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SECTION - A   

  

Certificate from the Principal Investigator and Collaborating Institute/ Organization   

 

Project Title:  Printed Electrocatalyst Layers for PEMFC/DMFC 

  

I am submitting the above-titled project proposal to OECT as a collaborative research/technology 

development project.   

1. I agree to abide by the terms and conditions of OECT for supporting research/technology 

development projects including the posting of OECT manpower in the project team.  

2. I have not submitted the project proposal elsewhere for financial support.  

3. I have requested for funds for the items, which are not available with the institution for the proposed 

work and are absolutely essential.  

4. I will not proceed on long term/ study leave/deputation during the period of project 

implementation, without prior intimation to OECT.  

  

  

  

Place:   Bangalore       (Name & Signature of Principal Investigator)   

Date: 05/02/2019 

    

Endorsement by the Head of the Institution/Organisation: 

  

Certified that Project Proposal entitled “Printed Electrocatalyst Layers for PEMFC/DMFC ” is 

prepared by Dr. Venugopal Santhanam and has not been submitted to any other 

institution/organisation for funding. This institute/organisation will provide necessary regular staff, 

administrative support and required infrastructure facilities for the project work and such facilities 

have not been requested in the proposal. The institute/organisation will ensure compliance of the terms 

and conditions of project funding by OECT and other conditions governing the implementation of the 

project.  

  

   

Place:  Bangalore                                                               (Name, Signature & Seal           

Date:               of   Head of Institute/Organization)  



   

 

   

 

  

SECTION – B  

  
1.0 Project Title:  Printed Electrocatalyst Layers for PEMFC/DMFC 

2.0 Project Type (Choose from the following):  

• Basic Research  

• Lab Scale Product /Process/Technology Development ✓ 

• Product/Process/Technology Improvement  

• Pilot Scale Development  

• Pre-Industry Model Development  

• Technology Demonstration/Validation  

• Field Implementation/Trials of Product/Process/Technology developed   Others  

3.0 Introduction and Review of Literature:  

Polymer Electrolyte (or proton exchange) Membrane fuel cells (PEMFC) and Direct Methanol fuel 

cells (DMFC) are energy-efficient alternatives to combustion engines for automotive(Mark K Debe 2012) 

and mobile/remote applications,(Joghee et al. 2015; Sundarrajan, Allakhverdiev, and Ramakrishna 2012) 

and are on the cusp of mass-production. Fuel cells directly convert the bonding energy of the fuel into 

useful work and are significantly more efficient than combustion engines. However, considerable 

innovation is required to achieve US Fuel Cell Technologies Office (FCTO - Multi-Year Research, 

Development, and Demonstration Plan) targets of cost (platinum group metal – PGM loading < 125 

µg/cm2), durability (<40% loss of activity after 30k cycles), and performance (0.44 A/mgpt @0.9 V).     

  Significant advances have been made in PEMFC/DMFC system design over the last three decades 

in terms of cost-reduction and structural design.(Gasteiger et al. 2005) The membrane electrode assembly 

(MEA), especially the electrode, is considered as ‘the heart’ of a fuel cell and is designed to accommodate 

constraints imposed by the cost of platinum used for electrocatalysis, as well as the need for efficient 

transport of electrons, reactants and heat. Consequently, the structure and composition of the ‘electrode’ 

has been significantly altered over the years, from utilizing platinum black films with a platinum loading 

of 10 gpt/cm2 in 1970s to present-day platinum/PGM nanoparticle coated carbon black particles (Pt/C) 

that use about 0.3 mgpt/cm2.(Costamagna and Srinivasan 2001) The use of highly-dispersed nanoparticles 

on carbon black particles enables substantial gains in surface area for a given mass of catalyst, but 

concomitant durability problems due to carbon support corrosion and loss of surface area under PEMFC 

working conditions,(Cao, Wu, and Cao 2014; Ferreira et al. 2005; Paddison and Gasteiger 2013) especially 

during start-up or shut down cycles have led to renewed interest in carbon-free nanostructured 

electrodes,(Antolini and Perez 2011) which employ a thin coating of platinum or PGM based catalytic 

layer on a mesostructured conductive support.(van der Vliet et al. 2012; Inaba et al. 2015; M. K. Debe 

2013; Ge et al. 2009; Biener et al. 2011; Cheng et al. 2015; Liu et al. 2009; Kloke et al. 2012; Alia et al. 

2010; Kloke et al. 2011) Such thin film architectures can also lead to reductions in platinum loadings to 

about 0.05 mg/cm2,(Zeis et al. 2007),(Tiwari et al. 2018) while reducing surface area losses due to 

nanoparticle agglomeration and preventing corrosion of the underlying substrate.(Mark K. Debe et al. 

2006)  



   

 

   

 

3.1 Current status of Work being done in other Institutions and Industries in the 

country:  

Lab-scale colloidal synthesis of catalysts for PEMFC applications has been extensively studied by 

various groups in India over the last decade. (Ghosh et al., 2013; Sahoo et al., 2015; Baronia et al., 2018; 

Sha and Badhulika, 2018; Radhakrishnan and Sandhyarani, 2019) A brief account of literature reports from 

Indian Institutions over the last 5 years on ORR/MOR electrocatalysts with low PGM content or enhanced 

durability is provided herein.  

A simple, scalable, single-step synthesis method was adopted to develop platinum-free, palladium-

cobalt alloy supported on nitrogen-doped reduced graphene oxide (Pd3Co/NG) 

nanocomposite.(Chandran, Ghosh, and Ramaprabhu 2018)  The low value of the reported maximum 

power density of 0.07 W/cm2 using 0.5 mg/cm2 of catalyst highlights the difficulty of platinum-free 

strategies for fuel cell electrocatalysis.  A self-limiting electroless shell deposition method for synthesizing 

Pt overlayer coated Pd/C catalysts for ORR was demonstrated.(Mahesh and Sarkar 2018) Platinum 

nanoparticles deposited on Mn, Fe and Co based spinal oxides, synthesized by co-precipitation method 

followed by sintering at high temperature, exhibited high ECSA value of 132 m2/gpt, a maximum power 

density of 0.7 W/cm2 in a fuel cell configuration, specific activity of 0.2 A/mgpt, and a 17% loss of activity 

after 1000 cycles.(Mohanraju et al. 2017) Pt/V-TiO2 nanocomposite catalyst, prepared via a sol-gel and 

microwave assisted chemical reduction route, were found to lose only 20% activity after 6000 cycles of 

accelerated stress testing.(Bharti and Cheruvally 2017) Nano ceria supported nitrogen doped graphene as 

a highly stable and methanol tolerant electrocatalyst for oxygen reduction was synthesized using a single-

step solvothermal process.(Soren et al. 2016) A ∼30 % enhancement of the durability of Pt/C catalyst on 

oxygen and nitrogen functionalized nanocarbon supports was attributed to the presence of large amount 

of pyrrolic nitrogen and highly oriented graphitic nature of the catalyst supports.(Karthikeyan et al. 2015) 

They reported ECSA of 24 m2/gpt and a maximum power density of 0.4 W/cm2.(Puthusseri and 

Ramaprabhu 2016) The use of ascorbic acid as a functionalizing agent to enhance anchoring of Fe2O3-Pt 

core-shell as well as reducing and capping agent was studied (Dhavale and Kurungot 2012). 

  

3.2 Current status of work being done on an International scale: 

The DOE Merit Review meeting, 2018 provides an excellent overview of the current status of 

research directions aimed at reducing the cost and improving the durability of catalysts while maintaining 

high specific activity. The multi-pronged approach being pursued in catalyst development includes 

theoretical computations aimed at understanding and providing material leads for circumventing the 

sluggishness of ORR kinetics, (Solomon and Stahl 2018) developing strategies for synthesizing 

nanomaterials with tailored morphology, such as nanoframes, core-shell etc. to enhance intrinsic 

activity.(Stamenkovic et al. 2017; Li et al. 2016) Interestingly, Nanostructured thin film catalysts were 

found to exhibit a x8 fold increase in activity over polycrystalline platinum facets.  These approaches are 

capable of addressing some of the DOE targets in terms of durability or activity or PGM content at the 

lab-scale (https://www.energy.gov/eere/vehicles/annual-merit-review-presentations), but several 

obstacles need to be surmounted prior to scaling-up these findings. Amongst the several approaches, 

nanostructured thin film architecture for electrocatalyst layer is a promising route for cost-effective 

scaling up to manufacturing scale. 

https://www.energy.gov/eere/vehicles/annual-merit-review-presentations


   

 

   

 

  Nanostructured thin film catalyst layers have been deposited either using top-down approaches 

such as sputter deposition(van der Vliet et al. 2012; Ge et al. 2009)or atomic layer deposition (ALD)(Inaba 

et al. 2015) onto organic mesostructures that are a priori coated with a conductive layer or bottom-up 

techniques that utilize nanoporous metallic films, formed by dealloying, as a conductive substrate onto 

which thin platinum layers are deposited by chemical(Zeis et al. 2007) or electrodeposition(Kloke et al. 

2012; Alia et al. 2010; Kloke et al. 2011; McCurry et al. 2011)routes. The reported values of the 

electrochemically active surface areas (ECSA) for thin film nanostructured catalyst layers are much lower 

than that of conventional Pt/C layers, but their performance under fuel cell test conditions are equivalent 

to that of Pt/C layers, and this is attributed to enhanced specific activity associated with bulk-like 

polycrystalline grains as well as enhanced electrical conductivity of the catalyst layer.(M K Debe 2010) 

Presently, the thicknesses of the metallic films used in such electrodes are of the order of 100 nm to 

provide macroscopic uniformity of coating and ensure electrical connectivity. Despite these 

advancements, there is ample scope for developing simpler and cost-effective additive fabrication 

processes and novel designs of the electrocatalyst layer to further reduce platinum/PGM loading of thin 

film nanostructured electrodes. 

3.3 Details of previous work and ongoing work of PI and Institute/Organisation in this 

field and expertise available with PI/Group/Institution/Organisation:  

Our group has developed a simple process for fabricating nanostructured metallic thin films on paper 

and plastic substrates using a simple desktop inkjet printer (Media Highlight-Science Monitor, DD Rajya 

Sabha TV, 08/08/2015). The process chemistry is based on the well-developed silver halide chemistry used 

in the field of photography. [1] Apart from this, we fabricated and characterized the electrochemical 

performance of ultralow-platinum loading (<5 µg/cm2) electrodes for fuel cells using self-assembled 

monolayers of Au@Pt nanoparticles as the building blocks. [2,3] Therein, we have developed expertise in 

handling and characterizing electrodes for PEMFC applications. Over the past year, Mr Khantesh Agrawal 

has successfully adapted the printing process to Nafion membrane to form a nanostructured porous 

conductive layer. [3] He is currently involved in optimizing conditions for Platinum overlayer deposition 

onto silver nanowires. 

1. S. K. Parmar, and V. Santhanam, " in situ formation of silver nanowire networks on paper", Curr. Sci. 107(2), 

262-269 (2014)  

2. I. Banerjee, V. Kumaran, and V. Santhanam, "Synthesis and Characterization of Au@Pt Nanoparticles with 

Ultrathin Platinum Overlayers", J. Phys. Chem. C , 119 (11), 5982–5987 (2015) 

3. I. Banerjee, V. Kumaran, and V. Santhanam, "Fabrication of Electrodes with Ultralow Platinum Loading by 

RF Plasma Processing of Self-Assembled Arrays of Au@Pt Nanoparticles", Nanotechnol. 27, 305401 (2016) 

4. K. Agrawal, “Printed Electrodes for PEMFC”, M Tech Report, IISc, 2018 

 

3.4 Patent search reports and the details of patents filed and granted to the PI/institute in the 

related field(s) if any:   -NA- 

 

 

 

 

http://youtu.be/0sO11QeWywI
http://youtu.be/0sO11QeWywI
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4.0 Project Objectives:  

• Broad Objective:  Fabrication of conductive, electrocatalytically active, nanostructured films 

with Ultralow Platinum loading on Nafion membranes for PEMFC/DMFC applications 

 

• Specific objectives:   

1) Use of pulsed electrodeposition technique to form 1-10 atomic layer thick platinum shells 

onto metallic nanostructured films. 

2) Electrochemical characterization of pulse-deposited Platinum films for benchmarking 

activity parameters for PEMFC/DMFC applications, such as ECSA values, Mass activity, CO 

tolerance, durability 

 

5.0 Relevance of the work / Benefit to OECT/Country:  

The ability to prepare ultra-low platinum loading electrodes for PEMFC/DMFC applications 

using an additive, roll-to-roll compatible process, will be a significant impetus for enabling 

widespread adaptation of fuel cells. Although, a few groups have reported the use of inkjet printers to 

fabricate MEAs using inks formulated from ionomer containing slurries of Pt/C particles, our 

proposed methodology will eliminate the need for colloidal ink formulation and can also enhance 

platinum utilization while lowering platinum loading by forming atomic overlayers onto inkjet printed 

conductive, nanoporous thin film substrates.  

In the context of OECT, lowering the cost of PEMFC will enable the “Hydrogen” economy 

and provide a source for the utilization of natural gas. With Methanol being a lightweight energy 

carrier, DMFCs are actively pursued as an energy-efficient and quiet alternative to supply off-grid 

power for months – without any user intervention, e.g. for powering automatic control systems and 

fulfilling the electrical power demand for safety and security control aspects on off-shore oil rigs or 

other remote locations (https://www.efoy-pro.com/en/applications/oil-gas/).  

 6.0 Project need and Justification:  

(Please also include definition of the problem)  

The Oil and Gas industry faces a formidable task of meeting increasing energy demands while 

committing to significant reductions in gas emissions to combat global climate change. The most 

significant emitter of greenhouse gasses on offshore installations is gas turbines accounting for 81% of 

total greenhouse gas emissions. DMFCs are being considered as potential alternatives for such off-

grid power supply applications. A recently undertaken SWOT analysis of fuel cell technology finds it 

competitive with gas turbines in terms of efficiency, emission, maintenance and downtime. But, 

significantly lagging in terms of cost [1]. 

Significant advances have been made in fuel cell system design over the last three decades 

concerning cost-reduction and structural design (see Section 3). But cost and durability problems 

associated with carbon support corrosion and loss of active surface area under PEMFC working 



   

 

   

 

conditions, especially during start-up or shut down cycles have led to renewed interest in carbon-free 

nanostructured electrodes. In this context, there is scope for developing additive manufacturing 

processes, as well as novel electrocatalyst designs to further reduce platinum/PGM loading. The goal 

of our research is to develop a cost-effective, additive process for manufacturing of membrane 

electrode assemblies with ultralow platinum loading for low-temperature fuel cells. 

The print-expose-develop technique developed in our group [2] has been used to fabricate porous, 

conducting silver nanostructures on Nafion membranes. We have been working on the idea of 

utilizing a self-terminating process for platinum monolayer deposition [3] onto inkjet-printed silver 

nanostructures to form conductive, porous, electrocatalytically active catalyst layers for 

PEMFC/DMFC applications. Our preliminary results confirm platinum deposition on metallic 

nanostructures with loading of <100 µgPt/cm2, but optimization of process parameters is required to 

enhance electrocatalytic activity [4]. The ease of printing silver nanostructures using a simple inkjet 

printer and the ability to coat them with atomic-layers of platinum via cycling of electrode potential 

can pave the way for reducing the costs of PEMFC/DMFCs.  

1. Nyberg, C.B., Master’s Thesis, NTNU “Fuel Cells in Offshore Oil and Gas Production”, 2017 

2. Parmar et al. Current Science (2014): 262-269 

3. Liu, Yihua, et al. Science 338.6112 (2012): 1327-1330. 

4. Agrawal, K, Master’s Thesis, IISc “Printed Electrodes for PEMFC”. 2018 

 

 

  

  

  



   

 

   

 

  

7.0 Methodology and Work Plan:  

1. Additive fabrication of catalyst layer 

i. The print-expose-develop process developed in our group will be used to fabricate porous and 

conductive silver nanostructure films with particle or nanowire morphology on Nafion 

membrane.  

ii. We will use a self-terminating electrochemical deposition technique to fabricate platinum 

overlayers, in steps of monoatomic shells, on printed silver nanowire networks.  

iii. Electrochemical characterization of MOR/ORR activity will be carried out.  

. 

 

Fig.1 Schematic illustrating the process flow for forming electrocatalyst layers. 

 

 

7.1 Time Schedule for Activities through Bar Chart:  

Sl.  

No.  

Major Activities   Time Period   

(6 months)  (12 months)  (18 months)  

 1  Proof of Concept - Optimization of protocol for 

pulsed electrodeposition of platinum atomic layers 

      

2 Procurement of Rotating Ring Disk Electrode setup    

 3 Lab-Scale Demonstration - Electrochemical 

characterization of MOR/ORR activity 

      

 

 

 

 

 

 

 

 



   

 

   

 

7.2 Milestones to monitor the Progress & Release of Installments:  

No.  Milestones/Targets  Month from 

Start Date   

Estimated  

Amount  

Requirement   

 

Justification  

      

i)   Initial release 0  12 00 000  Purchase of RDE 

setup, PMRF 

fellowship and 

consumables 

ii)   Half-yearly Report, Procurement 

of RDE setup, Proof of concept 

Fabrication of Platinum coated 

conductive, electrocatalytically 

active nanostructures on Nafion 

membranes with loading < 50 

µg/cm2 

6  5 00 000  PMRF fellowship and 

consumables, travel 

contingency  

iii)   Annual progress report, 

preliminary electrochemical 

characterization  

12  5 00 000 PMRF fellowship, 

contingency and 

consumables 

Overheads for 1st year 

iv)  Lab-scale Demonstration 

Optimization of number of 

platinum overlayers for enhanced 

electrocatalytic performance with 

ECSA values > 80 m2/gpt and 

Specific activity @0.9V of 0.44 

A/mgpt Submission of Final 

Technical Report and Audited 

Statements 

18  2 13 353  Final settlement  

 

  Total     24 13 353   

 

8.0 Potential Users, Market Assessment  and suggested Plan of action for utilization of expected Project 

Output:  

 Alternative Energy and Automotive sectors will benefit from the development of low-cost printed 

electrocatalyst layers for fuel cells. The project output can seed the development of scaling-up strategies of the 

additive manufacturing process for fabricating low-cost fuel cell catalyst layers for pilot scale implementation 

and characterization of stability and durability. After pilot-scale study and technology optimization, field-trials 

can commence.   

  



   

 

   

 

 

 

9.0 Deliverables:  

9.1 Please specify the Project Specific Output:  

• Additive fabrication process for carbon-support free nanostructured, 

electrocatalytically active and electrically-conductive thin film with ultralow platinum 

loading (< 50 µg/cm2) 

• Electrochemical characterization results for ORR/MOR activity and demonstration of 

optimal configuration(s) with ECSA > 80 m2/gpt and specific activity @0.9V >0.44 

A/mgpt 

9.2 The other deliverables during / at the end of the project among other things will include:  

a) Details of Research Papers/Technical Documents;  

  

b) Project Reports (half-yearly);  

  

c) IPR/Patents etc. including supply of samples of product/materials, essential for 

demonstration of process/protection of IPR or validation (For example: For 

biotechnology/microbiology project bacterial cultures, nutrient medium recipes, 

maintenance and deposition protocols for the isolates is required).  

  

9.3 On completion of the project, other deliverables will include:  

a) Final Project Report;   

b) Detailed Documentation on proposed Technology/ Know-how on the Process/ Product and 

Safety Protocols (if applicable), which are prerequisite for further scaling up or pilot 

production;   

c) Audited financial documents;   

d) Audited list of assets.  

  

  

  



   

 

   

 

SECTION - C  

10.0 Budget  

10.1 Budget Estimates (Budget head wise break-up for the proposed project period)  

  Budget Head  First      year  Second year  Total   

       

Capital Equipment   6 00 000  -  6 00 000 

Manpower*   5 15 712  2 57 856  7 73 568 

Consumable   4 00 000  2 00 000  6 00 000 

Travel**   25 000  25 000  50 000 

Contingency   50 000  25 000  75 000 

Any Other     

  Overheads @ 15%  2 38 607   76 178  3 14 785 

  Total Estimated Budget    18 29 319  5 84 034  24 13 353 

  

11.0 Justification for Budget (to be given for all the heads in Budget Estimates)  

11.1 Equipment:  

Sl.  

No.  

Generic Name of the Equipment  Estimated 

Cost  

Purpose  

i.   RDE (Rotating Disk Setup)  6 00 000 

(~9000 USD) 

For characterizing the 

ORR/MOR specific activity of 

fabricated samples without 

diffusion limitations  

  

11.2 Manpower:    

Sl.  

No.  

Designation  Yearly Rate  Duration in 

Months  

Estimated 

Amount        

Purpose  

i.   PMRF fellow 5 15 712   7 73 568 OECT 

contribution 

towards PMRF 

fellowship for 

JRF 

  

 

 

 

 



   

 

   

 

 

11.3 Consumables:    

Sl.  

No.  

Item  Quantities  Estimated 

Amount        

Purpose  

i.   Nafion membranes, Metal salt 

precursors etc 

   3 00 000  For preparing 

samples 

ii.   CeNSE usage fees    3 00 000  Facility charges 

for materials 

characterization 

  

 

SECTION – D  

  

12.0 Details about the Institute/Organisation (Please also specify whether Central/ State/ Private 

/ Autonomous):  

IISc, Bangalore -- Autonomous Institute under MHRD 

13.0 Infrastructural Facilities including capital equipment available with the Institute (relevant 

to the project work):   

 Fuel cell Test station, Material Characterization facility 

14.0 Details of any MoU or NDC with any other Agency/ Institute/ Industry in the proposed 

and/or related field(s):  

  

  



   

 

   

 

15.0 Biodata of Principal Investigator with details of previous experience of Project Proposer in 

proposed area of work, patents and publications etc., if any:  

1. Name and full correspondence address:  S. Venugopal (Venugopal Santhanam), 

Department of Chemical Engineering, 

Indian Institute of Science, Bangalore-560012. 

http://chemeng.iisc.ac.in/venu 

2. Email(s) and contact number(s): svgpal@iisc.ac.in/venu.iisc@gmail.com 

            Ph: 080 22933113, Mob: 9448833358, Fax: 080 2360812 

3. Institution: Indian Institute of Science  

4. Date of Birth: 25/03/1975  

5. Gender (M/F/T): M  

6. Category Gen/SC/ST/OBC: Gen 

7. Whether differently abled (Yes/No): No  

8. Academic Qualification (Undergraduate Onwards)  

  Degree  Year  Subject  University/Institution  

1.   B. Tech (Hons.)  1996  Chemical Engg  IIT Kharagpur 

2.   M.S.  1998  Chemical Engg  Louisiana State Univ, 
Baton Rouge, USA 

3.   PhD  2002  Chemical Engg  Purdue University, USA 

 

9. Ph.D thesis title, Guide’s Name, Institute/Organization/University, Year of Award.   

Thesis: “Fabrication of nanoelectronic devices using self- assembled 2D arrays of monolayer protected clusters.”  
Advisor: Prof. Ronald P. Andres.  
Purdue University, Dec 2002. 

 

10. Work experience (in chronological order).  

 

S.No.  Positions held  Name of the 

Institute  

From  To  

 1  BAT-IIA 
Research 
Scientist 

 RWTH-Aachen  April 2003   Dec 2004 

 2  Assistant 
Professor 

 IISc, Bangalore  Dec 2004  Present 

  

11. Professional Recognition/ Award/ Prize/ Certificate, Fellowship received  

 

S.No  Name of Award  Awarding Agency  Year  

 1 Associate Member   Indian Academy of Sciences  2009 

 2  Humboldt Fellowship for 
Experienced Researchers 

 AvH foundation, Germany  2013 

  

 



   

 

   

 

12. Publications relevant to proposal (Last 5 years) 

 Peer Reviewed Journals (Corresponding author/s underlined) 

 

1. P. Joshi and V. Santhanam, " Inkjet-based fabrication process with control over the morphology of SERS active 

silver nanostructures ", Ind. Eng. Chem. Res. 57 (15), 5250–5258 (2018) 

2. I. Banerjee, V. Kumaran, and V. Santhanam, "Fabrication of Electrodes with Ultralow Platinum Loading by RF 

Plasma Processing of Self-Assembled Arrays of Au@Pt Nanoparticles", Nanotechnol. 27, 305401 (2016) 

3. I. Banerjee, V. Kumaran, and V. Santhanam, "Synthesis and Characterization of Au@Pt Nanoparticles with 

Ultrathin Platinum Overlayers", J. Phys. Chem. C. 119(11), 5982–5987 (2015) 

4. S. Parmar, V. Santhanam, “In situ formation of silver nanowire networks on paper”, Curr.  Sci.  107(2), 262-

269 (2014).  

 

  Detail of patents.  

 

13.  Books/Reports/Chapters/General articles etc.  

14.   

15.  Any other Information (maximum 500 words)  

The underlying theme of research activities in my group at IISc is the development of a process engineering ‘toolkit’ 

comprising of cost-effective and environmentally-benign processes that will enable the use of nanoparticles as building 

blocks in future nanoelectronic and energy conversion devices. We are also involved in the development of low-cost, 

additive fabrication techniques for forming nanostructured devices on flexible substrates.  

S.No  Patent Title  Name of Applicant(s)  Patent No.  Award 

Date  

Agency/Country  Status  

 1   Methods  for preparing 

metal and  metal oxide 

nanoparticles 

 V. Santhanam, S. K. 
Sivaraman 

  US 8361188  Jan 2013  USPTO, USA  Owned by 
Intellectual 
Ventures 

 2  Microelectronic 
component with 

electrically accessible 

metallic clusters 

 G. Schmid, U. Simon, 
D. Jaeger, V. 

Santhanam, T. Reuter 

 US 7602069; EP 
1748501 

 Oct 2009  USPTO, USA; 
EPO, Germany 

 Owned by 
Univ. of 
Duisburg-
Essen 

S.No  Title  Author’s Name  Publisher  Year of 

Publication  

 1 “Scalable synthesis of noble metal nanoparticles” in  

Nanoscale and Microscale Phenomena , Eds. Y. Joshi, S. 

Khandekar, 

V. Santhanam  Springer, 
India 

 2015 

 2 "Metal Nanoparticles: Self-assembly into Electronic 
Nanostructures",  in  The Dekker Encyclopedia of Nanoscience 
and Nanotechnology , 3rd edition, Eds. S.E. Lyshevski, 

 V. Santhanam, 
R.P. Andres 

 CRC Press, 
Taylir & 
Francis 
Group 

 2014 


