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Science : Is it for

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

Does it benefit anybody 7
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 for
granted and is increasingly being
questioned




IS WHY DO YOU WANT TO BE A SCIENTIST?

Years cien:

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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" TWENTY YEARS OF RESEARCH AT NCL (1989-2009)

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 learning
to manipulate a diversity of chain ends, radical, anionic
and metal — carbon bonds




OUR OBJECTIVES

Concepts and goals of
material science

Techniques of controlled
polymer synthesis

Molecular scale

phenomena Macroscopic functions




THE PURPOSE OF THIS LABORATORY IS TO ADVANCE
KNOWLEDGE AND TO APPLY CHEMICAL SCIENCE FOR
THE GOOD OF THE PEOPLE




FUNCTIONAL POLYMERS THROUGH
CONTROLLED CHAIN GROWTH
POLYMERIZATION

Functional initiators

— Anionic, cationic, free radical, GTP, ROP
Functional monomers

— Free radical, GTP
Protected functional monomers

— Anionic, GTP, metal catalyzed polymerization
Functional termination of living chain ends

— Anionic, GTP, cationic, free radical

Controlled catalytic chain transfer

— Free radical, metal catalyzed polymerization




| CONTROLLED SYNTHESIS OF FUNCTIONAL
POLYMERS

- Synthesis of end functionalized poly(methyl
methacrylate)s via living anionic polymerization, group
transfer polymerization and atom transfer radical
polymerization

« Synthesis of functionalized poly(olefin)s using metal
catalyzed coordination polymerization




SYNTHESIS OF FUNCTIONAL POLY
(METHYLMETHACRYLATE)S

» Chain end functional polymers through the use of
protected and unprotected functional initiators

» Functionalization of a growing polymer chain end
using a C-C bond forming reaction

Both these approaches require that the conditions chosen for
polymerization are free of chain breaking reactions, namely,
transfer and termination; otherwise, every chain will not have the
functional group and the efficiency of functionalization (Fn) will be
less than 1.0




Synthesis of Functional Polymers via Anionic
Polymerization

Living Anionic Polymerization is the most versatile and controlled
method for preparing end-functional polymers

Absence of termination and transfer

!

Excellent control over molecular weight, MWD,
microstructure, functionality

Living anionic polymerization enables synthesis of
functional polymers with well-defined structures




FUNCTIONAL POLYMERS : SYNTHESIS

Strategies for polymer functionalization

W
/N

Electrophilic termination Functional initiation

Simpler and quantitative

* Method more general method

* Functionalization usually
not quantitative =
Unfunctionalized chains

Functional groups need to be
protected

Can be used for making
telechelic polymers, functional-
block and star copolymers

 Undesirable side-reaction
= Polymeric side-products




Synthesis of Hydroxyl End-functionalized PMMA Using
Protected Hydroxyl-functionalized Initiators

|Cl-l;
*Li"CHHC H2)6—CH2—O-|Si—tBu @ CH

+ -
(i C—(CH, ) ChH CH, - (:,H%){ -0 5,
CHy

Chy
TLi"CH{C Hz)-CH; O-SHtBu
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

Celebrating Sixty
Years of Science

’ '3 : Adduct of 1,1’-diphenyl ethylene and protected hydroxy propyllithium

TBDMSCI cl:H3 Ll-sand 4= CH,
Cl-CH,-CH,-CH,—OH > CI-CH;CH4CH —O—?i—tBu — ., LiCHzcH 5CH 2—0—?i—tBu

Imidazole o Hexane CH
DCM 3 60 °C DPE o 0
0°c— RT THE | "40 C

o
f= +Li -C_(CHz)a_CHz_O_?i_tBu
mn,theo / CH3

M n,sec

0.87

0.98 CH £ CHs
HE-CH 7 {G—CH.) 7 C~CH,)CH ;o—:?i—tBu

CH,0-C C-OCH, CH;
0.93 I |(|) TBAF

1.02

12h

o)

l CH,

|
HG-CH S {CCH ) C~(CH,) CH; OH

CH,0-C C-OCH;
)b

THF

e Well-controlled polymerization
e Functionality confirmed by 'H
NMR,MALDI-TOF MS




Hydroxyl End-functionalized PMMA Using F3: Characterization by
NMR & MALDI-TOF MS

TH NMR (500 MHz, acetone-d6) spectra of
silyl-protected hydroxy-PMMA 50.0 6 H of -Si(CH.,)
° 372

(Mn,sec=11500) 5 6.7-7.6 10 H for 2 phenyl groups
03.58 342 H for —-OCH; protons of PMMA

H, FHs
H?—CH 2—(?—CH o CACH,).CH ;0 ? quantitative functionall kation of PMMA chains

CH 3o—lc: ﬁ_OCHs
0

MALDI-TOF mass spectra of
hydroxy-PMMA (Mn, sec=2300)

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

1l s

Presence of free —OH at all chain-ends

.IMJ_. | ln‘uniJ .n..ML‘L.“lLﬂJMPm |

2000 2200 2400 2600 2800
Mass/Charge




Synthesis of PMMA -block-PEO Copolymer

Hydroxy-PMMA prepared using F1, F2 and F3 were used as macro-initiators
for the synthesis of PMMA-block-PEO

M CH;
t-Bu—/Si—O—(CHz)4— (gj—(crlz—):%ﬁ H

toocH 1

lTBAF/THF

Me

12 hrs protected hydroxy-PMMA (using F3)
used as macroinitiator

CHy

|
HO—(CHy), +CHz—|CJ¢~.H
COOCH

lPMCWG

EO/ THF
R.T.

Hy
> H{O—CHy—CH,)- O~CHy);~ _(CHZ_‘|£_)F|H
cooCH

CHy
K O—(CH)- ‘(CHZ_%:_)EH
cooch
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NGL CHARACTERIZATION OF PMMA-BLOCK-PEO

Celebrating Sixty §

G COPOLYMER

GPC Analysis

PMMA-OH PMMA-5-PEO
Vp=28.43 mL Vp=28. 15 mL
M, . =11500 M ;ec=15500

n,sec

M / M =1.07 I w,sec/ M n,sec— 1.20

w,sec n,sec

Increase in molecular weight
* Elugram of block copolymer show tailing in low molecular weight region
* Tailing disappears on washing the copolymers with water

» Water-soluble portion ( ~3.0 % by wt.) was found to be PEO homopolymer




Characterization of PMMA-block-PEO Copolymer

TH NMR (500 MHz) spectroscopic analysis
PMMA-OH

-OCH; group of
precursor PMMA

» Additional peak at 6 3.62
due to —OCH, protons in
PMMA-b-PEO

-OCH, group of ) i o
PEO block of ARy o = = * Ratio of peak intensities

PMMA-b-PEO S AN ’ ' ’ due to -CH; and -OCH;
- protons is 1:1

Appearance of new peak due to —-OCH, protons confirm formation of the diblock

Presence of equal number of methyl and methoxy groups suggest insignificant
amount of transesterification reaction




Characterization of PMMA-block-PEO Copolymers : GPC & NMR

PMMA-OH [MMA]:[EO] PMMA-b-PEO

Sample | M, | M, M, | feed M, | M,/ M, | [MMA]: [EO]

no. (SEC) (SEC) (SEC) (SEC) (by NMR)

F3 11500 1.07 b 15400 1.20 3.9:6.1

F3 11500 1.07 15900 1.20 3.1:6.9

F3 14000 1.08 i 16400 1.21 4.9:5.1

F3 14000 1.08 17300 1.15 4.1:5.9

F3 8500 1.09 ! 14400 1.13 -

F3 21700 1.07 27100 1.25

F2 5000 1.08 b 8000 1.27

F2 8900 1.11 13700 1.18

F2 8900 1.11 4 15500 1.13 + Li'CH'(Cl'Iz)—CH—O-|Si-tBu
3 2 I

F1 16200 1.10 b 40700 1.27 @ F3 CH

|

e NMR and GPC results prove the formation of PMMA-b-PEO from the precursor PMMA -
OH

e Simple process of purification yields well-defined block copolymers with unimodal and
fairly narrow MWD

 Run nos. 5 and 9 resulted in water-soluble PMMA-b-PEO copolymers
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e RCCL Synthesis of Hydroxyl-functionalized PMMA Star polymer

7

Celebrating Sixty
Years of Science

PIVIM A

- _ \ . Synthetic procedure
@'DQR L THFE @Q\/\/\/\C i

functional igmitiator
@6—~protected d‘l—'l%‘?oup ‘(3 ‘
O|=CS=C

Step 1: Anionic
polymerization of MMA
using functional initiators

Step 2: Living chains
coupled with bis-
unsaturated monomer

Protected hydroxy-functional star-PMMA

Well-defined PMMA -star polymers with hydroxy functions at the chain ends
could be successfully synthesized
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Ceﬁebraf ing Sixty
Years of Science

EGDMA/
initiator

+ -
Li C—(CH,),~CH,

?

Jo= K/IW’LS (star) / M (arm)

w,sec

increase in EGDMA : initiator ratio

Degree of branching increases with
decrease in arm molecular weight

Smaller arm offers less steric hindrance to further arm incorporation
eLarger core size provides greater space to accommodate more number of arms




"(; UZV T ROLLED OR “LIVING” POLYMERIZATION
OF OLEFINS

« Controlled catalytic polymerization of olefins is still an
elusive goal

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

« Several catalyst show features such as narrow molecular
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 appear to be a general
one except for C-V bonds

 Thus, indirect methods must be resorted to for the
synthesis of functional polyolefins
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“““CUNTROLLED OR “LIVING” POLYMERIZATION
OF OLEFINS

e Controlled catalytic polymerization of olefins is still an elusive goal

e Evidence of “living” nature of chain ends not complete. True A-B
and A-B-A block polymers of olefins are rare in the literature

* Several catalyst show features such as narrow molecular 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 appear to be a general one except for C-
V bonds

e Thus, indirect methods must be resorted to for the synthesis of
functional polyolefins
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S. Marathe(1994)

K. Radhakrishnan (1998)

“REL IN CHAIN FUNCTIONALIZATION OF

POLY(OLEFIN)S

K. Radhakrishnan (1998)

COOH
COOH

K. Radhakrishnan, M.J. Yanjarappa
(2000)



55 ‘—f| ! L SYNTHESIS OF VINYLIDENE TERMINATED OLIGO(1-

5' xxxxxxxx - ook HEXENE )
m— Metallocene/MAO Mn = 300 N 2000
Toluene/500C
i 1,2 insertion > n \ Fn > 95%9 MW/Mn = 2
n=3-10
Metallocene Temp Mnby |Mnby'H| mol% Vinylidene
VPO NMR unsaturation
‘C)
Cp.Zr(Cl, 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




(& W\\@L? RITTER REACTION USING VINYLIDENE TERMINATED
AL OLIGO(HEXENE-1)

R—CN
R=H2C =—CH

d
CH 3 i H
g |
X 70% HS0 4 N—C—R
n a 750C/12h A L
CH,

b

5.5

474 473 472 471 470 469 468 467 4.66



"S55 N-POLY(ALKENYL) ACRYLAMIDES : NOVEL
AMPIPHILIC MACROMONOMERS

Hydrophilic Amide
Capable of
Hydrogen Bonding

Reactive ﬂ p

Unsaturation H
;

Hydrophobic
alkyl group
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“REL  Atom-transfer Radical Polymerization

( ATR p)

> Atom transfer radical addition

R H R" H

/ M" / )
CX3Y + c|:=c\:/ —_— szc—?—?—x + M Morris Kharash
R H R H

(1938)

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

» Atom transfer radical polymerization

kact
NS ~—X + MtYL, TN T—*  + MtXYL,
deact
@ -Matyjaszewski (1995)
> -Sawamoto (1995)
+ M

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




xxxxxxxxx

kact
o

P,-X + CuX/L, = P, + CuXy/Ly

kdeact U \
% P,~/P,")

> Significantly suppresses chain-transfer and chain-termination

> Produces polymers with well-defined molecular weight 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 formation of block,
graft , star, comb, and hyper-branched copolymers.
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§ CONTROLLED SYNTHESIS OF DIOL
FUNCTIONALIZED POLY(METHACRYLATE)S

CH,OH (”) 0L
| H3C—C—CH; L{

H3C—C——CH,0H > 0
3 2 e 75 C e CH,O0H
CH,OH 2
Ti(O-iPr)4 >< OCH
Toluene, 95°C | Br 0
ATRP I
CuBr, PPMI, o
Toluene, 95°C v

0

o
CH,OH D )k \‘—
| V=C" ~0-CyHy;
H;C

H3C—C—CH,0H = |
ii) Deprotection

H
. .
(0]
(0) |
[
—C\C nBr Br
~—
| O

Mn (VPO) ~5000 O AN
Mw/Mn = 1.18
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§EE NEARLY MONODISPERSE POLYURETHANE
xxxxxxxxx L NANOPARTICLES -

FUNCTIONAL POLY(LMA) AS STERIC SURFACTANTS

AL i

A

12, 100 nm
10 C|W/C|n = 1.1\‘
‘CHZOH (") SN Stabilizer 5 wt % « 8
H3C—C—CH £ 6
H3yC—C—— CH0H —— % - 0 ]C)BTLh 0.005 ‘7;0 t »
H 75 C clohexane arts g%
CH,0H CH,O0H y P £,
Ti(O-iPr)4
0 - . .
ATRP Toluene 95°C B,><?/OCH3 1 10 100 1000
CuBr, PPMI, (|) i1l Particle Size, nm
Toluene, 95°C TDI
o)
0. ()]
CH,O0H ) v 60°C,4 h - I ————— .
oy A em PR AP R N
I s 0 EHG A i ) S, § O A e )
H3C—C——CH,0H - H;C < ig K,.{;’ { P.w .
| ii) Deprotection CH, v 600C, 4 h Gk :l"* "‘}‘V' p ¢ 0, ;‘g
CH2 | '&! ‘““' y! 5 f “L‘rv,' :( %) ﬁ
' f &/ PU particl oMK Ainghagy B i
_ o particles %7 oy Ty 8
o Cc—C Br A& NG ;ﬁg‘ y 2
\C n Br \a \{q' Y V"V&.w
o e o
o Cy1Hys L il ot
Mn (VPO) ~5000 e W NN ‘ A
Pa ¥ 0 g TLEAN
Mw/Mn = 1.18 5:‘) gl
}) \u“ l‘km s ¢
A By
e e
% \}“\.\l‘k } f
\ﬁ At

o EUABKWe Tmo Mg 25KX
T Photo No.-22  Detectors SE1  CL/SARADE



POLYURETHANE- MICROSPHERES

METHODS DEVELOPLED

 ARE SIMPLE AND APPLICABLE TO WIDE VARIETY OF DIOLS AND
ISOCYANATES

- PRODUCE FREE FLOWING PU SPHERICAL PARTICLES WITH ALMOST
UNIFORM SIZE RANGE

« 0.1 TO 100 MICRON RANGE BY CHOOSING APPROPRIATE EXPERIMENTAL
PARAMETERS

SEM AND PARTICLE SIZE DISTRIBUTION OF PU MICROSPHERES (NCL)

iR
Frequency
%
10

Ll

0.1 1 100 1000
Particle siz U

P.6.Shukla, S.Sivaram, US Patents 5,814,675 (1998), 5,859,075 (1999)



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 accomplish
the desired effect while avoiding other responses or 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 contain an active
agent or core material surrounded by a shell or coating.

« Microcapsule Size : 1 to 1000 microns

« Different types of microcapsules having a variety of
structures

Spheres or particles with a continuous

MICROCAPSULE . .
RESERVOIR TYPE COre region surrounded by a continuous

shell

Active agent uniformly dispersed in a

MICROCAPSULE .
polymer matrix

MONOLITH TYPE




POLYURETHANE
MICROCAPSULES:MONOCROTOPHOS

PESTICDE MONOCROTOPHOS
THERMALLY UNSTABLE AT TEMP ABOVE 40°C

FREELY SOLUBLE IN WATER AND MANY ORGANIC SOLVENTS EXCEPT
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

P.G.Shukla, N. Rajgopalan and S.Sivaram, US Patent 5,962,003 (1999)
P.G.Shukla and S.Sivaram, J. Microencapn., 16, 517 (1999)
P.G.Shukla, B. Kalidhass, A.Shah and D.V.Palaskar, J. Microencapn, 19, 293 (2002)



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 washing machine

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

Far better "tenacity” fragrance should have good “substantivity”

To protect the perfume from different chemicals present in detergent composition i.e.
perfume should have good storage stability in the product.

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



PERFUME MICROCAPSULES: SUCCESS CRITERIA

Develop microcapsules containing perfume:

« Particle size <50
- 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



Microcapsules containing perfume

CMC-NCL S6
18-Jan-2007 S2 . W= 7 mn Mag= 5.88 K X

Pag= DK X Photo No.=765  Detector= SE1
Photo No.=721 Detector= SE1 ~ e

PUAC, 70% Loading PUAC 60% Loading

PUAC, 50% Loading

CMC-NCL

8 mn Mag= 5.60 K
Photo No.=901 Detector= SE




STABILITY OF PU CAPSULES

Microcapsule % Leakage at35C

In LFE In HDL
After After

lday 2 Wks 4Wks lday  2Wks 4Wks

PUAC, 50% Loading 27 51 58 11 26 39
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Procters gamble

How much force do you need to twist the cap off a bottle? How do
you keep clothes smelling nice even a week after they've been
washed? Just some of the questions that allow one of the world’s
largest consumer goods giants to take its Indian brains global

Seema Singh

s s livemind.com

"“ tepping insiche the innovation

eraibre of Lhe worlds lirgrest

consumer goods company in

L-_ suburban Bangabors, anticipa-

= Lo runs high: how oo, Uhe

2T tnllon Procter & Gambde Ci,

mskier of T detergent arad Panpers

diapers, come up with It nex block.

buster prsluct?” How big is the

innovation funmel that has

s ount prndcts mnging

T poaguer toraeds Do adienin

Trice b boatboseds of over-
tho-counter brands?

Iesiche thae Nifih Nooe of

Ml Frin Tierwers aik

Whitedidd, n

thim vedl of

iispypoiniment desermcds whensll that
warmwes o view isa bumchol PEAG prod-
ucts neatly dizplaved in the hallway,
and laber, defiberately armanged in the
annfir T ronn.

Biug an Ashish Chatterjee, head of
the Bangalore Innovation Centre
ABLICY, staris talking abwis some of
U 20H) Bl thaat U compay sells,
and heora: it Immerses fuselllinto the lhves
of comsumers, it dwvans that the con-
surner busipess i= far from being a
prechiestirisn aflir,

Whint should be the ogitirmm foree
nevded lor tavisting open o bottle cop?

What's the right pressure for the
planger om a botte of skincare cream™

Wiy shwmabell e bibak b Ul o lotion
e in be replaced with trinspanent
packaging, as with (lay prodacs®

These and many such guestions
shomirabe researchers’ work as Hhoy
dirive “purpose-inspired Innovatlon™ ot
P&G. “Tt's certainly not an alreenft
ergine; we don'L always go lor Ue big
bang.” maye Chatterjee, Our innova-
tiem s clriven by cormmer inspirntion™

He sums it up ns two moments of
Lruth = o, it e o oo s
2 in a #one and ends up biving a &G
produect; seeond, when the person
retirms bo by cither the samee o any
otber item made by the compars:

Lighimad Dy (s memenis
ol truth, BLI waes st ap in
July HME s oo of the 28
inscvation centres

= BLIC head Ashish

within PEAR It k= capadility huby, il
e than somee of P&Gs megs contres,
sl pevrviediess adelimgy snd open inno
vt mesoairers for thee ghobal enter
prise,

Tt s in 2000 thest. thee Connect mnd
Do, or U= 1, coneept ol open inn
vailion wis moobid by the then chief
executive Alan G Lafley: It wasn'y the
bt o Limmes for PEEGE: the stock had
Juist boes el ies vadue amnid an agres-
alve grosth plan and Lafley decided 1o
shied birdeks sl mortar B&D infien-
structure for open imovation, He
dirccted that kleas and innovations
s el froen contssddde shimild go g from
10} per et B b o et i the nex
five vonrs

A docsde Inter, the company hees (e
wxrvwrhon] ikt limit. 18 haes ol charged
tack = firom getting the world to its
by v takiing #1s labs ro the warld. For
wnch of it HEFergrireers= and seaenibisds
workmg i Bangalore, e cemne ool
Rabosratess it five researchers conside,

e, at ewn-year-akl BLIC, there ame
a e Lo resaalls, mays Clialberes,
wheo is alee director, Asin C+D and
Bargslore Besuty Care

Uiy eoemypriter mmdedlimgg, Uhis cene

w Laboratorkes at PEG's mnovation centre in Bangalore support conguter modelling,

e b sevoenied millions of melecules
o ichendify o new: molecule inthe anss
of akim proverment. While its nto
clinkeal studies now, Chatterjes empha-
witars bt n snch studies, knoadeg: e
It works®, wather than =why & works"
ks more Important so that tho active
enn he used In other skin applications
i well. Th ipiting expeertise of
BLIC, whisch Chatterjio likers o =Totel
Inside™, powers the PEC innovation
ergrine b it visiblie From oulsice

From sinsulsting énline packaging
lirsess Lo ccarnplite plant, production urits,
mnoelling is usesd b rvslaee the siort
uprrisd, eliminste wasle ulllu.'.'-l;.'r-lwu
vl toopaimibse eadsting operations. A
nwlm?ﬁ«:qmwwrtlm lonaestem,
chesigrmed b FRLIC, b jusst Do ol
oul which Clatterjee says will save
“smveral millllons of dollars foe PEG"
I thiss irwfstiry, thae’s o ssch thing
as oot thal can't be cut,

Az poonomic recovery hos been slow
i ey parts of workl and corsamers
are still huerting, premium brands con-
i to strugehe. Meanwhils, in Indis,
where the Z24 hilion consanmer pack
el -l inchusiry is grosang al 12
I CRIL PHIT AT A0 gy 1o I bedaen
Ca, PR bags behind it chosesy rival,
Uil im rmsirkasd share.

Historically, says Fansesl Srinivas,
cxpcuthve directos, consumer business
practioe, KPMG Advisary Serviees

Tmuelin, Fofed s s et s st = i
allys it wor't be booking ab just region:
a1l birrifiLE arrising ot of thse Innie
tion cemimes. Hie s right.

Ty s off Lhe BLIC-desagmed
pankengrings, =uih s of Ol Total Effocts
and {Hany Riegemnerist, have boen selling
in ikl s, o oo e s, -
et of e It bon froen ke haa

Ity preschacts thas have net yet
iy Tk,

For instanee, BLIC ard the National
Chemleal Laboratory. a Councll of
Erbentifle snd lrschestrial Resonrch lnb-
aratory in Purse, have diveloped o now
micro-grapsulating techoology thal
hinss e intiy it flbric soltener Divy:
Yirt b hit Indisn sboees, the compamy
s L% Tragranoe st [ & wopkl afler
the wash, lorger than rival products.
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on innovation haz been more pro-
momnced since § Bobert } MeDonald bas
Lakerm over s CELY fin Jurse 2008

Comsunwers definitely wans neova-
thon prendicts bt becaase they are silso
sarkrigs v
chearge o premsium on these as it woukd
benve dorse in the past, adkled Russo,
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ikl ||'l.l|1'1r|‘\i-||l.||‘1Fm'.h'"mlmum-
i 10 BLICs modelling capabilities.
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“ Though some of the BLIC-dgsigned packaging, such as of
Olay Total Effects and Olay Regenerist, have been selling
in global stores, one of the earliest examples of open
innovation from here has gone into products that have not
yet entered the Indian market.

For instance, BLIC and the National Chemical Laboratory, a
Council of Scientific and Industrial Research laboratory In
Pune, have developed a new micro-encapsulating
technology that has gone into its fabric softener Downy.
Yet to hit Indian stores, the company says its fragrance
lasts for a week after the wash, longer than rival products.

The key lies in the technology that allows the perfume-
containing micro capsules to open up when the
dehydration process kicks in. The end product, says
Chatterjee, is “cheaper and better”. The laundry science
groups in Newcastle and Brussels were also involved in
the development of the product.”

Patent applications filed US 2010/0119679 and WO 2010/053940
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EARLY LESSONS IN PATENTS :
UNIVERSITY OF AKRON (1972-73)

« A course (1 semester) on “Patenting for
chemists” by Professor J.P. Kennedy
(JPK)

Professor Kennedy came to academia
after a distinguished industrial career of
over 20 years at Exxon Research and
Engineering

JPK (80 years) obtained his 100t US
Patent in 2009

Lesson : Excellence in science and applications are
not mutually exclusive




Mere exploration without exploitation of
knowledge is sterile. In an environment
where research is predominantly publicly
funded, this situation leads to loss of

credibility amongst stakeholders




EARLY YEARS AT NCL : THE THRILL OF PATENTINGSs

United States Patent 9

Sivaram et al.

A

US005288838A
[11] Patent Number:

451 Date of Patent:

[54]

(731

21
[22]

1)
[52]

s8]
{s6]

PREPARATION OF POLYCARBONATES
WITH BIOXYANION CATALYST

Inventors: Swaminathan Sivaram; Jagdish C.
Sehra; Venkat S. Iyer, all of
Mabharashtra; Ishwar S. Bhardwaj;
Sheo Satish, both of Gujarat, all of
India

oun D i | ll o na Jll'
Research, New Deihi, India
Appl. No.: 865,951

Filed: Apr. 9, 1992

Int. C1.5 CO08G 64/30
US. Cl orrninnnsrsnrnsninann 528/199; 528/196;

528/198
528/199, 198, 196

Field of Search

References Cited
U.S. PATENT DOCUMENTS

3,442,854 5/1969 Curtius etal. .......ccevvrereeeee, 5287199

FOREIGN PATENT DOCUMENTS

1110736 4/1968 - United Kingdom .

OTHER PUBLICATIONS
Webster et al. JACS, 105, (1983), 5706.

Primary Examiner—Harold D. Anderson
Attorney, Agent, or Firm—Abelman Frayne & Sch

57 ABSTRACT

The invention discloses an improved process for
preparation of aryl polycarbonates. The process
volves reacting aryl carbonate and dihydric phend
the melt phase with a catalyst belonging to the clag
quaternary ammonium bioxyanions having the g

formula:
+1
!|(1
Rz—ll“l—lh [HXz]~!
R3

Wherein ‘X’ represents a carboxylate or a pheng
group or a mixture thereof and ‘R’ represents alk
aryl.

11 Claims, 1 Drawing Sheet

The Beginning

This patent led to over
ten years of very
productive and

exciting research in the
area of polycarbonates,
resulting in several
PhD thesis,

publications and
industrial partnership
with GE plastics. This
also established the
principle of “organic
catalysis” for polymer
synthesis

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




BN

[11] Patent Number: 5,266,659
[45] Date of Patent:  Nov. 30, 1993

United States Patent 19

Sivaram et al.

[54) SOLID STATE PROCESS FOR THE
PREPARATION OF HIGH MOLECULAR
WEIGHT POLY(ARYLCARBONATE)S FROM
AMORPHOUS OLIGOMER

[75] Inventors: Swaminathan Sivaram; Jagdish C.
Sehra; Venkat S. Iyer; Koyalagunta
i India

FOREIGN PATENT DOCUMENTS
52-109591 9/1977 Japan
55-98224  7/1980 Japan .
110376 om .
‘WQ90/07536 op. O. .
Primary iner—Harold D. Anderson

. or Firm—Pennie & Edmond
[73] Assignee:  Council of Scientific & Industrial i, or Firm—Pennie & Edmonds
Research, New Delhi, India

... COBG 64/40

/463; 528/196;

8/199; 528/371 ol
/463; 528/371, 199,

6 Claims, No Drawings

Published in Macromolecules,
26, 1186 (1993)

EARLY YEARS AT NCL : THE THRILL OF PATENTIN

Genesis of CSIR ‘s IP Policy 1996

“The history of CSIR’s recent patent
successes has origins in the patent filed on
May 5, 1992 by S.Sivaram et al of National
Chemical Laboratory , Pune (US Pat
5,266,659 dated 30 November 1993) with
the assignee as CSIR. This was followed by
what was to be a milestone in Indian
patenting history , when GE showed
immense interest in the work pertaining to
the NCL patent ”

Current Science, 85, p.571, 10 September 2003




CREATING WEALTH OUT OF INTELLECTUAL
PROPERTY

Curiosity driven research initiated in 1989 in the area of
high performance materials

Research performed by Ph.D students

Research aimed at nhew processes to make
poly(carbonate)s and poly(ester - carbonate)s without
phosgene and at substantially lower temperatures, than
hitherto practised

Research resulted in three Ph.D thesis, eight US patents
and several publications

Negotiations with GE Plastics initiated in 1993 for sale of
patents on “as is where is” basis; negotiations concluded
in 1995 with GE Plastics licensing all the NCL - CSIR
patents

Ratio of value earned to research cost ~ 100

First example of licensing from CSIR




From little acorns do tall caks grow
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‘| set out to follow a broad course of study in
which my only guide was , initially, just the desire
to do something which gave me pleasure. The
course threw up many interesting conclusions ,
many of them of highly practical value, and one of

them led ultimately to a method of making
polyethylene “

Karl Ziegler
Nobel Address




Traditional image

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




WHERE ARTS IS AHEAD...

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




NATURE OF RESEARCH

TECHNOLOGY
EXPLORATORY PRE-COMPETITIVE DEVELOPMENT

Output
Output Output Tech transfer (Royalty)

Papers Papers Lab to Market

IP _ IP _ (Pre-serial A
Ph.D. Thesis Ph.D. Thesis activities

Knowledge Concepts with Spin offs and Equity
Competence market potentials IP licensing (Royalty/

License Fee

* Focus on
 Unstructured  Partially innovation

research structured research - Define delivery
- Follow exciting * Follow key concepts models
ideas as they which have « Connect solution

come potential utility with problems




LINKING KNOWLEDGE TO MARKETS

KNOWLEDGE MARKETS

EARLY STATE RESEARCH OF LATE STAGE

EXPLORATORY/ STRATEGIC NATURE INNOVATIONS
DISCOVERY

SUSTAINING OR
INCREMENTAL
INNOVATIONS

PN N

START UP | |ip | ICENSING PUBLIC CONTRACT = TECHNOLOGY.
VENTURES PRIVATE o TRANSFER

PARTNERSHIP

DISRUPTIVE
INNOVATIONS
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All my students and
colleagues at NCL
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