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SYNTHESIS OF BLOCK COPOLYMERS
BY REDOX MACRO INITIATORS

ismail Cakmak

Karadeniz Technical Universily, Department of Science
Education 61335 S¢giitlt-Trabzon/TURKEY

ABSTRACT

Redox systems in block copolymer synthesis are reviewed, especially those
methods that lead to well-defined structures: poly (ethylene oxide), azo, macroazo,
peroxy or hydroperoxy redox macro initiators from vinyl monomers.

INTRODUCTION

Block copolymers are polymers in which there are at least two dyfferent
segments. They have been also considered as macromolecules formed by the
chemical combination of two different homopolymers end to end. They have a
widespread usage in commercial market as row matcrials for surfactants, adhesives,
fibers, elastomers, thermoplastics and thermoplastic elastomers.

The synthesis of block copolymer was first carried out by Bolland and
Melville[1] via living macro radicals in 1938. However, the industrial importance of
block copolymers was recognized after Szwarc ct. al. [2] who synthesized well-
defined block copolymers via living macro anions in 1956.

Since then, several methods such as free radical, step growth, anionic, cationic,
coordination and group transfer polymerizations have been developed to synthesize
block copolymers.

The different techniques of synthesis of block copolymers are reviewed by
several authors[3]. In recent years beside various synthetic methods redox initiating
systems have been successfully used for the synthesis of block copolymers via a
radical mechanism[4-6].

Polymerizations initiated by the reaction between an oxidizing and a
reducing agent called redox polymerization. The developments in redox
polymerization have been reported in many review articles by scveral authors[7].

The essence of redox initiation is a reduction-oxidation process. In this
process oxidant, i.e., Ce(1V), Mn(lII) forms initially a complex by reacting simply
organic molecules which then decomposes unimolecularily to produce free radicals
that initiates polymerization. Commonly used oxidants are include peroxides,
persulfates peroxydiphosphate, the salts of transition metals.
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These oxidants form effective redox systems with various reducing agents
like alcohols, aldehydes, amines, thiols for the agueous polymerization of vinyl
monomers. The essential feature of components constituting a redox pair for
aqueous polymerization is their solubility in water and fairly fast and steady
liberation of active radicals.

When a polymeric substrate is used as a redox system in conjunction with
an oxidant for the polymerization of vinyl monomers to form block or graft
copolymers, the radical generated on the polymer substrate acts as a
macro initiator.

POLY(ETHYLENE OXIDE) REDOX MACRO INITIATORS :
Novitskaya and Konkin[8] have firstly used Ce(IV)-poly(ethylene
oxide)(PEQ) redox system as macro initiator for the aqueous polymerization of
acrylonitrile(AN) to produce ABA type block copolymers. The reaction steps may
be represented as follows.

Ce(lV
HOCHpCHp(CHaCH20)—CHaCHpOH Ceh

CHQ:EH

) ) N
cI:H CHo(-CHyGHp0)—CHoCH ——————»

OH H

-(CHCH)FrCH CHa(-CHpC Hp0);CHp (CHCHoC H),

N H H OH

Scheme 1

The authors showed that , when the polymerization is carried out for a short
period of time only, homopolymerization of acrylonitrile can be avoided, since it
has a lengthly induction period.

Similarly Gomes et. al.[9] have reported the synthesis of the block
copolymers of poly(ethylene oxide) and methyl methacrylate. In this case, they
have used Ce(IV)/PEO as a redox macro initiator for the polymerization of MMA in
1,4-dioxane solution. The kinetics and characterization of block copolymerization
of MMA initiated Ce(IV)/PEO redox system were-also studied[10].

ABA type triblock copolymers comprising Poly(ethylene oxide) as the A
component and the poly(acrylonitrile), poly(acrylamide) or poly(methyl
methacrylate) as the B component were prepared via redox initiation method[11-
12). In aqueous polymerization, these block copolymers were oblained by initiating
the polymerization of AN, AAm or MMA with poly(ethylene glycol) in the presence
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Scheme 2

of Mn(III) ions. CH3COOH and H2SO4 were added to the reaction medium to
increase the stability of the Mn(III) ions. The principal parameters(concentration of
reactants, temperature) affecting the synthesis were also examined and the
successful blocking has been confirmed by viscosity measurements and
spectroscopic methods as well as gel permealion chromatography. Reaction
pathways are similar as scheme .

The potassium or sodium salt of PEO xanthate with HyO9 were used in the
AN([5,13] and MMA[14] polymerization in sulfuric acid media. The synthesis of
block copolymers was carried out in aqueous medium in the presence of HpS04
using PEQO-xanthate as reducing agent and HyO9 as oxidizer. The oxidation of
xanthate ions results in the formation of active center on sulfur atoms, which then
undergo isomerization, bringing about active centers on carbon atoms(5,15].

Yagcr et al. [16] obtained water soluble poly(acrylamide)s with high
molecular weight via a two step procedure. In this procedure, aqueous
polymerization of acrylamide (AAm) was initiated by using a macro-azo-initiator to
yield hydroxyl terminated PAAm. When these polymers are used as organic
reducing agents in conjunction with ceric salt, free radicals are formed by a transfer
of an electron. Polymeric radicals thus formed are capable of initiating the
polymerization of AAm giving rise lo chain extension and consequently high
molecular weight PAAm. The water-soluble block copolymers obtained at various
conditions were tested in the flocculation of suspenston of tincal concentrate and
showed good flocculating properties.

The ovcrall process may be represented as shown in scheme 3.

Deodecyl poly(cthylenc oxide)(DDPEO) was used with ceric ammonium
nitratc as a macro redox catalyst for emulsion polymerization of methyl
methacrylate to yield AB type block copolymers. In this process, DDPEO also acted
as the emulsifying agent[17-18].



16: 05 24 January 2011

Downl oaded At:

200 CAKMAK

CHy CH
| & 70C
Ho-(CHQCHQO-),,--C.C-:\}:N-T C-(OCHoCHp);OH + NCHp=CH ——»
CHy CHg CONHg
CHa

HO-(CHoC HQO')n“ﬁé-(CHQ-CH)m Ce(V)+AAmM

ONH
Hg 2

CH3

-(CH-CH2)pO-(CHQCHQO-)n—E-i-(CHg-CH)m

| ONHo
CONHp CHg

Schieme3

AZO GROUP CONTAINING REDOX MACRO INITIATORS

Bifunctional initiator systems that are not based on radical decomposition
but include a functional azo compound are an excellent starting material Lo introduce
the azo group in the middle of the polymer chain[3(J)]. Yadcy et. al.{4] firstly used
ceric ammonium nitrate in combination with 4,4'-azobis(4-cyanopentanol) as redox
initiator for the polymerization of acrylamide to produce poly(acrylamide) having
one azo group in the main chain. The pre polymer was used to initiate the thermal
polymerization of styrene by a [ree radical mechanism after eliminating N7 to obtain
acrylamide-styrene block copolymers.

The radical polymerization of styrene in the presence of 2,2'-azobis [2-
(imidazolin-2-yl) propane] dihydrochloride and CuCly as redox initiator yiclded
polystyrenc having several azo groups since chain termination occurred by radical
combination[19]. This macro-azo-initiator was then used for the thermal radical
polymerization of methyl methacrylate 1o produce styrene-methyl methacrylate
block copolymers.

ABCBA type block copolymers were synthesized[6,20-21] by the
combination of redox and thermal polymerization of vinyl monomers using
poly(ethylenc glycol) having azo and hydroxyl functions with Ce(IV) or Mn(11l).

HYDROPEROXIDE OR PEROXIDE REDOX MACRO
INITIATORS

Hydroperoxides in the presence of a metal ion may decompose in either of
twe ways, generating free radicals as depicted below[7(a)).
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Scheme 8

The use of an initiator having two initiating centers of different reactivities
such as bis(m-2-hydroperoxy-2-propyl--cumyl) peroxide, has allowed poly(methyl
methacrylate-h-styrene) to be prepared(22].

The hydroperoxy groups initiated polymerization of MMA at low Lemperature in the
presence of OsO4, and subsequently the PMMA containing peroxy group was used
to initiate the styrene polymerization by thermal dissociation of the peroxy groups.

Polymers containing hydroperoxy groups at chain ends with Fe*2 were
used as a redox macro initiators for the block copolymerization of vinyl
monomers[23-29].

Cauwla et. al.[30-31] have prepared the hydroperoxide terminated
poly(styrene) by a reaction sequence in scheme 7.

Reacting polymeric hydroperoxide with ferrous sulfate in the presence of a second
monomer afforded block copolymers.
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Hazer et. al.[32] were used a macro-azo-peroxy initiator together with
3,6,9-triazoundecane-1,1 1-diamine as a macro redox initiator in the polymerization
of MMA and they obtained PEO-PMMA block copolymers having azo group in the
main chain. Thermal decomposition these polymers in the presence of second
monomer gave ABCBA type multiphase block copolymers.

Black copolymers containing poly(vinyl chloride) were prepared by redox
polymerizing vinyl chloride an optionally comonomers in the presence of the
peroxides HOCRR90O2R3R4CO2H (R _4=H or alkyl groups) to give peroxides
having terminal vinyl chloride polymers and the block copolymerizing with
comonomers by thermal decomposition of the peroxides[33].

THE OTHER REDOX MACRO INITIATORS

Akar et. al.[34] were polymerized acrylonitrile in the presence of Ce(IV)
salts and ketonic resin such as methyl ethyl ketone/formaldehyde or
cyclohexanone/formaldehyde to yield the block copolymer of ketonic resin-
poly(acrylonitrile).

Mn(I11) and poly(acrylamide) having carboxyl groups were used as a macro
redox initiator for the block copolymerization of acrylonitrile{35].

Redox reaction between the thiol group at one end of poly(vinyl alcohol)
and potassium bromate initiated of sevcral monomers in water, yielding block
copolymers having the poly(viny! alcohol) as onc component{36]. The block
copolymers obtained showed behavior abviously different from the blend systems
of PVA and comresponding homopolymers.

The redox system ferric salt/acyl hydrazide has been used to obtain a
poly(aminotriazole-b-acrylonitrile) block copolymer[37] having the structure:
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The formation of free radicals by the reaction of tefminal acyl hydrazide groups of
poly(aminotriazole) RCONHNH7 and Fe(I1I), may represented as follows:

RCONHNH; + Fe(ill) ——— RCONNHp + Fefll) + H+

Guilbault and Brooks{38] reported the preparation of block copolymers by
the reaction of hydroxyl-terminated poly(vinyl pyrolidone) with methyl
methacrylate in the presence of ceric ammonium nitrate. A patent was also issucd to
Guilbault[39] for similar polymerization reactions utilizing water soluble
monomers.

CONCLUSION

The synthesis of block copolymers by redox systems exerts a number of
technical and theoretical advantages over the other methods. Becausc of
applicability at low temperatures, side reactions leading to formation of
homopolymers are minimized. The redox systems used in block copolymer
synthesis utilized in present review article.
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