


Fig 7. Partial purification Cytochrome P450 from goat liver

Fig 8. Elution profile of CYP by DEAE anion exchange chromatography and the SDS PAGE of various steps in purification
Inhibition of aniline hydolase activity of CYP by drugs

The data suggests that the drugs inhibit aniline metabolism, however it is known that aniline is substrate
for CYP 2E1 while the other drugs are CYP 3A substrates, however in crude extract of liver we observed
decrease in aniline hydrolase indicative of allosteric inhibition. Care was taken to add ethanol to the
control in equivalent concentration as the drug solution.

Fig 9: Suppression of aniline transforming capacity of the CYP by various drugs

Computational

Compilation of 60 known anticancer drugs with 2D structures was done. The structures of the drugs were
downloaded from PDB or 3D structures of drugs were generated using Hyperchem (Molecular Modeling
Software) (figure 9).the data was complied inaccordance with Lipnsky’s rule. The Schrodinger suite
Glide was being used for docking studies. The molecules were prepared by Geometry Optimization and
Energy Minimization and were used for docking.(Figure 10)
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Fig 9. Computed parameters from Hyperchem -the Lipinsky’s rule

Score XpG MGbsa
Binding
free energy

Doxorubici  -9.346 -96.783

n

Etoposide -5.992 -85.159

Methotrexat -6.074 -79.730

e

Tegafur -3,471 -3.7602

Fig 10. Docking of CYP 3A (PDB id- 17TQN ) with Doxorubicin using Glide.
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3.Learning for Students:

This project opens the horizons for undergraduate students to imagine and foresee themselves in the
field of drug discovery both in research and industrial set-up. The project gave them exposure to Drug
development and designing of therapeutics. They applied their knowledge of biochemistry to understand
cancer metabolism. They came to know about specificity of drugs targets. They learnt to design
experiments and organize their work. The aspects of biophysics and physical chemistry were introduced
by encouraging them to experiment with the proteins using different techniques. They were able to
appreciate different perspectives about same problem and also to interlink the different fields to make
conclusive ideas. The importance of data accumulation, analysis and interpretation was given to the
students by hands on approach. The students gathered multitude of aspects of research by interacting with
faculty, scientist and research scholars at 11T (Delhi), IMTECH (Chandigarh) and NIPER (Mohali). This
will give them considerable experience to be able to take pharmaceutical/ biochemistry research as a
career. The participation at Antardhwani was a one of its kind of experience for the students. They
interacted with of people all walks of life-young school students, faculty and parents to whom they
communicated their work. The students with their knowledge and wit brought difficult fields of research
to the understanding of
the community.

The technical skills:

Spectroscopy —Uv vis and fluorescence were used as tool for drug protein interactions.

Physical chemistry -aspects of data analysis were discussed.

Protein purification-chromatography, SDS page, dialysis, assay characterization- using theoretical
know how to solve problems faced during optimizations.

Computational tools- Glide, Autodock, Hyperchem, Marvin Sketch, exploring PDB.

Organic synthesis of flavanoid.

Exposure to advanced technologies and infrastructure by virtue of visits to research institutes such as
IIT, IMTECH, NIPER and industry Sphaera pharma.

4.Benefits to College:

Exploring and forging Synergy between different departments along with cross pollination of ideas and
concepts. The project was enthusiastically supported by college administration, different department’s
faculty members and staff.

Enabled platform for pioneering further research in this direction by assistance in development of
infrastructure. Rejuvenation of the laboratory resources.

Faculty was mobilized and young researchers got a chance to try out newer topics of study. It gave new
faculty confidence, resources and impetus to explore different areas of research and enhance their skills,
all the while sharing with and enriching the students.

The students had the opportunity to familiarize themselves with advanced dimensions of research and
to do research in house rather than going to other institutes for short durations. Here they were dedicated
and secure in home institute and worked flexibly. They were in touch with their other friends in all other
projects resonant exchange of ideas took place and spirit of excellence was renewed.

The college was able to raise the bench mark for research by compilation and publications in peer
reviewed journals.

The college will be more keen to seek further support to take finding from this work to next level.

5.Benefits to Society (100 words):

CYP450 plays a pivotal role in clinical and pharmaceutical research especially that of cancer. The genes

of CYP450 enzymes exhibit high degree of polymorphism. People of different races, geographic locations

have a plethora of gene variants for a particular CYP450 enzyme. This will lead to decreased efficacy of
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the drug or may even lead to build up the unmetabolised form to its toxic levels which may damage the
liver, kidney and other organs involved in drug metabolism and clearance.

Hence for a molecule to be considered drug like or to even enter drug trials, it has to first pass the "CYP
450 test”. Detailed study with CYP450 can contribute to the society in future by obliviating the need for
high-end technologies. Hence generating opportunities for small enterprises to take up drug discovery and
development.
Humanitarian aspect-

Reduced Costs of drugs

Absolute safety —side effects
Dosage efficacy-bioavailability

Inter individual variability —genetic polymorphism

6. Further Plans:

The one year in the project was useful to optimize very sensitive protocols to study drug interactions,
transformation and metabolism. The parameters need to be fine tuned to make a authoritative hypothesis.
The Computational drug design parameters will be correlated to the spectroscopic data with the number
of drugs that we can study will add to the sensitivity, accuracy and applicability of the outcome. The
study with various models of organisms and drugs need to be set in a frame work that can be a
comprehensive tool for single and multi drug interactions in the animal.

470



Project Title:

SRI VENKATESHWARA COLLEGE
An easy identification for pathogenic gamma/epsilon proteobacteria by exploring the
internal features of their 16S rRNA gene

Project Code: SVC-107

SVC-107 News in “Dianik Bhaskar” on 21% August, 2012.

1.0bjective (150 words):

Gamma and epsilon proteobacteria represent the richest classes of phylum proteobacteria with more than
250 genera. As proteobacteria include various pathogenic strains such as the members of Helicobacter,
Salmonella, Campylobacter, Shigella and many more, attempts will be made to provide easy
identification of few of the important genera upto species level. Although genome based phylogeny has
been conducted for y-proteobacteria (Williams et al., 2010), yet a quick identification of the pathogenic
strains is a vital need. For the robustness, the marker should be easily available. Hence, the present work
will be based on the approaches to develop the methods for easy identification of certain pathogenic
bacterial strains, specifically the members of proteobacteria. A quick view of Taxonomy Browser at
NCBI clearly represents a large number of unclassified organisms under y- proteobacteria and e-
proteobacteria. To conduct such studies, the following objectives have been taken:

Estimation of the number of 16S rRNA gene sequences of the respective genera from the
database.

To construct phylogenetic trees of respective species of selected genera.

Obtaining the consensus sequence of each species and then looking for species specific internal
features.

Assigning the 16S rRNA sequences of uncharacterized or unidentified strains to their respective
groups.

To explore the restriction pattern of 16S rRNA gene sequence to trace species specific
characteristics.

GENERA TOTAL NO. | NO. OF SPECIES | TOTAL NO. OF | NO. OF
OF SPECIES USED SEQUENCES SEQUENCES
USED
Campylobacter 28 16 428 384
Proteus 102 142 125
Yersinia 11 200 166
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Helicobacter 45 10 361 264

2. Final Findings (300 words):
The phylogenetic analysis for all the 4 genera was performed. The validation and framework trees in each
study revealed the following results:

e Most species present within each genus were found to show homogeneity, while some species
displayed a heterogeneous nature.

e Out of the 16 species studied under Campylobacter, 12 species were found to be homogeneous in
nature. Heterogeneity was observed between C. jejuni and C. coli, C. upsaliensis and C.
heleveticus.

e 6 out of the 10 Helicobacter species studied showed homogeneity. H. heilmannii & H. felis and
H. bilis & H. cinaedi were found to be heterogeneous.

e 6 species were studied under the Yersinia genus. Y. ruckeri and Y. enterocolitica were observed
to have homogeneous nature. The genus showed high levels of heterogeneity. Y. kristensenii, Y.
intermedia and Y. pestis, Y. pseudotuberculosis reflected a heterogeneous nature.

e The Proteus genus undertook 4 species for its study. P. mirabilis and P. vulgaris displayed
homogeneous results whereas P. penneri and P. hauseri showed heterogeneous nature.

This study aims to classify the uncharacterized species in the database. The best classification by
Phylogenetic analysis is provided by the genus Proteus. Phylogenetic tree given below represents that 33
out of 72 uncharacterized Proteus species were characterized by phylogenetic analysis. Neighbor-joining
analysis with Kimura 2-parameter correction and bootstrap support was performed on the sequences of
Proteus sp. (the different isolates can be segregated as P. mirabilis- 76, P. vulgaris- 27, P. penneri- 11,
P. hauseri-14 ) along with 72 uncharacterized sequences.

Results of phylogenetic analysis were validated by studying restriction digestion patterns of all sequences
under study.

With the help of the restriction digestion patterns obtained, species-specific marker enzymes could be
discerned. But, marker enzymes could not be obtained for all the species under consideration, due to
heterogeneous nature of some species in each genus. The marker enzymes obtained could be used as a
means to validate the uncharacterized species characterized by phylogenetic analysis. Also, they proved
to be an aid in characterization of some of the remaining uncharacterized sequences. However, marker
enzymes could not be obtained for all the species under consideration, due to heterogeneous nature of
some species in each genus. Nevertheless, framework analysis and restriction enzymes proved to be the
robust tools for species identification.
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3. Learning for Students (200 words):
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It has been an extremely valuable and useful experience for the students. This truly innovative idea has
given them an exposure to research and the hard work it entails, something that students only get an idea
of at higher academic levels. The innovative project instituted by Delhi University has been learning
process at all its steps from data gathering, to interpretation and analysis, literature browsing and paper
writing. It has given students the confidence to work on a project and analyze the results that their work
has generated. This project specifically, has shown the wonderful blend of information technology and
biology. The students have learnt about biological databases, analysis of nucleotide and proteins sequence
in-silico and phylogenetic relationships between organisms. The display of posters at International
Symposium on “Structural and Functional Genomics” at Thanjavur, Tamil Nadu; at Antardhwani-
Innovation Plaza (Delhi University Fest) and the National Symposium “National Symposium on Recent
Trends in Innovative Research at Undergraduation: Science and Society” conducted at the college gave
students a chance to interact not only with their peers from around the country but also with eminent
scientists and teachers from various field of science. All in all it has been an enriching experience and has
promoted scientific thinking among students and has inspired them to further explore the magnificent
field of bioinformatics. The students were very grateful to Delhi University for giving them this
wonderful opportunity.

Meeting of Innovative Project students with Mentor Prof. Rup Lal at Molecular Biology Laboratory, North Campus.

Poster presentation at Sastra University, Thanjavur.
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ASM virtual workshop organized by Innovative project team.

Innovative Project students at “Antardhwani Innovation Plaza”.

4. Benefits to College (100 words):

The project has created enthusiasm for science projects among students and many students are eager to
work in more similar projects. Bioinformatics being a relatively new field of which students are not very
aware. This project has not only increased the understanding of the subject but also instilled a passion to
explore it. Also the college gained recognition by conducting “National Symposium on Recent Trends in
Innovative Research
at Undergraduation: Science and Society”, which was attended by eminent persons from various fields of
science and students, from around the country. This gave a platform for exchange of scientific and
innovative ideas. The innovative projects have also given the recognition to our college in research with
seven innovative projects to its credit.

5. Benefits to Society (100 words):

As the innovative project SVC-107 deals with the bioinformatics of pathogenic bacteria, this project has
made the identification of some dreadful pathogenic strains easier. The earlier strategies were time
consuming and could not distinguish the close species easily. Our approach has not only helped to
identify the pathogens at earlier stage of pathogenesis, but has also helped to overcome the database
redundancy. Although at this stage, the comparative analysis part is not yet complete but we are sure that
such robust techniques may be helpful in designing species specific Kits.

6. Further Plans (100 words):
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The present work was initiated with two main objectives:
a. To characterize the four pathogenic genera upto species level, and
b. To reduce redundancy in database.

So far, we have distinguished several sequences upto species level. The unique markers for the
heterogeneous species are yet to be explored. For this purpose, several housekeeping genes will be
analyzed from the database. So, the next target will be to identify the housekeeping genes from the
database and to perform the phylogenetic analysis as well as restriction digestion on these sequences.
Also, we have identified several sequences which were not characterized earlier. Therefore, these
sequences will be characterized in their specified groups to reduce redundancy in database.

7. Abstracts and publications

Abstracts

a) Menon, A., Gahlot, S., Patel, D. D., Lal, R., and Verma, M. “An effortless detection and identification
of the uncharacterized strains of genus Yersinia via 16S rRNA gene sequences”. Poster presented at
“Structural and Functional Genomics” at Thanjavur, Tamil Nadu from 6-7" January, 2013.

b) Rai, A., Puri, A., Kaicker, A., Lal, R., and Verma, M. “An approach to characterize the pathogenic
species of genus Helicobacter by analysing their 16s rRNA gene”. Poster presented at “Structural and
Functional Genomics” at Thanjavur, Tamil Nadu from 6-7" January, 2013.

c) Muralidharan, M., Ghosh, A., Singhvi, N., Dhanaraj, P. S., Lal, R., and Verma, M. “An approach to
classify uncharacterized species of Campylobacter by exploring the internal features of housekeeping
genes”. Poster presented at “Structural and Functional Genomics” at Thanjavur, Tamil Nadu from 6-
7" January, 2013.

d) Samarth, Kapuria, A., Patel, D. D., Dhanaraj, P. S., Lal, R., and Verma, M. “An easy identification of
Proteus species for characterizing pathogenic strains and to record nonrepetitive data in the
database”. Poster presented at “Structural and Functional Genomics” at Thanjavur, Tamil Nadu from
6-7" January, 2013.

Publications

a) Ghosh, A., Muralidharan, M.S., Singhvi, N., Patel, D.D., Kaicker, A., Dhanaraj, P.S., Lal, R. and
Verma, M. 2013. Easy Identification of genus Campylobacter up to species level using internal
features of 16S rRNA gene sequences. (Manuscript under preparation).

b) Samarth, S., Kapuria, A., Patel, D.D., Kaicker, A., Dhanaraj, P.S., Lal, R. and Verma, M. 2013. An
easy identification of pathogenic Proteus species and to record Non-repetitive data in the database.
(Manuscript under preparation).
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ST. STEPHEN’S COLLEGE

Project Title:  Molecular Design, Synthesis, Characterization and  Applications  of
Macrocyclic Compounds.

Project Code: SSC 101

1. Obijective (150 words):

Hexa-peri-hexabenzocoronenes (HBCs) are a class of unique macrocyclic molecules which consists of
fused aromatic rings. Besides synthetic challenges, correlations between the chemical structure of these
macrocyclics and their electronic properties, as well as their packing behavior in the solid state, are a key
concern. They consist of flat disc type cores which enable them to self-assemble into columnar
mesophases. The packing behaviour of these discotic liquid crystals renders them well suited materials for
study of electrical conductivity and their application as s semiconductors in various devices like organic
light-emitting diodes (OLEDSs) ,Field Effect Transistors etc. Theoretical studies on HBCs using different
basis sets and different functions in DFT using Computational Chemistry Software TURBOMOLE have
been explored. The effect of substituents on the various properties of HBC has been explored. As part of
our experimental work, Hexaphenylbenzenes (HPBs) and HBCs, have been synthesized and characterized
by spectroscopic methods. This forms the basis of our study of the molecules used in organic
semiconductor devices having suitable electronic, optical and transport properties. The electronic and
semiconducting properties of junctions formed between different metals and HBCs have been evaluated
in order to make materials with tailor-made properties as OLEDs.

2. Final Findings (300 words):

The concept of aromaticity which was introduced in 1865 still continues to be of central importance for
the rationalization of the structure, stability and reactivity of many molecules. So the local aromaticity of
a series of benzenoid systems including the class of very large polynuclear aromatic hydrocarbons
(VLPAHS) has been studied computationally. A study of representative molecular systems oligoacenes,
phenacenes and circumacenes using different basis sets and different functions in DFT has been carried
out using Computational Chemistry Software TURBOMOLE to determine the best basis set and function
for this class of compounds. We have used the structural based measure, HOMA to verify the Clar’s
model of extra stability of benzenoid species after optimizing their structures. It has been found that the
exchange-correlation functional B3LYP and the basis set 6311G** gives the best result keeping
computational efficiency in mind when compared with the experimental values. The results of geometry
optimization have been used to calculate the HOMA index for various rings in a PAH to study the

477



localization of the aromatic sextets present in the molecule and thus verifying Clar’s sextet rule. The
effect of substituents on the aromaticity of Hexa-peri-hexabenzocoronene (HBC), a class of VLPAHS, has
also been explored. HOMA therefore gives us an idea of the relative stability, the effect of substituents
and also the reactive sites within a molecule.

In organic molecule semiconductors, conductivity is known to occur via a hopping mechanism in which
charge carriers jump between neighbouring molecules, often under the effect of an external applied field.
The HOMO-LUMO gaps play a very important role in determining the electronic properties of the
molecule. The macromolecules, Hexa-peri-hexabenzocoronenes (HBCs), have attracted research interest
for their interesting nonlinear optical properties. We have studied HBCs using different basis sets and
different functions in DFT using Computational Chemistry Software TURBOMOLE. Using DFT and
time dependent DFT we have computed (i) vertical and adiabatic electron affinities and first ionization
energies; (ii) quasiparticle correction to the HOMO- LUMO gap; (iii) molecular reorganization energies.
We have started with the acenes and studied the variation of these properties as increasing number of
carbon atoms or rings. Further we have studied these properties for substituted HBCs. Very high intrinsic
charge carrier mobilities have been determined for these HBCs, which are about one order of magnitude
higher than the one found for conjugated polymers. Theoretical studies have been made on the basic
current-voltage properties of these semiconducting materials.

As part of the experimental work, synthesis of the precursor Hexaphenylbenzene (HPB) has been carried
out by Diels-Alder and cyclotrimerization reactions. The macrocyclic molecule HBC has been
synthesized optimizing the conditions for its synthesis by carrying out numerous experiments under
varied conditions. The Synthesis of HBC has been attempted by three different methods and compared on
the basis of ease of synthesis, yield, colour of the product, spectral data etc. Due to the extreme
insolubility of the HBC in common solvents characterization has been attempted by UV/VIS
spectroscopy and TG/DTA. We have come to the conclusion that oxidative cyclodehydrogenation using
AICI; and CuCl; is one of the best methods to prepare HBC. Some substituted HBCs have been
synthesized and the precursors to others have been prepared and characterized. Thin films of the
compound on glass substrate have been obtained by thermal evaporation. Junction analysis of the metal-
organic layer has been carried out by studying current-voltage curves theoretically and experimentally
with the final aim of making a semiconducting device with desired properties.

3. Learning for Students (200 words):

The project has indeed been a great learning experience. It has given our students a wonderful opportunity
to delve into research of various journals and research papers and thereby expand their knowledge. It has
given them an access to operate advanced instruments and implement laboratory techniques which they
usually don’t get access to in the normal course. Exposure to a different branch of chemistry i.e.
Computational Chemistry has been very beneficial. With compulsory fixed hours, students learn time
management and collaborative team management skills. Planning/Strategizing each step and thoughtful
execution is the key for success. Stronger communication with teachers and project members helps in
boosting their confidence. A number of presentations were made by the students participating in the
project with topics ranging from quantum mechanics, computational methods used synthesis methods and
applications. Drafting and presenting scholarly reports and posters as part of their project helps to hone
their skills further. It has also provided them gave them an excellent exposure and knowledge of various
analytical techniques like column chromatography, separation processes, use of rotary evaporator, TLC,
UV-VIS spectroscopy, NMR and MALDI etc. which they wouldn’t have learned at the undergraduate
level otherwise. This experience has helped some of them to perform well in competitive entrance
examinations like facing an almost eighty minute interview at IISER, Pune. The project has brought them
in contact with a much more practical approach of Science and has inspired them to take up research in
future.

4. Benefits to College (100 words):
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Funding from Delhi University is very important for undergraduate research as it gives an additional
encouragement to students to perform better. The college has gained in terms of infrastructure. Many
equipment and instruments have been bought which can be used by future students. Students get to learn
many new things which are beyond their syllabus. It also gave students an opportunity to improvise upon
their presentation skills, gain confidence and develop their interest in research during the
ANTARDHWANI 2013. It has also provided them with a platform to express and share their ideas. The
departmental societies also saw an increase in participation from students during the events and students
are now more confident about presenting their work, be it in any form, paper presentation or poster
presentation.. The college gains in reputation as a hub not only for academic excellence but also for
scientific research. This is turn creates an exciting and sustainable environment that attracts more and
more deserving and bright students to the college which would spiral the college to greater heights.

5. Benefits to Society (100 words):

Ours is Science project based on experimental work. The findings of the project will contribute to the
society in long run. It encourages students to take up research at higher lever. They get trained for future
research activities. It encourages more and more teachers and students to take up research and contribute
to society in different ways. It encourages the young to think and understand and expand their horizons,
instead of following the rote pattern. There could be a probability that the corporate sector evinces a
strong interest in our project and uses it on a production scale. The students involved could get into
research and get into teaching or they could get into R&D departments of the corporate sector which
would also contribute to the society. In future more such projects should be initiated because students get
a wonderful platform to develop and learn research skills, time and project management and get aware of
on-going research at International Levels.

6. Further Plans (100 words):

A study of representative molecular systems oligoacenes, phenacenes, circumacenes Hexa-peri-
hexabenzocoronene (HBC) and the effect of substituents on aromaticity has been carried out using
different basis sets and different functions in DFT using Computational Chemistry Software
TURBOMOLE. Further we have studied various properties for HBCs. The electronic and semiconducting
properties of junctions formed between different metals and HBCs has been studied in order to make
materials with desired semiconducting properties as OLEDs. This study is extremely important for
studying further their applications in organic semiconductor devices having suitable electronic, optical
and transport properties. The theoretical and experimental work done so far is to be published as one
review article and one full paper in National and/or International journal of repute in near future.
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ST. STEPHEN’S COLLEGE
Project Title: Development of new reagents for detection of anions in water

Project Code: SSC-102

CHEMOSENSING: Binding of acetate ion to o-hydroxybenzaldehye derivative.

1.0bjective (150 words):

The central aim of this project is to develop innovative and universally applicable anion sensors by
deploying principles of molecular recognition and molecular receptors. The anions selected for the study
are the ones that are known to cause kidney disorder, brain damage, endocrine disruption, bone and
skeletal cancers (excess fluoride) blue baby syndrome, stomach and gastrointestinal cancer (due to
nitrate), uncontrolled algal growth (phosphate), skeletal muscle dystrophy and body malfunctioning
(arsenate). The development of anion sensors would be extremely helpful in monitoring their
concentrations in water, lakes and sewage plants. Several approaches can be used to achieve anion
sensing. One can, for example, use the difference in basicity, hydrogen bond formation capabilities,
structure of different anions etc. It has been previously established that calix[n]arenes and calix[n]pyrrole
can be functionalized in a wide variety of positions to provide one or more of the desirable anion binding
motifs. Some of these motifs are represented by simple functionalities like amide, urea, hydrazone and
hydrazides. Therefore, the objective of the project was to design sensors based on calix[4]pyrrole, urea,
thiourea and hydrazone derivatives.

2.Final Findings (300 words):

The students were divided in groups of two or three to carry out the experimental work. The students of
group 1 (Hitaish, Rocky Chhikara and Charu Seth) have synthesized various Schiff’s base receptors for
anions. The students have synthesized three different Schiff’s bases of anthraquinone, salicylaldehyde and
p-nitrobenzaldehyle. Diformylated phenols derivatives were synthesized. The purity of the products was
tested by TLC, melting point determinations and NMR, IR spectroscopies.
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Figure 1. Solutions of anthraquinone derivative with different anions. Blue color was observed with fluoride ion.

5

Figure 2. Titration of a solution of o-hydroxybenzaldehyde derivative (1.5 x 10 M) with a solution of fluoride ion in THF (1
-4

x10 M).

Figure 3. Job’s Plot of o-hydroxybenzaldehyde derivative in THF with Fluoride ions showing
1:1 complexation.

Figure 4. Detection of fluoride and acetate ions by receptor by o-hydroxybenzaldehyde derivative.
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The receptors were evaluated for anion sensing through UV-Visible spectroscopy and colour change to
naked eye. In case of o-hydroxybenzaldehyde derivatives, a colour change from yellow to pink was
observed for acetate ion in THF. Different binding modes of acetate banding to salicyladehyde derivatives
were calculated using density functional theory. It was observed that when two oxygens bind to two
hydrogen to receptors through H-bonding. A faint pink colour was observed for fluoride ion.
Anthraguinone derivative have shown colour change from yellow to blue in presence of fluoride ion.
Sonam and Graima Duggal have synthesized urea and thiourea derivatives by reaction with various
signaling units having nitro groups. The products were evaluated for purity by thin layer chromatography
and melting point determination. It was observed that these derivatives also produce colour change with
fluoride ion.

-4
Figure 5. Addition of fluoride ion (1 equiv) in THF to solution of fluoride in THF 1 (left) and 2 (right) (1x 10 M).

Figure 6. Detection of fluoride ion by thiourea based receptor 2.

Group Il (Kalpana Malik and Shikha Choudhary) have synthesized various tweezers type receptors
(Schiff’s bases) with variety of spacer as shown in figure below.
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Figure 7. Structure of tweezers type receptor.

Figure 8. selective detection of acetate ion by tweezers type receptor.

Figure 8. Jobs plot of tweezers type of receptor with acetate ion showing 1:1

complexation.

The products were characterized by IR, NMR and HRMS. The
products were evaluated for anion sensing properties through UV-visible spectroscopy and colour change
through naked eye. It was observed these compounds can selectively recognize acetate ion with a colour

change from yellow to pink in
presence of THF. The intensity of
colour however is dependent on
the size of the cage and the
functional group attached to the
benzene ring. The group IV
(Mohamin Khan, Seep Arora,
Saumya Silori, Neha Singh) have
synthesized calix[4]pyrrole and
its chromogenic derivatives. The
first reaction leads to a mixture
of two components. The
product was purified through
column chromatography to
yield a monosubstituted
calix[4]pyrrole derivative
which was characterized by
mp, NMR and IR
spectroscopy. The products
were evaluated for anion
sensing properties. The basic
calix[4]pyrrole was able to
recognize fluoride ion.
However, the colour change

was not prominent and therefore we decided to functionalize the calix[4]pyrrole architecture with diazo

groups.
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Solution of calix[4]pyrrole with various anions.

This group has also dialdehydes schiff’s bases. The products have shown change in colour in presence of
iodide, nitrate, fluoride and dihydrogen phosphate.

-5
Figure 9. Change in colour observed for dialdehyde derivative (5x10 M) on addition of different anions in THF.

The group V (Mohamin Khan) is working on development of non-linear curve fitting methods for
calculation of binding affinities of anions using UV-Vis data. He is using various curve fitting methods
and mathematical and statistical softwares such as SSPS, Matlab and Mathematica to achieve the desired
results. The group is able to develop 1:1 non linear binding analysis routine for analysis. The group 6
(Akash Mohan, Neha Lawrence) is involved with functionalization of calix[4]arene skeleton at methylene
bridges. Calix[4]arene are known to selectively recognize anion after suitable functionalization. The
upper rim and lower functionalization have been extensively studied. However, no reports have appeared
in literature for functionalization of methylene bridge to achieve selective anion binding. The starting

calix[4]arene was prepared and checked for purity
by TLC and melting point determination. Further
work to oxidize the methylene bridges is in progress.
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In summary the project have made good progress in successfully designing and synthesizing receptors for
anions such as fluoride, acetate, nitrate, dihydrogen phosphate and iodide ions. The results of these
studies will be published shortly.

3.Learning for Students (200 words):

The undergraduate student benefitted immensely through this project as this is the first time they were
exposed to research work. They participated enthusiastically in carrying out day to day activities of the
project. The students under this project benefitted through hands on experience with varieties of
instrument and techniques such as chromatography, spectroscopy, synthetic organic chemistry,
computational chemistry etc. Students through this project carried out their worked independently and
prepared several organic compounds which acted as sensors for fluoride, acetate, nitrate and iodide. It
provided an opportunity for them to learn, understand and deepen their knowledge in Chemistry beyond
their prescribed syllabus. Students were also encouraged to take part in various national and international
conferences held in different parts of India which gave them an exposure to various research work going
on around the world. The knowledge acquired through these conferences would help them to choose the
right area for their further studies. Students also made a number of poster presentation of their work in
these conferences which has helped improved their communication skills and scientific knowledge.

4. Benefits to College (100 words):

The project was beneficial to the college as it promoted the research culture in our college. The project
was also useful in creating additional research infrastructure in our college. Through this project, we were
exposed to interdisciplinary research environment and gained knowledge in other subjects. The research
work carried out through this project also helped in developing newer laboratory teaching tools. Earlier
students interested in research have to move to other university or institute in India. Now they can utilize
their free time in research within the college. The tools and knowledge developed through the project can
be utilized throughout the university and its colleges.

5. Benefits to Society (100 words):

India also has serious problem of anion toxicity, with fluorosis and gastro-enteritis affecting more than 25
million people. The presence of elevated level of fluoride was detected in groundwater sources used for
drinking purpose in Rajasthan, Gujarat, Uttar Pradesh, Andhra Pradesh, Tamil Nadu and Assam.
Rajasthan, Punjab and Madhya Pradesh are severely affected by higher level of nitrate. The project was
focused on development of universally applicable sensors capable of recognizing toxic anions present in
drinking water. We have developed various sensors which can detect anions such as fluoride, iodide,
acetate and nitrate. These sensors can be utilized to monitor the presence of these anions. The research
program is expected to generate significant data which could be used to build a platform for anion sensing
technologies that would result in social benefits for populations living in high anion toxicity areas of
India.

6.Further Plans (100 words):

This project seeks to explore and prepare suitable molecular receptors for recognition of anions. During
the second phase of the project the best candidate ligands will be integrated with solid state devices to
translate molecular receptors to prototype devices for deployment in the field and to elucidate how natural
ground waters influence sensor performance. The sensors fabricated on conducting glass will be
employed to allow on-site optical monitoring of anions. The conductivity of glass plate would be useful in
regeneration of sensors (adsorbent material). The receptor-immobilized conducting glass based solid
chemosensors will have significant advantages and can be utilized as adsorbent in heterogeneous solid—
liquid phases. Such a miniaturized system could show high sensitivity, selectivity and reversibility for
important anions polluting our environment.
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ST. STEPHEN’S COLLEGE
Project Title: Improving the living conditions of the homeless in Delhi
Project Code: SSC 103

1. Students working on the rickshaw 2. and 3. Inauguration by the Chief Minister, 4. The rickshaw “Sukoon” displayed at
“Antardhwani”

1. Objective:

The project addressed the issue of improving the living conditions of the homeless in Delhi. The
problems faced by the homeless citizens range from inadequacies in the infrastructure of the shelters
themselves to poor access to sanitation, food, health services, public distribution systems, etc. Surveys
conducted earlier had found that the number of temporary and semi-permanent shelters (about 146) is not
enough to house all the homeless people, particularly during winters, and there is partial/complete
absence of basic civic amenities at most of the existing shelters. Also, the lack of available space for
constructing new shelters at key locations - namely central and old Delhi areas, where the density of
labourers and daily wagers is maximum, shifted focus towards developing mobile shelters. Regarding
health, a major concern is malnutrition and/or illnesses, which result from dietary imbalance. Because of
habituary compulsions and lack of awareness, many people consume food with a low nutritional value,
which is readily and cheaply available close to their work-place. The problem of easy access to balanced
food/ rations at affordable prices was addressed as well.

2. Final Findings:
This project brought together students and faculty members from the Physics and History Departments of
St. Stephen’s College. The students were divided broadly into three groups dealing with the following
issues: development/improvement of existing/new shelters, food security, and health and sanitation.
The demographic survey data showed that around 30% of the homeless were rickshaw pullers and formed
the single largest group among the homeless (based on employment). This, together with the fact that
space for the construction of additional shelters is difficult to procure, led to the conclusion that it would
be useful to convert a rickshaw into a mobile home. The first two prototypes were completed in
collaboration with the team from Mother NGO (MNGO), St. Stephen’s Hospital, and they had the
following special features:

e A folding seat which can be opened into a bed 2.5° X 5.5’ in size, to accommodate a sleeping

adult.

e Expandable roof to protect the rickshaw puller from rain/direct sunlight.
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e Sleeping bag and provision for mosquito net.

e A 30 Watt solar panel attached to the roof, which powers a small fan, LED front and rear lights,
LED reading light, FM radio and mobile charger.

e Sturdy iron frame for increased mechanical strength.

e Straightened passenger seat, foot-hold, hand-rail for the safety of the passengers.
e Magazine and water bottle holders.

o Reflector panels at the rear for increased safety.

e Rear storage box.

These two prototypes were inaugurated by the Chief Minister of Delhi, Ms. Shiela Dixit, on 23rd
October, 2012 and she named the rickshaw “Sukoon”, and subsequent surveys/interactions with rickshaw
pullers have indicated that the rickshaws have been well received. The broader scope of such a mobile
shelter is on developing a model of community living that would combine housing, food distribution,
sanitation and health care based on various types of mobile units, and thereby provide a holistic solution
to the problem of homelessness in cities, where space is often difficult to procure.

The students working on food security visited MNGO and Stree Shakti to get inputs for preparing a
model for food distribution to the various shelters. The concept of Jan Ahaar, a scheme of the Delhi
Government to provide nutritious food at an affordable price of Rs. 15 to people with low income, was
taken as the role model. Our visits to the shelters showed that in some cases, the concept of a community
kitchen where the inmates prepare one meal a day, was working well. This also had a positive impact on
improving the social life of the inmates, as well as turning the shelters into a home-away-from-home,
instead of a place for sleeping in the night.

The group working on sanitation visited the office of Sulabh, to get a comparative estimate of various
types of toilets (bio-toilets, regular toilets, mobile units, etc.) that can be installed across various shelter
units. Since water scarcity is a common problem in most shelters, bio-toilets would be more suitable.
However, the problem of a few people defecating in the open even with the availability of toilets cannot
be completely eliminated. The cleaning of the shelters is done by some of the inmates, who are paid for
the work done. In one of the shelters, the inmates have taken initiatives to plant aloe-vera, tulsi, etc.,
which can serve as a quick and effective cure for minor injuries and common ailments like colds. There
are also regular weekly visits by a team of doctors to undertake treatment of patients, if any.

At most of the shelters that we visited, there were books, games, radio’s and TV for the recreation of the
inmates. Although the majority of the inmates were rickshaw pullers, labourers and daily wage workers,
the few who were interested in studying further were able to do so as books were available. At the family
shelters and shelters for children, the inmates were being imparted vocational training in sewing and in
preparing various articles like bags, mats, etc. which would form a source of livelihood. Children go to
the Municipal school, and are helped by older inmates and volunteers with their studies. Singing and
dancing classes are also organized in some shelters for the benefit of these inmates.

3. Learning for Students:

Keeping in mind the importance of public engagement in carrying forward the initiative of the
Government and other institutions, a conscious effort was made towards developing a practical strategy
for sensitizing the youth towards the emotional and social insecurity felt by the homeless people due to
lack of understanding and exclusion from the community at large. Students were encouraged to volunteer
for imparting vocational training to the children living in these shelters. The interaction would help the
students in gaining a different perspective about the problem of homelessness. A blanket collection drive
was initiated by the students working in the project in January, wherein they co-ordinated the effort along
with students in several colleges of Delhi University. Such activities were targeted at raising awareness
levels among the youth across the University, towards the problem.
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4. Benefits to College:
The project taught the students to think independently. It helped in raising the awareness level of the
students and other members of the College towards the problem of homelessness. Since the role of
volunteers who can help in ways like teaching the inmates, generating resources for helping the homeless
people and caring about the less fortunate is of immense help, the involvement of the student community
is of great importance.

In addition, the technical aspects of the project also provided the students exposure to hands-on work on
real life problems, and learning to apply their knowledge in such areas. Most of the equipment acquired
for the project, like the electronic equipment, vernier callipers, screw gauges, etc. would be utilized in the
physics laboratory by the students to do the experiments prescribed in the University syllabus.

5. Benefits to Society:

The primary achievement of our project is the rickshaw itself, which would benefit rickshaw pullers,
since it would provide them with a more dignified and comfortable existence. It would benefit society as a
whole, since it is an eco-friendly and non-polluting mode of public transport.

The initiative taken by the students during the blanket collection drive is an example of how even small
efforts lead to a difference for some people. In addition to this, a documentary prepared by the students,
which was on display during “Antardhwani”, as well as the one day Colloquium organized at St.
Stephen’s College, also served to draw people’s attention to the problems faced by the “Homeless
Citizens”, a marginalized and neglected section of society.

6. Further Plans:

An advance version of this prototype of the rickshaw “Sukoon”, which has improvements in the braking
system, gear assembly, etc., for increased safety of the rickshaw puller and rider, is being currently
developed. Further, work on microfinance schemes for making the purchase of the rickshaw simple and
accessible needs to be undertaken to take the benefit to the end user. Options of making health and
accident insurance available to the rickshaw pullers can be explored through this, and would be of
immense help
to them.

Work can also be done on the development of low-cost, self-contained houses using eco-friendly
material. These would find widespread use as an integral part of town-planning, and be of immense
benefit to society as a whole, keeping in mind the importance of environment friendly growth that is
being adopted globally. In a country like India, which has a huge deficit in the housing sector,
particularly for the economically weaker sections, this would be particularly relevant.
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ST. STEPHENS COLLEGE
Project Title: On the Energy, Light Characteristics and Economic Feasibility of LED Luminaries

Project Code: SSC-104
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Caption: (Top Left) Comparative study of the Luminance data of LED light source with the conventional light sources. Lower left
figure presents the simulation performed on the Dialux software for a lecture room using LED source. (Top right) Prototype of
an alternating switching circuit for determining the optimized switching time between two panels (lower right).

1. Objective :

Ever since human beings started understanding the importance of lightening for carrying out various
activities — unrelenting quest for better and more efficient light sources kept escalating with the
technological developments. The objective of this project is to trace the evolution of the lightening
sources (and the related factors) due to technological innovations.

Studying, examining and analyzing the various parameters that any light source must exhibit for any
particular activity and thus the associated material, environmental, economical and energy requirements
are primarily focused on. The project aims toward studying different light sources, traditional (candle and
gas lamp), conventional (incandescent, Flourescent tube, CFL) and the current semiconductor based
LEDs based lamp, for parameters like average power consumption, average life span, efficacy, color
rendering Index (CRI), Color Correlated Temperature (CCT), illuminance, light output, carbon credits,
return on investment etc. Furthermore, the project aims towards developing a prototype light source based
on LEDs.

2.Final Findings :
Various factors were studied with reference to energy requirement, economical accessibility, and
environmental concern and they are discussed below:

Energy Requirement: It is obvious that our power production is far lower than the actual requirement, so
the only way out is to develop light sources which have very high efficacy. Incandescent lamps, in this
aspect, are very inefficient (efficiency only 15-20%) and that is why the market is taken-over by CFLs.
But in the past few years the semiconductor technology led to the development of highly efficient light
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sources called Light emitting diodes (LEDs). They consume very less power and have very high efficacy.
As an example we have found out from the illuminance measurements of various sources that a 7W LED
lamp is a best replacement for 60W bulb and 20W CFL at small angular separation from the source. For
uniform light output the LED sources should be arranged in a matrix form (simulated with dialux
software).

Economical Accessibility/Feasibility: Currently, LED lamps are comparatively costlier than CFL, but
extremely expensive compared to incandescent lamp. But it was found from our cost benefit analysis
study that if various factors like wattage, life span, price, warranty period, energy cost etc were taken into
consideration then the annual total cost for using a LED bulb (7W) was around Rs 150 whereas it is Rs
217 and Rs 612 for CFL(15W) and incandescent bulb (60W) respectively. So, though the LED bulb looks
expensive initially but in a longer run it is found to be a much cheaper option than other light sources.

Furthermore, a comparison of the running or maintenance cost (in Rs) for fluorescent tube (40 W) and a
LED tube (18 W) - assuming present discount rate of 6.5 % - under the following two cases namely, (i)
when the light sources are self financed and (ii) when they are taken at loan, yields interesting results,
which are listed below:

(a) LED Lamps are cheaper by almost 50% in a longer run.

(b) An annual savings of around Rs.400 can be achieved per lamp.

(c) Longer life spans ensure lower annual item costs and exponential recovery.

(d) Easy recovery of initial installation cost in the warranty period itself.

Also a prototype lamp using low intensity LEDs was designed and an alternate switching mechanism is
developed to enhanced life span and reduction of unnecessary weight of the LED luminaries.

Environmental concern: The mercury content in fluorescent tubes and CFLs is a major health and
environmental concern. Moreover, their comparatively shorter life span (10,000 hrs) compared to LED
lamps (50,000 hrs and more) and absence of appropriate disposal system i.e. collection mechanism of
used lamps and their recycling, will cause increased waste production. In fact, the rated life of LED lamps
at 50000 hrs do not reflect that it will be useless after this time, but it is mere indication of the fact that its
luminosity is reduced to a lower value, say 70% of the initial value.

3. Learning for Students :

The interdisciplinary nature of this project is the best feature of this project as it allows the students from
different disciplines to approach a problem from different perspectives. The project as a whole is a great
opportunity to the students and the faculty members to engage in research activities along with the normal
academic routine. The funding benefits the students, teachers and the department as a whole with new
equipments and research facilities. Every student, involved in this project, gets an opportunity to learn -
how to carry out research level activities, viz. data collection, measurements, and analysis, in a college
environment along with their studies.

Furthermore, the project-work demands the students to think out-of-box like how to:

(i) Set-up or assemble their own experiments as per the requirement,

(if) Find out various variables of the experiment for complete data collection and analysis,

(iii) The importance of accuracy of a measurement and resolution of an instrument etc.

In particular, the students learnt the basic physics of LED devices, the various materials used to construct
them and the technology/methods used to produce white light. The driver (electronic) circuits (constant
current and constant voltage) circuits were designed (using diodes, transistors and field effect transistors
(FETs) and studied for LED luminaries. These hands-on skills gathered by students while working under
this project is the most positive feature of this funding.
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4.Benefits to College :

The first and the most important benefit to college is the creation of a vibrant research environment
among faculty members and students. Both teachers and students are now working on something that is
not at all related to the course or curriculum and that leads to a platform for more advance discussions.
Initiating such a platform for teachers and students by this project, we think, is the most valuable
contribution, among other things, of this funding.

Besides, the financial aid in the form of equipments and contingency helps the project investigators to
purchase a whole lot of advance testing and measuring instruments. The students can use or take
advantage of these facilities whenever required.

5.Benefits to Society :

The final objective of the various studies of this project should be to benefit individuals and the society at
large, when we think for a longer period of time. The benefit is just not only in terms of monetary savings
but also from health and environmental point of view, which we (especially the environmental aspect)
care a very little. Even if the society is not worried about the monetary savings, the use of LED lamps can
contribute, though indirectly, to the country the valuable carbon credits which is a something like next to
blood donation. Also, it eases the pressure on the government for generating extra and additional power
regularly.

6.Further Plans :
We wish to work out on two specific aspect of the project, one is technological and the other is like a
policy framework.

(a) Technological aspect: The prototype alternate switching mechanism that we have envisaged, designed
and finally tested will be taken up to next level for manufacturing and testing. This part will be done in
collaboration with the industry.

(b) Policy Framework: A policy framework based on a model named: Social Distribution System (SDS)
for LED Lighting, will be under consideration. The salient features of this model are:

(a) High quantum of the subsidy makes it imperative to provide a model that is self sustainable.

(b) Working on a model in which the private company entering the project gets CSR benefits for the
project.

(c) Better procurement mechanism for the investors that would reduce the initial procurement cost and
hence the recovery period making the scheme profitable.

(d) Government Guarantee system to provide less time for recovery.
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ST.STEPHEN’S COLLEGE

Project Title: Artifacts in Magnetic Resonance Imaging: Cause and Control
Project Code: SSC-105

MR ImachineandMR limageofScull

1. Obijective (150 words):

Medical imaging is the technique and process used to create images of the human body or its parts and
function thereof, for clinical purposes. As medical procedures seek to reveal, diagnose, or examine the onset
and progress of a disease in medical sciences the imaging plays a crucial role. Artifacts are features of the
image which do not correspond to the actual structure of the object, of which the image has been taken,
which in our case is the human body. These artifacts can be mistaken to be pathologies and are liable to be
misdiagnosed if left uncorrected. It is important to minimize artifacts in the image to get a proper diagnosis
of the medical condition of a patient.

Over the last three decades, medical imaging techniques have evolved considerably. It is now possible
to get images of moving parts of the body also. One of the major achievements in this area is Magnetic
Resonance Imaging (MRI) sometimes referredto as Nuclear Magnetic Resonance Imaging (NMRI).

The primary study would be (i) understanding the process of ““Magnetic Resonance Imaging
(MRI)”. (ii) The various types of artifacts in MRI (iii) The effects of these artifacts on diagnosis and
medical treatment.

The main thrust of this project is to:

(i) Understand and recognize the nature of the artifacts through imaging cross sections utilizing MRI
and study the effects of these artifacts.

(ii) Find means to control or suppress these artifacts.

2. Final Findings (300 words):

Essentially, we wanted to help the doctors by giving them an additional tool to work with, something that
they could work with very easily and yet not as far-fetching as to replace the need for the doctor
completely. At the onset, a brief description on the rational of the approach will be outlined. During
the visits to the hospital for the MRI scans, it was seen that many times when there was some ““pathology”
detected in the scan, the doctors used to consult each other to ascertain whether the ““pathology” was for
real or was just an artifact. At times this was easy enough, at other times it wasn’t and the patient would be
called later for another scan. We want to reduce this loss of time in cases where the doctors aren’t too sure
about whether what they are seeing in their scan is an artifact or something more serious.

To that end we proposed that we will construct a probabilistic graphical model (PGM) based learning
algorithm which will use about 1000 images or so of a particular part say, the brain, from database we have
accumulated, and will continue to expand. These scans will look for characteristics common to all brain
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scans that have no pathologies or artifacts and compare these characteristics with an incoming scan. The
output will giveus the probability of the incoming scan being a good one. The method itself can be used
for any other part which has no pathologies or artifacts. A similar procedure can be adopted (with
suitable modifications) for images with artifacts. The constant incoming stream of scans allows the
model to continuously evolve and adapt leading to greater precision in prediction. The statistical nature
of the result will also allow the doctor to decide what is a suitable threshold for diagnosis of the defect in
the image asa pathology or an artifact.

However, there are caveats associated with this process. The process of creating PGMs for standard
photographs in .jpeg format is a little involved but is well understood. On the other hand, when we
consider MRI scans, we are really working with multiple slices of the scan and essentially the algorithm,
at least in the form we have presented, will have to work on each of these slices for it to make any
sensible prediction. This greatly increases the complexity of the problem since the construction of
PGMs isn’t as straightforward as standard image-processing techniques. Combine it with added
complexity of comparing individual slices of each scan, and then we are looking at difficulties such
as memory constraints and writing efficient code. Indeed searching for a suitable programming language is
another aspect which will have a bearing on the efficacy of the process.

In conclusion, it was found that the existence of artifacts affects the medical images and in addition to the
other methods like sequencing, the PGM based algorithm could be tried to suppress the artifacts.

3. Learning for Students (200 words):

The students have been introduced to various types of technologies like digital X-Ray, Fluoroscope, CT
Scan and MRI. Noise and other types of artifacts in medical imaging have been observed and studied by the
group. The primary study is on Magnetic Resonance Imaging (MRI). The various types of artifacts in MRI
have been studied by them and some of these have been effectively demonstrated. The problems of these
artifacts in diagnosis and medical treatment have been understood.
The students have grasped that the knowledge of MRI artifactsand noise producing factors is important for
continuing production of high image quality.
Due to several visits to the hospital, the students have developed a sense of innovation and have become
sensitized in developing innovative techniques to help the sick and suffering. They have understood the basics
of medical imaging technigues and have therefore become more motivated to develop indigenous methods to
overcome costly diagnostic procedures. It is expected that in the future they would develop indigenous
procedures in the

field of medical imaging. It is also hoped that this introduction would inculcate in them the ability to
develop prostheses and other appliances to be used in the medical field.

4. Benefits to College (100 words):

The interaction between the college and the hospital were enhanced and as proved useful in getting better medical
attention. The awareness about medical procedures and other formalities were useful for those requiring
treatment. Further the awareness between various medical imaging techniques was beneficial as one gets more
aware of a particular imaging technique for a particular problem of disease.

5. Benefits to Society (100 words):

Thestudents have been sensitized to the problems of thesick and suffering. They have become more conscious
of the needs of the ailing members of the society. The project has opened the doorsto motivate the students
to develop cheaper indigenous techniques for medical imaging, which may be used for patient who cannot
afford higher cost of MRI. Another benefit to the society is with reference to the suggested algorithm. If this
can be successfully implemented, doubtful images can be flagged and the doctor can, then and there, retake those
particular scans which saves patient's and doctor's diagnosis time.
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6. Further Plans (100 words):

There are some complexities in the processing of sliced images using the PGM. To get away from these
complexities, we propose looking for some common aspects through the slices and encoding those properties as
the one which constitute a good image, in the sense of the terminology introduced above. We hope that there may
be some merit in this approach. As the first few steps in creating working PGMs we are taking an online
course offered by Stanford University through the Coursera platform. Currently, we are working on creating
PGMs for single images and getting to terms with the process.
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ST. STEPHENS COLLEGE

Project Title: Devices based on Photo-Microlithography & Soluble Nanocarbon Materials

Project Code: SSC-106
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1. Objective :
Photoresists are the workhorses of the microelectronic industry for obtaining sub-micron or

nanometer sized semiconductor components. But at the same time miniaturization brings unwanted
phenomenon, like decrease in charge carrier mobility, charge leakage and other quantum-mechanical
effects, which force industry to consider developing new materials and exploit their properties for device

fabrication at such dimensions.
One of the objectives of this project was the characterization of Novolak resins required for

blending with the photoactive compound (PAC) & the synthesis of photoresists for developing
microelectronic circuit patterns at micron level.

Another objective of the project focused on preparation and characterization (using XRD, TEM,
Raman Spectroscopy, etc) of soluble adducts of fullerenes, SWCNTs & MWCNTS by derivatization. The
knowledge or information gained will then be applied for making device(s), like solar cells/ photovoltaics
or other electronic device(s) after optimizing necessary parameters. The devices will then be characterized
for properties like 1-V, sensing, photoconductivity and performance analysis.

2.Final Findings:
Photoresists and Derivatization of CNTSs:
A group of physics and chemistry students prepared “high ortho” Novolak resins using different

Cresols using a two step procedure. The first step involved reaction with alkali, which was followed by
the polymerization using oxalic acid as catalyst. This was followed by steam distillation to remove the
excess cresols. Fractionation then yielded the required resin. This was then blended with the photoactive
compound (PAC) to yield the photoresist. The photoresist was then coated on a plate and exposed through
a mask, followed by aqueous alkaline development to give patterns. Such commercially available masks
are very costly but the students prepared these using computer and laser printer very economically. CNTs
are considered among the toughest and strongest materials known to man but these have low solubility
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which hampers their large scale use. Most known procedures for derivatization involve strong oxidation
with nitric acid, etc. which damages the side wall and decreases their useful electronic properties. A much
better protocol was used here for the formation of soluble adducts by thermolysis with aryl azides. These
adducts were then used for the fabrication and characterization of FETs, which is discussed below.

A FET device (bottom gate type) was fabricated using the derivatized soluble CNT adducts.
The silicon dioxide layer (200 nm thick)/Si wafer (500 micron thick) was used as a substrate material.
The SiO; layer acts as a dielectric for induced charges and isolate the gate (G) electrode from the drain
(D) and source (S) electrodes. The active area consists of a network of CNTs drop-coated over the SiO,
and the drain and source electrodes are patterned over it using photo-lithography process. The source and
drain contacts are made up of Aluminum (Al) metal deposited using the in-house thermal evaporation
facility developed in college as part of this project, whereas, the gate contact was made up of sputtered
Platinum (Pt). The device was then characterized for its I1-V characteristics (see the Figure above) which
exhibits an interesting but a very complex behavior.

The device exhibits multiple regimes, due to the networked structure, which are generally
exhibited by three different devices. The different characteristics were represented as three different
regions (1, 2 and 3) in the above Fig. (Right). Region 1 represents the region where this device will work
as a constant voltage source, like a Zener Diode. Interestingly, the gate breakdown voltage is variable and
is decided by the applied gate voltage, which in case of Zener diode is controlled by doping and is fixed.
Region 2 represents a region of constant current source at small gate voltages. This is analogous to
transistor characteristics. Region 3 represents a region of constant resistance at higher gate voltages.

In essence, the device is multifunctional and possibly removes the distinction between active and
passive devices, as it possesses features of both groups at different gate voltages.

3. Learning for Students:

The interdisciplinary nature of this project is the best feature of this project as it allows the students from
different disciplines to approach a problem with different perspectives. The work included in this project
is not taught in the current syllabus and both physics and chemistry students thus could comprehend the
mutual dependence and importance of the respective subjects in relation to modern microelectronic
industry and society. The project as a whole is a great opportunity to the students and the faculty members
to indulge in research activities along with the normal academic routine. The funding benefits the
students, teachers and the department as a whole with new equipments and research facilities. Every
student, who was involved in this project, got the opportunity to learn how to carry out research level
activities, viz. material deposition techniques, photolithography, device design, data collection,
measurements, and analysis, in a college environment along with their studies.

Furthermore, the project-work required the students to think ‘out-of-the box’. The most positive
feature is the hands on skills gathered by students while working under this project. They learnt to read,
plan, meet, discuss with the teachers and get their ideas, plans vetted by the mentor.

4. Benefits to College :

The first and the most important benefit to college is the creation of a research oriented
environment among faculty members and students. Both teachers and students are now working on
something that is not restricted to the course or curriculum and provides a platform for advance
discussions. Opening of such a platform for teachers and students by this project is missing and was much
required.

Equipments, like the vacuum deposition set up, and other testing and measuring instruments
are a permanent asset to the college contingency and both students and teachers can now use these
facilities for advanced level testing and measurement.

5. Benefits to Society :
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Though used by the entire electronic industry and defense establishments no photoresists are produced
in our country and are entirely imported. Work done in this project can eventually decrease our
dependence on import of such materials of strategic importance even for DRDO.

Carbon nanomaterials (fullerene and carbon nanotubes) are most promising materials for
nanotechnology, photovoltaics and organic electronics. The soluble CNT adducts prepared show very
interesting properties in devices fabricated (e. g. FETs). These are candidates for large scale use in solar
cells and flexible electronics making them very economical and more convenient to use.

6. Further Plans :

We wish to make devices after printing microelectronic materials using these photoresists. Indigenous
natural products like Cashew Nut Shell Liquid (SVE holds a national patent on it) for microelectronics
could be most relevant for our country.

Further work on preparing devices like FETs using the soluble SWCNT adducts made by us
could also be undertaken. Optimization of the various characteristics of the CNT-FET can be taken up to
make them competitive with silicon based FETSs. Further studies using other dielectric layer materials and
their thickness, channel width, electrode materials, transport mechanism would also interest us for further
work.
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VIVEKANANDA COLLEGE

Project Title: Assessing and Improving the Quality of Fat used in College Canteens

Project Code: VC 101

[

N

. Objectives:

Analyze fat samples for their quality attributes such as iodine value, acid value, refractive index,
saponification value, solid fat index, Reichert-Meissl Value, melting point, nutritional components,
adulterants, smoking/flash/ fire point, adulteration, colour and flavor.

Assess the quality of fat by comparing with standards.

Identify factors contributing to deterioration of fat/maintenance of good quality.

Develop need-based Information Education and Communication material

Improve awareness status of canteen owners and workers with regards to use and maintenance of
fat quality.

. Final Findings:

A total number of forty college canteens were taken for the study on the basis of inclusion exclusion
criteria. Fresh fat (group A), used fat (group B), fried food (group C) and non-fried food (group D)
samples were collected in duplicate from each of the canteen. The samples were evaluated for 24
quality parameters (iodine value, acid value, refractive index, saponification value, solid fat index,
Reichert-Meissl Value, melting point, nutritional components, adulterants, smoking/flash/ fire point,
adulteration, colour and flavor) in order to assess their quality in terms of nutrition as well as safety.
Presence of carbon was observed on tawa, karahi and oil in 67.5% (27), 72.5% (29) and 51.3% (20)
canteens. Risk factors which hasten auto-oxidation (rancidity) in fat such as transparent containers
(25%; 10) rust in containers (15%; 06), leakage in containers (5%; 02) and containers without lid
(27.5; 11) were observed in several canteens. Smoke on the upper surface of fat and foam was
observed during the frying process in 65% (26) and 47.5% (19) cases.

Analysis of fat and fat present in food samples further authenticated the deleterious effects of misuse
of fat. The acid value of 40% (16), 90% (36), 80% (32) and 42.5% (17) of group A, B, C and D
respectively was above the specifications; acid value of used oil being more than 400% above
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specified standards. 2.5% (1), 100% (40), 97.5 (39) and 92.5% (37) samples of group A, B, C and D
respectively did not meet specifications. The mean smoke point of used fat (191.75°C+30.96°C) was
significantly (p=0.000) lower than that of fresh fat (266.66°C+50.37°C). Similarly the mean flash
point of used fat (178.50°C+91.89°C) was significantly (p=0.000) lower than that of fresh fat
(350.00°C+0.00°C). The results indicate the presence of harmful compounds formed during repeated
prolonged heating of fat.

Samples were also analyzed for their nutritive value. The fatty acid composition indicated presence of
trans fats in 45% (18), 50% (20), 37.5% (15) and 52.5% (21) group A, B, C and D samples. The mean
trans fat content was 9.45+1.69%, 11.46+2.38%, 3.26+1.77% and 3.10+1.28% of the total MUFA
present in samples of group A, B, C and D respectively. The saturated, mono-unsaturated and poly-
unsaturated fatty acid composition indicated the fats were lower in PUFA’s and MUFA’s (separately)
as compared to SFA’s; the mean SFA content being 34.7£21.89%, 33.74+17.25%, 20.39£10.99 and
15.41+7.54% of total fat in samples of group A, B, C and D respectively.

To create awareness among canteen contractors, workers and general masses, need based
interventions in the form of play, brochure, poster, workshop, interactions with canteen operators and
information handouts to principals of various colleges were made.

3. Learning for Students:
The student participants have received the following benefits:
Our under-graduate students received basic understanding regarding the fundamentals of research.
They learnt the correct method of reviewing scientific literature (through visits to various libraries
and web search; e-library), development/pretesting of tools/techniques, data collection and its
analysis.
Classes on use/application of programmes such as Excel, Power Point and web media helped them
immensely.
B.A program and Hindi Hon. Students received exposure to state-of-the art technology available in
India for assessing quality of fat in food due to the collaboration of our college with FICCI-FRAC
(Food Analysis and Research Center).
During the development of Innovative “Fat Testing Kit” our Food Technology project students
understood the importance of commitment, hard work and failures for achieving success.
The students prepared a play to impart messages related to food safety. The play “Quality of Fat used
in College Canteens” was enacted during the World Food Day celebrations at a workshop
“Agricultural Co-operatives — Key to Feeding the World” organized by National Co-operative Union
of India and Association of Food Scientists and Technologists (Oct. 2012).
During Antardhwani, our students learnt about the work being carried out by their peers in other
colleges which immensely enhanced their knowledge.
The project facilitated participation of students in various scientific events such as:
= Symposia ‘Newer Health and Nutrition Challenges’ organized by Nutrition
Foundation of India, New Delhi (Nov, 2012).
= International Conference ‘Food Processing Value Chain Management and Food

Safety (IFpvs), National Institute of Food Technology Entrepreneurship and

Management (NIFTEM), MOFPI (Jan, 2013).
Team approach and leadership qualities kindled in them.
Students have gained skills and competency necessary for organizing scientific events such as the
innovation project workshop and seminar held in March and July 2013 respectively.
They learnt to work with their peers having diverse experience and subject knowledge.
Enhanced interest, confidence and vision related to academic achievements and pursuit was observed
in all student team members.

499



. Benefits to College :

e The purchase of necessary equipment for the analysis food/fat samples during the project has
been able to improve the overall facilities of the Food Technology laboratory. We are hopeful of
using the equipment for further academic purposes.

o Consistent networking with experts from other organizations has helped to enhance the profile of
our college.

5. Benefits to Society:

During the project, need based Information Education and Communication material was developed
and peer reviewed. It was used for enhancing awareness among college canteen contractors, canteen
workers, students, teachers, administrative staff as well as general public (such as that during world
food day celebrations, Oct 2012). The recipients of this information shall acts as channels of
communication for transmitting information related to good manufacturing practices (GMP). Such
knowledge may bring changes in the attitude and practices of food handlers and food business
operators. If such interventions are carried out at a large scale country wide, they can help to improve
the quality of food provided by food service institutions and promote the sale of safe healthy food. It
would thus help to reduce the existing rate of morbidity and mortality occurring due to the
consumption of unsafe food having poor nutritional value.

6. Further Plans:

e Organize training programmes for all canteen operators associated with academic institutions
especially University of Delhi. Such training programmes would be accompanied by problem
solving sessions so as to ensure better adherence of canteen operators to messages related to
GMP (Good Manufacturing Practices).

o Develop need specific Hazard Analysis Critical Control Point (HACCP) plan for each
canteen and each dish/product prepared and sold by them. Help the canteen operators develop
their own HACCP plan for the future.

e Develop guidelines for infrastructure of college canteens, purchase of
ingredients/utensils/equipment, pre-preparation, preparation, sale of food as well as
mandatory work conditions for the canteen workers.

e Assess the quality of fat in street foods, restaurants, hotels and other food service institutions.
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ZAKIR HUSAIN DELHI COLLEGE

Project Title: Feasibility studies to improve quality of living and development of low cost
efficient techniques to purify Potable water in villages: Case Study with
reference to Villages of Ajmer (Rajasthan)

Project Code: ZH101

Dr. Swati Arora, Project Investigator is explaining to the local villagers about the significance of the work done by the college
team under innovation project. The team of students and Faculty visited the Govardhanpura village in Ajmer district of Rajasthan
and informed the villagers about the quality of potable water available and educated them about an economical way to purify
impure water.

1. Obijective (150 words):

About six villages of Ajmer district (Rajasthan, India) were chosen as the subject for the present
project since this region face acute drinking water crisis during summer. During peak summer
months, the sources of water dry up and the villagers are forced to collect water from unsafe
sources. Samples were collected from various community sources of water and analysed for
different toxic elements and other parameters. The adverse effects of these parameters and toxic
elements on the health of local people were studied. Consequently, the main objective of this
project was to devise an innovative technique and fabricate an economical unit to purify water,
obtained from existing water bodies, for drinking purposes in villages preferably using local
resources. In order to achieve this objective a very simple and realistic approach is adopted in this
project. It is decided to use solar energy for making distillers for villages as sunlight is abundantly
available in this region. A Multistage Distiller which can be integrated with a solar water heater
and a water purifier has been developed in the project. The design of the multistage distiller is
such that it can provide a substantial output of pure water without any costly input. Alternate
arrangement is made to purify water in case there is no sun as in monsoon or winter season.
These objectives were achieved in three phases spread over a period of one year (May 15, 2012 to
May 15, 2013)

a. Survey of villages and collection of water samples (Phase 1)

b. Chemical analysis of samples of water to identify and isolate toxic/hazardous chemicals
(Phase I)

C. Development of low cost efficient techniques and devices to purify water (Phase I and I1)

d. To develop community tanks to conserve water (Phase I11)

2. Final Findings (300 words):
From the preliminary findings and analysis of water samples collected from different sources of
water, it was observed that pH, salinity, hardness and Totally Dissolved Salts (TDS) are the
primary area of concern. Hence, in order to remove the hardness as well as total dissolved salts
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(TDS) from the water samples we performed a number of experiments in the college using
innovative techniques. One such technique was based on distillation of water using solar energy.
We designed and fabricated a single stage, double stage and a multistage distillation unit to
increase the yield of distillation. The solar distiller works on the principle of heat and mass
transfer. The multistage solar still consists of five identical stages made of glass tray and glass
slide. Each stage of the still has a square glass tray of dimension 0.5 m x 0.5 m x 2 cm so that it
can hold 2 to 3 litres of water. The glass tray is covered with a glass slide inclined at an angle of
10 degrees. The water vapours condense on the inclined glass panes and water droplets trickle
down in a trough which is connected to a common distillate output. Height of each of the stage is
100-110 mm except for the first and fifth stage which is around 160 mm. The interior of the still
was painted black using epoxy based spray paint to absorb and trap maximum heat The still is
insulated using glass wool to avoid heat loss to surroundings. The top stage receives maximum
solar radiation Quz. Since this stage is coupled with a solar collector and receives an additional
amount of heat Qu. The top stage is filled with impure water from a single inlet. The solar energy
absorbed by the water in the first stage increases the temperature of the water. The heated water is
then transferred to the subsequent stages via a common thermally insulated pipe. The temperature
of the brackish water in different stages increases and this results in the production of water
vapours which condenses on the inside of the inclined surface of the glass slides and droplets
flow under gravity towards the edge of the tray and collected in the trough and finally to
collecting cylinder. The test rig is equipped with a set of PT-100 thermocouples to measure the
temperature of the water in different stages. Thermocouples have also been used to measure the
temperature of the glass slides on which the water condenses.

The distiller can be integrated with a solar water heater for the input supply of impure water. The
distiller is also integrated with a purifier so that when there is no sun, during monsoon or winter
season, water can be purified through membrane using solar panels and a battery to operate the
pump. The Multistage Solar Water Distiller has been filed for an Indian patent by the Delhi
University.

Learning for Students (200 words):

Innovation Project Scheme introduced by the Delhi University in 2012 was primarily meant to
motivate undergraduate students towards research and encourage them to come up with
innovative research ideas. In the due course students were expected to learn and know about the
latest research methodologies under the guidance of faculty mentors. The research project
undertaken by Zakir Husain Delhi College project has been quite successful in achieving this
broad objective. The project fortunately provided the students a right platform to translate their
ideas into practice and use the latest technologies to achieve the desired result. For the first time
students travelled a long difficult journey to reach to the remote villages of Rajasthan, which were
the subject of our research, and got a first hand knowledge about the actual problems being faced
by the local people. They really got motivated to do something worthwhile to solve the problems
being faced by the villagers, particularly drinking water problem, which was directly related to
their health. They were surprised to found that the resources were quite limited and the local
people were barely managing the basic necessities of life. Students surveyed the villages,
interacted with the people and compiled a report. They also learnt how to collect, identify and
code the samples, collected from different sources of water available in the villages, for further
analysis. The students were also trained in analyzing the water samples, measure their chemical
and physical properties and compare them with the actual standards provided by the government
agencies. Based on the results obtained, students were trained in preparing a research paper for
oral presentation in front of a learned audience. Eventually, four students were given the
opportunity to give oral presentations of their work in National Seminar on Advances in
Environmental Sciences organized by Him Science Congress Association at Shoolini University,
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Solan, Himachal Pradesh on August 24-26, 2012. They also presented a poster of their work
before the delegates.

The students also learnt a lot of research techniques other than that prescribed in their syllabi and
handled different instruments. They also learnt about fabricating a test set-up to do their
experiments in simulative and actual conditions.

Apart from this during the DU Antardhwani festival held on February 22-24, students met a lot of
visitors (students, teachers, scientists, general public) in the Innovation plaza and were put up a
lot of questions about their project. The students happily answered all their queries with a lot of
confidence and it was a good learning experience for them. This kind of practical training and
learning can only be obtained through such programmes which benefitted the students a lot.

Benefits to College (100 words):

The project has been extremely useful to the college on various accounts. Firstly, the students of
the college got an immense exposure to the research methodologies, approach to solve a research
problem, assembly and fabrication of a research test set up, generate a database of results for
theoretical and experimental analysis. Secondly, the amount sanctioned in the equipment grant
under the project was used to buy plenty of instruments like data acquisition and storage system
for online data access from the test chamber, solar water heater, solar panels, TDS and pH meter
and electrometer etc. The students were aware of these equipment but never had the opportunity
to use them in actual practice. They got a practical knowledge about the working of these
equipment during the course of the project. Since these equipment are now the central facility of
the college any student can perform new experiments on these equipment and use them to
enhance their knowledge. The college also got a complete well researched report that include
complete database on how to generate purified water using solar energy in tough weather
conditions. The data can be used to take up another challenging tasks to provide solutions to the
similar problems faced in other areas.

The faculty also got immense opportunity to visit those areas where reaching on an individual
basis would have been difficult. Reaching remote villages and getting first hand knowledge about
the problems being faced by the local people was quite enriching experience for them. With a
proper team of students the work could be organized in a proper fashion with minimum
difficulties and the data generated was quite useful.

Benefits to Society (100 words):

It is always believed that science should be such that it should help society at large rather than
confining the benefits of science only to the academic interests. The research problem chosen in
the present research programme was purification of water for drinking purpose in rural areas
using locally available renewable energy resources. Hence the outreach of the benefits was quite
large. When the team of students and teachers reached six selected villages falling under Ajmer
district jurisdiction, the local people got a platform to raise their concerns and they were happy to
know that efforts are being made to take their concerns to next level. Samples were collected
from different sources of water and the local people were educated about the presence and
absence of toxic elements in the water they are drinking. They were also informed about what
should be the limits of these elements in the drinking water and thirdly if there are certain
problems with the water like high values of hardness and TDS or pH values how can they be
controlled. They were also educated about the ways to purify water by using locally available
abundant resources of renewable energy. The technique developed in the project, like solar water
distillation, can be used to purify water and control its TDS values. During summers when the
water level depletes and resources become limited then additional sources of water can be
generated by purifying water from those sources, like handpumps or borewells, which are not
used due to its excessive salinity.
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6. Further Plans (100 words):

Water purification and filtration for drinking purpose is a very important and interdisciplinary
area of research. It assumes paramount significance and requires meticulous research. The solar
water distiller developed in the project will be integrated with a water purifier based on RO
membrane. We are simultaneously working on developing innovative reusable bio-membranes
for water filtration. It is a large scale project and requires systematic experimentation and
development of new advanced nanomaterials. We are planning to take up the work on
development of low cost bio-filters which can be reused and recycled. This bio-filter will consist
of a RO membrane supported on a porous ceramic system. Work is in progress to make a
sufficiently strong and porous ceramic support on which the membrane can be fixed. Mechanical,
structural, morphological and electrical measurements are being done to ensure the exact pore
size of the ceramic as well as the membrane so that micro, ultra and nanofiltration can be made
possible using a monolithic unit.
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