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Zovatovoc Iolvuepiopnog
Living Polymerization

"Polymerization initiated by electron transfer to
monomer a new method of formation of Block
Polymer”’

by M. Szwarc, M. Levy and R. Milkovich, 1955



‘Zovtavog Iolvopepiopoc’

e Y10 (OVTOVO TOAVUEPIONO OEV  VTUPYOLV  OVTLOPUGELS
UETUPOPAS OPOOTIKOTNTOS KOl OEV VAAPYEL TO GTAOL0 TOV
TEPUUTIOHOV

* H avtiopaon mpoympast péypt va KoTavoimdovy 0l Ta
povopept



‘Zovtovog Iolvpepiopoc’

O aprOuog TV evepy®V KEVTPOY 6TUOEPOS

M nmopel va vToloyieTEL.

—  gr(monomer)
s

~ mole(initiator)

IIpocOnKN 0V TEPOL pOVOREPOVS Y10 TO GYNUUTICNO
GLGTUOLKMV TTOAVUEP OV

20v0EG TOAVUEPOV NE OLUPOPETIKES UPYLTEKTOVIKES
IToAvugpn ne 6TEVI] KOTAVOUT] LOPLOKOY Bap@v

Elgyyoc oty oopun T®V TOAVUEPOV (TUKTIKA,
CUVOLOTUKTIKO)

Tpomomoinon TeEAMKNS ONAOC TOAVUEPOV



Aviovtikog IToAvpepropnog
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Aviovtikog IToAvpepropog

EKKIVﬂTég Formula or Example
1. Alkali metal suspensions Sodium in tetrahydrofuran or in liquid ammonia
2. Alkyl or aryllithium reagents nC,H,Li
3. Grignard reagents RMgX (R = alkyl or aryl,
X = halogen)
4. Aluminum alkyls AlR ,
5. Organic radical anions Na " (sodium
naphthalenide)
S
RN g LP Strong, initiates styrene,

HC—OMNag a—

QMQBF -

H,C—0%® Na®

@e vosr®  Medium, initiates MMA.

isoprene.

Weak, initiates
cyanoacrylate.
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Allcock, H.R.; Lampe, F.W. Contemporary Polymer Chemistry, 2nd ed., Prentice Hall, Englewood Cliffs, 1990.



Aviovtikog IToAvpepropog

Movouepn
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Opnooeg 00TEC NAEKTPOVIAV

Onooeg 0EKTEG NAEKTPOVIAV

http://www.mhhe.com/physsci/chemistry/carey/student/olc/graphics/careyO4oc/re
f/ch12substituenteffects.html
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Moderately Activating

Weakly Activating

Wealdy Deactivating

Ifoderately Deactivating

Strongly Deactivating

ortho / para
directing

meta
directing



Aviovtikog IToAvugpronog
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AviovTiKog IToAvugpronog
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AviovTiKog IToAvugpronog

Arvdooon
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2TOV OVIOVTIKO TOADUEPIGUO OEV TPUYUATOTOLOVVTOL AVTIOPAGELS TEPUOUTIGHOV TUPOUOLES
ILE QVTES TOV YIVOVTUL GTOV TOAVUEPIGUO EAEVOEPOV PLidV, 0TTOV TOAVHEPIKES PLLEC
evovovron. (INat ?) 18






Aviovtikog IToAvuepropog

Teppatiopog
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AviovTikog IHoAvpepionog

Movougpn

AEV TTPETEL VO TEPLEYOVY OPAOES TOV UTOPEL VO ODGOVY TPOTOVIQ

-COOH carboxyl groups
R-OH alcohols

NH2 id Opaoeg povopuep@y TOv OEV PTOPOLV

- amide groups ] \

(polyacrylimide in electrophoresis) va. xpnopomombovy GTOV AVIOVTLKO
for biological experiments TOAVUEPIGUO

§ )or

-C=C-H
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Z.ovtovog Iolvpugpronog

. O avTIOPAGELS HETUPOPAS OPUCTIKOTI TS
. O avTOPAGELS TEPUUTIGHOV
= Xp1non un TpoTikKeV OLAVTOV
= Oyl TOPOLGLN VEPOL, VYPULNG,
O,
CO,

Cpnyopn évapdn

Oleg o1 aAvoloeS CEKLVAVE TNV 1010 OTIYUN KO OVOTTOGOVTAL UE TV
1010 TOYVTNTO HEYPL VO TEAELMGOVY TO. LOVOUEPT)

EAgyyog ota poproxd papn

2TEVEC KOTAVOUES HOPLOKOV Bap@y



AviovTikog IToAvpuepropog

20v0EGT GVOTUOLKOV GUUTOAVUEPDOV

~__A + B » —_ _ABBBB®

A, B monomers with the same reactivity (R: groups of the same
polarity)

Av A> B Oy évapén, .y (A: pebaxpoikog psdvlestépag ko B: Lropévio)

B/
AC\“

AvC>A -AAAAAACCCCC: .y (B: peboxpoiikég pedorestépag kor A: Akpvrovitpilio)
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AviovTiKog IToAvugpronog

APOUCTIKOTNTO LLOVOUEPDV

most aggressive:

» dimethyl amino styrene, p-methoxy styrene, p-methyl styrene, a-methyl styrene

s styrene

* butadiene

- almost the same

* |[SOprene

» vinyl naphthalene

» p-chlorostyrene

» vinyl pyridine

» diphenyl ethylene (DPE)

» alkyl methacrylates (MMA)

» propiolactones

» ethylene oxide

Ease of initiation

A monomer in the list can

inttiate anything equal or

below it

0

AN

propylene sulfide

» vinylidene cyanide

DPE cannot
self-
propagate
(too bulky)

Ex: ethylene oxide cannot initiate

vinyl pyridine but can initiate

vinylidene cyanides

» g-cyanoacrylates

More reactive monomers — faster

polymerization
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Aviovtikog IToAvpepropog
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Tpomomoinon TEMKNS OLAOUS
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Kotwovtikog IToAvugpiopnog

Init =9 — Nt—CHy—C®  ———— INit—CHy—C—CHy—C @
R R R =

¥

To R wpémer va otaBepomorel to kapPokatiov ]
TOAMVNEPES
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Kotwovtikog IToAvugpiopnog

Exxivntég

Catalyst Class Example Formulas

1. Strong acids H,SO,
HCIO,
HCl

2. Lewis acids and their complexes BF,
BF;:0(C,Hy),
BCl,
TiCl,
AlCl,
SnCl,

Allcock, H.R.; Lampe, F.W. Contemporary Polymer Chemistry, 2nd ed., Prentice Hall, Englewood Cliffs, 1990.
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Kotwovtikog IToAvugpiopnog

Movouepn

R: Onadosg 00teS NAEKTPOVIOYV

R or OR

CH,=C CH,

B or OR
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Opnaoec 00TES NAEKTPOVIAV

Onaoec 0EKTEG NAEKTPOVIAV

http://www.mhhe.com/physsci/chemistry/carey/student/olc/graphics/careyO4oc/re
f/ch12substituenteffects.html
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Koatwovtikog IHoAvuepiopnog

"Evapén

H,50, _“—@ + HSO,

BF3 + Hzo z > F3BOH +@

R
> CH3——(|3+X‘
R
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Koatwovtikog IHoAvuepiopnog

Arvdooon
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Kotwovtikog IloAvpugpiopnog

AVTIOPAGELS NETUPOPAS OPOUCTNKOTNTOS

* Chain transfer to monomer.

CH, CH, CH,
C— t:@ + Hzr::( —
o GH H CHy CHy

« Spontaneous gjection of HX:

T i

|
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Kotwovtikog IloAvpugpiopnog

Teppotiopog

R

Hsc_/\/\/—C"' X + HZO —_—> H3C

R

A—QO—40
O
I

HX
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AviovTikog IoAvugpronog

IHewpopatikn owatodn

Rubber
serum
cap r
Tetrahydrofuran Manometer

CaH, or
LiAIH,
Teflon-covered
magnetic stirrer bar

Allcock, H.R.; Lampe, F.W. Contemporary Polymer Chemistry, 2nd ed., Prentice Hall, Englewood Cliffs, 1990.
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2uykpron MeBoowv IToivugpropnov

Polymerization or

Synthesis Type

Advantages

Condensation

Free radical

Classical anionic

Large number of potential monomers

Large number of monomers

Narrow-molecular-weight distribution;
some stereo control; block
copolymers accessible via “living”
polymers

Disadvantages

Relatively low molecular weight and
broad molecular-weight distribution;
no stereo selectivity; slow; requires
heat

Poor selectivity and no stereo control;
requires heat or radiation

Limited number of monomers; requires
low temperatures

Group transfer

Living polymers and room-temperature
reactions; allows polymerization of
monomers with “sensitive” side groups

Limited primarily to monomers with
C=0 or C=N units in side groups;
limited stereo control

Classical cationic

“Living” cationic

Molecular-weight control possible

Control of molecular weight possible;
narrow molecular-weight distribution;
allows block copolymer synthesis
Relatively insensitive to moisture

Molecular weights limited by chain
transfer; limited to olefins; cooling
required; sensitive to moisture

38




