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Our Group

1. Multiscale: Scaling from molecular interactions to large scale processes

2. Areas related with polymers &/or nano-science &/or biological applications

3. Fundamental understanding to application detailing

4. Combining experiments, theory and simulations
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* 39 Journal Publications o " ¥ Develop
* 20+ Years of Experience
* 10+ Years in Industrial R&D Conceive

* Projects Worth ~175 lakhs (ongoing)



Activities: Hovering around Polymers
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« Sodium
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Polymer Physics, Intermolecular Forces,
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DBT Project (Collaboration with LVPEi; Ongoing): Multiple-Drug Nano-formulation and
Quantitative Imaging of Cellular Response for Glaucoma Treatment Protocol

Internal Collaborator: Dr. Lopamudra Giri ExternaliCotcRE St

/ Role of PNB Group: Nano-Formulation p,. sybhabrata Chakrabarii
ot . T of Hydrogels for Controlled Release Dr. Sirisha Senthil
Objective Project Objectives ydrog Dr I ST

bioadhesive and thermosensitive polymer LV Prasad Eye Institute

” N
Objective 1 Sougat, SRF q
Fabrication of hydrogel based eye drop with multidrug nano-formulations using L\/PE

Objective 2 Normal vision

Development of quantitative imaging tool to monitor drug release profile and —
measurement of/intracellular calcium (cytosolic calcium) and cell viability by
scanning laser Confocal microscopy

Debasmita, JRF k

Objective 3
of dual drug nano-formulations in rabbit model and in vitro [EESISSCII ANy
ual drug nano formulation in human primary culture (Collaborator)
Drug 1 Y R B Prug 2
) < Polymer 2
Polymer 1 ————— | Formulation 3
\\\ /> « Excipient 2
Excipien’r ] \ / https://flei.com/what-are-the-symptoms-of-narrow-

le-glaucoma/
\ \ ang



Polypropylene: Controlled Branching

Catl Cat Scientific & Technological Content
a a » First validated mechanistic kinetic model for PP long chain branching
* Optimal variable space and meta-modeling to control polymer architecture in PP

‘¥/
» Isotactic backbones and atactic side chains by binary iron (metallocene) and
Toulene zirconium single-site catalysts
« Catalyst (1) => Short chain atactic polypropylene macromonomers (aPP; having
a% terminal double bonds)
o L « Catalyst (2) => Copolymerize isotactic propylene with aPP to form LCB PP

Grafting Density => Long chain branching formation rate w.r.to propagation rate

Kinetic scheme for the two catalyst systems.

. e Initiation e Catalyst activation Chemical Engg. JOUFI’IGI, 2014
Cr+M2p, cat; + cocat £ G, Poly. Engg. & Sci., 2014
e Propagation e Initiation
Kpt ki
F Pi+MZP, G +M=Qp
g e p-H elimination e Propagation
= kp = H kp2
“ Pn_‘D" +C] Qn_i“‘M_‘QiHI_i ' .
g" e Reversible chain transfer to metal e Long chain branching DI’. K M”TGI ”TH
_ Kgr _ ok,
’ D; +Ci 2P, Qui + Do = Quymisn (Collaborator)
e Reinitiation e Chain transfer to coctalyst
kri'. ka
Cl +M=py Q + cocat = Ry + CY'*
¢ Reinitiation
10 (EU‘IE + M k_raJ Q]{]
¢ Biomolecular deactivation Dr. Anitha
Chain Length 2Qn; 2 2Ry + 24




Alkane Chains & Others: Interfacial Tension (Dissipative Particle Dynamics - DPD) Ii'll

£ r £D £R
ji Thermostat that .~ Relation with

Respects }; Stat. Mech. &
J Hydrodynamics Exp. Findings

How to approximate the bead size and
property in predictive fashion?

Rakesh § Prof. P Ray, CU
(Collaborator)




High Ash
Tailing Coadl
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e 10%+ increase in mine’s life

e 0.25 MT clean coal

Grinding

- ——

Separation

Collaborative Ongoing Project with Tata Steel: Utilization of Tailing Coal

Coal Slurry
Combustion

Dr. Raja Banerjee, |ITH
(Collaborator)

- Activated
Carbon
Preparation
of Low Ash -
Coal Slurry %’
) Y
Carbon Nano Dr. D Shee, IITH
. (Collaborator)
Materials

Dr. CS Sharma, IITH
(Collaborator)




Lignin Depolymerization

e i High Lignin Conversion
f-O-4 Aryl Ether 46 60

0-0—4 Aryl Ether 6-8 6-8

4-0-35 Diaryl Ether 3.5-4 6.5 . .

ps5-phenylcomnaran 9.1 6 High Selectivity for Low Char
5-5-Bipheny 9.5-11 45 Monomers Formation
p-1-(1,2-Diarylpropane) v 7

B-p—(Resnol) 2 3

Others 13 15

High Lignin- Low Green
to-Solvent catalyst-to- Solvent
ratio Ile]gligNgelile; (Water+THF)

Flexible

W°’Ve"' Major Highlights:

Rp~aN¥s Catalyst: HZSM-5

meselent T o catalyst: NaOH m’d

}‘S . . vre Dr D Shee, IITH
R,,~aN'?2 Mild Reaction Conditions

Poor solvent H|gh ngnlﬂ Loodlng (]29)

~aN”3
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G-Protein Diffusion: Molecular Simulation (Coarse Graining)

. o « Principles of equilibrium statistical mechanics
i T “: S « Polymer physics
X e Mk . Molecular dynamics simulation
e © ¢ ¢ ¢
P © ¢ ‘
Internal : : :
membrane G-protein translocation rate depends on Y-subunits
o
® R 0:'0
¢ ¢ . ege, o
PRIEX Possibilities
0\
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Intermolecular Interactions

Basal

Pinaki, Research Scholar % Dr. L Giri, IITH

(Collaborator)

Karunarathne et. al., Biochem Biophys Res Commun. 2012
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Sandwiched
nanofiber mesh

Approach to Fabricate Nanofiber based Novel Drug Carrier

Mater. & Manuf. Processes, (2015)
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Dr. C.S. Sharma, IITH

(Collaborator)

Dr. Anindita Laha

Ongomg DST-Nano

Mission Project



Porosity

Novel Vehicle I Solvent

Replacement

Swelling,
Coating &
Cross-linking

Influence of
nugget weight

FT-IR Drug Release

(Drug Stability) Multiple Drugs

RSC Advances (2015)

Porosity of Soya Nuggets

Soya nuggets — A Potential Carrier: Release of Hydrophobic Drugs
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Dr. Utkarsh Bhutani
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Cardamom Shell: Low Cost Cross-linker Free Drug Carrier with High Loading

(a) | ——35G/35LVSA/30P (b) | —8—35G/35LVSA/30P
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Cardamom Capsule ONE DIMENSIONAL RELEASE
International
Media
Coverage By
o Materials

Dr. Utkarsh Bhutani Matrix lvnt:lcl Today




Piperine as Placebo: Sustained Release

Ethanol Evaporation ()

| Preparation of Gelatin Capsule Piperine Mesh over the capsule

Piperine = 10 mg/ml

68.80° +0.928

Piperine = 2.5mg/ml

Piperine Coated Gelatin Capsule

Possible H, Bond Interactions (a) Gelatin Film (b)
Gelatin/Naproxen  Film  (¢)  Gelatin/Piperine

Ethanol
Ethanol (20mg/ml) (d) Gelatin/Piperine (10 mg/ml) (e)
e \/\/‘ Gelatin/Piperine (5 mg/ml) (f) Gelatin/Piperine (2.5
*
e mg/ml)

Dr. Utkarsh Bhutani ACS Applied Biomaterials (2018)




Fundamental Studies on lonic Polymers (PE)

counterions
+

hydrogen bonding chain connectivity

salt ions
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M.Muthukumar; Macromolecules 2017
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/ e \/ ATq* Cion 5= ERBT
I}Sebye Screening Length Bjerrum
‘ Length

log I(q)

How far its electrostatic effect persists with salts

Our Case: Gelatin + Sa

1. Effect of NaCl [Charge Condensation]
2. Polymer Chain Collapses or Expands
3. Re-expansion Observed in the gelatin chains

It [Different pH conditions]

Size Shape

Gelatin in a Coulombic Soup of Monovalent Salt (Molecular Dynamics)

» Length at Which Thermal Energy = Electrostatic Interactions

Small Angle X-Ray

Internal

Structure I(q):F(q)*S(q)
el
Experimental Form factor  Structure factor
Intensity of particle of solution
+Asq— 0,
q (&) 2

0 01 02 03 04 05

In/(g)=1Inl, —?ng

[ Dynamic Light Scattering

D= Omn. Ry

\\

kpT — Stokes-Einstein Equation

J. of Phys. Chem. B (2019)

o
Sample (@) - . '
X-rays . Guinier approximation
k; 26 .
k, rq=k -k
k, = 2T/A W/ 'q = 4wsinbik Grant, HWI, SAXS Demo
Detector

Pinaki, Research Scholar Dr. Utkarsh Bhutani
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https://www.bing.com/videos/search?g=saxs&&view=detail&mid=E9QEBC27726A955A37A6E90EBC27726A955A37A6&&FORM=VRDGAR



https://www.bing.com/videos/search?q=saxs&&view=detail&mid=E90EBC27726A955A37A6E90EBC27726A955A37A6&&FORM=VRDGAR

Research Prospectis

A

Application
Spectrum with
Botfom-Up
Design for
Biomaterials

Biomaterials Multirole
Design Hydrogels

Higher Yield . Technology: Coal
from Lignin C Nano Materials & Coke Processes
Lignin Pilot Scale Unanswered
C-Slurry questions in PE

lonic Polymers:
Interactions
with Additives

Today




Few M.Tech Students
.
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Contributions from Few Others

WO U R P
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Remembering Contributions

Himanshu &
Jithendra, 2013

Utkarsh &
Rakesh, 2014
Deepak &
Prasanna, 2015

Deepa, 2016

Anshuman, UG I &
Anushrut, UG . Ishaan, UG

Kumar, Project m Pankaij, Project
Assistant é Assistant

Rucha, 2017

@*a'

Tithi, 2019




Polymer: Window to Explore Il.ll




May we all be protected
May we all be nourished
May we work together with great energy
May our intellect be sharpened
Let there be no animosity amongst us
Peace (1n me), peace (in nature), peace (in drvine forces)

- Upanishad




