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Executive Summary 
 
The Problem 
One of the key deficiencies in many rural communities especially in SC community is the lack of linkage to 
local as well as the larger metropolitan area opportunity structure, including financial, technical, social and 
political resources. Right kinds of physical and/or virtual connectivity that are required to increase both 
bridging (external) and bonding (local) social capital of rural communities are grossly missing. Social capital 
refers to the network of social relations that may provide individuals and groups with access to resources and 
supports. Since rural communities are disconnected both physically and digitally from local as well as urban 
opportunity structures, they have (i) less access to quality educational support, training, advisory services (ii) 
less knowledge about the available local opportunities (community assets, sharable resources) (iii) less 
access to market links (buyer, seller, micro-credit etc.) and (iv) less access to any forum to discuss their 
problems with relevant agencies. 
 

While the poor networking ties coupled with information, knowledge and market divide of rural Indian 
artisans are a known fact, the situations have further worsened due to the ongoing pandemic scenario, 
which marks the urgency of our research intervention in the context of overcoming extant rural 
marginalization. Due to the COVID 19 pandemic, physical sales of handicraft goods have come to a halt. 

o-economic operations 
were performed in modern society. Lack of opportunities towards spontaneous face-to-face physical 
interactions have further pronounced the effectiveness of the virtual medium, where daily affairs in the 
changed times are increasingly getting dependent on digital channels for successful execution. Amidst such a 
scenario, if the rural artisans are not taught to optimally use the digital medium to attract socio-economic 
benefits, then the nature of their marginalization will further become more acute and the rural members will 
remain incapacitated in coping up with the changing socio-economic setting. Our research intervention 
keeps in mind the potentials contemporary digital technologies are endowed with and wishes to use the 
same as a tool to usher holistic rural empowerment along socio-economic axis. 
 
Our Objective 

The objective of this project is to demonstrate how the current internet-based social technologies1 has the 
potential of building (business) knowledge capabilities and enhancing the entrepreneurial competencies of 
rural producers by bridging rural-urban knowledge & information divide through the creation of a social 
knowledge management framework. The project ultimately aims at creating rural business transformation 
using social technologies in order to eradicate sharp economic, social, and cultural difference between rural 
and urban producers. Rural transformation is only possible when there is livelihood enhancement and holistic 
development of the rural community using social technologies. 

Considering the current pandemic situation and the "new normal" lifestyle that would follow the 
pandemic situation, we have reoriented our intervention plan using a "distributed intervention strategy  
instead of a centralized intervention strategy. In this strategy, we do not need to use / install any capital 
equipment to create centrally-located facilities but rely on the availability of smartphones with target user-
groups.  We had an initial plan of creating three centralized internet kiosks and mobile internet kiosks and 
our assumptions were (i) the target participants would come to these centralized facilities physically (in case 
of  centralized internet kiosks), or, (ii) our project personnel will go to the target participants physically ( in 
case of mobile internet kiosks). Since this is not possible during this pandemic situation, we are now trying 

 
1 social technology is an umbrella term used to capture a wide variety of terminologies depicting internet-enabled communications, 
platforms and tools, e.g. web 2.0, mobile 2.0, social media, social software, etc., which has the potential to establish collaborative 
connectivity among billions of individuals over the globe. 



to implement a "distributed intervention" strategy, where everything is done remotely in an online, virtual 
mode using online messaging tools (e.g. WhatsApp) and video conferencing tools (e.g. Zoom) and we are 
approaching our rural target group using smart-phone enabled tools and platforms, as will be 
illustrated below. 
 

Target Beneficiaries  

Rural artisans from all over Birbhum District of West Bengal, pursuing different art forms like kantha stitch, 
batik, leather, khesh work, woodcraft, handpainting, dokra work, appliqué work, terracotta, bamboo craft, 
jute craft and jewellery making, are our potential target beneficiaries. A special emphasis has been given in 
our project to select a considerable number of artisans belonging to the Scheduled Caste background. 
Ensuring a significant portion of SC artisans among our target group, our project attempts to create holistic 
impact for the most disadvantageous within the community of artisans residing in Birbhum. We have 
collaborated with District Industries Center (DIC), Birbhum and DC Handicrafts, Bardhaman of West 
Bengal for this purpose. A description of target beneficiaries is provided in Chapter 3 of this report.  
 

Architecting a Social Technology Driven Social Knowledge Management Framework 
 
In this project, our objective is to utilize the potential of social technologies and socially enabled applications 
in addressing problems related to marginalization and social exclusion of rural communities. We have 
conceptualized a social knowledge management framework and developed a platform that empowers rural 
communities by connecting them with urban markets, government agents, trainers, investors etc. Social 
knowledge management in our context is a framework for rural empowerment using knowledge creation, 
assimilation and dissemination through digital connections and social collaboration, enhanced by social 
technologies. The suggested framework aims to digitally bridge rural-urban knowledge, information and 
market divide, by connecting rural community members with relevant agents and opportunities online. We 
propose to study the connection and collaboration among various entities that enables formation of virtual 
communities to bridge knowledge, information and market divide of rural community.  Formation of these 
virtual communities has the most positive effect on social capital when they can increase network density 
and facilitate the spread of knowledge and information.  

Design Methodology: Our design methodology is motivated by Action Design Research (ADR) approach 
and uses the following four interwoven activities: 
 Problem Formulation: problem perceived in practice or anticipated by researchers. 
 Building, Intervention, and Evaluation (BIE): Testing the initial design of the IT artifact in the context of 

 
 Reflection and Learning: This is an iterative process to build and refine a solution to make it applicable 

to a broader class of problems. 
 Formalization of Learning: Finalizing a solution that addresses the problem 

 
This design methodology has been discussed in details in Chapter 5. Our social technology driven social 
knowledge management framework is an outcome of our design methods discussed above and based on the 
premise that just providing access to technology through computer and internet are not enough to empower 
rural producers as active agents. Following the ADR approach, in the initial stage of our project intervention, 
we have attempted in delving deeper into the problems faced by our target group. In order to have a grass-
root level idea, members of our Research Organization (RO) interviewed 70 artisans from Birbhum, pursuing 
different art forms like kantha stitch, batik, leather, khesh work, woodcraft, hand-painting, dokra work, 
appliqué work, terracotta, bamboo craft, jute craft and jewellery (Appendix II). In our project, we have 
randomly selected artisans from different blocks all over Birbhum, namely Bolpur, Mohammad Bazar, 
Nanoor, Rampurhaat, Labpur, Suri and Sainthia. A special emphasis has been given in our project to select a 



considerable number of artisans belonging to the Scheduled Caste background. Ensuring a significant portion 
of SC artisans among our target group, our project attempts to create holistic impact for the most 
disadvantageous within the community of artisans residing in Birbhum. 

The multifaceted hindrances faced by the artisans, as evident from our qualitative interactions, can be 
categorized broadly into information, knowledge and market divide and poor social capital. Lack of 
information regarding government schemes, can be categorized as information divide or lack of purely 
factual data. Poor social capital of artisans gets reflected in the networking issues they face. Poor 
communication channels with local as well as global buyers and sellers put the rural artisans in 
disadvantageous positions. Knowledge divide, comprising of information divide coupled with lack in skill, 

prospects, innovating new product and design ideas and related things. Innovating business prospects and 
newer product and design ideas will not be possible if artisans have adequate information regarding business 
prospects and product and design ideas. It is only when along with adequate information, artisans develop 
their skills, experiences and attitudes, then only materialization in the form of concrete innovation can take 
place. Finally, ignorance regarding emerging selling channels and bondage to middlemen, curbing direct 
market access of artisans, ignorance regarding the market prospects that digital channels can offer can be 
categorized as market divide.  

If the entire artisan community of Birbhum is to be considered as our potential beneficiary, then a group of 
70 can only be understood as the subset of the whole group. However, the findings of requirement analysis, 
attained after conducting interviews with our initial group of 70 artisans, can be taken as a benchmark, 
against which our intervention can be designed. The findings as discussed above indicate that artisans of 
Birbhum face hindrances majorly along four-fold axes, namely, information, knowledge and market divide 
and poor social capital, addressing which will be the concern of our project intervention. We have designed 
our social knowledge management framework as a response to address the hindrances faced by our target 
group along the four-fold axes. The motive behind our social technology driven social knowledge 
management framework is to empower rural artisans and improve their socio-economic  prospects by 
overcoming their information, knowledge and market divide and improving their social capital. And this we 
wish to achieve through the formation of purposive virtual communities, namely community of practice and 
community of purpose among rural artisans and across rural-urban entities.   

This design methodology has been discussed in details in Chapter 5. 
 
 
Technology Development: Developing a Social Knowledge Management Platform (NCoRe) 
 
We have designed our social knowledge management framework in a way so that it can be effective in 
ushering holistic rural empowerment by improving social capital and mitigating information, knowledge and 
market divide faced by rural artisans. In order to address the four fold hindrances stated above, we have 
architected our social knowledge management framework by segmenting the framework into three concrete 
components. In chapter 6, we have explained our technology development initiatives and narrate the design 
and development of a Community Driven Social Knowledge Management Platform to bridge Knowledge 
Asymmetry using Social technologies (NCoRe). In Chapter 7, we will show how the use of social media can 
supplement our SKM Framework. We will explain how we have cultivated Community of Practice through 
WhatsApp, enabling intra-and inter-community knowledge exchange; and, how we have cultivated 
Community of Purpose through Facebook to promote market linkage for artisans. 
  
A Community Driven Social Knowledge Management Platform to bridge Knowledge Asymmetry using 
Social technologies (NCoRe): Our social knowledge management framework comes with a digital platform, 
NCoRe. NCoRe is designed to facilitate the formation of both community of practice and purpose among 
rural members and across rural urban entities. This has been discussed in details in Chapter 6. 

 



-  
 Firstly, the platform offers the opportunity to urban consumers to co-create handicraft and handloom 

goods by collaborating with a range of rural producers.  
 Secondly, the platform acts as a classic exhibiting site for a range of products (garments, bags, 

jewelleries, home décor items, etc.) created by artisans of Birbhum. The products are displayed in the 
platform, along with the stories of their respective creators. NCoRe houses online shops of a vast range 
of artisans from Birbhum, where stories of each artisan along with their videos and product photos are 
displayed.  

 Thirdly, NCoRe offers both rural and urban entities unhindered opportunity to avail for skill upgradation 
prospects. The synchronous training facilities integrated in the platform while allows rural artisans to 
upgrade their skill by virtually connecting with domain experts on one hand, on the other hand, NCoRe 
also allows urban entities to get training from rural producers on indigenous art and craft.  

 
Additionally, we have developed an -media, 
so that we can easily create digital shops for all the artisans in our NCoRe Paltform. 
 
 
Use of Social Media: Cultivating Communities of Practice and Communities of Purpose    
 
Creating Community of Practice through Whatsapp community chat: Triggering interactions between rural 
artisans and across rural-urban entities by forming whatsap groups happens to be one component of our 
social knowledge management framework. Through whatsapp, we have attempted in enhancing both 
bridging and bonding social capital of rural artisans residing in Birbhum. We have created groups in 
whatsapp, where rural artisans all across Birbhum have been incorporated and they get a chance to engage in 
purposive knowledge exchange both within and across their community. It is through whatsapp, members of 
our RO send rural artisans asynchronous videos to boost up their production capacity. This implies the 
importance of whatsapp as a tool in our research intervention to facilitate cultivation of community of 
practice among our selected target group. This has been discussed in details in Chapter 7. 

Creating Community of Purpose through Facebook: One of the mottos of our social knowledge 
management framework is to familiarize rural artisans of Birbhum with social media sites like Facebook and 
Instagram and help them in using the same to derive business benefits. While through whatsapp, we have 
attempted in cultivating community of practice among and across rural urban entities, through social media 
sites like Facebook and Instagram, we have tried to transcend beyond triggering practice-oriented 
communication to purposive communication culminating to economic exchange. It is the cultivation of 
community of purpose leading to concrete business benefits that we have attempted to facilitate by taking 
resort to social media sites. Members of the RO have opened Facebook and Instagram accounts of individual 
members of the target group, where the products created by individual member artisans are exhibited, along 
with their stories and journeys to a range of social media users. The intention is to connect these artisans and 
their creations with the global pool of consumers, where purposive collaboration between the two is expected 
to attract concrete socio-economic benefits for the artisans. Cultivation of community of purpose via social 
media channels will not only improve social capital of rural members, but will also make a significant 
contribution in addressing their market divide. This has also been discussed in details in Chapter 7. 

 

Workshops and Trainings     

As a part of our pre-pilot studies, we have conducted several awareness workshops for artisans with DIC, 
Birbhum on (i) what is online business and how to do it (ii) digital photography and videography, (iii) 
innovative product design and marketing using digital channels, etc. (discussed in details in Chapter 8). 



 
 
Subsequently, we have planned to provide a systematic training to 700-800 artisans from Birbhum over a 
period of one year in a batch of 15 to 20, where each batch will receive training for a period of eight weeks. 
The training program is divided into three components: 

(i) Online, live training sessions for 6 hours using Zoom Platform: These live training sessions 
(synchronous) will be for two hours each day on Monday, Wednesday and Friday (total six 
hours).  Our weekly online training intervention operates along three major axes:  Digital 
Competency Training, Training on Photography & Videography, and, Innovative, Market-Oriented 
Product Development Training (discussed in details in Chapter 8). 

(ii) Following the online training, we will help each individual artisan to create their digital shops in our 
online platform and Facebook and also form a WhatsApp group to enable intra-and inter-community 
knowledge and information exchange.  

(iii) Additionally, we will periodically distribute small video tutorials in Bengali on topics related to 
digital marketing and entrepreneurship development. The duration of each video tutorial is 7 to 10 
minutes. In a span of eight weeks, we plan to send around 60 video tutorials (one to tow tutorials per 
day).  
 

Please see Chapter 8 for details of the training program. To enable artisans to attend this 6-hours weekly 
online training on ZOOM, we are recharging their smartphones with data vouchers from their respective 
service providers, which would be sufficient to cover the internet cost for this 6 hours online training.  

Expected Outcome of our SKM programme intervention (Figure 1) 

The SKM framework helps the rural artisans to know the following: 

 to know opportunities in local market and the dynamics of local production [through Whatsapp virtual 
community formation] 

 to know opportunities in non-local market [by giving information of boutique owners or other non-local 
customers through SKM platform (NCore) and other e-commerce (e.g. Amazon) / social networking 
websites (e.g. Facebook)] 

  direct interactions with customers [using phone / 
chat] and indirect information from e-commerce / social networking sites 

 to know sources of finance and related welfare schemes from Govt agencies [through advisory service] 
 
The SKM framework also helps the rural artisans in learning the following: 

 to learn use of internet to search product / market related information 
 to learn about how to click attractive photos of my products and make it exhibitable on online selling 

channels 
 to learn about new online selling channels and how to register and perform business successfully in e-

commerce sites 
 to learn about how to use different social networking sites (FB, Instagram) to attain business benefits 
 to learn about new designs and get insights on product innovation from domain experts 

 
This smart-phone based intervention plan will help the rural artisans to use their mobile devices in 
fruitful ways. Moreover, training the artisans to enhance their business prospects through smart phones will 
help them in the long run to stay connected with online customers and acquire knowledge regarding market 
operations easily. Optimal usage of smartphones for business related purposes will make our intervention 
sustainable, where the artisans will be able to use the digital medium from their mobile devices only, without 
depending on centrally-installed facilities by external entities.  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Functional Description of SKM Program Intervention 

 

A Pilot Study for Analysing the Impact of Intervention: Some Preliminary Observations 
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In a pre-intervention pilot study, we are able to successfully form active Whatsapp communities with a group 
of artisans and onboard them to use a digital storefront (ncore.co.in). Using survey instruments on this pilot 
sample, we first develop reliable scales for measuring the key constructs. The main takeaways are: 

 There is no clear relationship between gender and any of our scale items. This indicates that a 
successful intervention that is able to raise capability, competency and/or performance measures is 
likely to have similar effects regardless of gender. A similar pattern holds for caste. 

 For our e-readiness, capability and performance metrics, less experienced artisans have higher 
scores. For competency however, there is a U-shaped relationship with years of experience.  

 E-readiness and capability metrics are positively correlated with education levels. However, the 
relationship is less stark for competency metrics. Hence, education level appears to play a smaller 
role in predicting competency. 

Next, we model correlations across our scales to better understand how they might be related to each other. 
Linear regressions show that: 

 E-readiness and capability are positively correlated 
 Capability and competency are positively correlated 
 Competency and performance are positively correlated 

The goal of our intervention is to eventually demonstrate that enhancing capability and e-readiness can have 
a downstream effect on competency and performance. We conduct 2 preliminary mediation analyses to 
examine whether this hypothesis is plausible.2 

 First, we examine the effect of capability on performance, using competency as the mediator. We 
find partial mediation (67%), which indicates that 67% of the effect of capability on performance is 
through its effect on competency. 

 Next, we examine the effect of e-readiness on performance, using competency as the mediator. In 
this case, we do not find a direct effect of e-readiness on performance, and find full mediation 
(92%), indicating that e-readiness affects performance ONLY through its effect on competency.  

This is discussed in details in Chapter 9. This suggests that any intervention targeted at enhancing 
capabilities can have positive trickle down effects.  
 
Some Implementation Challenges and Next Step 
 
Some implementation challenges have been discussed in details in Chapter 10. In Chapter 11, we have 
discussed our scope of work from 1st April, 2021 onwards. This includes our structured intervention for 50-
weeks, which is now being deployed in the field following the stepped-wedge RCT as our impact assessment 
methodology. The cluster randomized trial is a firmly established study design particularly useful for 
pragmatic evaluations of interventions, such as changes to the way services are delivered, educational 
interventions or public health type interventions, to name but a few3. The stepped-wedge cluster randomized 
trial (SW-CRT) involves the sequential transition of clusters from control to intervention conditions in 
randomized order, until all clusters are exposed4. In our context, the SW-CRT provides a means to conduct a 
randomized evaluation which otherwise would not be possible. 
facilitate re-tooling and community building, both of which can be self-sustaining and have the potential to 
bring concrete socio-economic benefits even after the intervention. In general, our findings can have large 
scale policy implications for bottom of pyramid (BOP) entrepreneurs by identifying mechanisms through 
which digital knowledge management tools can lead to greater entrepreneurial success in emerging markets. 

 
2 https://en.wikipedia.org/wiki/Mediation_(statistics) 
3 Murray DM. Design and Analysis of Group Randomized Trials. New York, NY: Oxford University Press, 1998. 
4 Ellenberg SS. The stepped-wedge clinical trial: evaluation by rolling deployment. JAMA 2018;319:607 08. 
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Abstract of the Report 

The project intends to send Disaster Management signals/alerts to areas where disaster has 
struck using the IRNSS signals. The project use the algorithm of Geofencing to map a 
disaster-struck area and therefore, target people with messages/alerts in that area only. 

A simulation of the Signal from IRNSS is developed for testing the algorithms and use cases. 
The data will be encrypted as per need and sensitivity and decrypted depending on the 
geofence intended. 

The project consists of two separate parts:  

a. Admin App: Part where a signal is constructed, messages encrypted and sent for 
simulation 



b. : Part where a signal is received form the simulation, and decrypted as 
per instructions. 

Admin App will be developed for Android for easy access, proper authentication 

will also be developed for Android as the final product must be running on 
Mobile platforms. It will easily receive the signals and check for location in intended 
Geofence. 

 

Summary 
The project aims to provide disaster warnings and alerts in case of one to people in the 
affected region. The idea was to geofence the affected area so that the alerts will be 
received only to the affected people. To ensure security, encryption of the signals/messages 
were to be encrypted.  

Data structure for Subframe 3 and 4 were created using Java Objects. These had all the 
required fields like TLM, TOWC, MESSAGE_ID, etc. Several other data structures were also 
created. A satellite simulation was built to replicate the IRNSS satellites. This was used to 
send the messages at a rate of 50 symbols per second. 

An Admin App was created where the alert messages were created using by choosing a 
geofence and entering message data. This Admin App has Fingerprint and PIN protection for 
security. The message thus created was transferred to the Satellite simulation. 

The Satellite simulation receives the message and sends the message to the Users App. The 
Satellite simulation helps in restricting the message transfer rate to 50 symbols per second, 
just like the transfer rate of the IRNSS satellites. It is also built for sending messages to 
multiple connected clients.  

specified geofenced area. If they are in the geofenced/affected area, the app will notify the 
users. Also on clicking on the notification, the users will be able to see the related news to 
the alert messages if their phone have an internet connection. 

The User
types of messages that do not want to be notified of. This gives a control over what they 
want to be notified of and what not. 

If the users are not in the affected/geofen  

 

Introduction 
Background 



This project aims to deliver messages to people in a disaster affected areas and alert them. 
The purpose is to create a robust platform that will deliver messages via satellite, using the 

 text message sending capability. This will ensure that people in the affected area 
receive the message even if the disaster-
in black out. 

Objective 

The objectives of this project are -  

1. Geofence the IRNSS/NavIC signals. 
2. Creating a data structure for the messages. 
3. Create encrypting-decrypting engine 
4. Authentication 
5. Disaster Management by Location Targeting. 

 

Software Development 
 
Data Structure 
Type 

Frame Structure of Satellite signal 

Purpose 

 Carries the encrypted message data  
  

FRAME STRUCTURE 
The IRNSS Master Frame is of 2400 symbols long made of four sub frames. Each sub frame is 600 
symbols long. Sub frames 1 and 2 transmit fixed primary navigation parameters. Sub frames 3 and 4 
transmit secondary navigation parameters in the form of messages. The master frame structure is 
shown in Figure 10. All subframes transmit TLM, TOWC, Alert, Autonav, Subframe ID, Spare bit, 
Navigation data, CRC and Tail bits. Subframe 3 and 4 in addition transmit Message ID and PRN ID. 

 

 

Sub Frame Structure  

Each Subframe is 292 bits long (without FEC encoding and Sync Word). The start of each subframe is 
with TLM word of 8 bits. Each subframe ends with 24 bit CRC followed by 6 tail bits. 

In subframes 1 and 2 the Navigation data is allotted 232 bits starting from bit number 31. In 
subframes 3 and 4 the Navigation data is allotted 220 bits starting from bit number 37. The structure 



of a typical subframe 1 & 2 is shown in Figure 11. The structure of a typical subframe 3 & 4 is shown 
in Figure 12. 

 

 

 

 

TLM 

 The 8 bits of TLM word are reserved for future.  

Time of Week Count (TOWC) 

 Following the TLM word is 17 bits of Time Of Week Count (TOWC). The value of TOWC is multiplied with 12 to 
obtain the time in seconds corresponding to the start of the next subframe.  

Alert Flag  

Bit 26 is allotted to the Alert Flag. The Alert flag signifies to users that the utilization of navigation data from 
 own risk.  

AutoNav  

Bit 27 is allotted to the Autonav. Satellites store 7 days ephemeris and clock parameter sets as AutoNav data 
sets. Satellite can support broadcast of primary navigation parameters from AutoNav data sets with no uplink 
from ground for maximum of 7 days. During AutoNav mode, the AutoNav flag is set to 1. 

 

Subframe ID  

Each subframe in the master frame can be identified by the 2 bit subframe ID allotted in bit number 28 and 29. 
The mapping between 2-bit subframe identifier and subframe number is provided in Table 10. 
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INTRODUCTION 

 

Biofilm is a community of cells attached to either a biotic or abiotic surface enclosed in a complex 

exopolymeric substance (EPS). It is a sessile community of microorganisms which are attached to 

an interface or to each other and are embedded in an exo-polysaccharide (EPS) matrix. It 

manifests an altered growth rate and transcribes genes that free floating organisms do not 

transcribe. Here surface adhesion of the bacteria is an essential step and is required for the bacteria 

to arrange themselves favourably in their environment. After adherence to a surface, these 

microorganisms adapt to the environment of the biofilm by increasing the secretion of EPS.The 

complex nature of biofilm formation causes its regulation through different stages via diverse 

mechanisms.  The most studied regulatory mechanism that has been found to control the 

production of EPS, biofilm formation and differentiation is the quorum sensing (QS) 

regulation.[1] 

 

They have been found to cause a wide variety of biofilm associated microbial infections in the 

body, such as in urinary tract infections, catheter infections, middle-ear infections, formation of 

dental plaques and several others which are caused by several microbes including both Gram 

positive and Gram negative bacteria those  have the capacity to form biofilms. Bacteria commonly 

involved include Staphylococcus aureus,  Escherichia coli, Enterococcus faecalis, Klebsiella 

pneumonia.[2] To prevent  biofilm formation certain  strategies have been developed that  targets  

different biofilm developmental stages i.e the by inhibiting the adhesion of bacteria to living or 

non-living surfaces at the initial stage, which reduces the chance of further development and 

establishment of biofilm; disruption of biofilm architecture during maturatio process; inhibition of 

QS by signal interference approach. Cell aggregation and biofilm accumulation are mediated by 

the products of a gene locus.[3] 

 

There are many factors responsible for microbial resistance is the biofilm formation by the 

microbes that allow them to withstand antimicrobial agents and extreme environmental conditions 

due to the lack of penetration of antimicrobial agents. The conventional mode of biofilm abolit ion 

is by higher dose of antibiotics treatment, but increased tolerance of biofilm to antibiotics makes 

the eradication difficult. Therefore, there is a need to search for alternative therapies for the 

treatment of various infections with negligible side effects where plants now proved to be a good 

choice. Plants are enriched with many phytochemicals i.e. secondary metabolites such as peptides, 
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unsaturated long-chain aldehydes, alkaloidal constituents, essential oils, phenols [4] which show 

antibacterial properties against a number of human pathogens.  

In first year screening of 107 clinical isolates were done following differentmethodsout of which 

53 isolates were found to be biofilm formers. Antibiotic resistance pattern between biofilm 

producing organisms and the biofilm non producers were then compared using several antibiotics. 

Further reference strain of biofilm former Staphylococcus aureus ATCC 25923 was established 

on a substrate system  chitin flakes and it was confirmed using SEM and FT-IR analysis. 

The second year study showed the sensitivity pattern of  the selected medical/ herbal plants viz. 

Curcuma longa (Haldi), Azadirachtaindica (Neem), Ocimum sanctum(Tulsi), Aloe vera, Allium 

sativum (Garlic) against the 53 strong biofilm formers.Thre strong biofilm formers viz. 

Staphylococcus aureus  UC9/1, Acenitobacterbaumanii QA7 , Pseudomonas aeuroginosaP2 were 

selected for further study. Out of the selected medicinal plants Curcuma longa (Haldi), 

Azadirachtaindica (Neem) showed effectiveness when biofilm biomass formation were assessed 

by studying the metabolic activities of selected strains, thus, these two plants were considered 

further. Both planktonic and sessile form of bacteria were studied for all the 3 strains in a simple 

in vitro system withChitin flakes as the substrate for biofilm adhesion. Viable count of both the 

phase were determined after plant extracts challenge to combat biofilm infection. 

Antimicrobial penetration ability of the plant extract through the biofilm ofStaphylococcus 

aureusUC9/1formed onpolycarbonate membrane filters as a substrate was also studied in the 

second year.  

Objective of the project for the third year 

1. Antimicrobial penetration study of Curcuma longa (Haldi), Azadirachtaindica (Neem)against 

AcenitobacterbaumaniiQA7, Pseudomonas aeuroginosaP2 biofilms in polycarbonate membrane 

filters.  

2. Formation of biofilm in vivoon rat model and study of antibiofilm activity ofCurcuma longa 

(Haldi)on open wound infection by Staphylococcus aureus UC9/1. 

MATERIAL AND METHODS 

Out of the total 107 bacterial isolates collected over a period of 10 months from Department of 

Microbiology, The Institute of Post-Graduate Medical Education andResearch and Seth 

SukhlalKarnani Memorial Hospital (IPGMER and SSKM Hospital), Kolkata from different 
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patients with specific sourcesviz.blood, infected devices, skin surface, urine and pus where there 

is a chance of biofilm formation, 53 were biofilm formers. 

 Plant decoction preparation  

For the present part of work herbal plantsCurcuma longa (Haldi), Azadirachtaindica (Neem) were 

chosen. The matured twig with proper inflorescence of Azadirachtaindica (Neem) was collected 

from local garden, Heritage Institution of Institution, Kolkata. Other was bought from local 

markets. The leaves and tubers were dried at room temperature. The dried leaves and tubers were 

powdered by using grinder to coarsepowder, packed into Soxhlet column and then extracted with 

70 % ethanol for 24 hours(h). The extract was evaporated to dryness. The obtained crude extract 

was stored in airtight container in refrigerator at -4°C for further studies. 

 Antimicrobial penetration study of bacterial biofilms in polycarbonate membrane 

filters.  

The biofilms of AcenitobacterbaumaniiQA7, Pseudomonas aeuroginosaP2 were grown on white 

polycarbonate membranes according to the method of Anderlet al, 2000 [7] with modifications. A 

drop of the diluted culture was used to seed the polycarbonate membranes (diameter, 13 mm; pore 

size, 0.4 μm) placed on tryptic soy agar plates. The plates were inverted and incubated at 37°C for 

48 h, with the membrane-supported biofilms transferred to fresh culture medium every 24 h.  

The membrane-supported biofilms were transferred to Mueller Hinton agar (MHA) plates 

inoculated with bacterial strains set to McFarland standard 0.5, so as to give a confluent lawn of 

growth after incubation. Antibiotic discs of Gentamicin and Vancomycin pre-moistened with 

sterile water placed on top of it. Similarly, plant extracts were added to sterile filter discs and 

placed on top of the membrane supported biofilms. Wetting the discs prevented antibiotic 

movement via capillary action through the biofilm. Control assemblies consisting of sterile 

membranes and antibiotic discs, without biofilm, were set up in parallel. The plates were 

incubated for 24 h at 37°C and the zones of growth inhibition on MHA plates with test and control 

assemblies were measured. The biofilms were then washed with normal saline by vortexing for 1 

min to remove non-adherent cells and viable counts were determined. Experiments were 

performed in triplicate. 

 Toxicity study 

The toxicity study of the ethanolic and the fresh plant extract was performed as per the standard 

protocol22. Adult male rats, weighing between 200-250 grams were taken for the study. Five rats 
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were taken in Group I for study of ethanolic ointment and another five rats were taken in Group II 

for study of fresh plant extract. They were kept 7 days in the animal house at 220C to 250C. 

Common rat diet of the animal house and unlimited supply of water was provided for the 

animals.For testing of possible toxic effect of the ethanolic extract, 10% ointment of ethanolic 

extract was used. The fresh plant extract was used undiluted.  

The fur of the rats was removed by VEETR [Rackitt Benckiser (India) Limited] ointment 

application before the experiment.The body parts were washed by distilled water thoroughly after 

removal of hairs. More than 10% of the body part of the test animals was made hair free. The 

animals of Group 1 were treated with 10% ointment of the ethanolic extract and animals of Group 

II were treated with fresh plant extracts of Curcuma longa on the skin surface and the ointment as 

well as the fresh extract was kept in close contact with the skin with a porous gauze dressing and 

non-irritating tape for 24 hours.The ointment/fresh extract was changed daily. The experiment 

was repeated for 14 days. 

 Study of efficacy on wound healing in rats  

For this study, 10% ointment of ethanolic extract of C.longawas made19 .The freshextract was 

used as such.  

The ratswere divided into two groups (three animals each), Group I- Control, Group II- biofilm 

infected wound treated with C.longa ointment Group III- wound treated withPovidone Iodine. The 

rats were anesthetized by intramuscular injection of Xylazine (10 mg/kg body weight) and 

Ketamin (40 mg/ kg body weight). The hair of the animals was removed carefully with hair 

removable cream VEET.Punch wounds were prepared by an 8 mm. diameter skin biopsy punch 

and was infected with Staphylococcus aureus UC9/1 for biofilm formation. The animals were 

placed in the cage with restricted movement to protect the wound area from licking or causing 

damage by paw or teeth. The ointments were applied thrice daily. 

Study of wound healing activities 

Physical studies 

(a) Contraction of wound size 

The wounds were measured by tracing the wound margin on a butter paper and then measured by 

a thread and the thread was measured by a scale. Then the length of the thread was considered as a 

boundary of a circle from there the area was measured. The healing of wound was considered on 

the day when encrustation was automatically removed and no measurable gap was found in the 

wound area. This was measured on different days (0, 3, 6, 9, 12 and 15 days post treatment 

wound), in mm. 

(b) Wound healing index 
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Calculation of Wound Index was an arbitrary method of numerical expression of condition of the 

wound calculated6. 

Collection and staining of samples forhistopathological study 

Samples were harvested by punch biopsy from the wound site at regular intervals as per the 

protocol. After collection, the samples were preserved in 10% Neutral Buffer Formalin solution 

for routine histopathological study. The sections of five micron thickness were obtained from each 

sample and the slides were stained with routine Haematoxilin and Eosine method29. 

 
 
RESULT 
 

 Antimicrobial penetration study of bacterial biofilms in polycarbonate membrane 

filters.  

 

 

(A)      (B) 

Fig 1.  Zone of inhibitions of antimicrobials (A)Gentamycin (10μg), Vancomycin(10μg) with 
control(B) showing zones for Haldi (20mg) and Neem extract(20mg) on 
AcenitobacterbaumaniiQA7 biofilm. 
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                       Progress Report of the Project 01(2847)/16/EMR-II  

 

Broad objective: Studies in this scheme are devoted toward the electro-catalysis in low 

temperature fuel cell: Ethanol Oxidation Reaction (EOR) and Oxygen Reduction Reaction 

(ORR). The primary objective is to develop new and novel materials for faster electrode kinetics 

in anodic and cathodic reactions with newer approaches. Excerpts from the entire work activities 

under the above project are furnished below (publication enclosed). 

 

I. Focus on low Pt electrocatalysts: Use of additional co-metal with Pt in the anode & 

cathode matrices (Pt-Pd/C, Pt-Ni/C and Pt-Co/C in both EOR & ORR). 

Experimental outline of synthesis and fabrication of Pt-Pd (1:1)/C & Pt-Ni (1:1)/C nano 

materials: 

Required amount of mesoporous Vulcan Xc-72 was taken in deionised water and dispersed 

thoroughly by alternative stirring and sonication. Then requisite amount of meal precursor 

solution (H2PtCl6, PdCl2 and NiCl2, 6H2O) was added and reduced by subsequent addition of 

NaBH4. The product was centrifuged, washed and dried in oven to get the desired metal 

catalysts. 

  

Result and discussion 

 Morphology and materials characterization     

The TEM images shows that the metal nanoparticles (NPs) grow with a spherical geometry 

having particle size 3-4, 4-5, 3 and 7-9 nm for Pt/C, Pt45Pd55/C, Pt59Ni41/C  and Pt44Co56/C 

respectively. 

 
                       

        

                                                                                      

                                                      

                                                                                                                                     

                                                                                                          

 

Fig.1 TEM image (a) Pt/C; (b) Pt-Pd/C; (c) Pt-Ni/C and (d) Pt-Co/C electrocatalyst. 
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Electrochemical Characterization:  

Electrochemical measurements were conducted using a computer controlled potentiostat / 

galvanostat with PG STAT 12 and FRA modules (Metrohm, A.G., Switzerland). Experiments 

were carried out in a glass cell using a conventional three electrode set up incorporating Hg-HgO 

reference electrode (–0.14 V vs. SHE), a bright Pt-foil (10 mm x 10 mm) counter electrode and 

our fabricated catalyst as working electrode at room temperature. For EOR synthesized catalyst 

was fabricated on graphitic block with exposed area of 0.65 cm2. For EOR, the electrolyte 

contained 0.5 M NaOH and 1.0 M ethanol purged with nitrogen (99.9%) for 20 min before 

starting each of the experiments.  

 

EOR catalysis: 

 

 

 

 

 

 

 

Fig.2. Cyclic voltammograms of Pt/C, Pt-Pd/C, Pt-Ni/C catalysts in (a) 0.5(M) NaOH at 50mVs-1 

scan rate (b) 0.5(M) NaOH and 1.0 (M) ethanol solution at 50mVs-1 scan rate (c) Cyclic 

voltammograms of Pt/C and Pt-Co/C in 0.5(M) NaOH and 1.0 (M) EtOH. 

 

Fig.2(a) describes the cyclic voltammogram of the catalysts with characteristic feature of 

hydrogen adsorption-desorption (HAD), double layer charging region, oxide formation and 

adsorbed oxide reduction (AOR). EOR peak current density output of ~86 mA/cm2 and ~74 

mA/cm2 and ~87 mA/cm2 is obtained for Pt-Pd/C, Pt-Ni/C and Pt-Co/C respectively which is 

better than Pt/C (~45 mA/cm2) and serve the purpose of economic viability as well as better 

performance. 

 

Relevant Publications: A. Dutta, R. Adhikary, P. Broekmann, J. Datta*, Intelligent catalytic 

support by Ni / NiO /Ni(OH)2 in low level of Pd/Pt boosting the performance of alkaline 

DEFC, Applied Catalysis B: Environmental, Vol. 257, 2019, 117847. 

A. Mondal, A. De, and J. Datta*, Selective methodology for developing PtCo NPs 

(a) (b) (c)
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and performance screening for energy efficient electro-catalysis in direct ethanol fuel cell, Int. 

Journal of Hydrogen Energy, Vol. 44(21), 2019, 10996-11011. 

 

ORR catalysis: 

In ORR the working electrodes were fabricated by loading of synthesized nano-catalysts as ink 

on the glassy carbon (GC) rotating disc electrode (RDE) (area = 0.07071 cm2) and allowed to dry 

properly. For ORR, the electrolyte contained 0.5 M NaOH saturated with oxygen by purging 

oxygen gas (XL grade, BOC India Ltd.) for 30 min before starting each of the experiments. All 

the test solutions were prepared using Milli–Q water and experiments were done at room 

temperature.  

 

 

 

 

 

 

 

 

Fig.3. Linear sweep voltammograms of (a) Pt-Pd/C, (b) Pt-Ni/C catalysts in 0.5(M) NaOH 

saturated with oxygen at 10mVs-1 scan rate at different rotation speed (400-2400rpm). (b) Levich 

– Koutecky plot of Pt/C, Pt-Pd/C and Pt-Ni/C catalysts. 

 

Fig.3(a) and Fig.3(b) represent the characteristic LSV plot for Pt-Pd/C and Pt-Ni/C and gives a 

limiting  current density value of  4.4 mA/cm2 and 4.35 mA/cm2 respectively. Fig.3(c) represents 

the Levich – Koutecky plot of Pt/C, Pt-Pd/C and Pt-Ni/C catalysts. The number of electron 

exchanged (n) calculated from L-K plot gives a value ~ 4, which indicates complete conversion of 

O2 to OH-. 

 

Above work to be communicated. 

 

II. Focus on Pt-free electrocatalysts: Use of transition co-metals with Pd in anode & 

cathode matrices. 

Synthesis and Fabrication: Carbon supported Pd-Co [Pd-Co/C] and Pd-Ni [Pd-Ni/C] catalysts 

were synthesized by ethylene glycol reduction method. Commercially available carbon powder 

(a) Pt-Pd/C (b) Pt-Ni/C 
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1. Broad area of Research 
 

1.1 Sub Area: NANO SCIENCE/NANO TECHNOLOGY 
 
2. Approved Objectives of the Proposal : 
 
The major objective of the scheme involves introduction of a Ru based dye onto a selected range of 
tailor made TiO2/ZnO matrices modified with plasmonic metal and/or semiconductor NPs to improve 
the photon absorption capacity of the dye by localized surface plasmon resonance phenomenon on 
one hand and to promote conjugate photo-sensitization effect on the other, in a in-house fabricated 
DSSC. Attempt are to be taken to introduce graphene oxide in the anode matrix as well as to fabricate 
Quantum dot sensitized Hybrid Solar Cell in the final phase. 
Application of functionalized TiO2 nano structures toward fabricating sensor device for quality 
control of fast, low ppm and low/room temperature volatile organic compounds related to fruits and 
vegetables degradation were also under investigation. Modest theoretical approach on first principles 
DFT simulation of the electronic and structural properties of wide band-gap semiconductors and 
correlation of HOMO and LUMO energies of the dye were also proposed in the original scheme. 
Based on the equipment sanctioned (only for DSSC studies), the objective is oriented toward 
comprehensive work on in-house fabricated DSSC and QDSC systems. 
Date of Start: 01.01.2016 (Manpower 
Recruitment: RA dt. 05.04.2016 & JRF 
dt. 21.06.2016) 
 

Total cost of Project: Rs. 1,76,43,200/- 

Date of completion: 31.12.2018 Expenditure as on 20.11.2017: Rs. 1,44,87,310/- 
 

 
3. Methodology : 
(i) Synthesis of TiO2 matrix and substrate modification:  
 
(1) Nano structured TiO2 matrix developed and optimized using chemical route on FTO substrate.  
(2) Surface plasmon modified Titania: Ag and Au NPs embedded on TiO2 developed under various 
methodologies like UV assisted technique, sol method and others. In the second phase decoration of titania 
with bi-layer deposition of Ag/Au has been undertaken.   
(3) Epitaxial growth of Cd chalcogenide on TiO2 layer: Modification by intermixing of low and high energy 
material include CdX over layer (CdS, CdSe, CdTe) onto TiO2 adopting chemical (CBD) and electrochemical 
deposition techniques.  
(4) Increasing the functional behavior of TiO2 by application of multi-elemental thin film technology: 
fabrication of hybrid material for DSSC anode. 
(5) Viability studies on using graphene/reduced graphene oxide (rGO-TiO2/ZnO) to modify DSSC matrix. 
(6) Feasibility studies on fabrication of quantum dots (QD) and application to solar cells for developing QDSC. 



 
(ii) Physical Characterization:  
Surface morphology and compositional analysis of the matrices were studied through Scanning electron 
microscope, TEM, XRD, and EDS. Spectrophotometric measurements (UV-Vis, FTIR, Raman) to determine 
the structural composition and physicochemical changes of the matrix.  
 
 (iii) Sensitization of modified DSSC anode with commercial and indigenous dyes.    
The as prepared TiO2 anode matrices were immersed in ethanolic (1mM) solution of the respective commercial 
N3 dye and laboratory prepared indigenous dyes. 
 
(iv) Fabrication of DSSC:  
The dye absorbed FTO-modified TiO2 electrode and Pt coated FTO counter electrode assemble together to 
form 'sandwich' type cell. 
 
(v) DSSC characterization:  
Spectro-electrochemical techniques like Voltammetry, Current-Voltage, %IPCE and Electrochemical 
Impedance Spectroscopy, Potentiodynamic Polarization, Chronoamperometry etc. were used to ascertain the 
performance characteristics of the proposed cell. Optimal level of surface plasmon and low band gap 
semiconductor material on the base titania matrix being validated in the modified DSSC. 
4. Salient Research Achievements: 

4.1 Summary of Progress 
1. (a) Synthesis of TiO2 NPs: 

 
The laboratory prepared (LP) anatase TiO2 were mixed with commercially available Degussa P25 (TiO2) 
(Sigma Aldrich) in 2:3 proportion in ethanolic solution containing acetic acid, ethyl cellulose and terpineol as 
the binding agents. 
  
(b) SPR effect of metal nano particles like Ag and Au NPs on TiO2 in DSSC 
Introduction of surface plasmon (SP) onto photosensitizer electrodes has been one of trends in fabricating dye 
sensitized solar cells (DSSC) with improved functional properties.  Metal nanoparticles, like Ag or Au, would 
induce the surface plasmons, which are used to couple light into the underlying optical modes of the active 
layer. The enhanced photo-conversion efficiency is attributed to the localized surface plasmon resonance of 
metal NPs that enhances the light harvesting of the solar cells. 
 
 
 
 
 
 
 
 
 
 
 
Fig.1.  SPR effect of AgNPs decorated TiO2 in DSSC using TPMPI in the electrolyte. 
 

0.5 M TiCl4 in aqueous 
medium + 1 M ammonium 

perdisulfate solution 

Heated (75oC) and stirring 
continuously for 1 hr 

Solution are neutralized (pH=7) 
by ammonium hydroxide solution 

Amorphous TiO2 precipitated and filter and 
washed with ethanol and H2O Crystalline TiO2  

Calcined at 400 oC 



1. Electrode preparation: 
Fabrication of AgNPs doped TiO2 matrix 
The laboratory prepared (LP) anatase TiO2 were mixed with commercially available Degussa P25 (TiO2) in 2:3 
proportion. In course of fabrication of the DSSC anode, TiO2 paste was uniformly coated on FTO glass 
substrate (Dyesol, Australia) by the help of doctor's blade technique and sintered at 500 °C. Finally, the AgNPs 
were synthesized directly onto the TiO2 matrix by photoreduction of AgNO3 solution at different 
concentrations by using UV radiation with the help of UWave-100, Sineo (China).  
 
Fabrication of AuNPs doped TiO2 matrix 
The AuNPs were also synthesized on TiO2 matrix by photo-reduction of 0.005 mN HAuCl4 solution using 
same UV radiation technique. 
 

UV assisted deposition of Au-Ag bilayer over TiO2 matrix 
The Au-TiO2 photo anode followed by deposition of Ag, from 0.005 mM aqueous solution of silver nitrate. The 
UV assisted photo-reduction was carried out in UWave 1000 Sineo microwave synthesizer. The TiO2 photo 
anodes were dipped in the respective precursor solution bath for simultaneous reduction and deposition of Au 
or Ag over the TiO2 surface. Throughout the process of deposition, the time of photo-reduction in the 
microwave synthesizer was varied like TiO2-Au(30)Ag(10), TiO2-Au(30)Ag(20), TiO2-Au(30)Ag(30), TiO2-
Au(30)Ag(40) and optimized by electrochemical characterization. 
 
2. Physical Characterization 
SEM-EDS, TEM and XRD study 
Fig. 2 represents the XRD plots for TiO2 and Ag doped titania matrix. Considering the intense peak indexed 
[JCPDS file] with d = 3.5 Å (101) and 2.0 Å (110) corresponding to the respective TiO2 and AgNPs, the 
dimensions of the crystallites were found to be 25 40 nm for TiO2NPs and 2 3 nm  AgNPs. Au have been 
deposited effectively as shown by the XRD peaks at 44.42 , 64.41  and 77.39  (Fig.2) as confirmed from the 
JCPDS file and found to be around 14-16 nm AuNPs.  Fig. 3 represents the XRD pattern of AuTiO2 and Au-
Ag-TiO2 matrix. 
A representative SEM image of Ag-TiO2 NPs is shown in Fig. 4a. It is seen that the highly dispersed 
spherically shaped Ag NPs are found to reside on the top of TiO2NPs. A typical TEM image of pure TiO2, 
AgTiO2, AuTiO2 and bilayer of Au-Ag-TiO2 are shown in Fig. 4b&d. Fig.4.e shows the typical fringe pattern 
of CdSe-TiO2 matrix. It is ensured that TiO2 matrix (25-30 nm) is embedded with AgNPs of 2 3 nm size while 
AuNPs is 10-15 nm in size which is matches with XRD data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  XRD of (a) LP TiO2, (b) LP TiO2 calcined at 5000C, 
(c) working mixture (LP TiO2 + P25) calcined at 5000C  (d) 
Ag doped matrix. [ A, B and R represent anatase, brookite 
& rutile phases of TiO2  respectively]. 

Fig. 3.  XRD pattern of AuTiO2 and Au-Ag-
TiO2 matrix. [A, B and R represent the 
anatase, brookite and rutile phases of TiO2 
respectively]. 



4.5 Any other 
Project Personal (02): Research Associate: Dr. Atanu Jana joined the project on 5th April, 2016. 
Junior Research Fellow: Mr. Gourab Ghosh joined the project on 21st June, 2016. 

 
5. Research work which remains to be done under the project (for on-going projects) 
 

 Synthesis of ZnO matrix and substrate modification. 
 Preparation of TiO2-GO intercalated composite by both hydrothermal method or by autoclave treatment 
and details study in DSSC system. 

 Preparation of rGO-TiO2-ZnO nano rods and application in DSSC. 
 Novel QD sensitized / TiO2 hybrid films will also be fabricated either in-situ (hydrothermal route) or ex-

situ (dipping of the composite film into QDs sol) techniques 
 Different SP composite will be fabricated by UV radiation, microwave assisted or sol preparation 
technique and details study in DSSC. 

 Physical characterization of the matrices developed under different techniques. 
 Electrochemical characterization like Voltammetry, I-V Characteristics, % IPCE and APCE, IMPS & 

IMVS, EIS, Potentiodynamic Polarization etc. 
 Optimizing device fabrication and performance screening. 
 Durability studies of the proposed cell will be extended using Resin Polymer Gel Electrolyte, Co2+/Co3+ 

system, Na2S/S dissolved in water as electrolyte. 
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12 papers Peer Review 
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2.  S. Bhattacharya, J. Datta* CdTe coupled TiO2 anode matrix for dye sensitized solar cell: A novel co-
sensitizer approach towards highly efficient energy conversion, New Journal of Chemistry, 41 (2017) 
8663-8672. 
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2016.  
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Panchromatic Light Harvesting in N3 based Dye Sensitized Solar Cell, 3rd Global Nanotechnology 
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2. A. Jana, J. Datta*, Nanostructured CdFeSe composite films fabrication through periodic voltammetry: 
Improvement in functional properties for application in photo-electrochemical cell, 53rd Annual Convention 
of Chemists 2016, Dec 27-29, 2016, Gitam University, Visakhapatnam. 

3.  S. Bhattacharya, J. Datta*, Attractive functional behaviour of Ag doped titania in Dye Sensitized Solar Cell, 
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5.  A. Jana, M. Hazra, J. Datta*, Development of CdSe films under potential scan and application in PEC solar 

cell, UGC Sponsor 29 th Sept & 1 st Oct 
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National Conference On Recent Trends In Functional Materials In Relation To Nanomaterials and 
Nanotechnology, February 4-
Kolkata.  

Patents filed/ to be filed: NA 
 

Major Equipment (Model and Make) 
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No 
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(Yes/ No) 

Model & make 

Cost 
(Rs in lakhs) 

Working 
(Yes/ No) 

Utilization 
Rate (%) 

01. 
 
 
 
 
 
 
 
 
 
 

02. 
 
 
 
 

DSSC 
Characterization 

Unit 
& 

I-V Unit 
 
 
 
 
 
 

Solar Simulator  
 
 
 
 

Yes 
IPCE: Model: PEC-S20DC; Make: 

Japan 
Spectral measurement units: Model: 

FTIR-7600, Make: Australia and 
Model: Enspectr R532, Make: USA 
Multiparameter: Model: VSTAR92; 

Make: USA;  
I-V: Model: PECK2400-N2, Japan 

(Online UPS, Unitron) 
 
 

Yes 
Solar simulator with LED light 
soaker: Model: PEC-L01, Make: 
Japan and Australia 

 

 
Rs. 62,04,558/- 

 
 
 
 
 
 
 
 
 

Rs. 19,23,434/- 
 
 
 
 

 
Yes 

 
 
 
 
 
 
 
 
 

Yes 
 
 
 
 

 
90% 

 
 
 
 
 
 
 
 
 

90% 
 
 
 
 



03.

04.

05

06

Screen Printer

Cell 
Construction 

Unit

High 
Temperature 

Oven

---

Yes
Screen Printer: Model: Screen Printer 
25, Make: Australia

Yes
(i) Hole Drilling machine: Pdt No: 
E002-1151; Make: Australia
(ii) Programmable hot plate Pdt No: 
E002-1151: Make: Australia
(iii) Test cell assembly machine: Pdt 
No: E002-1233 Make: Australia
(iv) Freeze Dryer: Model COOLSAFE 
CS-110-4 SYSTEM, Denmark

(Online UPS, Unitron)

Yes
Make: The Aerials, Kolkata

Some routine Instruments and 
accessories to the Item No: 1, 2 & 

4.

Rs. 10,59,092/-

Rs. 27,01,285/-

Rs. 3,10,000/-

---

Yes

Yes

Yes

To be 
procured

65%

70%

90%

---






























