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INDO-U.S. SCIENCE AND TECHNOLOGY FORUM 
Fulbright House, 12 Hailey Road, New Delhi 110 001, India 

Website: www.indousstf.org 
 
The Indo-U.S. Science and Technology Forum (IUSSTF) was established in 2000 under an 
agreement between the Governments of India and United States of America with a mandate to 
promote, catalyze and seed bilateral collaboration in science, technology, engineering and 
biomedical research through substantive interaction amongst government, academia and industry.  
 
As its mandate, IUSSTF provides an enabling platform to the scientific enterprises of the two 
nations by supporting an S&T program portfolio that is expected to foster sustainable interactions 
with a potential to forge long term collaborations. IUSSTF program manifests are largely 
catalytic in nature that helps to create awareness through exchange and dissemination of 
information and opportunities in promoting bilateral scientific and technological cooperation.  
 
IUSSTF has an evolving program portfolio that is largely conceived and driven by scientific 
communities of both the countries through extending support for symposia, workshops, 
conferences on topical and thematic areas of interest; visiting professorships and exchange 
programs; travel grants; fellowships; advanced training schools; public-private networked centres 
and knowledge R & D networked centres. IUSSTF also works towards nurturing contacts 
between young and mid career scientists by convening stimulating flagship events like the 
Frontiers of Science and Frontiers of Engineering symposium through the U.S. National 
Academies model. At the same time it reaches out to industries by partnering with business 
associations to generate high quality events on technology opportunities for business 
development to foster elements of innovation and enterprise through networking between 
academia and industry.  
 
IUSSTF maintains a close working relationship with the federal agencies, laboratories, 
government institutions, and the academia in U.S. and India, cutting across all disciplines.  As an 
autonomous, not-for-profit society, IUSSTF has the ability, agility and flexibility to engage and 
involve industry, private R&D labs; and non governmental entities in its evolving activity 
manifold. This operational uniqueness allows the IUSSTF to receive grants and contributions 
from independent sources both in India and USA, besides the assured core funding from the two 
governments. 
 
IUSSTF solicits proposals for its activities thrice a year (January, May and September) and 
awards are made on the basis of peer reviews both in India and USA.  
 
IUSSTF values your interactions and looks forward to work with the S&T community of both 
countries to implement new ideas that endeavor to promote cutting edge Indo-U.S. Science and 
Technology collaborations. 
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Scalable Nanomaterials for Enhanced Energy Transport, Conversion and 

Efficiency 
 

PROGRAMME 
 

Tuesday, August 19, 2008 
Venue: Conference Hall, JNCASR, Bangalore 

 
DAY 1: Tuesday, 19 August     JNCASR, Jakkur Campus 
 
0830 ð 0900  Campus arrival   
 
0900 ð 0920  Welcome & Introduction to Workshop  
   G.U. Kulkarni, T. Sands, T. Fisher, U. Waghmare  
 
0920 ð 0950  Workshop Inauguration 
    

   Materials Research: The Indian Situation  by Professor 
                             C.N.R. Rao 
 
0950 ð 1000  Vote of thanks by U. Waghmare 
 
 
1000 ð 1230  Session 1: Energy transport processes in nanomaterials  
   Chair: S. Ranganathan and S. Garimella 
 
1000 ð 1020  òContactsó are fundamental! 
   S. Datta (Purdue) 
 
1020 ð 1040   Electron transport in semiconductor nanowires  
   M. Deshmukh (TIFR) 
 
1040 ð 1100  Nanoscale Opto Thermo Electric Energy Conversion Devices   
   A. Shakouri (UC, Santa Cruz) 
 
1100 ð 1130  Tea 
 
1130 ð 1230  Session 1 continuesé  
 

1130 ð 1150   Issues in Organic Solar Cells  
   K.S. Narayan (JNCASR) 
 
1150 ð 1210  Negative Capacitance in P3HT:PCBM Organic Photovoltaic  
   Devices  
   M. Hersam (Northwestern) 
 
1210 ð 1230   Molecular Devices: Highly Nonequilibrium Electronic   
   Systems  
   D. Janes (Purdue) 



 
1230 ð 1330   Lunch 
 
1330 ð 1550   Session 2: Nanomaterials for energy  
   Chair: S. Sastry and T. Fisher 
 
1330 ð 1350  Materials for Electrochemical Capacitors  
   S. Sampath (IISc) 
 
 
1350 ð 1410   The Development of Thin Film Processing Methods for   
   Organic LEDs and Photovoltaic Devices  
   S. Graham (GaTech) 
 
1410 ð 1430  Formation of Functional Oxides  
   D. Khushalani (TIFR) 
 
1430 ð 1450  Tea 
 

1450 ð 1550   Session 2 continuesé 
 
1450 ð 1510   Nanowires and Nanowire heterostructures for    
   Nanoel ectronics and Nanophotonics  
   C. Yang (Purdue) 
 
1510 ð 1530   H2 Storage in Metal ðOrganic Hybrid Porous Solid  
   T.K. Maji [JNCASR] 
 
1530 ð 1550   Preparation of Silicon Inks via Controlled Catalysis  
    M. Abu-Omar (Purdue) 
 
1550 ð 1610   Tea 
 
1610 ð 1750   Session 3: Functionalization and heterogeneous   
   materials integration  
   Chair: S.K. Pati and T. Sands 
 
1610 ð 1630       Sub-threshold photoemission: an old subject revisited from  
       a nano viewpoint  
   R. Reifenberger (Purdue) 
 
1630 ð 1650   Enhancing the efficiency of polymer electrolyte fuel cells by  
   replacing Nafion with carbon nanotube -nafion composite  
   electrolytes    
   K. Vijayamohanan (NCL) 
 
1650 ð 1710  How ôForm defines Functionõ in Nanostructured Solar Cells 
    M.A. Alam (Purdue) 
 
1710 ð 1730  Shaping and functionalization of magnetic nanoparticles for  
   energy applications  
   D. Bahadur (IIT-B) 



1730 ð 1750   Semiconducting Nanoparticles in Donor/Acceptor -type   
   Organic Photovoltaic Devices  
   A.J. Pal (IACS) 
 
1830 ð 2000   Workshop Dinner (JNC Dining Hall) 
 

Wednesday, August 20, 2008 
Venue: Conference Hall, JNCASR, Bangalore 

 
DAY 2: Wednesday, 20 August   JNCASR, Jakkur Campus 
 
0900 ð 1040   Session 4: Materials and devices    
   Chair: D. Janes and A.K. Sood 
 
0900 ð 0920  Catalytic action of nanogold in fabricating patterned   
   gate dielectric  
   G.U. Kulkarni (JNCASR) 
 
0920 ð 0940  Spark Plasma Sintering Synthesis of Doped Bulk Cerium  
   Oxide  
   L. Stanciu (Purdue) 
 
0940 ð 1000  New phenomena and novel nanomateria ls for gas sensing  
   and infrared absorption   
   T. Pradeep (IIT-M) 
 
1000 ð 1020  ab initio design of novel catalysts and gas storage media  
   S. Narasimhan (JNCASR) 
 
1020 ð 1040  An overview of materials and energy  
   R.R. Sonde (Thermax) 
 
1040 ð 1230   Tea and Poster Session 
 
1230 ð 1430   Lunch and Breakout Sessions 
   (Each panel discusses and prepares a report in   
   presentation  format) 
 
1430 ð 1500           Tea 
 
1500 ð 1630          Presentation of reports from the panels, Feedback &  
   Discussion, Concluding remarks     
   Chair: A. Mitra and P. Sharma 
     
1630-1730            Tour of JNCASR laboratories   
      
1745-1815 Transportation to the respective Guest Houses 
 
1840-1850  Transportation to the NIAS campus 
 
1900-2130 Cultural program & Workshop Banquet 
   Venue: JRD Tata Auditorium, NIAS 



DAY 3: Thursday, 21 August       John F. Welch Technology Centre      
              GE Global Research, Bangalore  
 

Focus on International Industry-University Collaboration 
 
0730 ð 0830  Transportation to GE campus 
 
0830 ð 0900  Snacks and Tea 
 
0900 ð 0910        Introduction  
   S. Murthy (GE) 
 
0910 ð 0930       Industry's research needs in energy and nanotechnology  
   G. Kattragada (GE) 
 
0930 ð 1000        Nanotechnology and the developing world  
    M. Sastry (Tata Chem) 
 
1000 ð 1030  Nanotechnology research at GE  
   Anand (GE) 
 
1030 ð 1100   Tea 
 
1100 ð 1120        Nanomaterials research at ARCI  
   G. Sunderarajan (ARCI) 
 
1120 ð 1140        Energy considerations in computing  
   S. Garimella (Purdue) 
 
1140 ð 1200        Titanium micro systems for energy applications  
   M. Rao (Purdue) 
 
1200 ð 1220        Carbon Nanomaterials for old and new energy applications   
   T. Fisher (Purdue) 
 
1220 ð 1400        Lunch 
 
1400 ð 1420   Nanomaterials Innova tion for efficient solar energy   
   convers ion Opportunities, Bottlenecks and challenges  
   M. Sastry (Tata Chem) 
 
1420 ð1440       Quantum dots for photovoltaic applications  
   M. Lynass (GE) 
 
1440 ð 1500       Nanoheteroepitaxy: An approach toward a monolithic   
   phosphor -free white LED   
   T. Sands (Purdue) 
 
1500 ð 1520          Tea    
 
1520 ð 1540       Hydrogel electrolyte based supercapacitors  
   A.K. Shukla (CECRI) 



 
1540 ð 1600        Atomistic Modeling of H -vacancies and Storage in MgH 2 and  
   Related Metal Hydrides  
    U. Waghmare (JNCASR) 
 
1600 ð 1700        Panel discussion on international industry -university   
   collaboration  
 
1700 ð 1730        Concluding thoughts and action items 
 
 

* * * 
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“Contacts” are fundamental! 
 

Supriyo Datta  
Thomas Duncan Distinguished Professor in the  
School of Electrical and Computer Engineering 
Purdue University, West Lafayette, IN 47907 

Email: datta@exchange.purdue.edu 

 
ABSTRACT 

It has long been recognized that electronic devices including those intended for energy 
conversion inevitably involve non-equilibrium transport processes featuring a subtle interplay 
between dynamics and thermodynamics. A century ago, Boltzmann showed how to obtain a 
satisfactory transport theory by combining the dynamical forces from Newtonôs law with the 
thermodynamic or entropic forces from the surroundings, which we will loosely refer to as the 
ñcontactsò. Typically these contacts are abstract in nature (like the phonon bath) and distributed 
throughout the channel, but the advent of mesoscopic physics and nanoelectronics in the last 
twenty years has highlighted the importance and significance of the actual physical contacts that 
were traditionally ignored as minor details. Indeed the Landauer approach in mesoscopic 
physics does the opposite: it ignores the abstract contacts distributed along the transport channel 
assuming all the energy exchange to take place in the two physical contacts.  

Actual nanoelectronic devices are often not too far from the idealized Landauer limit and 
a ñbottom-up viewpointò that starts from this limit and works its way up can lead to illuminating 
insights into the design of nanoscale energy conversion devices. This is not just a qualitative 
viewpoint but is based on a quantitative model for quantum transport far from equilibrium that 
combines the Landauer approach with the non-equilibrium Green function (NEGF) method. 
This approach is now being widely used in the analysis and design of all kinds of nanoscale 
devices from molecular conductors to carbon nanotubes to silicon transistors covering different 
transport regimes from the ballistic to the diffusive limit. However, for historical reasons our 
focus still continues to be the transport channel and its dynamical properties rather than the 
contacts that facilitate the exchange of energy and particles to and from the channel. I would like 
to argue that a different viewpoint can be more effective both in the analysis of experimental 
data and in the design of nanoscale devices. 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 

Electron transport in semiconductor nanowires 
 

S. Dhara, P. Chaudhari, H.S. Solanki, V. Singh, M. Gokhale, A.Bhattacharya, M. Deshmukh  
Tata Institute of Fundamental Research (TIFR) 

Mumbai 
 

ABSTRACT 
In this talk I will describe electron transport measurements on individual InAs nanowires grown 
using VLS technique. In our measurements at low magnetic fields we find that the nanowires  
exhibit weak localization at low electron densities and anti-localization at higher electron 
densities. We will discuss the possible explanations for this observation. At higher magnetic 
fields the mobility of the nanowire devices varies as a function of magnetic field. A possible 
explanation for this observation is the role of semi-classical trajectories of electrons in the 
nanowires. 
 
 
 



 
 

 
 
 
 
 
 
 

Nanoscale Opto Thermo Electric Energy Conversion Devices 
 

Ali Shakouri,  
Department of Electrical Engineering,  

University of California, Santa Cruz. CA 
Email: ali@soe.ucsc.edu 

 
ABSTRACT 

We review solid-state devices that allow direct conversion of heat into electricity. We 
describe fundamental and practical limits of conventional thermoelectric materials. Novel metal-
semiconductor nanocomposites are developed where the heat and charge transport are modified 
at the atomic level.  Potential to reach high power densities and high conversion efficiencies will 
be discussed.  We also describe how similar principles can be used to reduce heating in 
optoelectronic devices and make micro refrigerators on a chip in order to remove hot spots in 
integrated circuits. 
 
 



 
 
 
 
 
 
 

Issues in Organic Solar Cells 
 

K. S. Narayan, Dhritiman Gupta and Monojit Bag 
Chemistry and Physics of Materials Unit 

Jawaharlal Nehru Centre for Advanced Scientific Research 
Jakkur, Bangalore 560 064 

 
ABSTRACT 

Organic solar cells (OSC) are intensely being studied as a potential PV device due to the 
solution processing methods and the relative ease in fabrication. The combination of unique 
semiconducting electronic property and mechanical aspects similar to conventional plastics are 
attractive features in spite of the lower efficiencies prevailing in these systems. The different 
strategies in the improvement of these solar cells  include , design of near infrared sensitive low 
bandgap systems to cover the infrared region of the solar spsectrum and engineering of active 
layers for balanced electron/hole transport. Nanoscale patterning and assembling donor-acceptor 
structures have resulted in efficient exciton dissociation and enhanced light harvesting. From the 
device performance perspective a crucial factor to realize the maximum impact of different 
strategies finally depends on better fill factor (FF ) of the device which is more sensitive to bulk-
material properties, blend morphology, degradation and the physio-chemical morphology of the 
polymer-cathode interface. Apart from bulk issues, we address  the importance of electrode-
active layer interface. Realistic deposition conditions lead to features which some are current 
limiting and detrimental. The increasing number of reports necessitates comparison of devices 
with a uniform set of guidelines for the parameters, especially in regards to the dimensions of 
the PV element and the extrapolation procedures of the parameters to large area pixilated 
structures. Efficiency estimates of organic solar cells are observed to be dependent on the 
dimensions of electrode defining the active area. We address this issue and explore the manner 
in which efficiency scales in OSCs, by studying these devices as a function of electrode area and 
incident beam size. 
 



 
 
 
 
 
 
 

Alternative Energy Opportunities for High  
Purity Carbon Nanomaterials  

 
Mark C. Hersam, 

Northwestern University, Evanston, IL 60208 
Email: m-hersam@northwestern.edu 

 
ABSTRACT 

 
Large-scale production of high purity carbon nanomaterials has the potential to enable 

and/or improve many alternative energy applications such as photovoltaics, batteries, and 
supercapacitors [1].  Towards this end, we have recently developed a scalable and flexible 
technique for sorting single-walled carbon nanotubes (SWNTs) by their physical and electronic 
structure using density gradient ultracentrifugation (DGU) in aqueous solution [2-4].  For 
sorting by physical structure, DGU exploits inherent differences in buoyant density as a function 
of SWNT diameter.   Alternatively, for sorting by electronic structure, DGU takes advantage of 
subtle differences in buoyant density that result from differential adsorption of co-surfactant 
mixtures to metal versus semiconducting SWNTs.   

This talk will delineate recent developments in DGU including efforts to improve purity, 
yield, and throughput of chirality-resolved SWNTs.  In addition to characterizing the purity of 
these materials using conventional analytical techniques (e.g., optical absorbance, 
photoluminescence, Raman spectroscopy, and scanning probe microscopy), we have employed 
sorted SWNTs in applications such as transparent conductors [5].  Specifically, the ability to sort 
metallic SWNTs by diameter enables the formation of conductive films with tuned optical 
absorption throughout the visible and infrared portions of the electromagnetic spectrum.  This 
talk will also address the use of DGU for sorting double-walled carbon nanotubes (DWNTs) and 
graphene by their physical and electronic structure.  The prospects for this diverse suite of high 
purity carbon nanomaterials in alternative energy applications will be discussed. 
 
[1] M. C. Hersam, ñProgress towards monodisperse single-walled carbon nanotubes,ò Nature 

Nanotechnology, 3, 387 (2008). 
[2] M. S. Arnold, et al., ñEnrichment of single-walled carbon nanotubes by diameter in density 
gradients,ò Nano Letters, 5, 713 (2005). 

[3] M. S. Arnold, et al., ñSorting carbon nanotubes by electronic structure via density 
differentiation,ò Nature Nanotechnology, 1, 60 (2006). 

[4] A. A. Green and M. C. Hersam, ñUltracentrifugation of single-walled carbon nanotubes,ò 
Materials Today, 10, 59 (2007). 

[5] A. A. Green and M. C. Hersam, ñColored semitransparent conductive coatings consisting of 
monodisperse metallic single-walled carbon nanotubes,ò Nano Letters, 8, 1417 (2008). 
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Molecular Devices: Highly Nonequilibrium Electronic Systems 
 

David Janes, 
A. Mahapatro, A. Scott, A. Flood, T. Ren. 

Purdue University, West Lafayette, IN 47907 
Email: janes@ecn.purdue.edu 

 
ABSTRACT 

Energy conversion devices are intrinsically non-equilibrium systems.  The external 
stimuli driving the system from equilibrium can involve light (photovoltaics), heat 
(thermoelectrics) or applied potentials/currents (light emitting diodes or Peltier coolers).  
Molecular-electronic devices, i.e. systems in which molecules are connected in parallel between 
two electrodes, represent interesting model systems for studying highly non-equilibrium 
systems.  In these devices, relatively large electric fields and current densities can be studied.    

This presentation will describe experimental studies of both metal-molecule-metal 
(MMM) and metal-molecule-semiconductor (MMS) devices.  In the case of MMM devices, 
single/few molecule devices employing redox-active molecules exhibit evidence that the applied 
potentials/currents to set the molecules into net charge states.  Memory effects have been 
observed, which are attributed to local charge storage in molecular states.  In the MMS devices, 
studies involving both n- and p-type silicon substrates and molecular monolayers with various 
headgroups will be described.  Trends in measured conductance can be correlated to both the 
molecular properties and substrate doping characteristics. Simple models considering both the 
semiconductor and molecular densities of states will be described.    Inelastic electron tunneling 
spectroscopy (IETS) can be used to probe the coupling between the electrons and the vibrational 
modes of the molecules. These studies provide insight into systems driven far from equilibrium 
by applied potentials, as well as coupling between the electrons and the local environment at the 
single-molecule level. 
 

 
 



 
 
 
 
 
 
 

Materials for Electrochemical Capacitors 
 

S. Sampath 
Department of Inorganic and Physical Chemistry, 

Indian Institute of Science 
Bangalore 560 012 

 
 

ABSTRACT 
 In the search for alternate means of energy storage, it is necessary to look for devices that can 
deliver bursts of power in short periods of time. The delivery of steady power output is given by 
batteries but in circumstances where a burst of power is needed, electrochemical capacitors are 
the devices to look at. Electrochemical capacitors can discharge large amounts of energy very 
quickly and can be used in combination with batteries to handle the extra load whenever 
necessary. 

This class of reversible electrochemical energy storage systems use the capacitance 
associated with charging and discharging of the electrical double-layer at the 
electrode/electrolyte interface (electrical double-layer capacitors, EDLCs), and /or the 
pseudocapacitance with electrosorption or surface redox reactions (pseudocapacitors).  

We have been working on the use of exfoliated graphite and its composites as electrodes 
in conjunction with either liquid or solid electrolytes to develop electrochemical capacitors. 
Another direction is related to the use of carbon-MnOx composites prepared by MOCVD 
process. This lecture will give a brief overview of the studies in the area of electrochemical 
capacitors being carried out in our laboratory. 



 
 
 
 
 
 
 

The Development of Thin Film Processing Methods for Organic LEDs and 
Photovoltaic Devices 

 
Samuel Graham, 

Roderick Jackson and Namsu Kim  
Georgia Institute of Technology,  

Email: sg42@mail.gatech.edu 

 
ABSTRACT 

 
Over the past decade, rapid advancements in organic semiconducting materials and 

materials processing techniques have led to the development of organic light-emitting diodes 
(OLEDs) and organic photovoltaics (OPVs) with unprecedented performance. Interest in such 
organic electronics arises due to their wide range of tunable properties, their multi-functional 
characteristics, potential for use in flexible electronics as well as their amenability to wide area 
manufacturing processes such as ink jet or gravure printing. In light of the many promising 
results reported in the literature, it is clear that the unique properties of organic semiconducting 
materials will most likely enable the development of a new class of low-cost electronic devices 
with flexible form factors and properties which are not possible with traditional crystalline 
semiconductor materials. 

In spite of the major advancements seen in organic semiconductor devices, the 
development of new thin films and processing technologies are critical to their advancement.  
Replacement materials for the standard indium tin oxide electrodes as well as encapsulation 
technologies are currently being pursued to enable OLEDs and OPVs for energy efficient solid 
state lighting and energy harvesting applications.  In addition to new electrodes materials, thin 
film encapsulation technologies are necessary to ensure the long term reliability of OPVs and 
OLEDs.  In this talk, we will discuss potential candidate materials for the replacement of ITO in 
the form of new transparent conductive oxides and transparent carbon nanotube electrodes.  The 
processing of these materials and its impact on transparency, electrical properties and device 
performance will be discussed.  Also, the development of thin film encapsulation layers for 
organic electronics will be presented.  Techniques for creating single layer and multi-layer 
encapsulation films will be reviewed as well as highlights of recent advancements scalable 
encapsulation films.  A key aspect of this work will be the potential for scalability and large area 
manufacturing  as well as key technical challenges which must be solved prior to 
commercialization of this technology. 
 
 
 
 
 



 
 
 
 
 
 
 
 

 
 

Formation of Functional Oxides 
 

Deepa Khushalani 
Materials Chemistry 

Tata Institute of Fundamental Research (TIFR) 
Mumbai 

 
 

ABSTRACT 
Towards the aim of employing a synthetic approach to formation of functional materials (be 
they oxides, sulphides, phosphates etc), inevitably, researchers working the area of materials 
science tend to resort to commercially available reactive precursors for their synthesis. These are 
habitually alkoxides, halides or nitrates as they afford simple, innocuous alcohol as by-products 
and the reagents are relatively easy to handle for either sol-gel synthesis for viable powders or 
spin-casting for thin film production. 
Recently, in our lab, we have been able to develop a generic, easy route to forming soluble, 
reactive precursors of a variety of elements such as titanium, zinc, bismuth, iron, vanadium and 
zirconium, all of which contain a simple polyol ligand. These complexes are facile in their 
formation and their structures have now been elucidated and can function as sophisticated 
precursors for generation of functional ferroelectrics, multiferroics, semiconductors and 
catalysts. For this presentation, the details of their synthesis, characterization and use to produce 
advanced functional materials will be detailed. 
 
 



 
 
 

 
 
 
 
 
 

Nanowires and Nanowire heterostructures for Nanoelectronics and 
Nanophotonics 

 
Chen Yang,  

Department of Chemistry and Department of Physics  
Purdue University, West Lafayette, IN 47907 

Email: yang@purdue.edu 

 
ABSTRACT 

Control of materials at nano- and atomic scale has been crucial to many of the most 
important advances in science and technology. The synthesis of new nanomaterials and 
nanostructures, specifically nanowires and nanowire heterostructures, with structural and 
compositional properties engineered have suggested new ways to compute, communicate, 
encode, detect, and identify. Controlled modulation of the composition of nanoscale structures 
during synthesis offers a means for encoding information or function that is independent of 
conventional lithography methods. We describe controlled synthesis of modulation-doped 
silicon nanowires in which key properties, including the size, period and number of 
differentially doped regions, are defined during growth.  

These new nanoscale building blocks open up exciting opportunities in several areas. 
First, an approach for lithography-free addressing based on modulation doped silicon nanowire 
field-effect transistor arrays has been developed, and the assembly and demonstration of address 
decoder circuits will be discussed. Second, modulation doping has been used to create 
controllable barriers within nanowires, which provides a general bottom-up approach to form 
quantum structures with well-defined size. Single quantum dots as well as coupled quantum dots 
with controllable inter-dot coupling will be discussed. Third, spatial photocurrent measurements 
made on p-i-n modulation doped nanowires exhibit large amplification in the intrinsic region 
due to an avalanche mechanism. Studies of the impact ionization coefficients of electrons and 
holes in silicon nanowires will also be discussed. These results demonstrate the great potential 
of modulated silicon nanowires building blocks for both nanoelectronics and nanophotonics.  
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  H2 Storage in Metal–Organic Hybrid Porous Solid 

 

Tapas Kumar Maji 
Chemistry and Physics of Materials Unit 

Jawaharlal Nehru Centre for Advanced Scientific Research 
Jakkur, Bangalore 560 064 

 
ABSTRACT 

Metal organic hybrid frameworks are a new class of storage materials with low density and high 
specific area (Fig.1). They are linking by different metal ions or inorganic clusters with various 
organic linkers, and some of them show very promising results for gas sorption properties. H2 is 
a very small molecule with a low polarizability and the corresponding van der Walls interaction 
is not so effective for large amount of physisorption in the pore surface of the porous networks.  
To retain of large amount of H2 in the porous networks or solids, one needs strong interactions 
between the walls and the H2 molecules. This observation is recently supported by the Jhung et. 
al., on the aluminophosphate frameworks showing that small pore-size and large micropore 
volume are favourable for high hydrogen uptake. There is still not clear conclusion for which 
kind of porous materials will be valuable for the large amount of H2 uptake and so strategies and 
their study is needed to gain an insight into these questions. This presentation will focus on 
some strategies of what kind of porous framework will be efficient for the large amount of H2 
storage materials.  

  
 

   
   
   
   
   
   
    
 
 
 
 

Fig. 1: (a) 3D porous framework of Mg-pyrazoledicarboxylate; (b) H2 storage (hysteretic 
sorption) capacity at 77 K. 

 



 
 
 
 

 
 
 
 
 
 

Preparation of Silicon Inks via Controlled Catalysis 
 

Mahdi M. Abu-Omar,  
Professor, Department of Chemistry and Energy Center 

Guofonh Du and Erin Smith 
Purdue University, West Lafayette, IN 47907 

Email: mabuomar@exchange.purdue.edu 

 
ABSTRACT 

Silicon ink for printing electronic circuitry atop flexible foil substrates is attracting 
attention because it offers potentially cheaper and greener pathways to fabrication of thin film 
transistors (TFTs) than polysilicon. Furthermore, printable silicon ink promises low-cost thin-
film solar cell production, one of the grand obstacles limiting the widespread of solar energy 
use. The use of silicon ink for solar cell production has been the focus of several silicon-valley 
startup companies in the past two years. 

Our research group has been developing homogeneous transition metal catalysts based 
on earth-abundant elements for controlled coupling of Si-H bonds to make liquid polysilanes. 
Our goals include clean synthesis under mild conditions and kinetic control. We are also 
interested in understanding the molecular mechanism(s) with the objective of using this 
fundamental knowledge base to improve catalyst design. 



 

 
 
 
 
 
 
 

Sub-threshold photoemission: an old subject revisited from  
a nano viewpoint 

 
T.S. Fisher

1
 and R. Reifenberger

2
 

1
School of Mechanical Engineering 

2
Department of Physics 

Birck Nanotechnology Center 
Purdue University, West Lafayette, IN 47907 

Email: reifenbr@physics.purdue.edu 
 

ABSTRACT 
Basic research performed in the 1970s studied electrons photoemitted from a metal surface 

when the photon energy w>  is less than the emitting metalôs work function f.[1-3] This 

process, often referred to as sub-threshold photoemission or photo-field emission, can occur 
when a sufficiently high electric field reduces the surface barrier near a metallic surface, 

allowing electrons photoexcited by photons with w f<>  to escape. While sub-threshold 

photoemission was extensively studied to identify those properties unique to the photoexcitation 
process at low photon energies,[4]  this topic may now be relevant in todayôs quest to convert 
solar radiation into electricity.  The basic principles underlying photoexcitation at these low 
photon energies will be reviewed and the advantages offered by recent developments in 
nanotechnology will be discussed.[5] 
 

1. M.J.G. Lee, Phys. Rev. Lett. 30, 1193 (1973) 
2. R. Reifenberger, H.A. Goldberg and M.J.G. Lee, Surf. Sci.  83, 599-616 (1979). 
3. M.J.G. Lee, R. Reifenberger, E.S. Robbins, and H.G. Lindenmayr, J. Appl. Phys. 51, 

4996-5006 (1980). 
4. See for example, M.J.G. Lee and Z.A. Ibrahim, Phys. Rev. B. 70, 125430 (2004). 
5. T. Westover, PhD Thesis, Purdue University (August 2008). 
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ABSTRACT 

Polymer electrolyte membrane fuel cells represent one of the most promising technologies to 
fulfil the enormous needs of clean energy in the near future. However, the deployment of a 
commercially viable technology on a larger scale requires to overcome many technical barriers 
including new generation of inexpensive and thermally more stable membranes, non-noble and 
cheaper electrocatalysts especially for the oxygen reduction reaction and less expensive 
manufacturing processes resulting into durable membrane-electrode assembly.  Nanotechnology 
has clearly demonstrated its enabling capability to overcome many of these barriers using hybrid 
materials for more  preparing more efficient  electrodes, electrolytes, and bipolar plates using 
improved processing and often scalable methods(1-3).  Currently used persulphonic acid 
membrane has many limitations like limited thermal stability, inadequate proton conductivity, 
poor mechanical strength and tedious processing and hence needs major improvement. For 
example, the proton conductivity of the polymer electrolyte membranes is yet to reach the 
desired level, which is crucial to sustain high current density necessary for many applications. 
We will discuss  a unique approach to increase the conductivity of the widely used nafion 
membranes by an order of manginude  by incorporating sulfonic acid functionalized single wall 
carbon nanotubes and also its capability of tuning its wettability.  
 

1. Enhanced performance of polymer electrolyte fuel cells with Nafion based composite 
electrolytes using Sulfonic acid functionalized single wall carbon nanotubes,  Ramaiyan 
Kannan,  Bhalchandra A. Kakade, Vijayamohanan K. Pillai,  Angew  Chem. Int. Ed. 47 
(2008)2653 

2. Electric Field Induced, Superhydrophobic to Superhydrophilic Switching in Multiwalled 
Carbon Nanotube Papers, Bhalchandra Kakade, Rutvik Mehta, Apurva Durge, Sneha 
Kulkarni, and  Vijayamohanan Pillai, Nanoletters(2008-press) 

3. Synthesis of Platinum Y-Junction Nanostructures Using Hierarchically Designed 
Alumina Templates and Their Enhanced Electrocatalytic Activity for Fuel-Cell 
Applications,Subhramannia Mahima, Ramaiyan Kannan, Indulekha Komath, 
Mohammed Aslam, and Vijayamohanan K. Pillai, Chem. Mater. 20(2008)601   
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ABSTRACT 

Solar photovoltaicôs and solar hydrolysis of water are often described as promising 
energy sources of the future.  Although crystalline solar cells do offer high efficiency, the cost of 
manufacture at high temperature, the competition for silicon substrates among various segments 
of the industry, the need for expensive electrodes, the installation and maintenance expenses, 
etc. may make their wide-spread adoption difficult.  There are inexpensive non-crystalline 
alternatives however, but those in turn suffer from low efficiencies and reliability problems.  In 
recent years, there has been a coordinated effort to nanostructure the electrode as well as the 
heterojunction of the non-crystalline solar cells to improve efficiency.   

The practice of nanostructuring however has largely been driven by empirical trial-and-
error methods and as such, the improvement has not been systematic.  In this talk, I will discuss 
our initial work on a new approach to quantify the degree of nanostructuring in a solar cell based 
on the fractal dimension of the resultant surface and show how such quantitative description of 
nanostructured surfaces may allow optimization of multiple design variables that govern the 
efficiency of  solar cells.  
 
 
 
 
 
 
 



 

 
 
 
 
 
 

Shaping and functionalization of magnetic nanoparticles for energy 
applications 

 
Dhirendra Bahadur 
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ABSTRACT 

Magnetic particles, when reduced to their nanometric dimension exhibit dramatic changes in 
their physical properties. It is for this reason that the usefulness of nano structured magnetic 
materials (size range: 10- 100 nm) is well known in different areas such as information 
technology, energy storage materials and bio technology. Ferrofluid, on the other hand, requires 
super paramagnetic particles ranging between 1 and 20 nm which exhibit Neel and Brownion 
relaxation and if such fluid is subjected to an AC field can generate heat. If the particle size is 
large enough to exhibit hysteresis losses, that can also be used to generate heat on the 
application of AC magnetic field. Surface energies of nanoparticles help in functionalization  
and shape forming. While the former is useful for biomedical applications for turning  heat for 
cancer therapy,  the later eventually imparts higher anisotropy energy due to shape.  
In this presentation, I shall bring about the work being done in my lab on both these aspects. 
Magnetic nano paticles and drug encapsulated in thermosensitive polymers, gels and lipids in 
the form of magnetic fluid  based release systems will be discussed. As the temperature is raised 
through these magnetic nanoparticulates, a combined therapy is possible. I will also briefly 
discuss  some of our recent results on different shape formation in nanocrystals with variation in 
hard  magnetic properties. 
 



 

 
 
 
 
 
 
 
 

Semiconducting Nanoparticles in Donor/Acceptor-type Organic Photovoltaic 
Devices 

 
Amlan J. Pal 

Indian Association for the Cultivation of Science 
Kokata 

 
ABSTRACT 

In organic photovoltaic devices, photogenerated excitons become dissociated at the 
donor/acceptor interfaces. Due to the electrical field developed by dissimilar metal electrodes, 
the electrons and holes move towards opposite electrodes resulting in current in the external 
circuit. Poor mobility of charge carriers in organic semiconductors has been one of the major 
concerns in organic photovoltaic devices. As an effort to increase effective mobility of charge 
carriers, we have introduced carbon nanotubes and/or semiconducting nanoparticles in one or 
both the layers of heterostructure devices. While the interface between the organic donor and the 
acceptor will act as sites for exciton dissociation, the nanowires/nanoparticles will act as 
channels for efficient carrier transport.  
A particular noteworthy example in this direction is hybrid devices based on core-shell 
structures with semiconducting nanoparticles in the core and organic dye molecules in the shell. 
As semiconducting nanoparticles, we have used CdS and CdSe of different diameters. Different 
dye molecules, such as phthalocyanines and xanthene molecules as donor and acceptor, 
respectively, have been used as the shell of the inorganic nanoparticles. Here the interface 
between phthalocyanine/xanthene acts as sites for exciton dissociation; CdS or CdSe 
nanoparticles provides routes for carrier transport. In addition, carbon nanotubes are being 
introduced in one or both layers to augment carrier mobility and hence photocurrent. 
 
 
 
 



 

 
 
 
 
 
 
 

Catalytic action of nanogold in fabricating patterned gate dielectric 
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ABSTRACT 
Nanopatterns of silicon oxide produced by the process of local anodic oxidation (LAO) of Si 
surface using a biased AFM tip serve as gate dielectric in nanodevice fabrication. In this 
presentation, I will introduce the LAO process with relevant examples from the literature. The 
results from our study using Au nanoparticles as catalyst for enhanced LAO, will be presented.  
Individual nanocrystals dispersed on a Si surface exhibited high catalytic activity producing 
oxide patterns with a height up to 40 nm in contrast to 2.5 nm patterns observed on bare surface. 
The etch patterns obtained after the removal of the catalytically formed oxide (by HF wash), 
exhibited depths of 13 nm compared to ~ 2 nm trench depth from LAO on the bare surface.  
This part of the study provided clue to employ nanogold for patterning gate dielectric. Instead of 
depositing Au nanoparticles on the Si surface, we employed a AFM tip deposited with Au at the 
apex, which enabled us to catalytically induce LAO on a bare Si surface. This way, thick oxide 
nanopatterns could be obtained at a faster rate.   
 
Reference 
T. Vijaykumar, G. Raina, S. Heun and G. U. Kulkarni, J. Phys. Chem. C, 2008 
(DOI: 10.1021/jp804545s) 
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ABSTRACT 

Cerium oxide materials, highly doped with gadolinium (Gd), samarium (Sm) and 
ytterbium (Yb) were sintered by Spark Plasma Sintering (SPS) and the effects of the dopant type 
were investigated. The precursor powders were synthesized by a cation complexation method. 
Full density was achieved at 1100 ºC by SPS. Material characterization has been done via XRD, 
SEM, TEM and Impedance Spectroscopy (EIS) measurements.   
 



 

 

 

 

New phenomena and novel nanomaterials for gas sensing and infrared 
absorption 
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ABSTRACT 

I will discuss the recently discovered visible fluorescence from single walled carbon nanotube 
(SWNT) bundles [1]. The fluorescence occurs in the presence of noble metal nanoparticles and 
nanorods in the solid state. Conductivity measurements with metallic nanotubes, isolated from 
pristine SWNTs, show that they become semiconducting in presence of metal nanoparticles. 
Nanoparticle binding increases the defects in the nanotube structures which is evident in the 
Raman spectra. The metal-semiconductor transition removes the non-radiative decay channels 
of the excited states enabling visible fluorescence. Nanotube structures are imaged using this 
emission at a resolution below the classical limits. The fluorescence is extremely sensitive to the 
adsorption of specific gases.  Adsorption isotherm derived from fluorescence possesses distinct 
signatures of sequential occupation of the gas molecules at different adsorption sites, controlled 
by their adsorption enthalpies.  We provide the first known spectroscopic signature for the 
existence of energetically different adsorption sites in SWNT bundles. Metal-semiconductor 
transition is reversed in metallic SWNT composites upon gas adsorption. We have constructed a 
device to detect specific gases using this phenomenon [2]. Qualitative understanding of the 
phenomenon will be presented. 

In the second part of the talk, I shall present several new nanoparticle morphologies[3-5] and a 
new family of nanoparticle crystals called superlattices[6]. The superlattices are face centered 
cubic crystals made of gold nanoparticles. All of these show excellent infrared absorption with 
which new infrared filters have been developed.  
 
References 
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ABSTRACT 
In this talk, I will introduce and briefly describe two projects in our group that make use of ab 
initio density functional theory calculations to study problems related to cleaner energy. In the 
first project, we have studied the reduction of NO using rhodium surfaces and clusters as the 
catalyst. Rhodium is perhaps the best catalyst for this process, but it is extremely expensive, and 
it is desirable to find alternatives. We have shown that adsorption energies increase and barriers 
decrease on reducing the "effective coordination number" of rhodium atoms. We find that a 
monolayer of Rh atoms on an MgO substrate, and Rh nanoclusters, should be good catalysts for 
this process. However, lowering the effective coordination also makes Rh atoms magnetic, 
which reduces the catalytic behavior. In the second project, we are using a combination of 
quantum mechanical and classical techniques to study methane storage in a variety of carbon-
based materials.  
 
This work has been done in collaboration with the groups of Stefano de Gironcoli and 
Ganapathy Ayappa. 
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ABSTRACT 
From health care to education to security, almost every aspect of life has benefited from 

the Silicon Revolution.  Integrated circuits serve as the ñbrainsò of nearly all engineered entities 
that require rapid acquisition, transfer, and interpretation of information.  The continued 
evolution of electronics for the 21

st
 Century, however, requires a fundamental shift in 

perspective, coupled with major technical innovations at all scales, to manage the power 
generated by carrier transport and dissipated in the form of heat.  On the other end of the 
spectrum, large computing systems such as data centers are facing an energy crisis caused by 
this increasing power demand, which is aggravated by the cooling systems requiring levels of 
energy that are comparable to that consumed for computing.  Tens of megawatts of power 
consumed by data centers stress the energy supply infrastructure and cause environmental 
concerns as well. 
           Electro-thermal co-design at the micro- and nano-scales is critical for achieving desired 
performance and reliability while at the same time supporting significant improvements in 
energy efficiency.  This grand challenge problem can only be addressed by dynamic 
reconfiguration of computing jobs and on-demand, site-specific heat removal supported by 
distributed sensing and control. 
 This talk will briefly review the current state of this field, and then discuss examples of 
emerging solutions from work being conducted by the speakerôs group under the framework of 
the National Science Foundation Compact, High-Performance Cooling Technologies Research 
Center (https://engineering.purdue.edu/CTRC). 
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ABSTRACT 
Recent developments now enable, for the first time, realization of sophisticated titanium-

based microsystems with structural dimensions and complexities that are comparable to the 
state-of-the-art in silicon-based technologies and well beyond that which is feasible with 
conventional metallic machining techniques.  When coupled with the advantageous properties of 
titanium and the opportunity for direct integration of nanostructured TiO2 in such systems, this 
new manufacturing capability shows considerable promise for enhancing current microsystems 
and serving as a fundamental enabler for innovative new applications.  Energy applications, in 
particular, may benefit from such technologies, due the potential for fabrication of devices 
composed of high aspect ratio titanium structures covered with nanostructured TiO2.          

This will enable development of compact, high surface area devices that may enhance 
efficiency and performance in applications ranging from dye-sensitized solar cells to 
photocatalytic hydrogen generation.  Microscale fuel cell applications, moreover, may also 
benefit from the opportunity for tight integration of sophisticated microfluidic functionality.  In 
all such applications, titaniumôs high toughness will enhance shock resistance, enable 
monolithic integration of the device and package, and allow fabrication of thin foil-based 
devices which are able to conform to non-planar surfaces. In addition, leveraging of both the 
semiconductor fabrication and conventional metallic forming infrastructures will ensure 
scalability to low-cost/high-volume manufacturing and provide opportunity for highly 
efficacious multi-scale manufacturing.  Consequently, significant potential exists for realization 
of novel devices for energy applications with performance, efficiency, functionality, size, and/or 
cost that would be otherwise impossible with prevailing techniques. 
 
 
 
 



 

Carbon Nanomaterial for Old and New Energy Applications 
 

Timothy Fisher,  
Department of Mechanical Engineering 

 
Ron Reifenberger and Tyler Westover 

Department of Physics 
Purdue University, West Lafayette, IN 47907 

Email: tsfisher@exchange.purdue.edu 

 
ABSTRACT 

 
Increasingly, high-performance devices and systems require improved energy transport 

and conversion characteristics, and such improvements are almost invariably driven by 
materials.  This talk will consider carbon nanotubes (CNTs) and other nanoscale materials that 
have been proposed for many of these applications. Particularly emphasis will be given to 
confined and interfacial transport, for in many applications of carbon nanomaterials the material 
interfaces dominate over the bulk, or diffusive, phenomena.  Topics of discussion will solar-
thermal-photovoltaic energy conversion processes and reduction of thermal and electrical 
contact resistance at solid-solid interfaces for thermoelectrics.  For all topics, possible 
mechanisms and models to explain recent experimental results will be discussed, as will a wide 
range of opportunities for further research.  
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ABSTRACT 

The global energy challenge will be addressed in part by the development of more 
efficient energy conversion devices, from solid-state lighting to solid-state refrigerators and 
generators. Materials limit the performance of each of these devices.  For example, the luminous 
efficiency of white LEDs is limited by the so-called ñgreen gapò ï i.e., the low internal quantum 
efficiency of LEDs that emit at wavelengths near 555 nm, the peak of the photopic vision 
sensitivity spectrum.   

In this talk, I will describe our approach to utilize nanostructured (In,Ga)N grown on 
metallized silicon substrates to bridge the green gap. The free surfaces of nanorod 
heterostructures allow elastic relaxation of lattice misfit strain, thereby altering the kinetics of 
InN incorporation.  Thus, (In,Ga)N nanorods can incorporate higher InN mole fractions without 
the introduction of the dislocations that limit the internal quantum efficiency. Challenges 
remaining on the path toward a monolithic nanostructured phosphor-free white LED will be 
highlighted. 
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We use a combination of first-principles density functional theory based calculations and site 
occupancy disorder (SOD) technique to investigate thermodynamics of hydrogen vacancies in 
MgH2, a relatively simple material with many desirable properties relevant to hydrogen storage 
applications. Our SOD analysis aimed at determining the configurational contribution to the free 
energy reveals that there are only a few low energy configurations (that are energetically 
decoupled from the rest) which may have a noticeable impact on the thermodynamics of MgH2. 
These configurations contain clusters of one, two and three hydrogen vacancies. While the di-
vacancy clusters are the lowest in energy, entropy associated with them is rather low, and mono-
vacancy configurations are most abundant at practical conditions. Our results are also useful in 
enlightening the kinetic mechanisms of diffusion of H-vacancies. 

 
 

Work done in collaboration with R. Grau-Crespo, Kyle Smith, Sameer Rao and Timothy Fisher. 
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Scalable synthesis of metallic/chalcogenide nanostructures 
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ABSTRACT 
Electrochemical template synthesis technique has been used to fabricate the 
metallic/chalcogenide nanostructures using polycarbonate membranes acting as a 
template. This simple but versatile two-electrode electrochemical deposition has been 
carried out in a Teflon made electrochemical cell, by controlling various reaction 
parameters like pH of the electrolyte, reaction temperature, electrolyte concentration, 
distance between the electrodes, reaction time and constant stirring. Polycarbonate 

membranes having cylindrical pores with length 6-11 mm and diameter 100-50 nm have 
been used to control the size of the nanorods. Scanning electron microscopy (SEM) has 
been done for morphological studies of the synthesized nanorods and X-ray diffraction 
(XRD) studies have been carried out for their structural characterization. Highly dense 
crop of nanorods, having smooth surfaces, good crystalline quality and controlled sizes 
have been synthesized. These nanorods have potential applications in the field of 
electronic and optical devices, as well as in optical, chemical and biological sensors 
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Anisotropic strontium ferrite nano particles and the influence of shapes 
on materials properties 
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Indian Institute of Technology Bombay 
 

ABSTRACT 
Nano structured strontium ferrite is very useful as permanent magnets as well as 
recording media. However, below a critical size, it becomes superparamagnetic. One 
possible way to over come this and for getting better performance is shape controlled 
synthesis. In our present work we have synthesized the strontium ferrite nano particles 
with different shape via gel-combustion technique. For this present study the synthesis 
parameters like nitrate to fuel ratio were varied to 1:1, 1:2 and 1:3 with pH: 7. Though the 
samples prepared with 1:2 nitrate to fuel ratio shows better yield, the samples prepared 
with 1:1, pH:7 shows different shapes like rods, bipod and tripod. With the addition of 
4% PVP at this specific condition gives reduction in size and also the cubic shapes form 
instead of rods. The anisotropic shape formation was explained based on preferred 
growth along <100> direction which are kinetically controlled at low temperature. The 
addition of PVP (poly vinyl pyrollidone) to the starting solution acts as a passivating 
agents and slows down the growth rate along <100> and allows them to grow along 
<111> direction which results in the formation of cubic shapes. The magnetic properties 
of the materials were influenced by the shape anisotropy factor. Detailed studies on 
morphology variations and their formation mechanisms with respect to synthesis 
condition and the influence of shape effects on hard magnetic properties will be 
presented. 
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ABSTRACT 

The new millennium has seen rapid strides being made in fields of nanotechnology and 
molecular electronics. With miniaturization reaching hitherto unknown limits, there is a 
need to control the self-assembly of the molecules at the nanoscale. Towards this goal, 
chemists are starting to use DNA, which frequently possess superior properties for self-
assembly, optimized through billions of years of evolution. Our interest in this particular 
field has been to couple the controlled self-assembly of DNA with targeted modifications 
to give rise to systems for molecular electronics and spintronics applications.  
 
We have focused our attention towards M-DNA (metal-DNA), which is a modified DNA 
wherein a base modification allows the alignment of Cu

2+
 and Mn

2+
 magnetic ions along 

the helical axis. Such a doping induces conducting states in the gap region of natural 
DNA, thereby closing the semi-conducting gap in DNA. These magnetic ions are found 
to interact ferromagnetically along the DNA helix. Calculations of optical conductivity 
about the helical axis suggest that the origin of magnetic characteristics depend crucially 
on the metal ions; the Cu(Mn)-DNA favors in-plane(out-of-plane) ů()-like 
delocalization over the base pairs. We have also been working on using single-stranded 
DNA for stabilizing one-dimensional constructs for spintronics applications. Using a 
Benzimidazole(Bzim) base modification we find that the resultant single stranded DNA 
can stabilize the Ti, V and Cr atoms in the scaffold, while still retaining the helical and 
one-dimensional characteristics of DNA. The strong coupling between the d-orbitals of 
the transition metals and the frontier orbitals of Bzim governs the electronic and magnetic 
properties of these systems. We find a stable Half-metallic behavior for the Vanadium-
Benzimidazole system. We observe that such a controlled alignment of magnetic ions 
within the DNA architecture offers promising perspectives for creating low-dimensional 
polarized spin channels. 
 
We are currently studying the two modifications of the M-DNA structure predicted by 
Carell et.al and the Shionoya et. al.. We find that the magnetic interactions closely follow 
the Goodenough-Kanamori rules, with the ferromagnetic coupling being coupled to the 
electronic properties of the M-DNA structure. We are also studying the effect of 
electrode coupling to the Vanadium-Benzimidazole system. 
 
[1] Mohan P. J., Ayan Datta, Sairam S.M. and S. K. Pati, J. Phys. Chem. B 110, 18661 
(2006). 
[2] Sairam S. Mallajosyula and Swapan K. Pati, J. Phys. Chem. B (Letters) 111 (40), 
11614 (2007). 
[4] Sairam S. Mallajosyula, Swapan K. Pati, Phys. Rev. Lett. 98, 136601 (2007). 
[5] Sairam S. Mallajosyula and Swapan K. Pati, J. Phys. Chem. B (Letters) 111 (40), 
13877 (2007). 
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ABSTRACT 
Both Many-body Configuration Interaction and Density Functional Theory studies reveal 
interesting electronic and optoelectronic properties of undoped as well as doped graphene 
nanoribbons.  We observe magnetic ground state of zigzag edge graphene nano ribbons, 
which shows intrinsic half-metallic property on hole doping over a large temperature 
domain, opening up a huge application possibility in room temperature spintronics 
devices.  
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ABSTRACT 

The first principles calculations show that hydrogen molecules sit in both parallel and 
perpendicular orientations on alternate benzene rings of the graphene layer and can 
accommodates up to 7.7 wt % of hydrogen on single-layered graphene. Carbon dioxide 
molecules sit alternatively in a parallel fashion on the rings to giving use to a maximum 
uptake of 37.93 wt % in single-layer graphene. Presence of more than one layer of 
graphene in our samples causes a decrease in the H2  and CO2 uptake. 
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ABSTRACT 

 
Over the past few years, negative capacitive effects have been observed in both 

inorganic and organic semiconductor devices including photodetectors, light-emitting 
diodes, and photovoltaics.   In this work, we have analyzed poly(3-hexylthiophene):[6,6]-
phenyl C61-butyric acid methyl ester (P3HT:PCBM) organic photovoltaic devices with a 
variety of architectures and under a range of illumination conditions and applied dc 
biases.  Using impedance spectroscopy, we have observed negative capacitive charge 
transport under typical operating conditions for these devices with a direct dependence on 
both illumination intensity and applied dc bias.  This negative capacitance is associated 
with the introduction of charge carriers into the photovoltaic film and modulates time-
dependent charge transport to a greater extent than in similar organic devices such as 
OLEDs.  In both cases, space charge effects appear to be responsible for the observed 
behavior.  This improved understanding of time-dependent charge transport will inform 
the design of future organic photovoltaic devices. 
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ABSTRACT 

 
Graphene is a promising new material that provides a possible alternative to 

silicon-based electronics [1].  The reliable formation of a high quality, ultra-thin stack of 
grapheme planes on a substrate remains a challenge.  To better understand graphene 
formation at elevated temperatures, we have undertaken a systematic study of the initial 
stages of graphene growth on SiC substrates. 
 

Graphene was grown on hydrogen passivated SiC substrates during a vacuum 
anneal [2, 3].  Following this high temperature processing, an ambient Atomic Force 
Microscope (AFM) operating in the dynamic imaging mode was used to study the 
resulting substrate morphology.  For SiC substrates heated to temperatures less than 
~1500 

o
C, AFM images revealed small, irregular features attributed to the initial stages of 

grapheme growth.  Notably, these features were situated predominantly along SiC step 
edges.  The typical area of these features increases with growth temperature, with areas 
ranging from approximately 4,500 nm

2
 for a growth temperature of 1350 

o
C to areas of 

approximately 10,000 nm
2 

for a growth temperature of 1450 
o
C.  For substrates heated to 

more than ~1500 
o
C, AFM images revealed a smooth, tile-like structure covering the 

entire SiC substrate.  The individual tiles are sharply delineated one from another by 
well-formed, 1-dimensional ridges with a height of 10-20 nm.  
 
[1] Novoselov et al., Science 306, 666 (2004) 
[2] Charrier et. al., J. App. Phys. 92, 5 (2002) 
[3] Ramachandran et al., J. Electron. Mater. 27, 308 (1998). 
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ABSTRACT 

Epitaxial nanostructured materials such as quantum dot superlattices and thin film 
superlattices have been shown to exhibit thermoelectric figures-of-merit (ZT) that exceed 
those of the constituent materials in bulk form in some cases.  However, the viability of 
these thin-film structures for device purposes is limited by the scalability of the growth 
techniques, and by the elastic constraints imposed by thin-film epitaxy of lattice 
mismatched materials on a macroscopic substrate.  The fabrication of nanowire arrays by 
electrochemical synthesis not only offers the freedom to emulate high ZT, complex 
superlattice structures using a synthesis technique that is readily scalable to thicknesses of 
about 100 microns (the optimal thickness range for energy harvesting), but also broadens 
the range of lattice mismatch that can be accommodated elastically in coherent 
heterostructures with nanoscale composition modulation.  In order to control the 
diameter, density and arrangement of electrodeposited nanowire heterostructures, it is 
necessary to use a porous template such as porous anodic alumina (PAA).  The template 
provides a structural framework as well as controls the crystallographic texture in the 
nanowire.   

However, a disadvantage of the PAA matrix for thermoelectric applications is that 
it serves as a parasitic thermal shunt.  The thermal conductivity of PAA lies in a range 
similar to that of the thermoelectric materials of interest (~1W/m-K). Hence, from a 
device perspective, either the PAA matrix can be removed after the fabrication of the 
nanowire array and passivated by infiltration of lower thermal conductivity material, or 
the template can be completely eliminated by fabricating a 3-D interconnected self-
supporting nanowire array.  Here, we demonstrate both strategies: i) fabrication of dense, 
textured, Bi2Te3 and Bi2Te3/Bi2Te3-xSex nanowire arrays infiltrated with a low thermal 
conductivity polymer, SU-8, with a thermal conductivity of approximately 0.2 W/m-K 
(about an order of magnitude lower than that of PAA, at 1.7 W/m-K); and ii) fabrication 
of 100 micron thick, self-supporting, 3-D interconnected, nanowire arrays.   The SU-8 
composite is suitable for operation at temperatures below ~300C, whereas the latter 
approach may be applicable at elevated operating temperatures.  The thermal and 
electrical properties of these composites will be presented and compared with the 
properties of the homogeneous bulk-like constituent materials. 
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ABSTRACT 

Titania has been proven to act as an excellent collector for generated electrons in 
solar cells.  Recently, both porous titania and arrays of titania nanotubes have been 
fabricated for use in dye-sensitized solar cells because of their high surface area.  
Fabricating titania nanostructures of either geometry requires an anodic oxidation process 
that typically dissolves tens of microns of Ti film to create less than one micron of titania 
because of the high dissolution rate of titania in the fluorine-based electrolytes.  The need 
to begin with such thick Ti films has rendered the fabrication of substrate-supported thin 
film titania nanostructures evasive.  We have developed a technique for synthesizing thin 
film porous anodic titania (PAT) of controllable dimensions by using a porous anodic 
alumina (PAA) mask.   

While the initial PAT structures have been supported on Si, quartz or other similar 
substrates can also be used.  By covering a thin film of Ti with PAA, the anodizing 
agents are still capable of passing through the thin alumina barrier at the PAA pore 
bottoms to anodize the Ti but not at a rate sufficient to etch away the PAT as it is 
forming.  In this way, the PAA acts as a filter to allow the PAT formation to proceed until 
the entire Ti film has been converted to porous titania.  PAT thicknesses ranging from 60 
nm to several microns have been fabricated thus far, demonstrating the customizability of 
the templates.  Furthermore, variation of the anodization potential and PAA template 
dimensions can enable tuning of the PAT pore diameters and spacing. 
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ABSTRACT 

 
As compared to compressed gaseous storage, metal hydrides can potentially 

provide adequate volumetric densities for the storage of hydrogen on fuel cell vehicles.  
The material must be used in a particulate form due to brittle fragmentation during each 
hydriding cycle.  As a result, thermal conduction through loose metal hydride powders is 
rather poor and limits reaction rates.  Different techniques used to enhance the thermal 
conductivity of these materials and a comparison of the models used to describe these 
techniques are reviewed.  Compressed pellets and sintered compacts of metal hydrides 
and enhancing additives can increase thermal conductivity, but interpretation of the 
physical enhancing mechanisms requires detailed models.   

Previous models do not capture the fundamental physics of heat transfer in metal 
hydride powders.  Accordingly, a discrete model for generating loose particle packing 
configurations was developed.  The model employs a quasi-static gravitational deposition 
process to determine the final positions of settling particles.  Porosity of loose beds 
having size dispersion similar to that of metal hydride powder is presented.  Simulation 
of beds having bi-dispersed particle size and shape replicates the packing of loose metal 
hydride powder with graphite flakes.  Implications of the mechanical model on heat 
conduction are discussed.  The affect of intrinsic microscopic defects within a particular 
metal hydride, magnesium hydride, on the scattering rates of thermal carriers are 
presented. 
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ABSTRACT 
With the advancement of nanotechnology, a large variety of different materials 

can be deposited in a layer-by-layer fashion to form materials with a controllable 
thickness and a desired order. As an example, layer-by-layer self assembly of oppositely 
charged polyelectrolytes and nanoplatelets[1] is an emerging area that has a variety of 
applications in the fabrication of ultra thin electronics, electro-optical devices, sensors, 
and energy storage devices like battery electrodes and supercapacitors.[2, 3]  
Oxidized graphene (OG) is an excellent example of a material that can be exfoliated into 
nanoplatelets with nanometer scale thickness. Because of the strong hydrophilicity of 
OG, the insulating nanoplatelets can be assembled into a two-dimensional layered 
structure similar to graphite.[2] The potential use of these OG sheets in energy storage 
devices requires more study to better elucidate their structural, electronic, and chemical 
properties. In spite of the recent interest in OG, only a few studies conducted under 
ambient conditions have been reported.[5,6]. Recent work has measured the temperature 
dependence of the conductivity of OG sheets of varying thickness [7].  

To better characterize OG we studied this material using scanning probe 
microscopy methods. The OG used in our study was synthesized from purified natural 
graphite (SP-1, Bay carbon) by the Hummers method.[8] In this way we were able to 
obtain flakes of individual OG sheets completely exfoliated under ultra pure water, which 
could then be deposited on highly-oriented pyrolitic graphite (HOPG) for further study.  

We have performed a series of experiments to understand the surface and 
electronic properties of individual OG sheets deposited onto HOPG. Both UHV 
STM/STS and ambient AFM experiments were performed. High resolution atomic 
images by UHV STM showed the atomic structure of an oxidized graphene sheet is 
composed of a rectangular lattice with a size of 0.26 nm x 0.41 nm. This result is 
surprising since it indicates that oxygen atoms bound to an OG sheet that is one atom 
thick can form a periodic rectangular lattice. I(V) data taken on OG and HOPG were 
compared and revealed that for oxidized graphene there is a clear suppression of current 
near zero bias.  

The AFM study revealed a complex morphology that depends somewhat on the 
deposition conditions. As an example, when an OG sheet is deposited onto clean HOPG, 
it exhibits regions that conformally bind to the HOPG surface, as well as regions that 
wrinkle and fold back onto itself. In topographic images of the folds, the OG sheets 
appear to have a thickness restricted to integer multiples of ~0.67 nm, the calculated 
thickness of an OG sheet that is one atom thick.[9] The wrinkles, which are more 
prevalent as the size of the OG sheet increases, appear as ridges that form due to non-
planar deposition of an OG sheet. AFM experiments showed a distinct chemical 
difference between OG and the underlying HOPG substrate. Both phase and lateral force 



images reveal a contrast related to the different chemical composition of the two 
materials under study.  
Based on the new knowledge obtained form the studies described above, the use of OG in 
battery electrodes and supercapacitors will also be discussed.  
References:  
[1] Nina I. Kovtyukhova et al., Chem. Mater. 11, (1999), 771-778.  
[2] Janos H. Fendler et al., Langmuir 16, (2000), 7318-7324.  
[3] C. N. R. Rao et al., J. Chem. Sci., 120, (2008), 9-13.  
[4] Rodney S. Ruoff et al., Nature 448, (2007), 457-460.  
[5] Z. Klusek, Applied Surface Science 108, (1997), 405-414.  
[6] Z. Klusek, P.K. Datta, W. Kozlowski, Corrosion Science 45, (2003), 1383-1393.  
[7] C. Gomez-Navarro et al. Nano. Lett. 7, (2007), 3499-3503.  
[8] W.S. Hummers, R.E. Offeman, J. Am. Chem. Soc. 80, (1958), 1339-1339.  
[9] Alexandra Buchsteiner et al., J. Phys. Chem. B 110, (2006), 22328-22338. 
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ABSTRACT 
We have developed a fast and highly scalable implementation for ReaxFF. 

ReaxFF is a reactive force field for molecular dynamics simulation of large scale 
systems. Classical MD tools can be used to simulate big systems but they are incapable of 
handling dynamic bonding. On the other hand, ab-initio methods can simulate reactions 
by working on the electronic level but they cannot simulate systems beyond a few 
hundred atoms. We believe that ReaxFF will  fill in the gap by giving an accuracy similar 
to that of ab-initio methods while keeping the computational complexity close to that of 
classical MD. 

Computer simulations are an indispensable part of the research and development 
on nanodevices since they present a fast, easy and inexpensive experiment environment. 
Processes related to energy usually contain chemical reactions which can nicely be 
handled with ReaxFF. 
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ABSTRACT 
 

The use of nanostructured materials for energy conversion applications has 
received considerable attention recently. Because of the length scales and physical 
processes involved, interface properties often dominate device performance. These 
properties can be engineered by using organic molecular layers to modify surface 
chemistry, thereby influencing local electrical, thermal and/or optical properties. In this 
presentation, metal-molecule-silicon (MMS) diodes are experimentally studied to 
determine the influence of the molecular layer chemistry on electronic transport. MMS 
devices using molecular layers with different headgroups covalently bound to silicon 
have been fabricated and electrically characterized. Changing the molecular species can 
modulate electronic transport in MMS diodes by several mechanisms.  

The application of molecular layers with net dipole modulates the semiconductor 
surface potential, thereby changing the device electrostatics. The molecular density of 
states can influence quantum mechanical reflections at the semiconductor-molecule and 
metal-molecule interfaces, thereby affecting current flow. In addition, the interplay of 
these effects and the silicon bandstructure lead to non-traditional conduction mechanisms 
such as minority carrier transport in MMS Schottky diodes in certain cases. This study 
illustrates the use of molecular functionalization to influence electronic transport 
characteristics of MMS diodes. 
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scientist at Bhabha Atomic Research Center (BARC) from 1979 till 2003. Major areas of 

mailto:sampath@ipc.iisc.ernet.in


research and design are in isotope separation, heavy water technology development, 
hydrogen systems, deuterium, tritium separations, energy systems, heat exchanger 
network analysis etc. From 2003-2008 worked as Executive Director at NTPC ï a major 
utility in India for setting up of  state of art energy technology center with major focus on 
gasification of coal and establishment of IGCC for India. Worked on major energy 
projects including hydrogen generation, carbon capture using adsorption process, super 
critical systems etc.  
Toward end of 2007, started working on Solar thermal project using novel solar 
concentrators and is currently designed a prototype facility for establishment of 
technology. High temperature energy storage system is one area of research interest and 
is working on metal storage cum receiver system. Current assignment includes research 
in metal hydrides, energy storage systems and combustion. 
Member of National Academy of Engineering, Senate, IIt Delhi, Scientific Committees 
of Department of Science and Technology. Awarded gold medal for outstanding 
contribution in Indian Nuclear Science and Technology, IIChE, BARC. 
   
 
 

Sudipta Dutta 
Ph.D Student, TSU,  JNCASR, India 

 
       I have completed my Bachelors and Masters degree in Chemistry from Calcutta 
University. I am currently pursuing doctoral research in Jawaharlal Nehru Centre for 
Advanced Scientific Research under the guidance of Prof. Swapan K. Pati. My research 
interests include quantum many-body theory, ab-initio quantum chemistry, electronic 
structure theory, molecular electronics and hydrogen storage. My main research focus is 
the development of many body numerical methods. Recently I am working on graphene 
physics and dynamics of strongly correlated electronic systems. 

 
 
 

Umesh V. Waghmare 
Theoretical Sciences Unit 

Jawaharlal Nehru Centre for Advanced Scientific Research 
waghmare@jncasr.ac.in 

 
       Umesh Waghmare completed a B Tech (with institute silver medal) in Engineering 
Physics from the IIT, Mumbai (1990) and doctoral work in Applied Physics at Yale 
University (1996). He worked as a post-doctoral research associate in physics department 
at Harvard University before joining Jawaharlal Nehru Centre for Advanced Scientific 
Research in 2000. His research interests include ab initio modeling and simulations of 
multifunctional materials, mechanical behavior, nanostructures, and applications of 
quantum geometric phases in materials science.  He is a recipient of DuPont Young 
Faculty grant award (2003), MRSI medal (2004) and a B M Birla award for Physics 
(2005) and is a Fellow of the Indian Academy of Sciences and of the National Academy 
of Sciences, India. 
 
 



 

T. Pradeep 
Professor, IIT-Chennai, Chemistry 

pradeep@iitm.ac.in 
 
       T. Pradeep had his early education in Kerala, India. He earned his PhD from the 
Indian Institute of Science Bangalore, working with professors C.N.R. Rao and M. S. 
Hegde. He had post doctoral training at the University of California, Berkeley and Purdue 
University, West Lafayette, Indiana. He joined the Indian Institute of Technology 
towards the end of 1993, where he is a full professor now.  He held visiting assignments 
in, Purdue University, USA; Institute of Chemistry, Academia Sinica, Taiwan; Pohang 
University of Science and Technology, South Korea; University of Leiden, Netherlands,  
EPFL, Lusanne, Switzerland, Institute of Molecular Science, Okazaki, Japan and Hyogo 
University, Japan. He has published over 175 papers on several aspects of materials 
chemistry; there are also a few patents. One of his technologies has been taken up by an 
industry for production. He built several scientific instruments right from scratch. His 
interests are broadly in the area of advanced materials; especially clusters, nanomaterials 
and molecular surfaces. Over fourty students have received their masters and PhD 
degrees with him. Prof. Pradeep is the author of Nano: The Essentials (Tata Mc-Graw 
Hill and McGraw-Hill) and one of the authors of Nanofluids Science and Technology 
(Wiley). He writes on science and society in English and Malayalam and has a few books 
in the latter. For more details, please see, 
http://www.chem.iitm.ac.in/professordetails/profpradeep/index.php 
 
 
 

Professor G.U. Kulkarni 
Chemistry & Physics of Materials Unit and DST Unit on Nanoscience 

Jawaharlal Nehru Centre for Advanced Scientific Research 
Kulkarni@jncasr.ac.in 

 
       Dr. Kulkarni studied Solid State Physics at Karnatak University, Dharwad for his M. 
Sc. degree (1986) and obtained Ph.D. from the Solid State and Structural Chemistry Unit, 
Indian Institute of Science, Bangalore in 1992, which won him the Sudborough medal 
and the Best Thesis award from Chemical Sciences Division. Initially, he carried out 
postdoctoral research at the Indian Institute of Science and then moved to Cardiff 
University,UK. He joined as a faculty member at Jawaharlal Nehru Centre for Advanced 
Scientific Research, Bangalore in 1995 and is now a Professor in the Chemistry and 
Physics of Materials Unit. He has been a visiting Scientist at Cardiff University and 
Tokyo University.  
       Dr. Kulkarni's main research interests are in the field of Nanoscience, 
Nanopatterning and device fabrication, Supramolecular assemblies as well as 
Experimental charge density of molecules. He has over 140 international publications and 
has contributions in 8 books and coauthored a book on nanocrystals.            
       He is a member of the Editorial board of Bulletin of Materials Science. He is an 
active reviewer for many international journals. 
 

http://www.chem.iitm.ac.in/professordetails/profpradeep/index.php


Mahdi M. Abu-Omar, PhD 
Professor, Department of Chemistry andEnergy Center 

Purdue University, West Lafayette, IN 47907 
mabuomar@purdue.edu 

 
As a professor, Mahdi Abu-Omar directs a research program aimed at developing 

catalysts for renewable energy and environmental applications. He has delivered 60 plus 
lectures describing his research group findings, organized four symposia, and consulted 
for several chemical and law firms. Dr. Abu-Omar is the author or co-author of 70 peer-
reviewed research papers. 

Prior to joining Purdue University in 2003, Dr. Abu-Omar was a postdoctoral 
scholar in bioinorganic chemistry at Caltech before moving to UCLA as an Assistant 
Professor. He mentored 20 Ph.D. students, 7 postdocs, and 10 undergraduates. In 
addition, he is a member of the executive advisory board of the Energy Center at Purdue 
University. Dr. Abu-Omar is the recipient of several awards including the College of 
Engineering Team Excellence Award from Purdue University, a Faculty Early Career 
Development Award from the U.S. National Science Foundation, and a Beckman Young 
Investigator Award. In 2008, Dr. Abu-Omar was named University Faculty Scholar by 
Purdue University. 

Dr. Abu-Omar earned a B.S. (summa cum laude) in chemistry from Hampden-
Sydney College, Virginia, and a Ph.D. in inorganic chemistry from Iowa State 
University. 

 
 

 

Hasan Metin Aktulga 
Graduate Research Assistant 

Purdue University, West Lafayette, IN 47907 
haktulga@cs.purdue.edu 

 
Hasan Metin Aktulga is a PhD student in the Department of Computer Science, 

Purdue University.  His research areas are on molecular dynamics and parallel 
computing.   

He is particularly interested in the development of novel, highly scalable tools and 
methods for molecular dynamics simulations and applications of them on physical 
systems. 

 
 
 

Muhammad A. Alam, PhD 
Professor of Electrical and Computer Engineering 

Purdue University 
alam@purdue.edu 

 
Muhammad Ashraful. Alam is a Professor of ECE at Purdue University where his 

research and teaching focus on physics, simulation, characterization and technology of 
classical and novel semiconductor devices.  From 1995 to 2001, he was with Bell 
Laboratories, Murray Hill, NJ, as a Member of Technical Staff in the Silicon ULSI 



Research Department. From 2001 to 2003, he was a Distinguished Member of Technical 
Staff at Agere Systems, Murray Hill, NJ.  He joined Purdue University in 2004.    

Dr. Alam has published over 90 papers in international journals and has presented 
many invited and contributed talks at international conferences.  He is a fellow of IEEE 
and recipient of 2006 IEEE Kiyo Tomiyasu Award for contributions to device technology 
for communication systems.  

 
 
 

Venkataramanan Balakrishnan, PhD 
Professor of Electrical and Computer Engineering and 

Associate Dean of Engineering for Research 
Purdue University 
ragu@purdue.edu 

 
Venkataramanan Balakrishnan is a Professor of Electrical and Computer 

Engineering and the Associate Dean of Engineering for Research at Purdue University.  
He received the B.Tech degree in Electronics and Communication from the Indian 
Institute of Technology, Madras, in 1985.  He then attended Stanford University, where 
he received the M.S. degree in Statistics and the Ph.D. degree in Electrical Engineering in 
1992.  He joined Purdue University in 1994 as an Assistant Professor, following post-
doctoral stints at Stanford University, Caltech, and the University of Maryland.  He is a 
co-author of the 1994 SIAM monograph Linear Matrix Inequalities in System and 
Control Theory.  His primary research interests are in applying numerical techniques, 
especially convex optimization, to problems in systems and control. 

Dr. Balakrishnan received the President of India Gold medal from the Indian 
Institute of Technology, Madras, in 1985, a Young Investigator Award from the Office of 
Naval Research in 1997, and the 1998 Ruth and Joel Spira Outstanding Teacher Award 
and the 2001 Honeywell Award for excellence in teaching from the School of Electrical 
and Computer Engineering at Purdue University.  He was named a Purdue University 
Faculty Scholar in 2008. 
 
 

Kalapi Biswas 
PhD Candidate 

Purdue University 
kgbiswas@purdue.edu 

 
Kalapi Biswas, is currently pursuing her Ph.D. in Materials Engineering at 

Purdue University, IN.  She received her M.S. in Civil Engineering (Materials) in 2004 
from Purdue University and B.E. degree in Civil Engineering (Structures) in 2001 from 
Veermata Jijabai Technological Institute, Mumbai, India.  Ms. Biswas has received 
academic excellence awards in 2001, 2002, the Materials Research Societyôs (MRS) 
graduate student award in 2008 and the Bilsland Dissertation Fellowship from Purdue 
University in 2008.  

Biswasô doctoral work is geared toward developing novel materials to efficiently 
convert thermal energy to electrical energy.  Her research specifically seeks to fabricate 
cost-effective, high-performance thermoelectric nanowire arrays by hybrid 

mailto:kgbiswas@purdue.edu


nanostructuring with the aim of demonstrating ZT >2 for both n-type and p-type legs over 
the 50-550°C temperature range.  
 
 

 
Baratunde Cola 

PhD Candidate, Purdue University 
bcola@purdue.edu 

 
Baratunde A. Cola is a mechanical engineering Ph.D. student at Purdue 

University.  He received his B.E. and M.S. in mechanical engineering at Vanderbilt 
University in 2002 and 2004, respectively.  He is a member of the Nanoscale Thermal 
Transport Group and Microscale Thermophysical Properties Lab at the Purdue University 
Birck Nanotechnology Center.  

 His current research interests include nanomaterial synthesis and device 
integration approaches, and experimental and theoretical studies of thermal transport 
across interfaces.  He will be joining the faculty of Georgia Tech in Jan. 2009 as an 
assistant professor in mechanical engineering.   

 
 
 

Supriyo Datta, PhD 
Thomas Duncan Distinguished Professor of Electrical and Computer Engineering 

Birck Nanotechnology Center, Purdue University 
datta@ecn.purdue.edu 

 
Supriyo Datta received his B.Tech. from the Indian Institute of Technology in 

Kharagpur, India in 1975 and his Ph.D. from the University of Illinois at Urbana-
Champaign in 1979. In 1981, he joined Purdue University, where he is (since 1999) the 
Thomas Duncan Distinguished Professor in the School of Electrical and Computer 
Engineering.  Since 1985 his work has focused on current flow in nanoscale electronic 
devices and the approach pioneered by the Purdue group has been widely adopted in the 
field of nanoelectronics.  

 It combines the non-equlibrium Green function (NEGF) formalism of many-body 
physics with the Landauer formalism from mesoscopic physics as described in his books 
Electronic Transport in Mesoscopic Systems (Cambridge, 1995), and Quantum 
Transport: Atom to Transistor (Cambridge, 2005).  Prof. Datta is a Fellow of the 
American Physical Society (APS) as well as the Institute of Electrical and Electronics 
Engineers (IEEE) and has received IEEE Technical Field Awards both for research and 
for graduate teaching. 
 
 
 

 
 
 
 



Timothy Fisher, PhD 
Professor of Mechanical Engineering 

Birck Nanotechnology Center 
Purdue University 

timothy.s.fisher@gmail.com or tsfisher@purdue.edu 
 

Professor Timothy S. Fisher recently completed a term as Visiting Professor at 
JNCASR, Bangalore.  He received Ph.D. and B.S. degrees in Mechanical Engineering 
from Cornell University in 1998 and 1991, respectively.  He joined the Purdue's School 
of Mechanical Engineering and Birck Nanotechnology Center in 2002 after several years 
at Vanderbilt University. Prior to his graduate studies, he was employed from 1991 to 
1993 as a design engineer with Motorola.   

His research has included efforts in measurement and simulation of nanoscale 
heat transfer, coupled electro-thermal effects in semiconductor devices, nanoscale direct 
energy conversion, molecular electronics, microfluidic devices, hydrogen storage, and 
boundary- and finite-element computational methods.  His current efforts include 
theoretical, computational, and experimental studies focused toward integration of 
nanoscale materials with bulk materials for enhancement of electrical, thermal, and mass 
transport properties.  Applications of his work cover a broad range of areas, including 
nanoelectronics, thermal interface materials, thermionic and field emitters, biosensors, 
and hydrogen storage in metal hydrides. 
 
 

Aaron Franklin 
PhD Candidate, Purdue University 

afrankl@purdue.edu 
 

Aaron Franklin began his graduate studies at Purdue in the Fall of 2005 in the 
School of Electrical and Computer Engineering.  Prior to his start at Purdue, Aaron 
received a Bachelorôs degree in Electrical Engineering from Arizona State University and 
spent one year as a Design Engineer at Intel Corporation.  In 2005, Aaron was awarded a 
National Science Foundation Graduate Research Fellowship to support his pursuit of a 
PhD at Purdue. 

For the past three years, Aaron has worked on the templated synthesis of carbon 
nanotubes for applications in nanoelectronics with an emphasis on fabricating vertical 
carbon nanotube transistors.  He has authored several publications on this work and holds 
one pending patent.  Working at the Birck Nanotechnology Center has provided many 
successful collaborative research opportunities for Aaron in such areas as thermionic 
emission, electrochemistry, and biological sensing. 
 As part of the research related to his poster at this scientific workshop he has been 
developing a technique for creating thin film porous anodic titania (PAT) for application 
in photovoltaics.  Embedding an appropriate catalyst within the PAT is hypothesized to 
yield carbon nanotubes within the porous template, which would create a promising 
composite structure for titania/nanotube solar cells. 
 
 
 

 



Suresh V. Garimella, PhD 
R. Eugene and Susie E. Goodson Professor 

Director, Cooling Technologies Research Center, an NSF I/UCRC 
School of Mechanical Engineering and Birck Nanotechnology Center 
Purdue University, 585 Purdue Mall, West Lafayette, IN 47907-2088 

sureshg@purdue.edu 
 
         Professor Suresh Garimella received his PhD from the University of California at 
Berkeley in 1989, his MS from The Ohio State University in 1986, and his Bachelorôs 
degree from Indian Institute of Technology, Madras, in 1985.  He is the R. Eugene and 
Susie E. Goodson Professor of Mechanical Engineering at Purdue University where he is 
also Director of the NSF Cooling Technologies Research Center, the Electronics Cooling 
Laboratory and the Solidification Heat Transfer Laboratory.  His research interests 
include thermal microsystems, high-performance compact cooling technologies, electro-
thermal co-design and electronics packaging, micro- and nano-scale transport 
phenomena, and materials processing.  Dr. Garimella has supervised or is currently 
supervising 32 PhD and 30 MS students and 21 visiting scholars and post-docs.  Eight 
alumni from his research group are now faculty members in various prestigious 
universities around the world.  He has co-authored over 250 refereed journal and 
conference publications, besides editing or contributing to a number of books.  Several of 
his papers at international conferences have been seleted for Best Paper awards. 
      Dr. Garimella serves as Associate Editor of ASME Thermal Science and Engineering, 
and as an Editor of Applied Energy and Experimental Heat Transfer, and has served as 
Associate Editor of ASME Journal of Heat Transfer and Editor of Heat Transfer-Recent 
Contents and on the Editorial Board of Experimental Thermal and Fluid Science. 
     Dr. Garimella is a Fellow of the ASME.  His efforts in research and engineering 
education have been recognized with the 2004 ASME Gustus L. Larson Memorial Award; 
K16 Clock Award from the ASME; Graduate School/UWM Foundation Research Award 
in recognition of Outstanding Research and Creative Activity, 1995; UWM Distinguished 
Teaching Award in recognition of Demonstrated Dedication to Excellence in 
Undergraduate Instruction, 1997; and Society of Automotive Engineers' Ralph R. Teetor 
Educational Award, 1992.  Dr. Garimella is also a Fellow of the Center for Smart 
Interfaces at the Technical University of Darmstadt, and an Honorary Guest Professor at 
Xiôan JiaoTong University in China, and was Honorary Visiting Fellow at the University 
of New South Wales in 1995. 
 
 
 

Samuel Graham 
Associate Professor 

Georgia Institute of Technology 
sam.graham@me.gatech.edu 

 
Prof. Samuel Graham joined the Georgia Institute of Technology in 2003, where 

he is currently an Associate Professor in the Department of Mechanical Engineering.  
Prior to joining the Georgia Institute of Technology, Prof. Graham served as a Senior 
Member of the Technical Staff at Sandia National Laboratories in Livermore, CA (1999-



2003).  Prof. Grahamôs current research focuses on the thermal management and 
reliability of organic and wide band gap semiconductor devices.    

This work includes the development of flexible transparent electrodes and 
encapsulation for the packaging of organic LEDs and solar cells.  Other activities include 
the development of advanced heat spreading technologies for GaN RF and LEDs, the 
development of Raman Spectroscopy diagnostics to measure the temperature, stress, 
phonon dynamics and defects in GaN based electronic devices, and the development of 
UV and white light LEDs for biological and general illumination applications.  He is the 
recipient of the 1999 C.F. Lucks Young Investigator Award in the area of Thermal 
Conductivity Analysis, 2004 SME Young Manufacturing Engineer Award, 2005 NSF 
CAREER Award, and selected to participate in the 2007 NAE US Frontiers of 
Engineering Symposium. 

 
 
 

Mark C. Hersam, PhD 
Professor, Northwestern University 

m-hersam@northwestern.edu 
 

Mark C. Hersam is currently a Professor of Materials Science and Engineering 
and a Professor of Chemistry at Northwestern University.  He earned a B.S. in Electrical 
Engineering from the University of Illinois at Urbana-Champaign (UIUC) in 1996, M. 
Phil. in Physics from the University of Cambridge in 1997, and a Ph.D. in Electrical 
Engineering from UIUC in 2000.  In 1999, he also performed research at the IBM T. J. 
Watson Research Laboratory under the support of an IBM Distinguished Fellowship.   

His research interests include single molecule chemistry, nanofabrication, 
scanning probe microscopy, semiconductor surfaces, and carbon nanomaterials.  As a 
faculty member, Dr. Hersam has received several awards including the Beckman Young 
Investigator Award (2001), NSF CAREER Award (2001), ARO Young Investigator 
Award (2005), ONR Young Investigator Award (2005), Sloan Research Fellowship 
(2005), Presidential Early Career Award for Scientists and Engineers (2005), TMS 
Robert Lansing Hardy Award (2006), AVS Peter Mark Award (2006), and two Teacher 
of the Year Awards (2003, 2007).  In recognition of his early career accomplishments, 
Dr. Hersam was directly promoted from assistant professor to full professor with tenure 
in 2006.  In 2007, Dr. Hersam co-founded NanoIntegris, which is a start-up company 
focused on supplying high performance carbon nanomaterials. 

 
 

 
Roderick Jackson 

Graduate Research Assistant, PhD Candidate 
Georgia Institute of Technology 
roderick.jackson@gatech.edu 

 
Roderick Jackson is a mechanical engineering Ph.D student at the Georgia 

Institute of Technology.  His research is on the development of new transparent 
conductive electrodes for organic electronics, with a particular focus on thin film 



networks of single wall carbon nanotubes.  He is a current Georgia Institute of 
Technology Presidentôs Fellow, Georgia Institute of Technology Facilitating Academic 
Careers in Engineering and Science Fellow, and Office of Naval Research/HBEC Future 
Faculty Fellow.  He is also a past recipient National Consortium for Graduate Degrees for 
Minorities in Engineering and Science Fellow.  Prior to his current position, he worked as 
a mechanical engineer for Delphi Corporation in Clinton, MS.  He also holds a BSME 
and MSME from the Georgia Institute of Technology.  

Originally from Canton, MS, Roderick is very active in the engineering outreach 
community.  He has participated in local career fairs and minority graduate recruitment 
events.  He also has been a mentor/engineer for high school robotics teams for seven 
years.   

After graduation, Roderick plans to leverage his background in technical research 
on developing energy technologies to assess energy systems for policy implementation 
and provide policy advisement that best promotes sustainable energy solutions. 

 
 

 

David Janes, PhD 
Professor, Purdue University 

janes@ecn.purdue.edu 
 
David B. Janes received the B.A. degree in Physics from Augustana College in 

1980 and the B.S.E.E., M.S.E.E. and Ph.D. degrees from the University of Illinois at 
Urbana-Champaign in 1980, 1981 and 1989, respectively.   
From 1981 to 1985, he worked as a research scientist at the Research Division of 
Raytheon Company, where he worked on microwave devices and integrated circuits.  
Since 1989, he has been at Purdue University, where he is a Professor of Electrical and 
Computer Engineering.  From 2001-2003, he was Research Program Coordinator for the 
Birck Nanotechnology Center.  From 2003-2007, he was Technical Director of the 
Institute for Nanoelectronics and Computing, a NASA-supported center.   

Current projects include development of molecular electronic components, 
nanowire/nanotube transistors, and chemical sensors. 
 
 
 

Benjamin Leever 
Chemical Engineer, Nanostructured and Biological 
Materials Branch, Air Force ResearchLaboratory  

and PhD Candidate, Department of Materials Science & Engineering 
Northwestern University, Evanston, IL 60208 

BenjaminLeever2.2009@u.northwern.edu 
 

Benjamin Leever earned a B.S. in Chemical Engineering from the University of 
Cincinnati in 2002.  Since that time he has worked for the Air Force Research Laboratory 
at Wright-Patterson AFB in Ohio.  He initially worked in the area of manufacturing 
technology for electronics and now works in their Nanostructrured and Biological 
Materials Branch.   



Since 2005 he has been pursuing a Ph.D. in Materials Science & Engineering at 
Northwestern University.  His research focuses on charge transport and spatially 
localized current variations in organic photovoltaic devices 
 

 
 

Deepak K. Pandey 
Graduate Student, Purdue University 

dpandey@purdue.edu 
 

Deepak Pandey did his undergraduate (BSc.) in Physics, Chemistry and 
Mathematics at University of Allahabad and his masters (MSc.) in Physics at Indian 
Institute of Technology, Madras. His master dissertation was on Surface Plasmon 
Resonance in thin metal films.   

He joined Purdue University in Fall 2003 to pursue his PhD in Physics. His 
interest lies in understanding the properties of materials for next generation electronics 
and sensor applications using Scanning Tunneling Microscopy and Atomic Force 
Microscopy.  He has applied these techniques in different research fields such as 
analyzing organic mono-layers on silicon, graphene, oxidized graphene and DNA 
attached to carbon nanotubes. 
 
 
 
 

Gyan Prakash 
Graduate Student, PhD Student 

Purdue University 
gprakash@purdue.edu 

 
Gyan Prakash did his undergraduate (BSc.) and masters (MSc.) in Physics at 

Indian Institute of Technology, Kharagpur.  His master dissertation was on 
Synchronization in chaotic coupled systems.  He joined Purdue University in Fall 2004 to 
pursue his PhD in Physics.   

His interest lies in understanding the dynamics of microcantilevers in Atomic 
Force Microscopy (AFM) and applying AFM techniques in different research fields such 
as analyzing graphene, oxidized graphene and carbon nanotubes.  He is currently 
developing Parametric Resonance based AFM. 
 

 
 

Masa P. Rao, PhD 
Assistant Professor School of Mechanical Engineering, 

and (by courtesy) Materials Engineering and 
Birck Nanotechnology Center 

Discovery Park, Purdue University 
mprao@exchange.purdue.edu 

 



Masa Rao joined the Schools of Mechanical Engineering and Materials 
Engineering (by courtesy) at Purdue University as an Assistant Professor in January 
2007.  He received his bachelors in Material Science and Engineering from the 
University of Florida and his Ph.D. in Materials Engineering from the University of 
California, Santa Barbara (UCSB).  

Prior to joining Purdue, he was a post-doctoral researcher in the Mechanical 
Engineering Department at UCSB, where he was involved in the initial development of 
plasma-based micromachining of titanium.  Prof. Raoôs current research interests lie in 
the continued development of titanium micromachining and its application towards 
biomedical microdevices, as well as the development of other novel microfabrication 
technologies for various applications. 
 
 
 

Ronald Reifenberger, PhD 
Professor in Physics 

Birck Nanotechnology Center 
Discovery Park, Purdue University 

reifenbr@physics.purdue.edu 
 

Ronald Reifenberger is a Professor in the Department of Physics, Purdue 
University. He obtained his M.S. and Ph.D. degrees in Physics from the University of 
Chicago.   

Reifenberger has been a co-organizer of the European Trends in Nanotechnology 
Conference since its inception in 2000 and is on the Editorial Board of the Journal of 
Nanoscience and Nanotechnology.  He served as a committee member on the ñAPEC 
Foresight Committee on Nanotechnology, the Technology for the 21st Centuryò.  He has 
also received the distinguished Physics alumnus award from his alma mater (John Carroll 
University) in Cleveland OH.  His research interests include electron transport in 
nanostructures and scanning probe microscopy. 
 
 
 
 
 
 

Tim Sands 
Basil S. Turner Professor of Materials Engineering and  

Electrical & Computer Engineering 
Mary Jo and Robert L. Kirk Director of the Birck Nanotechnology Center 

Purdue University 
tsands@purdue.edu 

 
Tim Sands received his Ph.D. in Materials Science at the University of California, 

Berkeley in 1984. Following nine years as a Member of Technical Staff and as a research 
group director with Bell Communications Research, Inc. (Bellcore) in Red Bank, NJ, 
Sands joined the faculty at the University of California, Berkeley in the Department of 
Materials Science and Engineering. While at Berkeley, he chaired the Applied Science & 



Technology Graduate Group (1997-99), served as Fall MRS Meeting Co-chair (1994), 
and chaired the Electronic Materials Committee (EMC/TMS; 1995-97).  

In 2001, Sands was a Visiting Professor at the Interuniversity Microelectronics 
Center (IMEC) and Faculty of Engineering, Katholieke Universiteit Leuven, Belgium. In 
2002, he became the Basil S. Turner Professor of Engineering at Purdue University in 
West Lafayette, Indiana, with a joint appointment in the Schools of Materials 
Engineering and Electrical & Computer Engineering. His present research efforts are 
directed toward the development of novel nanocomposite materials for applications in 
solid-state lighting, direct conversion of heat to electrical power, and thermoelectric 
refrigeration. In November of 2006, Sands became the Mary Jo and Robert L. Kirk 
Director of the Birck Nanotechnology Center in Purdueôs Discovery Park 
(www.nano.purdue.edu). 
 
 
 

Jeremy Schroeder 
Senior Research Associate 

Birck Nanotechnology Center, Discovery Park 
Purdue University 

jlschroe@exchange.purdue.edu 
 

Jeremy Schroeder is currently a senior research associate at the Birck 
Nanotechnology Center at Purdue University.  He received a bachelorôs degree in 
Materials Science and Engineering from The Ohio State University in 1998, a masterôs 
degree in Materials Science and Engineering from the University of California, Berkeley 
in 2002, and he is currently pursuing a Ph.D. in Materials Science and Engineering from 
Purdue University.  

His current research is focused on thermoelectric metamaterials for solid state 
energy conversion devices. 
 
 
 

Adina Scott 
Graduate Student of School of Electrical and Computer Engineering 
Birck Nanotechnology Center, Discovery Park, Purdue University 

adina.scott@gmail.com 

 
 
 

Ali Shakouri, PhD 
Prof. of Electrical Engineering, 
Univ. of California, Santa Cruz 

ali@soe.ucsc.edu 
 

Ali Shakouri is professor of electrical engineering at University of California 
Santa Cruz.  He received his Ph.D. from California Institute of Technology in 1995.  His 
current research is on nanoscale heat and current transport in semiconductor devices, 



submicron thermal imaging, micro refrigerators on a chip and novel optoelectronic 
integrated circuits.   

He is the director of the Thermionic Energy Conversion center, a multi university 
research initiative aiming to improve direct thermal to electric energy conversion 
technologies.  He received the Packard Fellowship in Science and Engineering in 1999, 
the NSF CAREER award in 2000 and the UCSC School of Engineering FIRST Professor 
Award in 2004. 
 
 
 

Pankaj Sharma, PhD, MBA 
Associate Professor of Industrial Technology 

Associate Director for Operations and International Affairs 
Discovery Park, Purdue University 

sharma@purdue.edu 
 

Pankaj Sharma holds a doctoral degree in applied sciences and master's degrees in 
physics and business administration. He is currently working as an associate director for 
operations and international affair of the Purdue Discovery Park. His key responsibilities 
include strategic planning, coordination, communication and integrating synergistic 
research and other general activities among Discovery Park centers. In addition, his role 
is also to promote scientific, technological and entrepreneurial culture and mission; 
developing guidelines, policies and conducting general administrative and management 
functions; engaging stakeholders in developing strategic plans; and facilitating 
collaboration between management, engineering, science researchers and faculties, 
entrepreneurs, venture capitalists and other funding agencies including globalization 
efforts; seed, nurture and execute new large scale interdisciplinary innovative research 
projects for the societal benefit. Pankaj has courtesy associate professor appointment in 
industrial technology. 
 Pankaj Sharma is an experimental nuclear physicist with expertise in application 
of radioactivity in dating and tracing in geological and biological systems. Prior to 
joining Discovery Park, he was an Associate Director of Purdue Rare Isotope 
Measurement Laboratory. He has extensively worked on the application of accelerator 
mass spectrometry for geological and biomedical tracing. He has published about ninety 
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