pumped out for cleaning purpose. These 

approach become effective in removal or detoxification of various environmental pollutants from ground-

water in lab scale as well as in practical experiments which comprise of chlorinated organic solvents, 

organochloride pesticides, PCBs, organic dyes, various inorganic compounds etc. nZVI is preferably 

utilized following its large surface area, large number of reactive sites than micro-sized particles and 

possession of dual property of adsorption and reduction. On the other hand, nZVI could potentially be 

coated with noble metals (palladium/copper/silver) for better outcome. Its environmental applications are 

broadly accepted because of its low cost and absence of any known induced toxicity. Thus, the use of 

these nanoparticles can draw attention by gaining more knowledge in the above mentioned area. 

 

Keywords: nanoparticles, iron, groundwater, environmental remediation 
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Abstract: The current global population is nearly six billion with around fifty percent living in Asia. A 

large fraction of those living in developing countries face daily food shortages as a result of 

environmental impacts or political instability. 

The application of nanotechnology to the agricultural and food industries was first addressed by a United 

States Department of Agriculture.
1
 The forecast is that nanotechnology will transform the whole food 

industry, changing the way food is produced, processed, packaged, transported and consumed. It has also 

been observed that the nanotechnology aided applications have the ability to change agricultural 

production by allowing better management and conservation of inputs of plant and animal production.
2
 

The use of nanotechnology in agriculture and forestry will likely have environmental benefits by enabling 

the “Green Economy”, decreasing fossil fuel consumption, increasing equipment life-span and increasing 

recycling capabilities. 

Further, it may be possible in the near future to manufacture food from component atoms and molecules, 

i.e., so-called “Molecular Food Manufacturing”. By now some research groups are exploring this, but still 

from a top-down approach, using cells rather than molecules. Though the practical application of such 

technology is far into the future, it is expected that this could allow a more efficient and sustainable food 

production process to be developed where less raw materials are used and food of a higher nutritional 

value is obtained.
3
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 ABSTRACT:- This paper presents the general concepts of Quantum Computation, by dealing with a few 

quantum computing phenomena with examples. In a daily use, classical computer performs operation 

using  classical bits which combine either 0 or 1 on contrast quantum computers using quantum bits or 

qubit and they can be 0 and 1 at the same time and it is give the quantum computer  its superior 

computing power. There are a number of physical objects, that can be used as Qubits:- a single photon, a 

single nucleus, or an electron. All electrons have magnetic fields, so they are basically tiny bar magnets 

and have a property called spin: if they are placed in a magnetic field, they will align with that field just 

like a compass needle aligns up with the magnetic fields of earth. When an electron lines up with a 

magnetic field, this is the lowest energy state and we could call it “zero” state or spin down. If you put it 

in “one” state or spin up that takes some energy. According to principle, if the electron lines up exactly in 

opposite direction, this is the highest energy state. A classical bit has two bits: spin up and spin down 

which are like classical 1 or 0. However, a quantum object can be in both states at once by means of 

quantum superposition. It is decided by the relative probability of finding an electron of one state or the 

other. To better illustrate the significant advantage of qubit, let us take an example of all possible 

combinations of the two bit data system, we have four possible states :-[00,01,10,11]. A two bit classical 

computer can attain at most one of the four possible combinations, in order to check all of them the 

computer would have to repeat each operation separately. A two qubit quantum computer, due to the 

phenomenon of superposition, is able to analyse all of the possibilities at the same time in one operation. 

This is due to the fact that two qubits contain information about four states but two bits contain 

information about one state. Thus, a machine with n qubits can be a superposition of 2
n
 states at the same 

time. At the quantum level, we will never know precisely where the particle is, so we are talking about 

one of the quantum effects, called Quantum Tunneling. Quantum tunneling falls under the domain of 

quantum mechanics: the study of what happens at the quantum scale. This process cannot be directly 

perceived, but much of its understanding is shaped by the sub-atomic world, which classical mechanics 

cannot explain. Quantum tunneling occurs when particles move through a barrier that should be 

impossible to move through according to classical physics. The barrier can be an insulator, a vacuum, or it 

can be a region of high potential energy. These basic ideas have been represented through our work. 
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Neurological disorders are one of the dreaded diseases as the exact cause and complete cure procedures 

still remain unexplored. Parkinson’s disease (PD) is one of the progressive neurological diseases that are 

associated with the loss of dopaminergic neurons in substantia nigra pars compacta of brain. 

Administration of drugs such as levodopa or dopamine agonists help to increase dopamine concentration 

but is impeded by the endothelial layer of blood-brain barrier resulting ineffective treatment. 

Nanotechnology approaches have created new vistas in order to solve this burning issue. 85 nm 

PEGylated immunoliposome encapsulated tyrosine hydroxylase expression plasmid effectively crosses 

blood brain barrier and restores motor behaviour in rat model. Non-viral gene therapy comprising of 

Lactoferrin modified nanoparticle vectors of size 196±10 nm have generated neuroprotective effects. 

Alternatively, PC12 cells, cultured on sub-micron Poly (3-hydroxybutyrate) fibres demonstrate enhanced 

secretion of dopamine. It is also evident that poly-hydroxylated fullerene derivative C60(OH)24 with free 

radical scavenging activity and antioxidant potential induces positive effect in MPP+ induced PD model. 

Equally revealing is the information about smart material namely cerium oxide nanoparticle or nanoceria 

acting as a ROS scavenger to decrease oxidative stress. It also increases dopamine secretion and 

upregulates expression of genes involved in neuro-protection. In this review, attempt has been made to 

evaluate the role of nanotechnology for the remediation of PD. 
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There is an urgent need for the advancement of agricultural technology (e.g. crop biotechnology 

or genetic modification (GM) technology), particularly, to address food security problem, to fight against 

hunger and poverty crisis and to ensure sustainable agricultural production in developing countries. Over 

the past decade, the adoption of GM technology on a commercial basis has increased steadily around the 

world with a significant impact in terms of socio-economic, environment and human health benefits. 
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However, GM technology is still surrounded by controversial debates with several factors hindering the 

adoption of GM crops. This paper reviews current literatures on commercial production of GM crops, and 

assesses the benefits and constraints associated with adoption of GM crops in developing countries in the 

last 15 years. This article provides policy implication towards advancing the development and adoption of 

GM technology in developing countries and concludes with summary of key points discussed. 
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GMtechnology; Sustainable agriculture; Hunger; Foodsecurity; Developing countries; Policy Implication 
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Abstract: The concept of using renewable resources
 
for the production of plastics and composite for 

construction application has been started since the beginning of our civilization. In recent years, Fiber 

reinforced plastic composite have been widely accepted as materials for structural and non-structural 

applications. The main reason for the interest in fiber reinforced plastic for structural applications is due 

to the high specific modulus strength of the reinforcing fibers. Glass fibers are most commonly used as 

reinforcement followed by carbon and boron fibers. The later fibers are prohibitively expensive and their 

use is justified in high value aerospace applications. Even glass fibers are more expensive. Therefore it is 

worth-while to explore the possibility of utilizing the cheaper materials as reinforcement. Resin and fibers 

obtained from renewable resources
 
can provide the desired alternatives that would reduce the dependence 

of petroleum feedstock. In this direction, extensive research studies have been continued on variety of 

natural fibers
 
with significant outcome for their industrial uses especially in construction application. This 

paper present the development of eco-friendly composite (eco-composite)  board for structural purpose 

using natural fibre jute and partially substituted polyester with natural nano-bio based euphorbia latex 

coagulum in different ratio and its basic mechanical, fire retardant properties. Coagulum increases the 

strength and fire retardant properties of the composite. The board had a sufficient specific strength which 

is equivalent to that of synthetic polyester based composites, tested as per ASTM standard. This technique 

using of bio based wood adhesive is cost effective, eco-friendly and could be an ideal solution of 

petroleum based non biodegradable resin adhesives. 
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Fig. 10:  Composite board made from jute and 

mixed glue at a ratio 70:30. 

 

 
 

Fig. 11:  Composite board made from jute 

and mixed glue at a ratio 70:30 
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Silicon solar cells are employed in the prime quantity amongst all type of solar cells available in the 

market, representing about 90% of the world total photovoltaic (PV) cell production. In 2008, the world 

annual production of PV cells has approached more than 7.9 GWP and is expected to reach 100 GWP by 

2020. Yet its electrical power generation is less than 0.1% of the total world electricity generation 

following low efficiency of energy conversion. The highest energy conversion efficiency is 25% but it 

remains limited to 15-18%. High efficiency research PV cell are possible but it increases the production 

cost due to their complex structure. According to the recent survey PV cell price varies in the range of 

0.4-0.5 $/Wp, where the wafer cost is about 65%. As solar energy is going to be a major source of energy 

in near future and silicon solar cell is going to play a foremost role in it, so here we have introspected the 

advanced production technology leading to higher efficiency solar cells. 

Keywords: Solar cells; cell efficiency; standard process 
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The demand for global energy increases everyday and is predicted to be about 30 TW by 2025. 

After the oil crisis in 1973, energy supply has become a priority issue for industries, companies, 

governments, social and ecological groups and for consumers too. The highly developed western societies 

are now in desperate need of cheap, easy-scalable, non-polluting and clean source of energy. Renewable 

energy sources have chance to provide an optimal solution to the global energy problem. Amongst them, 

photovoltaic (PV) offers a reliable, clean and easy-scalable way for heat and electricity generation by 

transforming the energy received from the sun. PV also provides cost-effective solutions to the energy 

crisis in developing countries by not only providing electricity for household applications but also for 

water pumping systems. Utilization of the solar energy is one of the promising and safe alternatives to 

address this huge energy demand. Low cost solar cells have been the subject of intensive research work 

for the last three decades. Amorphous semiconductors were announced as one of the most promising 

materials for low cost energy production.However, dye sensitized solar cells (DSSCs) emerged as a new 

class of low cost energy conversion devices with simple manufacturing procedures.  

A dye-sensitized solar cell (DSSC) is a low-cost solar cell belonging to the group of thin film solar cell. It 

is based on a semiconductor formed between a photo-sensitized anode and an electrolyte, a photo-

electrochemical system. The cell is composed of four elements, namely, the transparent conducting and 

counter conducting electrodes, the nano-structured wide band gap semiconducting layer, the dye 

molecules (sensitizer), and the electrolyte. The DSSC has a number of attractive features; it is simple to 

make using conventional roll-printing techniques, is semi-flexible and semi-transparent which offers a 

variety of uses not applicable to glass-based systems, and most of the materials used are low-cost.The dye 

extracted from blackberry has shown a monochromatic incident photon to current efficiency (IPCE) 

ranging from 40% to 69%. Short circuit photocurrent density (Jsc) up to 8.8 mA/cm
2
, and open circuit 

voltage (Voc) ranging from 316 to 419 mV, were obtained from these natural dyes under 

100 mW/cm
2
 (AM 1.5) simulated sunlight. Titanium oxide TiO2 has found extensive use in a great variety 

of applications among which electrode materials for dye-sensitized solar cells. The polymorphs of TiO2, 

rutile, anatase and brookite exhibit specific physical properties, band gap, electronic surface states. For 

many applications the size of particles was an important parameter because it determines the surface to 

volume ratio, which greatly influences many properties. TiO2 anatase was the most used phase for 

photovoltaic applications and brookite seems potentially interesting. Nanometric particles of the three 
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polymorphs were synthesized in aqueous medium in order to compare the electronic properties of these 

materials for photovoltaic devices.  

Nanocrystalline TiO2 is deposited on the conducting electrode (photo-electrode) to provide the necessary 

large surface area to adsorb sensitizers (dye molecules). Upon absorption of photons, dye molecules are 

excited from the highest occupied molecular orbitals (HOMO) to the lowest unoccupied molecular orbital 

(LUMO). Once an electron is injected into the conductionband of the wide band gap semiconductor nano-

structured TiO2 film, the dye molecule (photo-sensitizer) becomes oxidized. The injected electron is 

transported between the TiO2 nanoparticles and then extracted to a load where the work done is delivered 

as an electrical energy. Electrolytes containing I
-
/I3

- 
redox ions is used as an electron mediator between 

the TiO2 photoelectrode and the carbon coated counter electrode. Therefore, the oxidized dye molecules 

(photosensitizer) are regenerated by receiving electrons from the I
- 
ions redox mediator that get oxidized 

to I3
- 
(Tri-iodide ions). The I3

-
substitutes the internally donated electron with that from the external load 

and reduced back to I
-
ion. The movement of electrons in the conduction band of the wide bandgap nano-

structured semiconductor is accompanied by the diffusion of charge-compensating cations in the 

electrolyte layer close to the nanoparticle surface. Therefore, generation of electric power in DSSC causes 

no permanent chemical change or transformation. 

 

KEYWORDS: Dye-Sensitized Solar Cell (DSSC), Titanium oxide TiO2, HOMO-LUMO, Blackberry 

Dye. 
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Graphene is world’s first 2D-crystal thinest ever material in the world, latest allotrope of carbon 

with single layer hexagonal structure. Scientist got noble prize for physics in 2010 for his nobel work in 

graphene for contribution in science and technology. 

Existing TCO films have following drawbacks arisen (i) the limited availability of the element indium on 

earth, (ii) their instability in the presence of acid or base, (iii) their susceptibility to ion diffusion into 
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polymer layers, (iv) their limited transparency in the near infrared region, and (v) the current leakage of 

FTO devices caused by FTO structure defects. Graphene is a promising alternative to conventional 

transparent conducting oxides (TCO) such as indium tin oxide (ITO), fluorine doped tin oxide (SnO2:F) 

and aluminum doped Zinc oxide (ZnO:Al)  for use in transparent conducting electrodes due to its unique 

characteristics such as high conductivity of 550 S/cm
1, 1a

, high carrier mobility (200,000 cm
2
/Vs)

2
 ,and 

outstanding optical transparency ( 97.7%)
3
. Furthermore, Graphene thin film shows high chemical and 

thermal stabilities
4,5

 as well as an ultrasmooth surface with tunable wettability
1a

 and a high Young's 

modulus (1.0 TPa)
6
. Materials cost is one of the sensitive issue. We review recent progress in production 

methods of graphene and its applications in optoelectronic devices such as touch panel screens, organic 

photovoltaic cells, organic light emitting diodes and thin film transistors. Optical transmittance and dc-

conductivity are related to the formula given by  

 
Existing TCO films show poor mechanical flexibility and poor electrical contact with organic materials 

that can limit the performance of several organic based opto-electronic devices. Many research groups 

have been implementing the utility of graphene for future electronic applications. Numerous reports of 

scientific and technical advances in graphene research (its two-dimensional form) have led to interest in 

using it for real applications. Defect-free graphene has following advantages: lightweight, flexible, and 

exhibit high high electrical conductivity coupled with high mechanical strength for conformal electronic 

devices. It also offers a range of attractive and tunable electrical, optoelectronic, and plasmonic 

characteristics for microwave, terahertz, infrared, or optical frequencies device applications
2-5

. 

Depending upon the needs, graphene films are fabricated by different techniques few such techniques are 

exfoliated graphite oxide
3,7 

followed by thermal reduction, high temperature annealing of SiC
8
, chemical 

reduction of graphene oxide
9-11

 and chemical vapor deposition (CVD)
12-14

, MOCVD technique using 

organic and organometallic precursor molecules
1
, etc. In MOCVD process, organic molecule 3,6-

difluoro-2,5,7,7,8,8-hexacyanoquinodimethane (F2-HCNQ) is used as precursor and cobaltocene and the 

sulfur-containing molecule tetrathiafulvalene (TTF) as n-type dopants to achieve carrier densities in 

excess of 10
13

 cm
–2

 with conductivities 500 S/cm at gigahertz frequencies in excess of 60 mS. Efficient 

charge transfer is associated with the interaction between the π electrons present in the molecule and in 

graphene. CVD synthesized Graphene films detailed elsewhere
15

 are mainly deposited on a thermally 

annealed polycrystalline nickel surface composed mostly of the (111) plane. 

The work function of CVD deposited graphene films has been reported to be in the range of 4.3 to 4.4 eV, 

that is closely to the work function energy range of OLED anodes
16-17

. In recent report, graphene film is 

used in renewable energy sectors mainly in battery/ultra-capacitors (19%), in semiconductor applications, 

electronic and opto-electronic devices (27%). Apart from that, grapheme films have several applications 

in aerospace, coating industries, medical, military, telecommunications and composite etc. Using 

grapheme as front electrode in OLD devices comparable efficiency has been achieved.  
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Supercapacitors (also known as ultracapacitors or electrochemical supercapacitors) are passive 

and static electrical energy storage devices for applications such as energy backup system, consumer 

portable devices and electrical/hybrid automobiles requiring high power density for next generation 

energy storage due to their cycling stability. It utilizes larger surface area electrode materials and thin 

electrolytic dielectrics to achieve capacitances several orders of magnitude higher than conventional 

capacitors [1-5]. Energy storage mechanism is done using two types of supercapacitors, namely electrical 

double layer (EDL) capacitors based on ion adsorption and pseudo capacitors based on electrochemical 

redox reaction. 

Graphene is world’s first 2D-crystal thinest ever material in the world, latest allotrope of carbon with 

single layer hexagonal structure. Each atom has four bonds, one sigma bond with each of its three 

neighbours and one pi bond that is oriented out of plane. High stability of graphene thin films is due to its 

tightly packed carbon atoms and sp
2
 orbital hybridization. Graphene thin film is basically planar sheets 

with one atom thickness; atoms are arranged in a honeycomb-shaped lattice. It is about 207 times stronger 

than steel by weight, conducts heat and electricity efficiently.  

    Nanostructured graphene plays a crucial role in energy storage and conversion applications due 

to its high surface area and electrical conductance. Graphene is prepared mainly by different methods 

namely (i) exfoliation of graphene oxide, (ii) transformation of nano diamond exhibit high specific 

capacitance in aq. Sulphuric acid, (iii) chemical vapor deposition.  Many unconventional methods such as 

Solvent-aided sonication, molten salt method, Epitaxy, silicon carbide method can also be used to prepare 

graphene from substrates like copper, ruthenium, iridium, nickel, sodium ethoxide pyrolysis, nanotube 

slicing, carbon dioxide reduction, spin coating, supersonic spray, intercalation, laser, microwave assisted 

oxidation, etc.  

Conventional capacitors consist of two conducting electrodes separated by an insulating dielectric 

material. When a voltage is applied to a capacitor, opposite charges accumulate on the surfaces of each    

electrode. The charges are kept separate by the dielectric, thus producing an electric field that allows the 

capacitor to store energy. Capacitance C is defined as the ratio of stored (positive) charge Q to the applied 

voltage V: C = Q/V. For a conventional capacitor, C is directly proportional to the surface area A of each 

electrode and inversely proportional to the distance D between the electrodes. Large volume energy 

storage supercapacitors with high power density, low manufacturing cost and low maintenance cost is a 

key research aspect to be addressed in energy storage systems. Chenguang et al reported graphene based 

supercapacitor with high energy density. This was achieved for a high surface area graphene with curved 

morphology. Discharge capacity of grapheme based supercapacitor is still low value. 
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Graphene thin films synthesis from grapheme oxide powder are stated as follows. Graphene oxide (GO) is 

prepared from graphite powder by the modified Hummers method [6]. The graphite powder (4 g) was 

first preoxidized with a 60ml concentrated H2SO4 solution, K2S2O8 (2 g), and P2O5 (2 g) at 80°C and cool 

down the mixture to room temperature. Then the mixture is filtered and washed until the rinse water pH 

became neutral. The oxidized graphite powder (2 g) is placed in cold (0°C) environment. Concentrated 

H2SO4 (40 mL), and KMnO4 (6 g) are added subsequently under stirring in an ice-bath. The mixture was 

then stirred at 35°C for 2 h, after which DI water (92 mL) was added. Next, additional DI water (280 mL) 

and 30% H2O2 solution (20 mL) were added to the mixture to stop the reaction. The resulting mixture was 

washed by repeated centrifugation and filtration with 5% HCl solution in order to remove the metal ions 

and washed with DI water till the pH value became neutral. Finally, drying under vacuum at 50°C for 6 

hours afforded the GO product. The GO reduction was carried out similar to a procedure reported by Li et 

al.[7] 
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Nanosized particles of semiconductor materials have gained much more interest in recent years 

due to their desirable properties and applications in different areas such as catalysts, sensors, 

photoelectron devices, highly functional and effective devices. The ZnO nanoparticle is a very familiar 

name in the nano family. Due to its insolubility in water, easy visibility and other features nowadays it’s 

widely used in number of advance technical applications. ZnO nanostructures have a great advantage to 

apply to a catalytic reaction process due to their large surface area and high catalytic activity. In a study 

Zinc oxide nano materials are synthesized by Sol-Gel method which is eco friendly and economic. The 

average crystal size of the ZnO nano materials are in the range of 70 nm. The diameter of ZnO varied 

from 25 to 100 nm with an average diameter of 50 nm and it’s shaped like a rod. In comparisons with 

other oxide material like ZrO2, Y2O3, Gd2O3, CeO2, Y2SiO5 etc; ZnO nano material is much cheaper and 

easily available material. In a research the binary zinc tin oxide nano-composite material was produced by 

using simple precursors from the solutions consisting of zinc acetate, tin(IV) chloride and ethanol in sol–

gel method. By applying that the optical band gap was increased from 2.72 eV to 3.11 eV by varying the 

annealing temperature. The ZnO nanoparticles were also synthesized by sol gel method on porous 

granular natural scoria. The synthesized samples were characterized for their structure by x-ray diffraction 

(XRD) (Rigaku D max-C) with Cu Kα radiation. 

 

1. INTRODUCTION 
 

Nanotechnology is the technological innovations in the 21st 

century.  Nanosized particles of semiconductor materials have 

gained much more interest in recent years due to their desirable 

properties and applications in different areas such as catalysts, 

sensors, photoelectron devices, highly functional and effective 

devices. These nano materials have novel electronic, structural, 

and thermal properties which are of high scientific interests in 

basic and applied fields. 

 

.Synthesis and characterization of zinc oxide (ZnO) 

nanoparticles has found widespread interest during past few 

years due to their unique electro-optical properties, which can 

be employed in devices such as ultraviolet (UV) light-

emitting diodes (LEDs), blue luminescent devices etc. 

 

 

Fig.: The hexagonal wurtzite 

structure model of ZnO. The 

tetrahedral coordination of Zn-O is 

shown    .O atoms are shown as 

larger white spheres while the Zn 

atoms are smaller brown spheres.  



  

   Proceedings of National Seminar on Nanoscience and Nanotechnology: NSNN-2015 

 

77                                                                                                           ISBN: 978-93-5254-967-2  

  
 

 

This system is being widely investigated for better 

understanding on some fundamental aspects 

related to the optical, transport and electrical 

properties of such a wide band gap (3.4 eV) 

semiconductors with large exciton binding energy 

(60 meV). ZnO represents a II–VI semiconductor 

compound. It has three stable structures, namely 

cubic rock salt, zincblende and hexagonal 

wurtzite (lattice parameters a = 0.325nm, c = 

0.521nm). The large band gap gives ZnO the 

advantage of higher voltage breakdown, reduced 

electronic noise, ability to sustain large electric 

fields and higher power operation ZnO 

nanostructures have a great advantage to apply 

to a catalytic reaction process due to their large 

surface area and high catalytic activity. Since 

zinc oxide shows different physical and chemical properties depending upon the morphology of 

nanostructures, not only various synthesis methods but also the physical and chemical properties of 

synthesized zinc oxide are to be investigated in terms of its morphology. 

Many methods have been described in the literature for the production of ZnO nanostructures such as 

laser ablation, hydrothermal methods, electrochemical depositions, sol–gel method, chemical vapor 

deposition, thermal decomposition, and combustion method. Recently, ZnO nanoparticles were prepared 

by ultrasound, microwave-assisted combustion method, two-step mechanochemical-thermal synthesis, 

anodization, co-precipitation, and electrophoretic deposition. 

 

1. EXPERIMENTAL DETAILS 

 

Zinc Hydroxide has been prepared by neutralizing Zinc Chloride (ZnCl2) by Sodium Hydroxide 

(NaOH). When reactions were completed, the solid and the solution phases were separated by 

centrifugation  and the solids were washed free of salts with de-ionized water. Now this Zinc Hydroxide 

is filtered and dried. This white colour powder was calcined at 80C and then grinded for uniformities of 

powder. The dry synthetic powder were weighed and the percentage yields were calculated from expected 

total amount of ZnO based on the solution concentration and volume and the amount was actually 

crystallized. 

NaOH + ZnCl2    Zn(OH)2   ZnO 

 

Another method is in order to synthesize the ZnO nanoparticles, stock solutions of Zn (CH3COO) 2.2H2O 

(0.1 M) was prepared in 50ml methanol under stirring. To this stock solution 25ml of NaOH (varying 

from 0.2 M to 0.5 M) solution prepared in methanol was added under continuous stirring in order to get 

the pH value of reactants between 8 and 11. These Solutions was transferred into Teflon lined sealed 

Fig. : Schematic view of the energy band diagram 

proposed for ZnO nanopowder.  
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stainless steel autoclaves and maintained at various temperature in the range of 100 - 200
o
C for 6 and 12 h 

under autogenously pressure. It was then allowed to cool naturally to room temperature. After the reaction 

was complete, the resulting white solid products were washed with methanol, filtered and then dried in air 

in a laboratory oven at 60C. The synthesized samples were characterized for their structure by x-ray 

diffraction (Rigaku D max-C) with Cu Kα radiation. Transmission electron microscopy (TEM) selected 

area electron diffraction (SAED) and high resolution transmission electron microscopy (HRTEM) were 

performed with a JEOL JEM-3100F transmission electron microscope operating at 200 kV. The sample 

for TEM was prepared by placing a drop of the ZnO suspension in methanol onto a standard carbon 

coated copper grid. The grids were dried before recording the micrographs. The optical band gap E.g. was 

estimated from the UV-Vis-NIR diffuse reflectance spectroscopic (UV-Vis-NIR DRS) studies in a 

wavelength range from 190nm to 1200nm with JASCO V-570 spectrophotometer. The samples for this 

study were used in the form of powder and pure BaSO4 used as the reference. The elemental composition 

of the ZnO nanoparticle was determined by using Thermo Electron IRIS INTREPID II XSP DUO 

inductively coupled plasma atomic emission spectrometer (ICPAES). Room temperature 

photoluminescence (PL) of the samples was measured on Horiba Jobin Yuon Fluoromax-3 

spectrofluorimeter using Xe arc lamp as the excitation source. 

 

1. RESULT AND DISCUSSIONS  

 

X-Ray Diffraction (XRD) Analysis: 

  

The powdered sample was used by a CuKa1- X Ray 

Diffractometer for confirming the presence of ZnO 

and analyzes the structure. The graph showed main 

peaks corresponding to 2θ values of 31.74°, 34.41° 

and 36.23° in the multi-plot shown in Fig.1. The 

peaks of the graph are in good agreement with the 

literature report (JCPDS File no.5-0566). The 

location of the peaks was compared to literature 

values and the presence of zinc oxide particles 

was confirmed. The average size of the particles 

was calculated using Debye-Scherer’s formula: 

D=  

 Scanning Electron Microscope (SEM) Analysis: 

  

The SEM analysis was used to determine the structure of the reaction products that were formed. SEM 

image has showed individual zinc particles as well as a number of aggregates. The SEM image showed 

relatively spherical shape nanoparticle formed with diameter range 11-25 nm. Aggregated molecules 

where formed in the range of 10 μm shown in Fig. 

Fig. XRD patterns concentrations of (a) 0.4M (b) 

0.5M (c) 0.6M (d) 1M and 2M  
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The Scanning Electron Microscope (SEM) 

analysis was used to determine the structure of the 

reaction products that were formed. The SEM 

image showed relatively spherical shape 

nanoparticle formed with diameter range 11-25 

nm. 

 

  

 

So in these different ways the ZnO nano 

materials are synthesized and it improve the 

process efficiency 

 

 

 

4.  APPLICATIONS 

ZnO nanostructures have applications in various field such as i) Medicine, ii) Rubber Manufacture, iii) 

Ceramic industry, iv) Food additives and v) Electronics 

5. CONCLUSIONS 

 

ZnO nanoparticles were synthesized using various routes. The sol–gel method proved a Successful 

synthetic route in terms of its cost, ease of handling, reliability, repeatability, and environmental 

friendliness. Moreover, with detailed review, it is confirmed that the various applications of ZnO 

nanoparticles depend upon the control of both physical and chemical properties such as size, size 

dispersity, shape, surface state, crystal structure, organization onto a support, and dispensability. ZnO 

nanoparticles were synthesized using hydrothermal method. The effect of concentration of the precursors, 

temperature and time of growth on the structure, grain size, band gap energy, and PL were investigated. 

The XRD analysis demonstrates that the nanoparticles have the hexagonal wurtzite structure and the 

Fig. SEM images of zinc oxide nanoparticles  

Fig. v:  SEM images of ZnO samples calcined at three different temperatures. (a) 300°C, (b) 

500°C, and (c) 700°C. 
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particle size increases with growth temperature and decreases with concentration of the precursors. Due to 

quantum confinement effects, the band gap of the ZnO nanoparticles is blue shifted compared with the 

bulk material. The green PL emissions observed for the synthesized ZnO nanoparticles is due to the 

oxygen vacancy or Zn interstitial defects. The synthesis of ZnO nano particles is still in its infancy and 

more research needs to be focused on the mechanism of nanoparticle formation which may lead to fine 

tuning of the process ultimately leading to the synthesis of nanoparticles with a strict control over the size 

and shape parameters. 
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Over the past few decades, the evaluation of a number of science disciplines and technologies 

have revolutionized food and dairy processing sector. Most notable among these are biotechnology, 

information technology etc. Recently “Nanotechnology”, an essentially modern scientific field that is 

constantly evolving as a broad area of research, with respect to dairy and food processing, preservation, 

packaging and development of functional foods. Food and dairy manufacturers, agricultural producers, 

and consumers could gain a more competitive position through nanotechnology. Furthermore, the 

delivery of bioactive compounds for nutritional as well as development of functional food are possible 

through this technology. 

Several applications of nanomaterials in food packaging and food safety are reviewed, including: 

polymer/clay nanocomposites as high barrier packaging materials, silver nanoparticles as potent 

antimicrobial agents, and nanosensors and nanomaterial-based assays for the detection of foodrelevant 

analytes (gasses, small organic molecules and food-borne pathogens). In addition to covering the 

technical aspects of these topics, the current commercial status and understanding of health implications 

of these technologies are also discussed. These applications were chosen because they do not involve 
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direct addition of nanoparticles to consumed foods, and thus are more likely to be marketed to the public 

in the short term. 

Today, nanotech R&D of food packaging and the monitoring of nanotech food packaging is a major focus 

in the food industry. Due to very large aspect ratios, a relatively low level of nanoparticle is sufficient to 

change the properties of packaging materials without significant changes in density, transparency and 

processing characteristics. New packaging solutions will focus more on food safety by controlling 

microbial growth, delaying oxidation, improving tamper visibility, and convenience. The rapid use of 

nano-based packaging in a wide range of 

consumer products has also raised a number of safety, environmental, ethical, policy and regulatory 

issues. Nanotechnologies are expected to play a major role, taking into account all additional safety 

considerations and filling present packaging needs. This review also provides the most complete 

accounting of nano-enabled packaging for food products in various markets around the globe. 

Nanotechnology in packaging will help dramatically extend the shelf life of food packaging. Mars Inc. is 

a company that currently has a patent on an invisible edible nano wrapper which will act as an envelope 

for foods to prevent gas and moisture exchange. „Smart‟ packaging which contain nano-sensors and anti-

microbial activators are being engineered to be capable of detecting food spoilage and releasing nano-

anti-microbes which will extend food shelf life, by doing this it will enable supermarkets to keep food for 

even greater periods of time before its sale date. Food tracking devices such as the Nano-sensors 

embedded into food products as tiny chips that are invisible to the human eye, would also act as electronic 

barcodes. 

Keywords : Nanotechnology , packaging , nano sensors. 
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In this work nanocrystalline ZnS structures are formed via chemical reduction route in room 

temperature.EDA is used as a capping agent while Sodium Borohydride is used as a reducing agent. The 

samples were grown at three compositions mainly ZnS, Zn0.7Cd0.3S, Zn0.5Cd0.5S. The samples were 

characterized Structurally, Optically. TEM analysis show the formation of nanoparticles and with increase 

of Cd percentage the particle size increases. It is found from the optical absorption study that band gap 

decreases as the Cd content increases. Also at each composition the band gap is greater than the bulk 

value. This is quantum confinement effect and the formation of nanoparticles are confirmed. The optical 

absorbance spectra indicates the Exitonic peak at each composition. Also photoluminescence  spectra 

shows that peak arises at energy less than corresponding bandgap energy. The peak may be attributed to 

luminescence from the surface state of nanoparticles. 

 Reference: 

W.Wang, Igor Germanenko, M Samy El Shall, Chem Mater 2002,14,3028-3033 
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Abstract:  

Gold is used as nano particles (1.4 nm) in the form of colloidal gold for cancer detection, cancer 

treatment, cellular imaging. They possess remarkable optical, chemical and physical properties which 

facilitates their use in this biomedical field. As many cancers originate from malignant epithelial cells, the 

ability to detect smaller amount of malignant cells in any part of body can enhance better chances of 

survival against cancer as pre detection is one the greatest perspective against fighting cancer. The general 

detection scheme relies heavily on fusing the gold nanoparticles to antibodies that target epithelial cells. 

Surface receptors which are over exposed during tumor formation, due to the exceptionally high 

scattering power of this gold nanoparticles, the presence of large quantities of gold nanoparticles on the 

targeted part highly facilitates cellular 
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According to American Cancer society estimation , cancer will be the second highest leading 

cause of death in USA very soon and hence besides huge research on the treatment area of cancers several 

research are on-going on detection of cancer at early stage .Effective treatment of cancer depends on early 

detection of this disease .Advances have been reported  in cancer detection by molecular diagnostics, non-

invasive imaging etc.in general. Several other specific methods like PSA test for prostate cancer, 

colonoscopy for colorectal cancer mammogram for breast cancer, and low dose CT scan for lung cancer 

have been reported time to time but these are either costly method or need invasive procedure. 

Gold nano particles (AuNP) are among one of the most extensively studied and broadly used nano 

materials for biomedical application. AuNP exhibit strong light scattering property at the surface of 

Plasmon wavelength region. Compared to similar size nano particles , a gold nano particle scatter light 

100 to 1000 fold more. This property of AuNP exhibited in a new technique to detect the level of prostate 

specific antigen in blood serum by dynamic light scattering method. A nano particle –enabled dynamic 

light scattering assay(Nano-DLSay) has been developed by Zheng et. Al. Which basically able to detect a 

target analyt(protein) in blood by average increase of the AuNP upon deposition of AuNP. 
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A citrate capped gold particle (ctAuNP) have been used in this technique and it is expected that 

negatively charged  ctAuNP will attract the blood proteins for deposition in its surface and hence change 

in DLS data is observed. Now the average protein in normal human sera and cancerous sera will be 

different and hence the deposition of protein on ctAuNP will be different of cancerous and non-cancerous 

sera. So , by series of DLS data, the prediction can be done on the possibility of cancer growth in patients. 

Researches by another two scientists named Xiaohua Huang and Mostafa A. El-Sayed also proved that 

gold nano particles are the best light scattering nano particles which can also be used in detection of 

cancer in prostate breast colon etc. 
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Nano-robots have been proving themselves to be a promising response to many complicated 

ailments in the present world. With the help of nano-robots, many difficult surgeries can be done with 

ease, thus maximizing the success rate of these operations. Nano-robot based surgical treatment of cancer 

is one of the sophisticated areas of research and development. In cancer treatment with the help of 

nanorobots (called pharmacytes in this case), the chemotherapeutic drugs are ‘loaded’ in the pharmacytes 

and programmed to reach the destination cancerous cells. The nano-robot recognizes the target cells and 

delivers the chemotherapeutic drugs to the target cells thus killing the cancer cells. 

Some examples of research that has been done in the field medical nano-technology have been cited 

below. University of Michigan has developed a dye tagged nano-particles to be inserted into living cells 

as bio-sensors. Baker’s group at University of Michigan works with tree shaped synthetic molecule with a 

regular branching structure emanating from the core. The outer most layers can be functionalized with 

other useful molecules such as genetic therapy agents, decoys for virus or antivirus against HIV etc. In the 

year of 2002, agroup of researchers at Tohuku University have developed tiny magnetically driven 

spinning screws intended to swim along veins and can carry drugs to the infected tissues or even to 

burrow into tumors and kill them with heat. 

A significant research that had been done by Shawn M. Douglas and his team at the Harvard Medical 

School was to design nanorobots by DNA origami. The design shown by Douglas had the ability to 

deliver active molecules to the cell surface by DNA robots, and then release the active drug to the target 

cell. They designed the nanorobot in a hexagonal barrel, so they can use modified staples with DNA 

aptamer as locks infront of the barrel, but in the back single stranded scaffold hinges. They created this 

device in principle with a lock system that depends on antigen keys and proteins response. They study the 

robots ability in three ways: 
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Study of the robots that enable to make a specific link to a single specific cell type, in a mixing population 

of different types of cells. 

They mix NKL cells with healthy leukocytes to mimic the particular physiological condition. 

They tested the sensitivity of nanorobots. 

 Thus it was concluded that by using DNA nanorobots, molecular payloads can be reached to cells. In 

another example, the nanorobot can be controlled by the aptamer encoded logic gate, which responds to 

many bio-chemical signals. The main objective of this project is to highlight the application of organic or 

DNA based nano-robots in various micro-surgeries all over the world as well as daily life applications of 

humanoid. The speciality of these robots is self multiplicating as well as self-disintegrating when the 

utility is over. Thus, if they are implemented, various complexities associated with targeted drug delivery 

to various remote parts of the body can be done without implementing costly methods.  
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In this paper with the help of simulation study we explore design space of ultra-thin body (UTB) 

In1−xGaxAs on-Insulator MOS transistor. We have studied effect of MOS interface buffer layer and 

Indium content on carrier mobility of UTB III-V on Insulator MOS transistor. In order to show the 

improvement in device performance we have analyzed the effect of Indium content on different analog 

figure of merit such as transconductance, transconductance generation factor, output conductance and 

intrinsic gain. Moreover we have analyzed RF performance of the device in terms of unity gain cut-off 

frequency and maximum oscillation frequency. Our result shows that while increasing Indium content 

Analog and RF figure of merits also improves. Also buffer layer plays significant role to reduce carrier 

scattering related mobility degradation in UTB III-V on Insulator devices. 
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With the recent rise in gas-prices as well as escalated anxiety in middle-east oil-producing nations, energy 

has become one of the main issues of concern for the common people. Conventional sources of energy are 

typically fossil fuels (coal, oil and natural gas) that are currently responsible for approximately 85% of the 

worlds’ primary energy needs. However, fossil fuel use is challenging in the long run since it is being 

consumed more rapidly than it is being replaced and its use can result in environmental harm.  

Nanotechnology, collectively defines a set of scientific and engineering uses that are typically 

manufactured at the nanoscale, or have unique properties because of the small size of their basic structure. 

Nanoscale science allows researchers to manipulate and adjust properties of objects at the level of the 

atom. When materials are produced from the “bottom-up” (starting with the atom) many unique 

properties arise within the macro-scale product. Properties that might be advantageous to both traditional 

and alternative energy production and development include materials with increased electrical 

conductivity, strength, durability, flexibility along with high-temperature resistance. 

Classic nanostructures such as carbon nanotubes (CNT), fullerenes and quantum dots are being used to 

make solar cells lighter, cheaper and more efficient. For example, constructing photovoltaic cells with 

vertically laying CNTs greatly increases the amount of light that can be collected. Another arena that 

nanotechnology will impact is increasing photovoltaic effectiveness through the use of materials like lead 

selenide. These materials cause more electrons (and therefore more electricity) to be released when hit by 

a photon of light. In addition, structural characters of photovoltaic cells can be modified using 

nanotechnology.  

Nanotechnology is motivating much of the research and development on alternative energy resources. 

Even though many of the products and applications are still in the developmental phase, efforts at the 

nanoscale have opened up promising new research avenues. The future of our alternative energy use will 

likely rely on nanostructured substrates and an understanding of molecular interactions at the nanoscale 

level. 

 

Reference 
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Abstract 

Realization of semiconductor nanostructured LED / laser with higher light-extraction efficiency is 

very much crucial for several diversive nanophotonic applications. The use of conceptually new class of 

nanomaterials / systems, widely known as nanoscale photonic-crystal, indirectly helps for strong coupling 

of the radiated light emission from LED / laser to the external medium thorough the top ultrathin 

engineered layer of 2D-photonic-crystal. This novel technique of the improvement of light-extraction 

from quantum well (QW) / multi-quantum well (MQW) or quantum dot (QD) LED / laser has far 

reaching consequence in new-generation of light display system, optical communication, optical 

interconnects and other technological fields.  

 

Introduction   

Although the nanostructured light emitting devices like LED, laser have several advantages over 

their conventional, i.e., bulk counter parts; the most significant limitation of these lighting devices is due 

to their poor light extraction efficiency. It is well known that in-spite of higher (close to 100%) internal 

quantum efficiencies of LED / laser devices, only a small fraction (~ 2 - 5%) of emitted light radiates 

away from the top surface of the device to the free space. During the passage of generated photon from 

the active region of LED / laser, most of the light is lost to guided modes in the semiconductor materials 

and only about ~ (1/4n
2
) fraction (with n being the refractive index of the material) of the light succeed to 

radiate out from the device [1]. The use of photonic-crystal helps for the drastic improvement of light 

extraction efficiency from these devices [2].  

Day-by-day, the use of solid-state light emitting devices like LED / laser with superior light extraction 

efficiency are in high demand for a variety of applications including flat panel displays, printers, optical 

interconnects in computers alongwith general lighting. In this paper, brief views of the role of photonic-

crystal on the superior radiation management of LED / laser for various technological exploitations are 

discussed.  
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Photonic-crystal Characteristics  

Just like semiconductor nanostructures, the applications of various photonic / nanoscale photonic-

crystals have generated special interest in the recent past. Basically, the photonic-crystals represent a 

conceptually new class of nanomaterials / systems in which alternating domains of higher and lower 

refractive indices produce an ordered structure with periodicity in the nanometer scale. This new structure 

exhibits several unique optical / nonlinear-optical properties alongwith enhanced photonic functions [2].  

  

In general, the behavior of photon in photonic crystal is analogous to that of electron in periodic 

semiconductor crystal (also known as electronic crystal). In semiconductor / electronic crystal, atoms are 

arranged in a periodical ordered-form with average separation ~ 0.5 nm [Fig. 1(a)]. In a similar way, 

photonic crystal consists with close-packed and highly uniform colloidal particles of silica, polystyrene, 

etc. with average separation ~ 200 nm, as shown in Fig. 1(b). In photonic crystal structure, the refractive 

contrast n1/n2 (with n1, n2 being the refractive indices of the packing sphere and   the interstitial medium 

such as air or host material respectively) acts as periodic potential; just like periodic crystal potential in 

semiconductors. The only difference is that in photonic-crystal, the average separation of periods is 

relatively higher than that of electronic crystal, as appeared from Fig. 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

(a)                                               (b)  

Fig 1.  Schematic illustrations of (a) semiconductor crystal lattice and (b) photonic-crystal lattice.  

 

 Like in case of electronic crystal (i.e., semiconductor), the incidence light or electromagnetic 

wave (with wavelength of the order of the periodicity of photonic-crystal potential), exhibits strong 

diffraction (following the well-known x-ray diffraction principle in semiconductor crystal). In that case, 

the propagating photons also experience photonic bandgap; just like the electronic bandgap in 

semiconductor material. Due to photonic bandgap formation, photons now cannot exist or propagate in 

the photonic bandgap region, similar to the non-existence of electronic states in electronic bandgap region 

of semiconductor. So, when light with energy / frequency of the order of   photonic bandgap incidence on 
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photonic-crystal, it reflected back from the surface of the crystal and cannot propagate through it. On the 

other hand, if a photon with energy belongs to the photonic bandgap generated inside the crystal by 

emission or other process, it will not exist there due to its localization nature (i.e., the light can never 

propagate through it). Most significant differences between the conventional semiconductor crystal and 

the photonic-crystal are given in Table 1. 

 

Table 1 Differences between the Semiconductor Crystal and Photonic Crystal.  

 

Crystal type Semiconductor / electronic 

crystal 

Photonic-crystal 

Particle concerned electron  photon 

Periodic provide by atomic lattice ~ de-Broglie 

wavelength of electron (Ǻ) 

Dielectric media ~ 

wavelength of light (μm) 

Wave eigen-mode provided by Schrödinger equation Maxwell’s EMW equation  

Bandgap type electronic bandgap photonic bandgap 

Bandgap-region forbidden to electron state photon with concerned 

frequency / energy  

 

 In practice, photonic-crystal can be realized in 1D, 2D and 3D arrangement as shown in Fig. 2. 

For 1D photonic-crystal, alternative layer structure of different refractive index materials are stacked in 

periodic nature. In this case, the stacking as well as the variation of refractive index is along only one axis 

(e.g., along the vertical axis), as shown in Fig. 2 (c). On the other hand, 2D photonic-crystal can be 

prepared by the stack of cylinders or parallellopipes of given refractive index [Fig. 2(b)], where as 3D 

crystal be designed by using closed packed of sphere with face-centered cubic arrangement [Fig. 2 (a)].  

 

 

 

                         (b)                                      (c)  

 

 

 

 

 

 

 

 

Fig 2.    Schematic views of (a) 3D, (b) 2D and (c) 1D-photonic-crystals. 

 

 The estimation of the exact nature of band-structure of such photonic-crystals is a complex 

problem. Several methods like - (i) Plane-wave expansion method, (ii) Transfer-matrix method, (iii) 

Finite-element discretization of Maxwell’s equation with fast Fourier transformation technique, (iv) 
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Korriga-Hohn-Rostoker (KKR) method , etc. are employed for that purpose. Among these methods, the 

Plane-wave expansion method is very much useful for photonic-crystal structures with no defects, while 

the Transfer-matrix method is most effective for finite-size photonic-crystal [2].  

 

Design of Photonic-crystal LED 

During last decade, the use of various photonic-crystals for the enhancement of external 

efficiency of nanostructured LED through the coupling of traditionally trapped guided modes in 

semiconductor structure into radiation modes have received special interest for several technological 

applications [3 - 5]. In conventional nanostructured LED, the majority of light emitted from the QW, 

MQW or QDs become trapped in the high refractive index active semiconductor region by total internal 

reflection at semiconductor/air interface. The light extraction from the LED can substantially be improved 

by enhancing the strength of interrelation or coupling between the guided modes in semiconductor and 

the photonic-crystal. 

  

Figure 3(a) shows the schematic view of a typical GaN-based photonic-crystal   LED usable in blue 

region (~ 460 nm). The active region of such LED is made up with InGaN/GaN MQW structure bounded 

by p-GaN and n-GaN thick layers [3]. The top of the LED is capped with 2D photonic crystal [as shown 

in Fig. 3(b)] for better photon extraction from the device. Basically the presence of 2D-photonc-crystal 

indirectly helps for the elimination of light propagation along the horizontal plane of the emitter, and 

thereby improves its external efficiency. In practice, the 2D-photonic-crystal is prepared by triangular 

array of holes using etching process [3, 5]. The etch depth plays a crucial role in determining the 

efficiency of cross-coupling between the trapped waveguide modes and the leaks modes of the 2D-

photonic-crystal. For achieving higher light extraction efficiency, the etch depth should be close 

proximity to the active region of the LED.  

 

 

 

 

 

 

 

 

 

                                                            (b)  

 

 

 

 

 

Fig. 3  Schematic views of (a) GaN-based MQW photonic-crystal LED and (b) its top most 2D-photonic-

crystal layer. 
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 Beside the etch depth, the efficiency of light extraction as well as the directionality of the 

resultant leaky modes of the emitted light from such LED depend on several other geometrical factors of 

2D-photonic-crystal such as hole size, hole lattice shape (i.e., triangular, square, etc.), contrast of 

dielectric constants of materials, etc. In general the photonic-crystals with traditional triangular [as shown 

in Fig. 3(b)] and square lattices have 4-fold and 6-fold symmetricity. Using higher symmetry photonic-

crystal, the properties of photonic-crystal lattice become less directional sensitive. But the major 

disadvantage of such triangular or square symmetric photonic-crystal is the azimuthal anisotropy of light 

emission, which is quite undesirable in efficient lighting applications. In that case, the application of 

photonic-quasi-crystal is more useful due to its higher rotational symmetry nature. In fact photonic-quasi-

crystal exhibits less azimuthal emission dependency, as it poses long-range order pattern [5]. 

 Figure 4 shows the impact of photonic-crystal on the light / power extraction from MQW GaN-

based LED. The current-voltage (I-V) alongwith luminescence power-current (L-I) characteristics of such 

LED shows the overall increase in output optical power under integration of 2D-photonic-crystal on top 

of the LED.  

 

 

                                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Typical current-voltage (I-V) and luminescence power-current (L-I) characteristics of MQW GaN-

based LED [3] 

 

 In this case, the enhancement of light extraction is achieved in two different possible ways. First 

of all, once the lattice dimension of the photonic-crystal is tuned properly (~ λ/2), the photonic bandgap 

originates as a result of multiple scattering of photons by lattices of periodically varying refractive index 

[3] of 2D-photonic-crystal. In that case, lateral propagation of guided modes are prohibited, while the 

light generated within the photonic bandgap region can radiates easily along outward direction and 

thereby improves the light extraction efficiency. In the second possibility, the variation of refractive index 
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of photonic-crystal creates a cutoff frequency for the guided modes, above which all frequencies become 

leaky type and couple easily to the external free (i.e., air) space. This effect indirectly improves the output 

efficiency of LED. In real situation, these combined phenomena help for the overall enhancement of LED 

output performance by 60-90% in GaN-based LED. Similar observations in other types of LEDs and 

lasers are also reported by others [6].   

Conclusion 

 

The use of photonic-crystal in nanostructured LED enhances its overall light output efficiency by 

considerable way. This achievement is realized with the help of multiple scattering of photons by lattices 

of 2D-photonic-crystal as well as creation of suitable guided modes of light during its propagation 

towards the external medium. Continuous efforts towards the improvement of light extraction alongwith 

miniaturization of semiconductor LEDs / lasers have far reaching consequence, as it expected to drive the 

next revolution in optical communication, optical interconnects and other technological applications.  
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Abstract 

Laser physics is entering into an exciting new era in which quantum coherence and interference 

are used to give birth of new types of lasers which laser without population inversion (LWI) or 

production of light with greatly reduced noise. In this paper we have presented the overview of 

the causes of Lasing without inversion as cancellation of absoption, quntum interference. An 

analysis of LWI has been made in terms of spatial hole burning and cancellation of absorption in 

this work. The notion of stimulated decay is introduced for the first time in this work which may 

be predicted as the cause of LWI.We have suggested an alternate LWI  device may be designed 

based on Stimulated decay. 

1. Introduction: 

             Laser physics is entering into an exciting new era in which quantum coherence and 

quantum interference are used to give birth of new types of lasers which laser without population 

inversion (LWI)[1-6] or production of light with greatly reduced noise. Varieties of LWI 

schemes have been proposed and numbers of experiment are now under way, and few 

experimental demonstrations have been successful. The main idea of LWI is that absorption 

cancellation provides the possibilities to obtain light amplification even if the population of the 

upper level is less than the population of the lower level. Such a situation can be realized, for 

instance, in a three level system, when two coherent atomic transitions destructively interfere 

and, hence, cancel absorption .In the last decade   lasing without inversion (LWI), has attracted 

tremendous attention. LWI gives the production of light with greatly reduced noise which could 

be useful in x ray laser and new type semiconductor laser .In the present work we show that the 

phenomenon of spatial hole burning in semi classical theory remains unaffected in Lasing 

without inversion. This fact has not been discussed in earlier works. 
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2. Spatial hole burning: 

Spatial hole burning is responsible in gain suppression in a laser cavity. This phenomenon 

appears naturally in the semiclasical theory of laser. This hole burning appears in the graph 

representing the normalized population difference versus axial co-ordinate along z axis. Though 

the hole burned by the field intensity for non moving atoms are seen to wash out for rapidly 

moving atoms the effect is inherently present in laser oscillator.  

3. Lasing without inversion: 

               One of the central issues in laser techniques is the generation of laser in x ray domain. 

However since the population inversion between states connecting in ultra short wavelength 

laser, in general is hard to realize. Moreover even if a population inversion is reached between 

two states ,the strong spontaneous emission yield a large phase noise, as spontaneous emission 

rate relates to laser wavelength in a cubic  inversion ratio. Consequently, it is impossible for an 

output ultra short wavelength laser to have narrow line width. Recently it is theoretically 

recognized that under proper conditions a buildup of coherent radiation is achievable in some 

multilevel systems, even if population is absent. This new kind of the mechanism is termed as 

lasing without inversion Mean while as it does not need a large population in the upper lasing 

level, the spontaneous emission phase noise is quite small and then laser generated in this way 

will have a very narrow natural line width. 

                 Varieties of LWI schemes have been proposed and number of experiment are now 

under way, and few experimental demonstrations have been successful.Bloembergen’s three 

level schemes, which worked out five decades ago, carry the essential features of LWI. We have 

seen that in this system two fields are allowed to be incident on an assembly, a strong field at 

resonance with frequency  31
 (frequency separating the ground level and highest excited level) 

and the weak signal field at frequency 32
.In LWI also two fields are allowed to be incident on 

this assembly; one strong field and another weak field and coupling take place between the two 

fields. We have seen that because of the closeness of two levels there is uncertainty in making 

transitions to the upper level or lower level, depending on whether the system is Λ type or V type 

resulting in destructive interference . 

To present the basic physics of LWI it is best to consider the theory of this effect in three level Λ 

configuration and then to demonstrate how the concept of lasing without inversion can be 

realized. Theoretical analysis predicts that lasing without inversion can be achieved in simple 

three level V scheme configuration , it requires more population in the ground state than in the 
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excited state i.e. the lasing without inversion requires aa
 < bb

 .( aa
  excited state and 

bb
 ground state, population is in the density matrix notation). 

 

  

 

 

 

  

 

If we consider aa
 < bb

 and apply in to equation (1) we obtain the left hand side of the 

equation (1) to be negative, the population difference will be negative, and this expression can be 

reframed as         

S

aabb

R
RtzN 




1

1

),(

                (2) 

In equation (1) we see that the population difference is given by N (z) divided by a factor  
S

R

R
1  

and we observe the LHS’s equation (1) and (2) are equal in magnitude.  

When 
S

RR   the population difference is  

)(
2

1
zN

bbaa
   i.e. the population difference becomes one half of its value 

but here when aa
 < bb

   )(
2

1
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bbaa
   which can be modified  
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Here )(
2

1
)(

11 


bbaa
zN 

11 


aabbbbaa
  

When the life time in the upper level (a) relatively shorter than the life time in the lower level 

(b)
a



1
<<

b


1
, means 

ba
  which causes decrease  in  inversion and net gain. 

4. Cancellation of absorption:  

            The physical reason of cancellation of absorption in is the uncertainty in atomic transitions c     a, 

b     c which results due to destructive interference between them. Both  of these transition is directed to 

same atomic state a, it is impossible to find out along which path such a transition is made. The 

absorption probability for upper level in this case can be written as 

                                       (3) 

From this expression it is seen that absorption is cancelled Pabsorption=0 if  

The atomic system will stay at lower energy levels for these specific phase conditions. Since there is no 

transition to higher energy levels this system will have no absorption which causes due to destructive 

interference and results lasing without the population inversion. 

5. Discussion and Conclusion: 

           Form the above discussion it has been seen that the spatial hole burning also affects the gain in 

lasing without inversion and LWI occur due to cancellation of absorption, and it is interesting to note 

that this point has not been discussed in various schemes dealing with lasing without inversion .Though 

the LWI has been demonstrated experimentally, a practical device has not yet been made. Thus any high 

power device dealing with LWI should also consider the effect of spatial hole burning. In both of the 

schemes as shown in above figure 1 and figure 2 atoms are prepared by a coherent driving field resonant 

with optically allowed transitions.(b    c for V schemes and a     c for Λ schemes)the absorption with the 

a     b transition is then strongly suppressed. This suppression allows amplification without inversion.  

              It is worthwhile to note that the presence of spatial hole burning inhibits the gain or 

amplification of a laser medium and proper mechanism should be provided so that the effect is 

overcome. In this connection it is worthwhile to connect the phenomenon of spatial hole burning with 

the processes of LWI. We have seen that population is needed for lasing and primary reason for this 

population inversion is to overcome absorption which is inherently present in the process of interaction 

of radiation with matter. We have discussed this matter in the case of LWI. Absorption inhibits gain in 

the process of lasing and in spatial burning encountered in the semi classical theory of lasers gain or 

amplification is suppressed sinusoidallys along the laser axis. In LWI absorption is cancelled via the 

process of quantum interference, which leads to amplification or lasing even in the absence of the 

  4/cos(1)(
21

22

 
Raabsorption

ttCP
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population in the excited states. Spatial hole burning inhibits gain, like wise absorption inhibits 

population inversion and gain (lasing).Absorption is cancelled via quantum interference leading in LWI. 

Spatial hole burning if suppressed will lead to increase gain. In this way we observe that both processes 

are analogous. Further behind every radiation there must be some decay. In LWI though less amount of 

decay is present but it is not completely responsible for lasing. Without loss of generality we may infer 

that in this case the decay is stimulated or stimulated decay is responsible for lasing without inversion.  

The researchers have proceeded to develop a laser device based on the principle of lasing without 

population inversion using the concept of stimulated decay. 
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Nanotechnology (NT) is a rapidly progressing field. Nanotechnology is defined as science, engineering, and 

technology related to “the understanding, control, and use of matter at dimensions of roughly 1 to 100 nanometers 

where unique characteristics enable novel applications. The advances will have a tremendous impact on fields 

such as materials, electronics, and medicine. Scientists from multiple fields are engaged in research at this 

nanoscale; including from biology, chemistry, electrical engineering and electronics, materials science, medicine 

and physics. In this paper we try to relate the cognition, risk and ethics of nano science and nano technology in the 

light of publications and patents in india. 

 

Introduction: 

Technological challenges,resulting from political,social,economic point of view are overcome by integration of 

different disciplines. The concept of nanotechnology is associated with the manipulation of matter at the scale of 

atoms and molecules .Nanoscience and Nanotechnology impact on fields such as materials, electronics, and 

medicine. Scientists from multiple fields are engaged in research at this nanoscale; including from biology, 

chemistry, electrical engineering and electronics, materials science, medicine and physics. All around the world 

huge amount of funding  and human recourses are involved in the field. As the science leaps ahead, risk fluctuates 

and the ethics lags behind. There is danger of derailing NS,NT if the study of ethical, legal, and social 
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implications does not catch up with the speed of scientific development. In this paper we try to relate the 

cognitive content, risk and ethics of nano science and nano technology in the light of publications and patents. 

 

The emergence of nanotechnology in India has witnessed the engagement of a diverse set of players, each with 

their own agenda and role. Together they shape the trajectory of nanotechnology in the national context. In what 

follows, we provide an overview of the key players involved in the emerging area of nanotechnology in India.  

 
Figure1.1 maps the key players engaged in nanotechnology in India. 
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Publications and Patents of Nanoscience and Nanotechnology: 

 

Nanotechnology, which arose out of a convergence of conventional scientific fields such as material science, 

molecular chemistry, quantum physics and biotechnology, has significant potential to open up new opportunities 

for economic, environmental and social benefits. It can be an innovation driver for sustainable development, 

growth and employment. India launched its national nanotechnology initiative in 2001. This section analyses the 

Indian contribution in the field of nanotechnology as reflected in the publications and patents output. 

Figure 2 indicates an almost exponential growth of publication activity in the field of nanotechnology between 

1990 and 2007. The rate of growth of publications is much higher during 1998-2007 in comparison to that 

between 1990 and 1997. Of the total 11,000 publications, 9395 (85%) are research articles and 1359 (12%) are 

papers presented in conferences. The remaining contributions include reviews, editorials, letters to editor, and 

short surveys. Each publication is authored by authors from one or more institute. Counting the contribution of 

each author as one publication, the total number of publications worked out to nearly 21,000, implying multiple 

contributions from a single institute.  The analysis indicates that the publication activity accelerated after the 

launch of the national nanotechnology initiative. 

Fig 2. Indian publications in nanotechnology for the period 1990-2007 

 

Figure 3 indicates the growth of patenting activity in the field of nanotechnology by Indian inventors. It is 

observed that the intensity of patenting grew slowly during 1990 to 2000 but rose suddenly during 2001 to 2007, 

almost exponentially. Of the total 167 patents, 64 patents (39% of the total patents) are owned by  government 

institutions, 45 patents (27% of the total) by firms in the industry, and 10 patents (6% of the total) by academic 

institutions. There are 37 patents (22% of the total) that are owned by individual inventors. The remaining 5% 

patents are joint patents pertaining to collaboration between government institutions or firms from 

industry. Leading contributors from the government sector include laboratories of the Council of Scientific and 

Industrial Research (CSIR), Defence Research and Development Organization (DRDO) and Department of 

Atomic Energy. Firms like Ranbaxy Laboratories Limited (Indian company till 2007), Stempeutics Research 

Private Limited, Panacea Biotec Limited, and Arrow Coated Products Limited have been the leading owners of 

http://www.drdo.org/
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patents. Academic institutions that have been granted patents include the Indian Institute of Science, Indian 

Institute of Technology, Jawahar Lal Nehru University. 

 Fig 3. Indian patenting activity in nanotechnology for the period 1990-2007 

 

Risk of Nanotechnology 

Nanotechnology is seen as a transformative technology, which has the potential to stimulate scientific 

innovation while greatly benefiting society. However, the enthusiasm with which the scientific and technical 

communities are embracing the technology is being tempered by concerns over possible downsides, including 

risks to human health. As nanotechnology moves toward widespread commercialization, not only is the debate 

over preventing adverse consequences occurring at an unusually early stage in the development cycle, it is also 

expanding beyond traditional knowledge-based risk management to incorporate public perception, trust, and 

acceptance. Nanotechnology lies at the heart of many of the challenges facing society today, from energy to 

health. Three broad areas are addressed that focus the discussion on those materials and technologies more likely 

to present a significant health risk. These cover materials of likely relevance to human health, nonmaterial’ 

behavior on and in the body (loosely relating to hazard), and nanomaterials’ behavior outside the body (loosely 

relating to exposure).  

There are business risks involved with marketing of nanotechnology enabled products, risks related to the 

protection of intellectual property, political risks regarding the impact on the economical development of 

countries and regions, risks regarding privacy when miniature sensors become ubiquitous, environmental risks 

from the release of nanoparticles into the environment, safety risks from nanoparticles for workers and 

consumers. In addition, futuristic risks like human enhancement and self replications of nano machines. 

Risk =Exposure X Hazard 

 

Conclusion:  

The above discussions on the basis of publications and patents in India reveal the importance and investment in 

the research and development. The nanoscience and nanotechnology the above mentioned risk appears which 

prevent the society to take the outcomes of NSNT for their benefit. The outcomes have opened the door towards 
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the business community for profit more than welfare. Nanotechnology is revolutionizing modern science , yet the 

public has little understanding of  the ethical implications .Nanoethics  explores the philosophy associated with 

cutting edge science. Nanoethics  is a contentious field for several reasons. Some believe it should not be 

recognized as a proper area of study, because they believe that nanotechnology itself is not a true category but 

rather an amalgamation of other sciences, such as chemistry, physics and engineering. The nano science and 

technology bring up lots of completely new ethical questions the answering of which is would be extremely 

important for further successful advances of nanotechnology. We can predict an ethics as peopel welfare nano 

ethics(PWNE).PWNE which is based on fundamental needs of human community besides the ornamental 

need,keeping the notion of lengthening average life. 
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ABSTRACT:  

Ethno-medicinal plants are a great source of herbal drugs .Emission spectra of a leaf can provide considerable 

information on the organization and function of the photosynthetic apparatus. It is produced by photosystems (I or 

II) which are pigment–protein complexes involved in the initial stages of photosynthesis. In this paper, we have 

observed Photoluminescence (PL) spectra of the ethno-medicinal plant leaf of Polygonum Chinese Linn, 

popularly known as Modhu Huleng in Assam belonging to the family Polygonaceae. The result of the study 

ignites to think about existence of a optical material which can be used as bio-material medium for laser. 

 

Keywords: Chlorophyll, Ethno-medicinal plant, Photoluminescence (PL) spectra, 

 

INTRODUCTION       

   Leaves, Plants and terrestrial vegetation as a whole can be judged and investigated by means of 

spectroscopic methods. Several optical methods can be applied to characterize the leaves and plants by particular 

spectral signature .These are absorption spectra, reflectance spectra, transmission spectra, fluorescence-emission 

spectra as well as photo acoustic spectra [1] .In plant leaves, solar radiation in the visisble region is absorbed by 

photosynthetic pigments (Chlorophylls and carotenoids) of the leaf mesophyll. The absorption of characteristics 

of leaves can be determined via absorption spectra. Chlorophyll molecule of leaf absorbs the solar energy incident 

http://www.indempan.org/image/india-map.jpg
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on it .That energy can undergo one of three processes-photosynthesis, heat production, and chlorophyll 

fluorescence emission—ultimately determines the actual pattern of response observed for fluorescence [2-4]. 

Chlorophyll-a is the only fluorophore species present in leaves that is responsible for the emission spectra in this 

region of the spectrum, while chlorophyll –b transfer all  its excited energy to Chlorophyll-a in vivo. 

Photoluminescence (PL) measurements can be done in continuous wave (CW) or time-resolved (TR) 

arrangements. CW measurements provide luminescence spectra, which can yield detailed information about the 

magnitude of the band gap, structure of the energy levels, quality of the crystalline structure and concentration 

and identification of impurity atoms.[5]The intensity of the of PL depends on the concentration of the emitting 

chlorophyll [5-6]. It also depends to some extent on the optical properties of the leaf, which determine the 

penetration of the excitation radiation into tissue. Recently, OLEDs containing chlorophylls a and b as emissive 

materials, extracted from spinach were successfully fabricated [7]. This result strongly suggests that the use of the 

pigments extracted from plants leads to further low-cost productions of organic devices. However, chlorophylls a 

and b emit red light [7, 8]. Thus, it is necessary to find other pigments emitting blue and green light, which can be 

applied to OLEDs. Medicinal plants are a great source of herbal drugs. There is tremendous demand for plant 

based medicines as modern medicine shows adverse side effect of the drugs .As medicinal plants has no side 

effect and is very effective so there is a tremendous increase in the interest of multinational pharmaceutical 

companies and domestic manufacturers of herbal based medicines.  Medicinal plants are rich source of bio active 

constituents which is effective for pharmacological activity [6-7]. Polygonum chinese Linn, also known as Modhu 

Huleng in Assam which belongs to the family Polygonaceae is a herbal medicinal plants .The leaf is found to 

contain Kampforel, Quercetin, Kampforel-7-O-Glycosides, β-Sitosteroid and acid. The plant is reported to have 

antimicrobial and antipyretic activity. [7].In this paper we have reported Photoluminescence Spectra (PL) of 

Polygonum chinese Linn (solid).  

 

EXPERIMENTAL:  

The Photoluminescence (PL) spectra for the the Polygonum chinese Linn leaf (solid) was recorded with the 

excitation wavelength of 350nm by Horiba Jobin Yvon Fluoromax 4P Spectrofluorometer with spectral resolution 

of 1 nm. The measurement was done at room temperature. 

RESULT AND DICUSSION:  

In the fig.1 represents   the Photoluminescence spectra 

for Polygonum chinese Linn leaf(solid).We have 

observed one intense peak around 571nm for green 

emissions with two small peaks in red region around 630 

and 655 nm wavelengths were observed. The highly 

intense peak at 571 nm which is characteristic emission 

peak of chlorophyll-a (candidates are: quercetin and 

other flavanol) [1].  The other two peaks at 630nm and 

655nm indicate presence of another emitting species in 

the leaf. The leaf broth itself is found to be luminescent 

with an emission at 571 nm when it is excited with 350 

nm. The intensity of a peak in PL spectroscopy depends 

on the number of electrons and the intensity of the 

energy released when they return to the ground state 

from the excited state. 

        Fg.1 Photoluminescence Spectra of (PL) of Polygonum chinese Linn (solid). 
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The reduction in the emission intensity implies that either some part of the energy being released during the 

recombination is being transferred to an acceptor that can absorb this energy (Resonance Energy Transfer (RET)) 

or some number of electrons is being transferred to an acceptor. Both phenomenons require the donor and 

acceptor to exist within a certain distance (20 angstrom) with an allowed spatial orientation [11]. The red light 

emissions from chlorophyll were observed in many plants. However, blue and green light emissions were also 

observed [12]. We have reported one intense peak around 571nm for green emissions with two small peaks in red 

region around 630 and 655 nm wavelengths. The highly intense peak at 571 nm which is characteristic emission 

peak of chlorophyll-a. The other two peaks at 630nm and 655nm indicate the presence of another emitting species 

in the leaf .The intensity of the spectra depends on the concentration of the emitting Chlorophyll. It is also 

depends on the optical properties of the leaf. In this particular, Polygonum chinese Linn leaf (solid) emitted a 

green emission which suggests that this leaf has potential to be optical material in the green region which can be 

predicted as bio-material medium for laser. 

ACKNOLDGEMENT: The authors gratefully acknowledges to Dr.Pankaj Dutta, Assistant Professor of Physics, 

Department of physics for experimental work. 
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Abstract: 

Amorphous CNT-Cu/CuO nanoparticle hybrid system has been synthesized by a simple cost effective chemical 

route. The amorphousness of the sample has been confirmed by X-ray diffraction as well as by high resolution 

transmission electron microscopic (HRTEM) study. The morphology of the as prepared sample has been studied 

by field emission scanning electron microscope as well as by HRTEM. Fourier transformed infrared (FTIR) 

spectroscopy gives the signature of the presence of different vibrational bonds in the sample. Raman study 

quantifies the relative presence of different hybridized carbon in the pure and hybrid sample. Optical gap and 

other optical parameters were determined by UV-Vis spectroscopic analysis.  

It is seen that the charge storage capacity of the a-CNTs has been enhanced when hybrid system with Cu/CuO 

nanoparticle has been made. Specific capacitance has been increased from 3 to 48 F/gmm
2
. The charging 

discharging profile for both the pure and hybrid sample has been studied for three cycles. Also the variation of 

specific capacitance with scan rate has been studied and reported here.   
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Cerium oxide is one of the technologically important rare earth oxide for it’s unique properties, such as 

oxygen ions conductivity, oxygen storage capacity high mechanical strength, autocatalytic property and free 

radical scavenging property. It has broad spectrum antioxidant activity , small size and prolonged retention in 

tissues. Cerium Oxide Nanoparticles ( CONPs) are capable of arresting the free radicals that leads to change in its 

oxidation state. Interestingly, CONPs are capable of regenerating their reduced (Ce
3+

) valence state from the 

oxidised (Ce
4+

) valence state, thus behaving as a catalyst. These unique properties of CONPs are utilised to 

prevent radiation induced cellular damage, vision loss and eye disease, neuro- degenerative diseases etc. 

Since CONPs are capable of possessing a mixed valence state of Ce ions (Ce
3+

, Ce
4+

 valence state), studies have 

shown that CONPs enhance the average life span of neuron cells. This has proved to be beneficial in patients 

suffering from Alzheimer’s disease and Cerebral Ischemia  or hypoxia owing to low reduction potential.  

CONPs can be used as a therapeutic agent to treat cancer. Research data have shown CONPs to be toxic to cancer 

cells to inhibit invasion and to sensitize cancer cells to radiation therapy and chemotherapy. CONPs can 

selectively induce apoptosis and suppress the proliferation of tumour cells. Thus, it inhibits tumour cell invasion. 

The physiological CONPs are non-toxic to the physiological pH of normal cells. 

Among the leading causes of vision loss in the developed world is blinding disease resulting from pathologic 

neovascularisation or from selective degeneration of retinal neurons. The cause of the disease is the production of 

reactive oxygen species (ROS) in excess, a condition termed as oxidative stress. Targeting ROS with catalytic 

antioxidant nanoparticles e.g. nano ceria reverses the pathology in both induced and heritable models of retinal 

degeneration. 
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Synchrotron radiation is basically the electromagnetic radiation which is emitted when a charged particle 

(say electron) is accelerated radially. Although it was first occurred as an unwanted energy loss in the field of 

particle physics, over a last few decades it becomes widely popular in the field of science where it is used as the 

brightest source of X-ray. Synchrotron radiation may be achieved artificially in storage ring of different 

synchrotrons where fast moving electrons are passed through magnetic field. Synchrotron radiation become so 

popular over a last few years that many synchrotrons is constructed in different countries around the world which 

act as a synchrotron light source and is entirely dedicated for the research in the field of material sciences, 

medicinal sciences, nanosciences, biological sciences; the list being too long. 
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Synchrotron radiation can be obtained from placing different arrangement of magnets, known as bending magnet 

and insertion devices (Wigglers/Undulators),  in the path of moving electron (moving almost at the speed of 

light). These magnetic arrangements basically accelerate the electrons which in turn emit photons in a particular 

direction (having a wide range of frequency). Emitted electromagnetic beam, emitted along the direction 

tangential to the path of moving electron, is then passed through some optical cabin and brought in experimental 

station where desired experiment is performed using synchrotron radiation. The path of the emitted 

electromagnetic beam from the storage ring to the experimental stations is known as the beamline and a typical 

synchrotron can have 25-50 beamlines. 

Synchrotron radiation is a highly intense stable beam of electro-magnetic wave which has a wide range of 

frequency from microwave region to X-ray. One can also assign desired polarization (linear or circular) to the 

beams. These special features of synchrotron radiation, which is absent for a typical lab source, make it widely 

popular. Highly intense photon beam can be used for rapid experiment or for characterization of weakly scattering 

elements.  Moreover, due to the presence of a wide range of energy user can choose a required energy or 

wavelengths for their experiment. As an example for X-ray scattering experiment one requires an energy of the 

order or 10 KeV whereas for spectroscopic analysis energy of the order of 100 eV is required. Synchrotron 

radiation can satisfy both the requirement simultaneously where we need only different beamlines or different 

optical arrangements for choosing the different energies. In this review based study we will discuss how we can 

use the synchrotron radiation in characterizing the nanoscale material or thin films. Structural characterizations of 

the nano-material can be done by  X-ray diffraction or X-ray scattering method which basically use hard X-ray, 

whereas, for the determination of chemical composition or electronic structure of thin films one can use technique 

like XPS or NEXAFS which involve electro-magnetic wave in soft X-ray region.    
#
Undergraduate students in the respective departments.    
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Synthesis of nanostructures is very much dependent on the synthesis process and parameters. ZnO is a 

binary oxide semiconductor with wide range of optoelectronic applications due to their luminescence properties. 

Here we will synthesize different architectures of ZnO of nanostructures by slightly varying the synthesis 

condition to tune their luminescent propereties.  Evolutions of different morphologies such as nanorod arrays, 

nanopins, nanotubes nano flower hexagonal cones, paint brush etc by varying the solvent along with their 

photoluminescence properties are discussed here. 
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CdS nanoparticles with different sizes ranging from 2.5 nm to 300 nm and nanorods with aspect ratio ~ 32 were 

synthesized by simple solvothermal process with a view to explore the effect of size and shape on the optical 

properties of these nanoforms. Solvent, temperature and the Cd source played important role in determining the 

morphologies and sizes of the nanocrystals. Comparative study of the optical properties of these nanoforms 

showed systematic changes in the optical absorption spectra with the reduction in particle size. Nanorods showed 

bulk like properties. Photoluminescence and Raman studies were carried out to explore the size and morphology 

dependent optical properties of the CdS nanoforms. 

 

 

------------------------------------------------------------------------------------------------------------------------------- 

Applications of nanotechnology in wastewater treatment of plywood 

industry
’
s effluent 

M. S. Matin
1
 and S. C. Sahoo

2
 

Water is the most essential substance for all life on earth and a precious resource for human civilization.. 

Nanotechnology-enabled water and wastewater treatment promises to not only overcome major challenges faced 

by existing treatment technologies, but also to provide new treatment capabilities that could allow economic 

utilization of unconventional water sources to expand the water supply. The Objective of the study is deals with 

the recent advance technology for waste water treatment of plywood industries. The purpose of this study was to 

find out the effectiveness of liquid waste treatment and the efficiency of the decrease in pollution level at the 

treatment of liquid waste from plywood industry. The study was conducted in 3 (three) plywood industries in 

North Begal. The results showed that the liquid waste from the washing of glue mixer ,Resin kettle, glue spreader 

had very low quality .; therefore, if not treated accordingly it will cause pollution in water bodies Here technique 

by using effective adsorbent like activated carbon, Nano mineral clay and silica are used for filtration of plywood 

industries effluent .It has been observed that organic pollutants from resin plant, heavy metals, colour was 

satisfactory improved. So Nanotechnology holds great potential in advancing wastewater treatment to improve 

treatment efficiency as well as to qualityof water supply through safe use of unconventional water sources.  

Key words :- plywood industry effluent, nanomaterial, Activated carbon, mineral clay and silica, water treatment. 
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ABSTRACT 

 

A light-emitting diode (LED) is an opto-electronic devices, basically p–n junction diode, converts 

electrical energy into light due to recombination of electron and hole within the device. This effect is called 

electroluminescence, and the colour of the light (corresponding to the energy of the photon) is determined by the 

energy band gap of the semiconductor.An LED is often small in area (less than 1 mm
2
) and integrated optical 

components may be used to shape its radiation pattern. The first high-brightness blue LED was based on InGaN. 

The existence of blue LEDs and high-efficiency LEDs quickly led to the development of the first white LED, 

which employed a Y₃Al₅O₁₂:Ce, or "YAG", phosphor coating to convert into white light with RGB (Red-Green-

Blue) combination. LEDs can now produce over 300 lumens per watt of electricity, while lasting up to 100,000 

hours. One of the challenges is the development of more efficient green LEDs. The theoretical maximum for 

green LEDs is 683 lumens per watt but as of 2010, few green LEDs exceed even 100 lumens per watt. The blue 

and red LEDs get closer to their theoretical limits. A new style of wafers composed of gallium-nitride-on-silicon 

(GaN-on-Si) is being used to produce white LEDs using 200-mm silicon wafers. Gallium nitride based materials, 

including GaN, AlN, InN, and their alloys, are excellent candidates for short-wavelength optoelectronic 

applications. Those materials are mainly deposited by various epitaxial techniques and metal-organic chemical 

vapour deposition (MOCVD) at the typical growth temperature around 1000 to 1200°C. This high growth 

temperature is necessary to improve the crystal quality and is a result of low cracking efficiency of the nitrogen 

source, ammonia (NH3), at a low temperature. This avoids the typical costly sapphire substrates in relatively 

small 100- or 150-mm wafer sizes. It is predicted that by 2020, 40% of all GaN LEDs will be made with GaN-on-

Si. Manufacturing large sapphire material is difficult, while large silicon material is cheaper and more abundant.  

Very recently organic semiconductors are used a emissive layer in LED device applications. The organic 

material is electrically conductive due to the delocalization of pi electrons caused by conjugation over all or part 

of the molecule, and the material therefore functions as an organic semiconductor. 
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ABSTRACT 

A typical Dye Sensitized Solar Cell (DSSC) consists of three major components: semiconductor, 

sensitizer and electrolyte between two electrodes. The device generates electric power without suffering any 

permanent chemical transformation. In the 1991 Nature paper, Gra¨tzel and O’Regan reported a breakthrough 

work on electrolyte based Dye Sensitized Solar Cell. The composition of the electrolyte was adjusted using lower 

concentrations of lithium or potassium iodide, a conversion efficiency of 7.9% was achieved and after more than 

15 years of intense research, remarkable progresses are achieved in devices performance but question exists in 

terms of stability and long term sustainability.   

Dye Sensitized Solar Cell (DSSC) technology has attractive market in Energy harvesting particularly for 

indoor applications, where rapid growth has started recently. Indoor energy harvesting market includes 

applications such as power supplies for various sensors (temperature, humidity, CO2 concentration, etc.), remote 

control units, charging devices and information management in a smart home or a large warehouse. In fact, the 

first commercialized DSC based products were flexible keyboards and portable battery chargers. Next challenge 

of DSSC technology is to grab the area of Building integrated photovoltaic (BIPV) and low-light driven consumer 

electronics applications. On-grid or utility-scale generation is not on the radar at the moment; however, this can 

change if any technological breakthrough manages to significantly improve the long-term stability of DSSCs in 

outdoor conditions. 

Dye Sensitized Solar Cells (DSSCs) based on liquid electrolytes, already established power conversion 

efficiency of 11 % has been reported. But, the followings are the important drawbacks of liquid electrolytes those 

play the critical role in limiting the long-term performance and practical use of DSSCs: 

 Leakage and volatilization of solvents,  

 Possible desorption and photo-degradation of the attached dyes,  

 Corrosion of Pt counter electrode. 

The significant movement considering the higher efficiency, lower cost and better scalability prospects, it is the 

right time to replace the expensive liquid-based materials to relatively cheaper solid-state materials that involve 

the use of perovskites (sensitizers that can replace dye) and Spiro (solid-state electrolyte that can replace liquid 

electrolytes). 
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Abstract: In the last few decades there are considerable efforts for detail understanding of different growth models 

that results rough surfaces by a specific ways. This kind of surface evolution has certain relevance in different 

daily life incidence including snow falling on a slanted glass window, piling of sand on a smooth surface, 

propagation of fluid or fire front through any paper sheet, bacterial colony growth or growth of thin film by 

molecular beam epitaxy method and many others. 

In this work we have reported the evolution of rough surface by different competitive growth model in 1+1 

dimension. The competition has mainly been made between random deposition-ballistic deposition (RD-BD) and 

random deposition with surface relaxation-ballistic deposition (RDSR-BD) model. The influence of a typical 

growth mechanism on the critical time and interface width has been studied in detail by varying the fractional 

values (p) of a typical model.  

Different parameters like roughness exponent, growth exponent or velocity of the surface growth have been 

studied and a typical dependence of all these parameters on p has been found and reported for the first time.   
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Fig. 1:(a) Evolution of surface roughness with time for different values of p and (b) 

corresponding representation of the surface evolution 
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Spices and herbs have been the basis of traditional medicines and flavouring food throughout the world 

for thousands of years and continue to provide new remedies to humankind. They are known for their 

antioxidant properties, antibacterial, antifungal and have the ability to produce multidimensional 

flavours in food. The antioxidant components with a wide variety of free radicals scavenging 

compounds such as phenolic compounds, vitamins, alkaloids and terpenoids known as main dietary 

constituents contributing to medicinal effect. The application of nanotechnology method is believed can 

improve the characteristic of microstructured bioactive compound of  spices and herbs by enhancing 

their water solubility, bioavailability, increasing absorbency to organism as well as antioxidant 

properties which facilitate the active ingredients to disperse and dissolve stably and homogeneously.  

 

KEYWORDS- spices, antioxidant,medicial effects,bioactive compounds 
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Abstract:  

Among gastrointestinal diseases, gallbladder stone associated inflammation is one of the major health 

concerns at ageing populations. The exact mechanism of gallstone formation is still an enigma. 

Gallstones are the biomineralized deposits in the gallbladder.  Now this disease becomes one of the 

leading problems all over the world. To investigate the factors which are responsible for the gallstone 

formation and to develop the probable mechanism for the mineralisation of gallbladder stone, more than 
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800 stones are collected and characterised. The composition of gallbladder stones was analyzed using 

Fourier Transform Infrared spectroscopy (FTIR) and the distribution, microstructure and morphology of 

components were analyzed using Scanning Electron Microscopy (SEM) and Transmission Electron 

Microscopy (TEM). The phase and crystalline orientation of the elements were analyzed by an X-ray 

diffraction technique (XRD) and finally the compositional analysis and the classification has been done. 

A systematic classification of Gallstones was made on the basis of compositional analysis, topology, 

texture and microstructure analysis. It was also found that this entire conglomerate of bio-molecules 

including mucin self-aggregates to form nanostructures in gallbladder. The physic-chemical process by 

which the self-aggregated compounds re-associate to form microstructures is catalyzed by the metal 

ions. The results indicate that the formation of naturally formed crystals of different shapes and habits of 

gallstone may undergo similar reactive stages as is observed in case of in vitro formed stone. 
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Wood is one of the supreme sustainable, naturally growing materials that consist principally of combustible 

organic carbon compounds. Since plywood are widely used now a day especially in buildings, furniture and 

cabinets. Since the demand of plywood with fire retardancy properties has been increasing over last years, the 

objective of this study is to improve the fire retardancy of Wood Panel Products by adding nano additives 

Tricresyl phosphate, Di-sodiumocta Borate and Sodium silicate compounds as an additive in PMUF resin and 

used as glue for manufacture of plywood. In order to produce Fire proof board with good properties such as; fire-

resistance, environmental protection and good bonding, PMUF resin has synthesized. Tricresyl phosphate (TCP), 

Disodiumocta-borate tetra hydrate (DOT) and Sodium Silicate was added as additive with various concentrations 

to prepare adhesive-mix. 12 mm plywood was manufactured and for resistance properties was studied as per 

IS:5509:2000. Date revels that the treated plywood shows better fire resistance properties than the untreated 

plywood. It has been observed that satisfactory fire retardancy properties like flame penetration and flammability 

was achieved when tested as per IS:5509:2000. The use of TCP and silicate not only increased the fire retardancy 

but also improved the bonding quality.  
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