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Scilence : Is It for

- Pleasure ?
- Profit ?, or
- Pleasure and Profit ?

Does it benefit anybody ?
Is it worth the money spent on it ?

Is it directed at the right objectives ?
|s there too much or too little?
IS it too pure or applied ?
What are the rewards of research ?

As the world attains prosperity, science is taken f
granted and is increasingly being
gue stioned
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€8 \vHY DO YOU WANT TO BE A SCIENTIST ?

To be famous and be known
To become rich
To be useful to society and help humanity

To invent and create new products for consumers
To teach, excite, inspire and communicate science




SCIENCE IN THE 21st CENTURY

Blue skies vs Directed Science
Small vs Big Science
Individual vs Team Science

Curiosity driven  vs Grand Challenges or Utilitarian Science
Open access vs Intellectual Property
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A Recurrent Theme

Introduction of functional groups in polymers
- In the chain
- at the terminal end of the chain

Control of polymer structures
- blocks, comb and branched

Expanding the synthetic chemistry tool box by learn Ing
to manipulate a diversity of chain ends, radical, anionic
and metal — carbon bonds




OUR OBJECTIVES

Concepts and goals of

Techniques of controlled _ _
material science

polymer synthesis

Molecular scale
phenomena

Macroscopic functions
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Both these approaches require that the conditions c hosen for
polymerization are free of chain breaking reactions , hamely,

transfer and termination; otherwise, every chain wi Il not have the
functional group and the efficiency of functionaliz ation (Fn) will be
less than 1.0
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FUNCTIONAL POLYMERS : SYNTHESIS



(|3Hs
TLi"CHAC Ho)g CHy O-Si-tBu @ CHg

*- _ c . -
Li C_(CH2)4 CH, Hs Li C|}|_(C'—b)3_C|_E_O_ |Si_tBu

7 o h

. O
|
CF€|S\CH3 @ CH |S|
'Bu - B N /1N
I "CHACH,); CHzO-SHBuY o, OB

Ch

Hydroxyl end-functional PMMA can be prepared by living

anionic polymerization of MMA using protected hydroxyl-functionalized initiators




Synthesis of Hydroxy End-functional PMMA Using F3

TBDMSCI C|:H3 Li —sand T GHs
Cl-CH;CH;CH,-OH —— > CI—CH{CHZ—CHZ—O—%i—tBu S CHZ-CHz—CHz‘O‘?i‘tBU
Imidazole Hexane
e CH, 60 °C DPE , CH,
0%c— RT THE |40 C
T
TR < .
Run [l]O [M]O Conv. “Mn,sec b Mn,calc MWD = H C{CHZ)?TCHZ_O ?I By
no. , % “Mntheo / CHs;
Xlo_ “Mnsec
’ MMA
LIS THE | -78 °C
1 | 445|009 | 100 | 2300 | 2000 | 1.09 | 0.87 Hel
2 | 322|027 | 100 | 8500 | 8300 | 1.09 0.98 O3 CHa OHs
= —CH 2 C~CH,)-CH ;0—Sj—t
3 | 279|033 | 100 | 11500 | 11700 | 1.07 | 1.02 HE=CHZ 0 CH 23 GCH)CH 70-si~tBu
CH,O0-C |Cl—OCHs CH3
4 | 184|037 | 100 | 21700 | 20300 | 1.07 0.93 g 0 A
THF
1 CHs Hs
. HC—CH>—C—CH 2} C~CH)-CH ;OH
Well-controlled polymerization R E_OCH " ’
: : : 0 CH,0-C i 3
Functionality confirmed by *H |(|) o

NMR,MALDI-TOF MS



O £Hs Ot
HG—CH THCCH 7 CHCH ) CH Z—O—Sri—tBu
CH 3o—ﬁ |C|-OCH3 CH,
o) 0]

do.0
d6.7-7.6
d3.58

6 H of -Si(CH,),
10 H for 2 phenyl groups
342 H for —OCH, protons of PMMA

quantitative functionallation of PMMA chains

End-group. mass from any say, m/z = 2597 and
2791 are 494 and 491 respectively

Theoretical end-group mass = 354+101+39= 493

Also, single generation of polymers

4

Presence of free —OH at all chain-ends




M CHs
thjg—o—«}@ﬂE;Cw—+%ﬁH

protected hydroxy-PMMA (using F3)
used as macroinitiatol

Ma COOCH
TBAF / THF
12 hrs
|CH3
HO—(CHp);~ *CHz—|C+nH
COOCH
lphgc'K%
C
. éHs EQ/ THF
KC}*CW%&ETCHT_|AHH R.T,

COOCH

|_|3
»r&o—cw—ubtp4cwy'*Uﬁ_;%ﬁ*
COOCH;




Vp=28. 43 mL
"M | se=11500

M ysed M g™ 1.07

PMMA- OH

iR

T
280

T T
8.5

230

T
285

T
Joan

—

PMMA- b-PEO
Vp=28. 15 mL
"M 515500

Y W,sec/“ M n,sec 1.20




- d3.
53 PMMA-OH
-OCH;group of
precursor PMMA
43 PMMA- b-
g2 PEO
—d3.
58

-OCH,group of

PEO block of
PMMA- b-PEO




Run no. PMMA-OH [MMAJ:[EO] PMMA- b-PEO
sample| “M, |“My M, | nfeed Conv. | “M, | “MwM, | [MMA]: [EO]

no. | (SEC)| (SEC) (SEC) | (SECQ) (by NMR)
1 F3 | 11500  1.07 3.3:6.7 051| 15400  1.20 3.9:6.1
2 F3 | 11500|  1.07 2.7:7.3 053] 15900  1.20 3.16.9
3 F3 | 14000 1.08 4.15.9 0.49| 16400  1.21 4.9:5.1
4 F3 | 14000 1.08 3.8:6.2 056| 17300  1.15 4.15.9
5 F3 | 8500 1.09 4.9:5.1 0.60| 14400  1.13 -
6 F3 | 2170C| 1.07 4.6:5.2 0.6 |2710 | 1.2t 5.2:4.€
7 F2 | s000| 1.08 2.4:7.6 0.50| 800D 1.27 3.0:7.0
8 F2 | so00| 111 2.5:7.5 058| 13700  1.18 2.7:7.3
9 F2 | 8900 1.11 1.1:8.9 0.61| 15500  1.13 -
10 F1 | 162000 1.10 2.0:8.0 055 40740  1.27 1.2:8.8

|CHs
*Li-cHAC Ho)y CHzO-Si-tBu

=p &

|CH>,
TLi"CH{C M) CHyO-SHtBu

F3 ©"



MMA PMIVIA
= h = o = =
@PR Li THE M -Ii_l
functional igmitiator
@6—~protected d‘l—'l%‘?oup ‘(3 ‘
O|=CS=C

EGDN

Protected hydroxy-functional star-PMMA

Step 1: Anionic
polymerization of MMA
using functional initiators

Step 2: Living chains
coupled with bis-
unsaturated monomer



Controlled synthesis of hydroxyl-functional
Effect of arm length & [EGPAIN Ar si@of branche

Sample | EGDMA/ Arm Star No. of
initiator M. My Mo/ | M., M./ My | “f, arms

(SEC) | (sEC) | M~ | FC) ZyEC) o (tt)ﬁ'm'_?H
F3-S1 31 7000 7600 1.0¢ 55.@ 1.11 746 D.8 9.
F3-S2 3:1 8500 9100 1.07 54.5 1.12 70.0 | .7 7.
F3-S3 3:1 11000, 11700 1.0 60.( 1.0 7%.4 6.4 6.
F3-S4 31 19700, 21009 1.0 97.4 1.15 120.0 [5.7 :
F3-S5 6:1 8600 9400 1.0¢ 75.0 1.10 90.0 9.5 9.
F1-S1 31 5100 5500 1.0¢ 35.G 1.10 39.0 V.1 -
F1-S2 6:1 5000 5500 1.0¢ 48.0 1.12 . - 9.4

+

CH3

Li C‘(CHZ);CHZ O—Sl_tBu

-O

£




CONTROLLED OR “LIVING™ POLYMERIZATION

OF OLEFINS
e Controlled catalytic polymerization of olefins is s till an
elusive goal
« Evidence of “living” nature of chain ends not compl ete.

True A-B and A-B-A block polymers of olefinsarera  rein
the literature

o Several catalyst show features such as narrow molec  ular
weight distribution for polyolefins. However, this alone is
not very interesting

« The conversion of an active carbon metal bond to a well
defined end functionality does not appeartobeag  eneral
one except for C-V bonds

 Thus, Indirect methods must be resorted to for the
synthesis of functional polyolefins



CONTROLLED OR “LIVING™ POLYMERIZATION

OF OLEFINS

« Controlled catalytic polymerization of olefins is sl an elusive goal

« Evidence of “living” nature of chain ends not compéte. True A-B
and A-B-A block polymers of olefins are rare in thditerature

» Several catalyst show features such as narrow moldar weight
distribution for polyolefins. However, this alone s not very
Interesting

« The conversion of an active carbon metal bond ta well defined
end functionality does not appear to be a generahe except for C-
V bonds

 Thus, indirect methods must be resorted to for theynthesis of
functional polyolefins



IN CHAIN FUNCTIONALIZATION OF
POLY(OLEFIN)S

AN
OH
S. Marathe(1994 K. Radhakrishnan (1998
COOH
COOH
K. Radhakrishnan (1998) K. Radhakrishnan, M.J. Yanjarappa

(2000)



SYNTHESIS OF VINYLIDENE TERMINATED OLIGO(1-

HEXENE)
— Metallocene/MAO Mn - 300 ) 2000
Toluene/50C
i 2 eerton NN Fn > 95%, Mw/Mn = 2
n=3-10
Metallocene Temp Mnby |Mnby'H| mol% Vinylidene
VPO NMR unsaturation

(°’C)
Cp2ZrCl , 50 370 380 98
40 580 600 96
30 860 900 95
n-BuCp,ZrCl , 50 440 460 98
40 700 730 96
30 1020 1100 93




RITTER REACTION USING VINYLIDENE TERMINATED
OLIGO(HEXENE-1)

R—CN
R=H2C =—CH d
CH3 H
> |
\ 70% H2SOy4 N—C—R
L a 750C /1 2h A L)
CHg

474 473 472 471 470 469 4.68 4.67 4.66




N-POLY(ALKENYL) ACRYLAMIDES : NOVEL
AMPIPHILIC MACROMONOMERS

Hydrophilic Amide
Capable of
Hydrogen Bonding

Reactive p
ﬁ |

Unsaturation
@)

h Hydrophobic

alkyl group



Atom -transfer Radical Polymerization
(ATRP)

Atom transfer radical addition

/ M" /R 2

CXsY + e —— YX,C—C—C—X + M1 Morris Kharash
I |

R H R H (1938)

(X = halogen; Y =H (or) electronegative group; M = Cu or Ni)

Atom transfer radical polymerization

kact
NS X + MtY/L, = NS T—-*  + MtXY/L,
deact
Q(_) -Matyjaszewski (1995)
: -Sawamoto (1995)
+M

[ X and Y- halogen; Mt -Cu', Ru", Fe'', Ni"', etc; M- vinyl monomer, L—Ligandj




Advantages of Copper-mediated ATRP

kact

P-X + CuX/L, — P, + CuX,/L,

kdeact U \
k
Po-Pn (P, /P,M)

Significantly suppresses chain-transfer and chain-t ermination

Produces polymers with well-defined molecular weigh t and narrow
molecular weight distribution

Tolerant to many functional groups
Wide range of monomers and solvents can be used
Very robust technique and easy to perform

Chain-end functionality is preserved leading to for mation of block,
graft , star, comb, and hyper-branched copolymers.



CONTROLLED SYNTHESIS OF DIOL
FUNCTIONALIZED POLY(METHACRYLATE)S

CH.,OH ﬁ) O
| H3C—C—CHj L{

— C—— > O
H3C CH,0H . HaC
CH,0H CH20H
Ti(0-iPr) 4 ><
Toluene 95°C | Br C/OCH3
ATRP I
CuBr, PPMI, O
Toluene, 95C v

@)

O
CH,OH . L
| ) =(|3 O—CiaHas O
H3C—C|3—CHZOH < HaC

i) Deprotection

T
O |

A ? o~°
M

Mn (VPO) ~5000

Mw/Mn = 1.18 oty



NEARLY MONODISPERSE POLYURETHANE
NANOPARTICLES -
FUNCTIONAL POLY(LMA) AS STERIC SURFACTANTS

124 100 nm
10l djd =1
‘CHZOH C"’ oL Stabilizer 5wt % < 8]
H3C—C—CH 0 &
H3C—C——CH,0H 3 3 e o DBTL 0.005% :
HY 75 C CH,0H Cyclohexane 20 parts g4
CH,OH & 2
Ti(0-iPr) 4
ATRP Toluene 95°%C | Br /OCH3 o1 10 100 1000
CuBr PPM| i1l Particle Size, nm
Toluene 9loC TDI
oy C N + | 60C 4h
= CiiHas
H3C—C——CH,0H 5 HsC EHG
i tecti
(l:Hz eprotection v 60)C1 4 h
2 i 45\4 PU particles
o C—C%Br © B
\C n r
[©

O e
Mn (VPO) ~5000 s
Mw/Mn = 1.18




POLYURETHANE - MICROSPHERES

METHODS DEVELOPLED

« ARE SIMPLE AND APPLICABLE TO WIDE VARIETY OF DIOLS AND
ISOCYANATES

« PRODUCE FREE FLOWING PU SPHERICAL PARTICLES WITH AL MOST
UNIFORM SIZE RANGE

e 0.1TO 100 MICRON RANGE BY CHOOSING APPROPRIATE EXP ERIMENTAL
PARAMETERS

SEM AND PARTICLE SIZE DISTRIBUTION OF PU MICROSPHER ES (NCL)

0

D

0.1 1 . 100 1000



CONTROLLED RELEASE

Controlled Release (CR) can be defined as a method  or
technique by which an active agent is delivered to an
Intended target through a polymeric device at a
concentration and for a duration designed to accomp lish
the desired effect while avoiding other responses o r side
effects this agent may cause.

Concept of CR is applied in many areas viz.
Pharmaceuticals Flavors Curing agents

Pesticides Perfumes Viruses
Electronic ink



MICROCAPSULES:

The most desired form in Controlled Release

Microcapsules are small particles that containana  ctive
agent or core material surrounded by a shell or coa  ting.

Microcapsule Size : 1 to 1000 microns

Different types of microcapsules having a variety o f
structures

0o 1 /),)/



POLYURETHANE
MICROCAPSULES:MONOCROTOPHOS

PESTICDE MONOCROTOPHOS
THERMALLY UNSTABLE AT TEMP ABOVE 40 °C

FREELY SOLUBLE IN WATER AND MANY ORGANIC SOLVENTS E XCEPT
ALIPHATIC HYDROCARBONS

DECOMPOSES IN MOIST CONDITION
CONVENTIONAL MICROENCAPSULATION METHODS CAN NOT BE EMPLOYED

A NEW PROCESS WAS SUCCESSFULY DEVELOPED TO PREPARE PU
MICROCAPSULES OF MCR WITHOUT ANY DELETERIOUS EFFECT

2 3 450, |/ 6 $"%# 78"™"9
2 3 |/ % _ $<8"™9
2 3 => 1)) [ + )3 Co " T8 #9



MICROCAPSULES: PERFUME

? Getting fragrance onto clothes presents a challenge
for detergent companies and their suppliers”
Cover story: Chem. & Engg. News, Jan. 29,2007

Customer perceptions

Nice fragrance while taking out the fabric from was hing machine

Fragrance persists when washed fabric is being used l.e. superior “tenacity “ is
desired.

Far better "tenacity” fragrance should have good “s ubstantivity”

To protect the perfume from different chemicals pre sent in detergent composition i.e.
perfume should have good storage stability in the p roduct.

High values of these parameters can be obtained by using microencapsulated
perfumes.



PERFUME MICROCAPSULES: SUCCESS CRITERIA

Develop microcapsules containing perfume:

« Particle size ;<50
o Stability . leakage <30% , 2 weeks /35 C
 Release triggers . loss of water (dehydration

of the capsule), pressure
and/or temperature

Microcapsules with Non-formaldehyde wall chemistry
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STABILITY OF PU CAPSULES

Microcapsule % Leakage at35C
In LFE In HDL
After After
lday 2 Wks 4Wks lday 2WKks 4Wks

PUAC , 50% Loading 27 51 58 11 26 39







Though some of the BLIC-designed packaging, such as of
Olay Total Effects and Olay Regenerist, have beens elling
In global stores, one of the earliest examples of o pen
iInnovation from here has gone into products that ha ve not
yet entered the Indian market.

For instance, BLIC and the National Chemical Labora tory, a
Council of Scientific and Industrial Research labor atory in
Pune, have developed a new micro-encapsulating

technology that has gone into its fabric softener D owny.
Yet to hit Indian stores, the company says its frag rance
lasts for a week after the wash, longer than rival products.

The key lies in the technology that allows the perf ~ ume-
containing micro capsules to open up when the

dehydration process kicks in. The end product, says
Chatterjee, is “cheaper and better”. The laundry sc lence
groups in Newcastle and Brussels were also involved In
the development of the product.”

1 )1 /6 # = "%<" /AB# _$7||






Lesson ;. Excellence in science and applications ar
not mutually exclusive

e







Over twenty five US patents in the broad
area of polycondensation chemistry

Over 10 million dollars of income through
patent licensing fee, royalties, research and
consulting fee to NCL



Published in Macromolecules,
26, 1186 (1993)



First example of licensing from CSIR










Traditional image

Solitary scientist
withdrawn from the
world, working in
Isolation within the
confines of his
laboratory



Organizing scientific research on the scale of big ~ operatic and theatrical
production is still something new in science




EXPLORATORY == PRE-COMPETITIVE TNEEE NOLOIER

DEVELOPMENT
Output.
Output. Output. « Tech transfer (Royalty)
 Papers « Papers  Lab to Market
« IP | « IP | (Pre-serial A
e Ph.D. Thesis e Ph.D. Thesis activities
« Knowledge » Concepts with « Spin offs and Equity
+ Competence market potentials « IP licensing (Royalty/
License Fee

* Focus on
innovation

» Define delivery
models

» Connect solution

with problems

e Unstructured
research

* Follow exciting

ideas as they

come

o Partially
structured research

* Follow key concepts
which have

potential utility




EARLY STATE RESEARCH OF LATE STAGE

EXPLORATORY/ STRATEGIC NATURE INNOVATIONS
DISCOVERY

SUSTAINING OR
INCREMENTAL
INNOVATIONS

DISRUPTIVE
INNOVATIONS

\/S|5T£$JRUEPS IP LICENSING PUBLIC T TR
PRIVATE R&D TRANSFER

PARTNERSHIP
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