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7.1 Introduction

7.2 Cationic polymerization

7.3 Anionic polymerization

7.4 Group transfer polymerization
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) Influence of counterions ——

e Presence of counterions (= gegenions)

more complex than free radical polymerizations

but more versatile

counterion

BCI;



7.1 Introduction

» Application :
in ring-opening polymerizations of cyclic ethers o __ o0 ,

0
lactams NH,
0
lactones 4
0 0—(CH,),,

and in the polymerization of aldehydes

ketones

e Commercial processes (Table 7.1)
far fewer in number
reflect a much narrower choice of monomers
4mm ° monomers must contain substituent groups

capable of stabilizing carbocations or carbanions

* the necessity for solution polymerzation



TABLE 7.1. Commercially Important Polymers Prepared by Ionic Polymerization

T -~ ) - —
 Copolymer Major Uses ‘
e and polybutene” - _Ndhesfves, sealamkating oil and

molecular weight) - grease additives, moisture barriers
rene copolymer® — Inner tubes, engine mounts and springs, chemical tank

) . 0
Y N NTHhinNao OSSPSR pgatkefts nle

Cationic?

-~

.
d

P -

g'il‘tadiene Ozone-resistant rubber

| polyterpene resins Inks, varnishes, paints, adhesives, sealants
e resins® Flooring, coatings, adhesives
& Polymer modifiers, tackifiers, adhesives

Anionic!
- - . .
s-1,4-Polybutadiene Tires
—cis-1,4-Polisoprene Tires, footware, adhesives, coated fabrics
o

-~ Styr éﬂ_)_ﬁféldiene rubber (SBR) Tire treads, belting, hose, shoe soles, flooring, coated

- T

e fabrics
~ — Styrene-butadiene block and star Flooring, shoe soles, artificial leather, wire and cable
- __ copolymers insulation
ABA block copolymers (A= styrene, Thermoplastic elastomers
B=butadiene or isoprene)
polycyanoacrylate® Adhesives

*AlICL, and BF, most frequently used coinitiators.
> Polybutenes” are copolymers based on C , alkenes and lesser amounts of propylene and C, and higher alkenes from
refinery streams.

‘Terpolymers of isobutylene, isoprene, and divinylbenzene are also used in sealant and adhesive formulations.
dAliphatic and aromatic refinery products.

¢Coumarone (benzofuran) and indene (benzocyclopentadiene) are products of coal tar.

fh-Butyllithium most common initiator.

£Contains higher cis content than SBR prepared by free radical polymerization.

"Monomer polymerized by adventitious water.



7.2 Cationic polymerization

7.2.1 Cationic initiators

7.2.2 Mechanism, Kinetics, and reactivity in cationic polymerization
7.2.3 Stereochemistry of cationic polymerization

7.2.4.Cationic copolymerization

7.2.5 Isomerization in cationic polymerization




» The propagating species : carbocation

SRS

BB +
- E"4+ CH;—CR, —> ECH,CR; (7.1)

—— mineral acid : stO 7 H3PO 2

::':-A‘A_‘; == lewis acid : AICL,, BF,, TiCl,, SnCl,

BF; + H,0 HOBF; H'

AICl;+ RCl —= AICI, R



7.2.1 Cationic Initiators

autolonization

vy active Lewis acid

O

« 9

};'; initiators
CeHs)s L ——C 6H5)3C+ + T

+C

= ICH=CR, + HI
I + CH=CRy === ICH,CIR, =___

SN ICHLERI

i



7.2.1 Cationic Initiators




e Memetics, and Reactivity in Cationic Polymerization

g

-
o —

P
\. Carbocationic Initiation.

dition of the electrophilic species — the more stable carbocation

~ (Markovnikov’s rule) intermediate is formed.

o
e .
o

H,C

Stability of carbocation

- e



netics, and Reactivity in Cationic Polymerization

o E—— . w

Carbocationic Initiation. &,

3 -
- = —
e -
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EEpararsubstituted styrenes, ‘the reactivity for substituent group

3 OCH3 >CH; > H > Cl

(Because of steric hindrance)

y CH2: CH

oo R'+ + o0
CH,=CHOR ——> R'CH—CH—OR <—>R'CH2—CH:6R (7.11)
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ics, and Reactivﬁx’ in Cationic Polymerizati
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w4 CH==CRy —IWo _fast o CH,CR,
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C. Influences polymerization rate FESEEEEEEEE
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" - polarity

-

- (polarity favors the initiation step)
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,:.: Degree of association between the cationic chain end and counterion (A°)
e ‘.' - g
e
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7.2.2 Mechanism, Kinetics, and Reactivity in Cationic Polymerization

D. Chain transfer reaction

With monomer :

-

N\

_ -
WM CHZCH+HSO_4 + CH,—CH ~wCH=CH + CH3CH HSOq4

0 0 0o |&

: ,,*21 By ring alkylation

—
—
—_—

e CH, || + CH3;—CH'HSO,




7.2.2 Mechanism, Kinetics, and Reactivity in Cationic Polymerization

D. Chain transfer reaction

_4_:_...-;:- de abstraction from the chain to form a more stable ion :

+ HSO,
v CH,CH HSOy 4+ »w CH,CHCHy e wmnvCH,CHy 4w CHyCCHymwe

0 -0 ©

. CH3;CHHSO,
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3 g,
rene + CF,COOH iy

-

'
—t

| : ﬁ?
| wwCH,CH' "OCCF; —— wwCH,CHOCCF;

@ Isobutylene + BCl,/H,0

(le3 (|:H3
~CH,C*  BCLOH —» WCH2§—C1 + BCl,OH

|
CH; CH;

E. Termination reaction -

tmination are the combination of chain end with counterion.

GAL)

CAL)!

el MechaM(_inetics, and Reactivity in Cationic Polymerization

i



el Mechmgnetics, and Reactivity in Cationic Polymerization

F. Proton trap

A:proton
trap--
B:monomer--

\IVVV‘CH2CR2+ _|_><@>< — > \NVV‘CH:CRz +><@+j>< (7.20)
N N

I
H




el MecMnetics, and Reactivity in Cationic Polymerization

G. Telechelic Polymer el w—

—r

CH3 CH3 CH3

i
C—c1 + BCly . é@ o
| |

CH3 CH3

CHs CHs CH; CH; CHs

! ' I | |
(|:+ -+ CH2:(I: — Cl—?@?MCH2?+

CH; CH; CH; CH;




2 Memetics, and Reactivity in Cationic Polymerization

_— --.d(‘ '

— —

H. Pseudocationic Polymerization :

—CH2$H—OCIO3 + CH2:$H —> —CH2(|?HCH2(|3H—OCIO3
Ph Ph Ph Ph

(7.24)

p—
— .

S Lo
~ % -

e S e

‘-’_%__f{-"fhe propagating chain end is a
> covalently bonded perchlorate ester

y
\\\‘jn.

thi

 The reaction proceeds at a much slower
compared with most cationic processes.



el Mechmgnetics, and Reactivity in Cationic Polymerization

I. To prepare living polymers under cationic conditions.

ination or chain transfer reaction §1°] & & Ht-5-0] &4 %= o)

R;COCCH; + BCl;s

@ Polymerization to yield polyisobutylene terminated

: appearance of a very tightly bound — but still active —

CH;

— s R4yC-CH,C




e Memetics, and Reactivity in Cationic Polymerization

o -

o —

I. To prepare living polymers under cationic conditions.

ermination or chain transfer reaction §1°] 5 RE--0] T2 == )

-

y or I, , : vinyl ether propagation

~CHy ~ OR weCHy.  OR
CH “cH’
. CHY IZn, — > CH2< 1---Znl (7.27)
3 CH CH
e OR Or
e

’—’ -

p—

- | *Living Polymer

o Termination®] A #| & &2 W 3Ll A4 chain end”} ] A 3] active 3+ 4 A S 7}A] 2L )+ polymer
» Monomer 3 7} A| 2} =Fo] 5718} starting monomer2} TS 74 -$- block copolymer 3 A

» 1} - Z 31 anionic polymerization®] o] o]-&

o 5 9] living polymer+ St =50l 4 $+4

« Living polymergt &0+ A A ¥h-3-0o] doji}x] gk= o] & F§ ol o] &




e Memetics, and Reactivity in Cationic Polymerization

¢ ~
J. Kinetics B | - 4.;_"( I
ession of general initiation, propagation, termination, and transfer

R, =k[I[M] R '

: molar concentration of initiation

R =k, [M]M"]

. +
Rr — kt [M "] - molar concentration of

R =k [M][M ] cationic chain end

: molar concentration of monomer

" S
S

~ ~As with free radical polymerization approximation to a steady state

- —
e

= for the growing chain end.

thus

kLM =k [M*]




TABLE 7.2. Representative Cationic propagation Rate Constants, R Pa

Monomer Solvent Temperature (°C) Initiator kp (L/mol s)
Styrene None 15 Radiation 3.5 x 10%
a-Methylstyrene None 0 Radiation 4 x 10°
i-Butyl vinyl ether None 30 Radiation 3 x10°
i-Butyl vinyl ether CH,CI, 0 C_H_"SbCl 5x10°
i-Butyl vinyl ether CH,CI, 0 C.H_'SbCl~  3.5x10°
Methyl vinyl ether CH,CI, 0 C_H_'SbCl~ 1.4 x 10
2-Chloroethyl vinyl ether CH,CI, 0 C_H_"SbCl 2 x 107

“Data from Ledwith and Sherrington.'”



e Memetics, and Reactivity in Cationic Polymerization

in , one obtains

ke kLIIM P

Kk IM]M™]  k,[M]

k[M] k,

kMM K,

R, k,[MIM*] K,



a2 Mmaics, and Reactivity in Cationic Polymerization.

K. Difference between free radical and cationic processes.

- st
-

free radical process cationic process

propagation rate proportional to the square root of first-order dependence
(Rp) initiator concentration

R k kM T
RP = kp[ ks P kt

DP (v) dependent of initiator concentration  jndependent of initiator

Jkal 1]

concentration

5 k,IM]

o T ki DP= kP]EM]

t



el Mechmgnetics, and Reactivity in Cationic Polymerization

R +
CeHs

monomer
—_—



7.2.3 Stereochemistry of Cationic Polymerization.

onic Polymerization i) lead to stereoregular structures.

vinyl ether R—O—CH=CH,

CHy—C—
o - methylstyrene I

——

nyl ether observation resulting

-(-r‘-'
s :'

_-4
N -
—

'_ _(1) greater stereoregularity is achieved at lower temperatures
(2) the degree of stereoregularity can vary with initiator
(3) the degree and type of stereoregularity (isotactic or syndiotactic)

vary with solvent polarity.



— = 7" forms mainly syndiotactic polymer in polar solvents.

( cationic chain end and the counterion are associated )



T —
Stereochemistry of Cationic Poly
——

- -

“« Innonpolar solvents

-

1) association between carbocation chain end and counterion would be strong

2) counterion could influence the course of steric control.



* Models 'ﬁmr vinyl ether polymerization

6
4 2 i
CH
e 2\8/CH2\(33/CH2\(IETX

—_—

RO’ HRO® HRO" H

H,CH' X
/CHZ\C/CHg\C/CHZ\C/C 2(H X

N\ \ \ R
Ro” ‘HRO” HRO" H °




OR

H\C,,
N\

e

CH, X CH, X
~ :C\/CHZ\CT\ CH=CHOR :C\/CHz\,CT\ C.
RO’ HRO" H RO HRO' H H

OR

/
ct X -
™~ /CHZ\ /CHz\C/CHZ\C+ X

N

Loy G RO HRO HRO® H
RO’ HRO' H

front siV

_CHy R B x H R
/C\ ' '/C\ + C C . .
R RR7(AR H/ MR (syndiotactic)
<
back back s:ck -~ Chay CHz\@
. . C C C
(1sotactic /

Z vrY R FOR

R .
/CHz\C,CHz\ LR _CHy CHy Jet RV
/o L ROAX T T /C‘ R

R R cH,—cC 7 Rr Rr/OR

J \R‘
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“ationic opolymerizatm$

. I O —
T — P

s complication by counterion effects.

u";'a .

s W
..',_\ X

_ 108 vary with initiator type and solvent polarity.
unpredlctable effect

ects (Table 7.3)

—— -E»-eommermal cationic copolymers — butyl rubber
— x (prepared from isobutylene and isoprene.)

protective clothing




TABLE 7.3. Representative Cationic Reactivity Rations (r)*

Temperature
Monomer 1 Monomer 2 Coinitiator’ Solvent’ (°C) " »
Isobutylene 4 3 Butadiene AIEtC], CH,CI -100 43 0
1,3-Butadiene AlCI, CH,Cl1 -103 115 0
Isoprene AICl, CH,Cl -103 2.5 0.4
Cyclopentadiene BF,-OEt PhCH, -78 0.60 4.5
Styrene ) EtCl 0 1.60 1.17
Styrene SnCl, CH,Cl -92 9.02 1.99
a-Methylstyrene AICI, PhCH, -78 1.2 5.5
Styrene a-Methylstyrene  TiCl, EtCl 0 0.05 2.90
p-Methylstyrene SnCl, C(l, -78 033 1.74
trans--Methyl- SnCl, CH,Cl, 0 1.80 1.10
styrene SnCl,
p-Chlorostyrene g g Methyl- CCIL/PhNO,(1:1) 0 1.0 032
styrene SnCl,
trans-p-Methyl- CCl4/PhNO2(1:1) 0 0.74  0.32
] styrene SnCl,
Ethyl vinyl ether ;_gyty] vinyl CH,Cl, -78 130 0.92
ether BF,
2-Chloroethyl ¢ pjethylstyrene CH,Cl, 23 6.02  0.42
vinyl ether BF

3

“Data from Kennedy and Marechal.’

bRt — .
Et=C,H,, Ph = phenyl.



ion in Cationic Polymerization

B

I

CH; . CH;

_ / X T H:shift

CH/=CH—CH — > XCH,—CH-CH =M}
CH, ‘CH;

XCHy— CHZ—CI+ TonomS CHQ—CHz—

e @E ol



.

.3 Anionic Polymerization

7.3.1 Anionic initiators

7.3.2 Mechanism, kinetics, and reactivity in anionic
polymerization

7.3.3 Stereochemistry of anionic polymerization

7.3.4 Anionic copolymerization



tiators -

.1 Anion

0 <3 e

Nu + CH—CHR —> NuCH,— (|3H (7.36)
R

resonance or induction

« Examples — nitro, cyano, carboxyl, vinyl, and phenyl.
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7.3.1 Anionic Initiators

-

c—

d'he strength of the base necessary to initiate polymerization
depends in large measure on monomer structure

(7.38)

cyanoacrylate adhesives




nio ATL0rs

ﬂ. a ——

« that react by addition of a negative ion

« that undergo electron transfer.
AT

3 "E’, \

“fﬁnmon initiators that react by addition of a negative ion

¢ organometalhc compounds of the alkali metals

ample butyllithium

= i Character of organolithium compounds
——— - low melting
-~~~ -soluble in inert organic solvents.

» Organometallic compounds of the higher alkali metals
- more 10nic character
- generally insoluble



7.3.1 Anionic Initiators

ectron transfer (charge transfer)

-

. T

¢ alkali metal : solutions in liquid ammonia or ether solvents
suspensions in inert solvents

-

addition complex of alkali metal and unsaturated or aromatic compounds.

v

- -
>

g Flectron transfer processes (involving metal donor D- , monomer M)

De+ M —> D + Me~

N O

2|PhCPh| N " —> R ,C—B ,



ol 3. MeChamtics, and reactivity in anionic polymerization
- ; — _—_—

A. Mechanism= H3IA|Z 4 3l &=

)lvent polarity

.  —— RM¢ R‘HMe+ R +Me"
ion pair  solvent separated solvated ion
ion pair

_-‘ - ”‘ W — -
= -—.‘.’;"I_

Degree of association of ion
e e —

counteriond 9 &

— . [_)olar solvent : solvated ion -$-A]|

* non polar solvent : ©]=57t9] association$-4] -+ T —




- 7.3.2 Mechanfgl?r,.ﬂnetics, and reactivity in anionic polymerization

lype of cation (counterion)

(7.46)

(7.47)



3.2 Mechaﬂ%tics, and reactivity in anionic polymerization

Because the second step is slow relative to the first,
R, =k[NH, |[M]

Chain termination is known to result primarily by transfer to solvent:

H,N(M),” +NH; —> H,N(M),MH + NH,

Rate expressions for propagation and transfer may be written in the conventional way:

R, =k, [M]M"]

p

R, =k, [M"][NH;]



o " py. A . .
- 7.3.2 Mechanism, Kinetics, and reactivity in anionic polymerization

- s

Assuming a steady state whereby R =R,

kINH, 1M1= k,[M " |[NH,]

_k[NH, J[M]
 k,[NH,]

[M "]

Substituting in Rp we obtain
- 2
o K KINH, M)

i k, [NH,]

The average kinetic chain length, ‘7 1s expressed as

— R, k[MIM ]  k[M]
VvV = = =

R, kM INH,] k,[NH,]

ir
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7.3.2 Mechanism, Kinetics, and reactivity in anionic polymerization

e B
———
_— i

™

E. Other types of transfer reactions

: A

Cs

" L 4+ H =0 — el Ll L, + 8,




7.3.2 Mechanism, Kinetics, and reactivity in anionic polymerization
.

S

-

N I 1 R) Rp— Living Polymerization

E

-—f

- = | p— i —
When impurities are

rigorously excluded EQ . . .
SOTOUSLy exc living anionic polymers
% can be made

When the polymerization temperature
is kept low

dM] as monomer is completely consumed.

dt ;:[M]o

all chains begin to grow simultaneously. /],

ke, 11,[M]

= DP

[M]=[M],e""

electron transfer initiators

No termination, no chain transfer reaction.
[M], —[M]
[£],

DP =2v

VvV =



V eéhafm,etics, and reactivity in anionic polymerization

—T—_—

G. Important factor in propagation rate.

. Association between counterion and terminal carbanion

>

R | (7.54)

C— ~~TABLE 7.4. Representative Anionic Propagation

‘-';—:_‘_ - Rate Constants, kp, for Polystyrene*
“Counterion Solvent k, (L/mol s)’
Na* Tetrahydrofuran 80 =
Na* 1,2-Dimethoxyethane 3600 “Data from Morton.
Lit Tetrahydrofuran 160 Bat 25°C unless otherwise noted.
Lit Benzene 103-101¢  “Variable temperature.

Lit Cyclohexane (5-100)x10°
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- 7.3.2 Mechanism, Kinetics, and reactivity in anionic polymerization

e ==

G. Important factor in propagation rate.

-

A

- b. Monomer structure

~ -

e

-

inductive destabilization of the carbanion

H ;

d ,—u >d ,=0 ,H;>H ,—Hd H; >d ,——d —d —d ,

steric effect

| |

g ,—N > g ,= >d,—B8 H,;>H,—/0 H;



7.3.3 Stereochemistry of anionic polymerization

A. Stereochemical of nondiene vinyl monomer

- neous conditions)
‘at low temperatures,

;II# polar solvents favor syndiotactic placement
! nonpolar solvents favor isotactic placement.

——

- chemlstry depends 1n large measure on the degree of association with counterion,
ﬁ’l’[ does in cationic polymerization)




~ 7.3.3 Stereochemistry of anionic polymerization

Jevel of isotactic placement decreases —

as the solvent polarity is increased
or as lithium is replaced with the less strongly coordinating higher alkali metal 1ons.



7.3.3 Stereochemistry of anionic polymerization

A. Stereochemical of nondiene vinyl monomer

A

; Effect of solvent

(a)
SCHEME 7.1. (a) Isotactic approach of methyl methacrylate in a nonpolar solvent(b)
Syndiotactic approach of methyl methacrylate in tetrahydrofuran.(Circles represent
backbone or incipient backbone carbons: R=methyl. Backbone hydrogens omitted.)




pchemistry of anionic polymerization .

—

=3
B. Stereochemical of Dienes |

H ;
H ___ H___
> H2C:C—C:H ) H2C—H —C——4d 2

1soprene 1,3-butadiene

-, catalyst solvent®] g3

— Li-based 1nitiator/nonpolar solvents
= cis-1,4 polymer2| A o] 57}

ex) Isoprene/Buli/pentane or hexane
—p cis-1,4 polyisoprene



7.3.3 Stereochemistry of anionic polymerization

e formation of cis-polyisoprene — lithium’s ability

s-cis comformation by pi complexation — hold isoprene

CHo
GHs . C—H
~wnCHLi + CH,—C—CH=CH, ———> ~ CHp L |
\\ C
=
CH,™ \CH3
forming a six-membered ring transition state

- — “lock” the isoprene into a cis-configuration
= __g" -+
- e Mol
- C—=C + CHy—CH—C=CH, —»
— H CH; |

steric effect



ic Copolymerization -

Complicating factors of counterion.

Y

Ng polar o1 the Ssolvel

3 Table 7.5
(@ temperature effect

2 ~® electron transfer initiator A}-&
free radical polymerization

‘- . . . - t.t.
: Anionic polymerization } AL IR

Li'"CHCH,CH,CHLi" + C—R—Cl ——> CHCH,CH,CH—R
)I( | (7.60)

X

(4) contrasts between homogeneous and heterogeneous
polymerization systems.

‘ relatively few reactivity ratios




TABLE 7.5. Representative Anionic Reactivity Ratios (r)"

Monomer 1 Monomer 2 Initiator®  Solvent® Temlzféa;tured r, r,
Styrene Methyl methacrylate Na NH, 0.12 6.4
n-BuLi  None ¢ ©
Butadiene n-BuLi  None 25 0.04 11.2
n-Bul.i Hexane 25 0.03 12.5
n-BuLi  Hexane 50 0.04 118
n-BuLi  THF 25 40 03
n-BuLi  THF 78 g0 94
EtNa Benzene 40 0.96 11666
Isoprene n-BuLi  Cyclohexane 0.046 155
Acrylonitrile RLi None 0.12  go1
Vinyl acetate Na NH, 50 001 47
Butadiene Isoprene n-Buli Hexane 3.38 79
Methyl methacrylate Acrylonitrile NaNH,  NH, 0.25 6.7
RLi None 0.34 0.4
Vinyl acetate NaNH,  NH, 3.2

“Data from Morton.*’
®Bu=butyl, Et=ethyl, R=alky].
‘“THF=tetrahydrofuran.

dTemperature cot specified in some instances.

‘No detectable styrene in polymer.



7.3.4 Anionic Copolymerization

CH,
I
CHf;_(l:H —> CH’)CH CH2CH m (,H2 CCO,CH,
C61_15 6Hﬁ

CH—;CH CH7C CHZC

(7.61)



7.3.4 Anionic Copolymerization

e Commercial block copolymers

» ABA triblock polymers — Greatest commercial success
’ eX) styrene-butadiene-styrene

B initiato B combination BB 1 “BBBBBBBBBB:- S >
(7.62)

SSSSSBBBBBBBBBBSSSSS

- :_:.:'—:‘t ' » star-block (radial)
— much lower melt viscosities, even at very high molecular weights
ex) silicon tetrachloride

AW -+ SiCly —>




7.4 Group Transfer Polymerization (GTP)

980s a new method for polymerizing acrylic-type monomers) -

3 .'_j
2 Living polymer= A 3

(@ Propagating chain Covalent character

R 3
| HF, | | OSiR;
+ CH,—C — > RO,C—C—CH,C=C"~ i
iRs ' | “OCH;
CO,CH; R 2
(R—CHs)

(7.64)

CH»—Cl CO,CH; Hs O S]R3
RO,C— C CH’)C CH’)C C
CH. living
O’)CH n 2

polymer

CHy

rga n03|I|con01|A-| SiR, It transfer &l 01
82 8 4(GTP)

Or
=



TABLE 7.6. Representative Compounds Used in Group Transfer Polymerization

Monomers* Initiators*” Catalysts” Solvents
Anionic? Acetonitrile
_OMe . d
CH,—CHCO,R Me,C=—C] HF, 1,2-Dichloroethane
OSiMe; CN Dichloromethane®
Me Ny N,N-Dimethylacetamide
Csz(ljco2R Me;SiCH,CO,Me Me;SiF, N,N-Dimethylformamide
Lewis acid® Ethyl acetate
CH,—CHCONR, Me;SiCN ZnX, Propylene carbonate
R,AICI Tetrahydrofuran
d
' (R,Al),O Toluene
CH,=—CHCN RSSiMe:
Me
CHy— CCN ArSSiMe:
i
CH=—CHCR

*R=alkyl, Ar=aryl, Me=methyl, X=halogen.
0.1 mol% relative to initiator.

°10-20 mol% relative to monomer.
Preferred with Lewis acid catalysts.



7.4 MTransfer Polymerization (GTP)

* Synthesis of initiator

R,NLi*

== HAILH ALZ mp ALSC

COZR OSMC3

| CH,SSiMes CIHZS—CHzCH CH,CH= c OR

+ CH,=—CHCO,R —Z22»

CH,SSiMe; Cst—CHZCH CH,CH= c OR

COQR OSMC3



7.4 Group Transfer Polymerization (GTP)

—

- a4

* Speciality

P R e SRS
(D Once the monomer is consumed, a different monomer may be added

@ chain can be terminated by removal of catalyst.

@ chain can be terminated by removal by protonation or alkylation.

CH,

|
CH, _ CH;OH _ «vaHz?H (7.66)
|~ _OSR
wCHC=C7 o CO,CH;
~OCH; CHy
CeH:CH By waH2(|?CH2C6H5 (7.67)

CO,CH,



7 .4'Mransfer Polymerization (GTP)

e GPT mecahanism l




7.4 MTransfer Polymerization (GTP)

—

e Chain transfer of GPT l

Gy OSRg 0 CHyo
/ \ IF — —
CHy"  OCH; S = W
CH;0 CH; (7.69)
e CHy, LO—Si(Rs)—0_ /CHzMW
Cc=C C=C
v \

\ %
OCH; CH;0



