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The involvement of different sulfur-organic compounds in the initiation of radical polymerizations has been
considered. Sulfides, disulfides, polysulfides, thiols, sulfenamides, and azo sulfides have been shown to
generate radicals due to the cleavage of sulfur bonds. Sulfur-containing peroxides as well as thioacetals and
thioketals have been chosen to illustrate the effect of sulfur upon the homolytic fission of different bonds
such as C-0, 0-0, and C-C. Numerous examples have been considered for the application of sulfur-organic
compounds as components in redox systems, wherein the radicals initiating the polymerization are generat-
ed by oxidation or reduction of the sulfur-containing compounds involved.

Key words: Radical polymerization, initiation, sulfides, disulfides, thiols, sulfenamides, sulfur-organic
peroxides, thioacetals, thioketals, azo sulfides.

1. INTRODUCTION

Sulfur-organic compounds and sulfur itself are applied in the chemistry of high-
molecular compounds and, in particular, in radical polymerizations to play the role of
monomers, molecular-weight regulators, cross-linking and chain transfer agents,
inhibitors, and stabilizers of polymeric materials. Much less information has emerged
about sulfur-containing initiators of polymerizations. However, a detailed study of the

1



13: 01 25 January 2011

Downl oaded At:

2 Y.I. PUZIN AND G.V. LEPLYANIN

initiation processes is indispensable in the design of polymeric materials possessing the
desired properties.

The present review is intended to cover the available data concerning the role of
various sulfur compounds as polymerization initiators.

Here, we take no account of various applications of sulfur-organic compounds in the
photoinitiation of polymerizations; besides, our considerations of their use as vul-
canizers are only brief since these aspects have already been reviewed'™.

2. GENERATION OF RADICALS BY CLEAVAGE OF CHEMICAL BONDS

2.1. Mono-, di-, and polysulfides.

Organic sulfides have no practical use as initiators of polymerizations. However, N,
N,N',N'-tetramethylthiuram sulfide 1 initiates methyl methacrylate, styrene, acryloni-
trile, and methacrylonitrile polymerizations at 95°C®.

Me\ 48 S§ /Me
Pie 1
Me” s \Me

Compound 1 initiates also the bulk polymerization of styrene’ its activity being inferior
to that of both the conventional initiators such as azobisisobutyronitrile (AIBN) and
dibenzoyl peroxide and to that of thiuram and benzothiazolyl disulfides.

Dithiocarbamates, for example S-methyl N,N-diethyldithiocarbamate, initiate the
polymerization of methyl methacrylate, acrylonitrile, and vinylidene chloride®. Zinc
N,N-diethyldithiocarbamate is an active initiator of the bulk polymerization of styrene’;
dithiocarbamates of sodium, zinc, dialkylaluminium, piperidinium, etc., are used for
curing rubber®'?.

S-Alkyl thioformates such as 2 have been found to initiate the polymerization of vinyl
monomers like methyl methacrylate and styrene''.

40
RS-C_ R = nCH,
H

2

The polymerization of methyl methacrylate is also initiated by tetrakis(alkylt-
hio)ethenes'!"!*; here, the reaction order of the initiator is 0.35, indicative of its combined
initiating and inhibiting properties'*. In addition to initiation, there occurs a chain
transfer with organic sulfides'>'¢.

Disulfides are known as initiators of radical processes. Thus, thiuram disulfides and
dithioxanthates are used to accelerate rubber curing and to increase the thermostability
of rubber'®'”""*, Dibenzoyl disulfide decomposes at 70°C to form radicals and, as a
result, initiates vinyl polymerization”. A number of aromatic disulfides, e.g. diphenyl,
dibenzyl, dibenzoyl, dinitrodiphenyl, dibenzothiazoy! disulfide and others, appear to be
of low efficiency as thermal initiators for polymerizations™®?'->2, Dibenzoyl disulfides
possessing different para-substituents initiate emulsion copolymerizations of butadiene
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and styrene®. Hexachlorocyclotriphosphazene polymerization initiated by N,N,N’,N'-
tetrapropylthiuram disulfide proceeds also by the radical mechanism®. To polymerize
methyl methacrylate there has been used a modified poly-y-benzylglutamate containing
S-S bonds*.

It should be noted that n-alkyl disulfides (i.e. dipropy! and di-lauryl disulfide) do not
actually initiate radical polymerizations®.

Bis(isopropoxythiocarbonyl) disulfide, N,N,N’,N’-tetramethylthiuram disulfide and
dibenzothiazolyl disulfide initiate the polymerization of isoprene'? and styrene’ as well
as the copolymerization of styrene with 1,3-butadiene?®?. N,N,N’,N’-Tetramethylt-
hiuram disulfide has been reported to initiate the polymerization of styrene?” and methyl
methacrylate®™, of acrylonitrile and methacrylonitrile®. In the decomposition of disul-
fides sulfur-centered thiyl radicals are formed'>*.

N,N, N’ N'-Tetramethyithiuram disulfide has been shown to decompose in a first-
order reaction with 80-90% conversion'®. Still, with thiuram disulfides as initiators the
reaction order is determined by the disulfide structure in the equation derived for the
polymerization rate’'.

In addition to polymerization initiation, disulfides participate in chain transfer proces-
ses®.

With  N,N,N’ N'-tetraethylthiuram  disulfide®*3, dibenzoyl  disulfide®,
bis(isopropoxythiocarbonyl) disulfide*, tetrathiaadamantyl disulfide and dibenzyl dis-
ulfide®, polystyrene and poly-(methyl methacrylate) possessing sulfur-containing end
groups have been prepared to allow a variety of further macromolecular reactions®.

It has been shown that catalytic cleavage of an S-S bond in aromatic disulfides occurs
at room temperature in the presence of electron acceptors such as aluminum and gallium
bromide™'’.

The polymerization of vinyl acetate® and styrene
cyclic disulfide 1-oxa-4,5-dithiacyclohexane.

Aliphatic tri-, tetra-, and polysulfides have been used to prepare chloroprene
oligomers*'. Dimorpholinyl tetrasulfide has been shown to be an accelerating and curing
agent for rubber mixtures'®. Bis-(V,N-pentamethylene)thiuram tetrasulfide initiates the
bulk polymerization of styrene’.

340 proceeds in the presence of the

2.2 Thiols, sulfenamides and azo sulfides

Thiols can be used to initiate polymerizations. Thus, thiocarboxylic acids 3 have been
shown to initiate the polymerization of methyl methacrylate and styrene in bulk and in
benzene solution®.

_0
RC R = Me,Ph 3
“SH

Mercaptoacetic and mercaptosuccinic acid have been employed in thermal polymeriz-
ations of methyl methacrylate, styrene, and acrylamide at 60 °C*’. Lauryl mercaptan has
been used as an initiator to copolymerize 1,3-butadiene and styrene®® 5,

With methyl methacrylate®**”, MMA-RSH complexation has been shown to lead to
a pronounced increase of the thermal polymerization rate.



13: 01 25 January 2011

Downl oaded At:

4 Y.I. PUZIN AND G.V. LEPLYANIN

The presence of aliphatic thiols causes a decrease of the rate of thermal styrene
polymerization®; and the thiol consumption rate has been shown to be independent of
its initial concentration®*,

The utilization of poly(y-mercaptopropylsiloxane) absorbed on silica gel to initiate
polymerization of acrylic acid® is in contrast to the inability of the low-molecular
propanethiol to act as initiator.

Compounds containing an SN bond of low stability'? are widely applied in the
low-temperature structurization of rubber and as effective initiators of the polymeriza-
tion of vinyl monomers®*'**. Thus, for instance, biphenylyl-4,4'-bisazo bis(aryl sulfides)
4 initiate the polymerization of methyl methacrylate and acrylonitrile at 70°C*.

ArSN=N-(O) <) N-NSAr <= 2N, + 2ArS {O)~0)-

Homolytic decomposition to form two radicals and a molecule of nitrogen is typical
of arylazo sulfides (ADAT)*>353:%6;

Ar-N=N-SR - Ar" + N, + RS’

Phenylazo phenyl sulfone has been described as a source of free radicals™’:

@—N=N—802—@ N @ +N, + Soz—@

3. THE SULFUR EFFECT UPON THE CLEAVAGE OF DIFFERENT BONDS

3.1. Sulfur-organic peroxides

The presence of sulfur in a peroxide influences the breakdown of the peroxide bond. An
investigation of arylsulfony! hydroperoxides 5 has shown them®™ to be capable of
initiating vinyl polymerization, e.g. of methyl methacrylate and acrylonitrile.

The sulfide-containing hydroperoxides 7 initiate styrene polymerization already at
5°C*,
RSR-0O0H R’ = (CH,),;
7
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Water soluble hydroperoxide salts have been used to initiate emulsion polymeriz-
ations®"2,

Because of their homolytic decomposition peroxides 8 and 9 have been used to
prepare various polymer compositions®*®:

Me

Me %
(Me, cooc| @ ),80,  RS(0),CH,C—O0O0CMe,
Me

OOCMe,

8 n = 1;2 9

Compounds containing a group near the peroxide moiety such as ¢-butyl [o-(z-butylt-
hio)phenyl] perbenzoate are also capable of initiating the radical polymerization of
styrene and methyl methacrylate®’,

Sulfur-containing peroxycarbonates such as 10 initiate the polymerization of vinyl
acetate, methyl methacrylate, and some other monomers at 50 °C%.

RS(O), R’O(”ZOO(HDR‘ RSC=0
OOR!'
n = 0,2
10 11

Peresters of S-alkylcarbonic acids 11 are only stable below 0°C. They initiate the
polymerization of styrene and vinyl chloride® and exert practically no influence upon the
chain transfer processes.
Therefore, the stabilities of sulfur-organic peroxides and their activity in radical
processes are determined by the following factors:
(i) the relative position of the sulfur and the peroxide group; generally, the farther
apart they are positioned, the more stable is the peroxide;
(ii) the oxidation state of the sulfur atom: the higher it is, the more stable is the
peroxide;
(iii) possible inter- and intramolecular interactions, often leading to lowered peroxide
stability;
(iv) the effect of sulfur upon the mechanism of decomposition; a polar medium or the
presence of polar species favors usually the heterocyclic decomposition of
peroxides.

3.2. Cleavage of different bonds

Oxygen-containing thioacetal derivatives such as l-benzoyl-oxy-!,1-bis(alkylthio)-
methanes 12 can exhibit initiating properties'"", resulting in the formation of benzoyl-
oxy and bis(alkylthio)methyl radicals:
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AKS. H AKS_ _H
x{  _o —— oo + ¢~
alks” No—cZ AIKS
Ph
12

Tetrakis(arylthio)methanes and -ethanes have been described as polymerization initiat-
ors™. An ability to initiate vinyl polymerization, e.g. of methyl methacrylate, has been
observed with tetrakis(alkylthio)-ethanes'"".

4. SULFUR-ORGANIC COMPOUNDS AS COMPONENTS OF INITIATING
SYSTEMS

Sulfur-organic compounds have a variety of applications as components of redox
systems where they can function as both oxidizing and reducing agents. Persulfates are
well-known as oxidative components of redox systems. However, their interactions with
reducing agents most often result in cleavage of the peroxide bond without reduction of
sulfur-containing groups. There are some surveys reporting various utilizations of
persulfates for both preparation of polymers and for their modification”””*. This section
considers organic sulfur compounds which are involved in redox reactions.

4.1. Thiols and thioureas

Thiols are widely employed to initiate the decomposition of oxidative radical starters.
Components such as lauryl mercaptan’”’ | thiomalonic™”, thiomalic®®*, mercaptosuc-
cinic*’, and mercaptoacetic*’#3% acid, 2-mercaptoethanol®”®, 2-mercaptoethylamine®,
and cysteine hydrochloride® can be used to initiate persulfate decomposition and to
promote monomer polymerizations in aqueous solution or emulsion®"**. Mercaptoacet-
ic, thiomalic, and thiolacetic acid accelerate acrylonitrile polymerization initiated with
peroxymonosulfate®.

2-Aminoethanethiol has been observed to render active assistance in peroxydiphos-
phate initiated polymerizations®*®’,

Metal ions can become useful as oxidative components in combination with thiols.
Thus, in the presence of a thiol the acrylonitrile polymerization rate increases appre-
ciably upon addition of cerium(IV) ions®'®. In the case of 2-mercaptoethanol the
polymerization rate is proportional to [Ce]**:[RSH]?*%. With thiomalonic acid a
complex results which decomposes to the radicals initiating the polymerization®. For
polymerizations initiated with the Ce**-2-propanethiol system the reaction orders of its
components are 0.5 and the initiating radical Me,CHS" appears with the decomposed
oxidant-reductant complex'™.

Manganese(I11) laurate has been used as oxidant'®'®, The system KBrO;-mercap-
toacetic acid had been used to initiate acrylonitrile polymerization'®” and that of methyl
methacrylate'®'® as well as their graft copolymerization to natural rubber''’. A com-
bination of KBrO, and thiomalic acid has been used to polymerize methyl methacry-
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late'"". The methyl methacrylate polymerization rate in the presence of the vitamin

B,,-2-mercaptoethanol system''? has been found proportional to [B,,]%* - [RSH]%*.

Systems such as ammonium metavanadate-mercaptosuccinic acid'®, potassium
permanganate-mercaptoacetic''® or mercaptosuccinic''® acid have been described in
connection with the polymerization of acrylamide and methacrylamide. The following
systems have been shown to be highly effective for methyl methacrylate polymeriza-
tion'': chlorine-thioglycolic acid, bromine-2-mercaptoethanol, the system iodine-2-
mercaptoethanol being inferior to the former ones.

Polymerization initiated with H,0,'""™""® and hydroperoxides'’® in the presence of
thiols allow a temperature decrease due to the initiation systems formed:

RSH + R'OOH = [complex] ———— RS’ + R'O" + H,0

9

The systems 2-phenyl-2-propyl hydroperoxide (or dibenzoyl peroxide)-2-mercap-
tobenzothiazol have been used for the structurization of rubber solutions'**'?'. The
methyl methacrylate graft copolymerization is initiated with the system H,O,-
cysteine'”. The decomposition rate of t-butyl hydroperoxide is increased by three orders
of magnitude in the presence of triazinedi- and -trithiols as well as of their zinc and
copper salts'?®,

There exist systems containing sulfur dioxide as an oxidan
which with thiols result in polymerization initiating radicals.

The reaction of aliphatic thiols with peroxide initiators leads to a lower rate of styrene
polymerization'**. In the presence of RSH the effective constant of the dibenzoyl
peroxide decomposition rate increases** .

With the systems dibenzoyl peroxide or r-butyl perbenzoate with aliphatic thiols the
polymer molecular weight and polydispersity are determined by the involvement of the
thiol in the initiation, chain transfer, and interactions with the initiator'?.

Systems of different alkanethiols with lauryl peroxide have been utilized to prepare
polyacrylamide and polyacrylonitrile with sulfur-containing end groups'? and that of
thiophenol with lauryl peroxide to prepare poly-(methyl methacrylate)'?’.

The systems -lauryl mercaptan-dibenzoyl peroxide, 2-phenyl-2-propyl and 1-phenyl-
1-cyclohexyl hydroperoxide, AIBN have been used to graft styrene, methyl methacry-
late, and acrylonitrile to 1,4-cis-poly(butadiene)'?® and to polymerize chloroprene'®.

Studies of styrene polymerization initiated with dibenzoyl peroxide in the presence of
n- and r-lauryl mercaptan have shown the RSH effect upon the polymerization to be
observable for conversions above 3%"%1,

Thiols can also induce decomposition of initiators other than peroxides'*'*. The
effect of lauryl mercaptan upon the AIBN decomposition has been considered in an
optimization of methyl methacrylate polymerization'* 13

t'212 the interactions of

. As stated in the literature'’, one
should take into account the interactions of thiols and initiators while estimating the
constants of chain transfer to RSH. The presence of 2-mercaptobenzothiazole'**, mer-
captoacetic and mercaptosuccinic acid* lowers the rate of methyl methacrylate poly-
merization initiated with AIBN.

Thiourea has been widely employed in redox systems to initiate polymerization'*.
Low reaction temperatures and activation energies are inherent to such systems.

In the presence of thiourea there is observed an increase in the rate of methyl

methacrylate polymerization initiated with potassium persulfate'*.
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The system thiourea-potassium peroxydiphosphate has been applied to graft copoly-
merization of methyl methacrylate to wool fibres'*”'®¥ and silk'*®. Potassium bro-
mate''"'*"'* and halogens'* are often used as oxidants. However, the iodine systems
have been reported to be of low efficiency in the initiation of polymerization.

The system thiourea-H, O, has been widely applied to graft copolymerization
and polymerization of acrylonitrile'*® and methyl methacrylate'*.

The system thiourea-dibenzoyl peroxide has been described in connection with methyl
methacrylate polymerization'*. There have been carried out detailed studies of styrene
polymerization in benzene in the presence of cumyl hydroperoxide and its mixtures with
N-benzoyl-N'-(n-propyl)- and N-benzoyl-N'-isobutylthiourea'®.

The system thiourea-KMnO, has been used to polymerize methyl methacrylate'* and
acrylonitrile'’. Initiating systems of thioureas with transition metal ions such as
Mn3+ |54,l55’ Ce4+ 103.156—160, V5+ 161»167, Cr6+ 168’ and Fe3+ 169-175 haVe been utilized on a
large scale.

It has been also noted that the replacement of thiourea hydrogens by alkyl groups
leads to a decreasing polymerization rate in systems containing metal ions'"*'"*.

Vinyl polymerizations initiated with systems including N-alkyl(aryl)thioureas such as
dibenzoy! peroxide and N,N’-diphenylthiourea'®'’® and r-butyl hydroperoxide and
N,N,N',N'-tetramethylthiourea'”’ have been investigated.

N-Methylthiourea has been used as a component of redox systems. For acrylonitrile
polymerization, its systems with Mn** ', Cré* ', Ce** '% potassium bromate'®,
potassium peroxydiphosphate'®', and potassium permanganate'®? have been used. The
system H,O,-thiourea dioxide—Fe’* has been described in connection with the poly-
merization of glycidyl methacrylate'®'®¢.

145-151

4.2. Sulfides and disulfides

Organic sulfides have not been utilized as components of redox systems. Their inter-
actions with H,0, and other peroxides lead to fast peroxide consumption for the
oxidation of sulfur atoms and, as a consequence, to inhibition of polymerization'®*'%¢,

However, radicals have been observed to form in the course of hydroperoxide and
R,S interactions'?’, their yield being low due to the occurrence of a number of parallel
homo- and heterolytic reactions'®'®.

Dialkyl (or diaroyl) peroxides readily react with sulfides to oxidize the latter to
sulfoxides'®®!**1! | Still, Horner and Jiirgens report'® that this reaction can proceed by
both an ionic and a radical mechanism. The radical reaction route results in the
substitution of hydrogen atoms in the a-position to sulfur'®?,

In the presence of copper salts as catalysts the substitution becomes dominant
and thus can be considered as a potential preparative method for the synthesis of
a-substituted products. In the case of thioacetals the hydrogen atoms are more active
than those in sulfides; benzoyloxy substituted thioacetals have been observed as main
reaction products with benzoyl peroxide'®.

In vinyl polymerization initiated with benzoyl and lauroyl peroxide, geminal bissul-
fides not only fail to inhibit the process, but even increase the polymerization rate'"".
The initiating activity of the above systems is explained by the emergence of a number

191,193-195
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of reaction products which in turn initiate polymerization. It is important to note that
1,3-bissulfides inhibit polymerization'®’.

Some other systems involving sulfides are known to initiate polymerization. Thus, for
instance, diphenyl sulfide is poorly oxidized by peroxides'®®, while its presence gives a
pronounced increase in the rate of methyl methacrylate polymerization initiated with
dilauroyl peroxide'”’.

The S-S bonds have been already stated to cleave at higher temperatures. Various
activators have been used for disulfide decompositions. Bis-(N,N,N’,N’-tetraalkyldia-
midophosphoryl) disulfides have been studied with respect to rubber curing'®®; in the
presence of peroxides and sulfenamides they readily decompose to reactive RS radicals.
The system thiocarbamoyl sulfenamide-dibenzothiazolyl disulfide has been shown to
markedly accelerate rubber curing with sulfur'®.

Polystyrene modified with N,N,N',N'-tetramethylthiuram disulfide in the presence of
peroxides has been found to decompose at higher temperatures than an unmodified
sample®.

Dibenzothiazolyl disulfide reacts only slowly with hydroperoxides'?; however, upon
addition of diphenylguanidine or 1-naphthylphenylamine the reaction is accelerated and
the disulfide is reduced already at 20°C.

The decomposition of disulfides can also be activated by nitrogen containing com-
pounds. For example, the system diisopropylthiophosphoryl di(or tetra)sulfide and
dimorpholinyl disulfide has been applied to polyisoprene curing®"'.

Disulfides by themselves can activate the decomposition of other initiators. They have
been observed to considerably accelerate styrene emulsion polymerization initiated with
persulfate®. The use of systems incorporating diisopropylxanthate disulfide and H,O,
or dibenzoyl peroxide has been described for the emulsion and bulk polymerizations of
styrene®.

In the presence of disulfides peroxides decompose by the radical mechanism. Thus, the
reactions of diphosphoryl disulfides and diisopropylxanthate disulfide with r-butyl
hydroperoxide proceed slowly at 70 °C while they occur readily with UV irradiation®®.

Transition metal salts are also utilized to activate disulfide decomposition. For
example, the systems diphenyl disulfide-urea, diphenyl disulfide-cupric chloride as well
as the ternary system PhSSPh-urea—-CuCl, have been reported to initiate methyl
methacrylate polymerization?”2%,

The investigation of AIBN initiated polymerization of styrene in the presence of
disulfides” has shown that aromatic disulfides decrease the polymerization rate appre-
ciably, in contrast to aliphatic disulfides.

With thiuram disulfides® such as N,N,N’,N'-tetramethyl-, N,N,N’,N'-tetraethyl-, and
N,N,N',N’-tetrabutylthiuram disulfide one can observe a decrease of the rates of AIBN
initiated polymerizations. With diisopropylxanthate disulfide heated in benzene in the
presence of AIBN, interaction between the dimethylcyanomethy! radicals and the

disulfide has been shown to lead to the formation of xanthate radicals®®.

4.3. Sulfoxides and sulfur-containing azo compounds

In initiating systems sulfoxides can work as both oxidants and reductants. Thus, systems
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such as dimethyl sulfoxide (DMSO)-thiol have been used to initiate methyl methacrylate
polymerization in benzene solution®”%%,

The most important property of sulfoxides has been assumed to be their aptitude for
the complexation of metal ions, a property which allows further involvement of sul-
foxides in the redox initiation of polymerization. The systems of MoCl, with dialkyl
sulfoxides™, diphenyl sulfoxide*'’, and polymeric sulfoxides®' have been studied in
methyl methacrylate polymerization.

Sulfoxides can also act as reductants in redox systems. For example, DMSO effective-
ly initiates acrylonitrile polymerization in the presence of Ce** 22, Acrylonitrile poly-
merization has been studied with the initiating system Mn’*-DMSO?*2'%,

Sulfoxide complexes, e.g. with metal salts, have been observed to take part in the
initiation of polymerizations®'*'’. The addition of a dihexyl sulfoxide-CoCl, complex
allows a pronounced increase in the rate of methyl methacrylate polymerization initiated
with 4,4-dimethyl-1,3-dioxanyl hydroperoxide™®. An increased rate of methyl methacry-
late polymerization has been observed with the system 4-phenyl-1,3-dioxanyl hyd-
roperoxide with the dicyclohexyl sulfoxide-CoCl, complex?.

Sulfoxide complexes of metals can form initiating systems with methyl AIBN, too.
Complexes of DMSO with Rh(III) and Ru(II) salts have been used for methacrylate
polymerizations initiated with AIBN?*2!,

The use of sulfoxide-metal complexes capable of functioning as oxidants have been
also assumed to lead to initiation of polymerizations. For instance, the rate of methyl
methacrylate polymerization increases in the presence of the oxalic acid-[Fe(DMSO)]-
(Cl0O,), system??. The polymerization of methyl methacrylate is accelerated in the
presence of the complex [Fe(DMSO),](ClO,), and sodium cyanide??.

It has already been mentioned that sulfur-containing azo compounds are not widely
utilized as initiators because of their low initiating activity which can be increased by the
use of certain additives inducing their decomposition®**’.

4.4. Various sulfur compounds

As reported by many research workers, sulfonic acids are often utilized as emulgators
to accelerate the polymerization of various monomers. Thus, sodium dodecanesulfonate
facilitates persulfate decomposition”**** and gives a complex with the monomer in the
emulsion polymerization of styrene?®. The presence of a sulfonic acid leads to an
increased rate of acrylamide polymerization”’ with a correspondingly lower activation
energy?®.

In addition to the interactions of surface active species with initiator and monomer,
certain physical factors can be responsible for polymerization acceleration®®.

Hydroperoxides are known to decompose into radicals more intensively in the pres-
ence of acids including p-toluenesulfonic acid*?. In the polymerization of methyl metha-
crylate, styrene, and ethyl methacrylate both sodium metabisulfite and the system
metabisulfite-sulfonic acid have been reported to initiate the process™.

The application of the system [4-isopropylcumyl hydroperoxide-sodium for-
maldehyde sulfoxylate-complex of Fe(Il) with N,N,N’,N’-ethylenediaminetetraacetic
acid] has been described for the emulsion polymerization of 1,3-butadiene®'.

The mixed-ligand complexes of Mn(III) acetylacetonate with aromatic sulfonic
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acids
emulgators

Sulfur compounds containing amino or amide groups have been also utilized as
components of initiating systems. Thus, for example, the system sulfenamide-zinc
dithiocarbamate exhibits curing activity and stabilizing properties for rubber®*. The
interaction of para-substituted thiobenzamides with Fe(ClO,), results in radicals initiat-
ing methyl methacrylate polymerization®*.

Studies of the effect of phenothiazine upon the AIBN initiated polymerization of
methyl methacrylate have shown stable cation radicals to be formed with subsequent
polymerization initiation, however, with a low rate™%%7,

The system 2,2’-thiodiethanol-trichloroaquabipyridyl-manganese(III) allows an in-
creased rate of methyl methacrylate and acrylonitrile polymerization®*®,

The polymerization of methyl methacrylate in the presence of the system N,N-
dimethylaniline-p-toluenesulfonic acid chloride follows a radical mechanism and its
initiation proceeds via decomposition of the chain transfer complex®*®. Methyl metha-
crylate radical polymerization can be initiated by the complex of oxalic acid with

potassium ethylxanthate®®,

REFERENCES

t. H.J. Hageman, Progr. Org. Coat., 13, 123 (1985).

2. R. Phillips, J. Photochem., 25,79 (1984).

3. W. Hofmann, Vulkanizatsiya i Vulkaniziruyushie Agenty, Nauka, Leningrad, 1968, 371 p.
4. A. A. Dontzov, Protsessy Strukturirovaniya Elastomerov, Nauka, Moscow, 1978, 287 p.
5. V. A Kargin, Z. Y. Berestneva, and V. G. Kalashnikova, Usp. Khim., 36, 203 (1967).

6. R.J. Kern, J. Amer. Chem. Soc., 77, 1382 (1955).

7. T. Otsu, J. Polym. Sci., 21, 559 (1956).

8. T. Otsu, K. Nayatani, S. Moto, and M. ltai, Makromol. Chem., 27, 142 (1958).

9. J. Beniska and E. Staudner, J. Polym. Sci. Part C, 16, 1301 (1967).

10. Ed. 1. P. Maslova, Khimicheskie Dobavki k Polimeram, Khimiya, Moscow, 1981.
11. Yu. L. Puzin, Initiating Systems Peroxides—Geminal Bis-sulfides, Dissert. Kand. Khim. Nauk, In-

stitute of Chemistry of AS of the U.S.S.R., Ufa, 1984, 122p.

12. B. A. Dolgoplosk and E. 1. Tinyakova, Generirovanie Svobodnykh Radikalov i Ikh Reaktsii, Nauka,
Moscow, 1982, 252p.

13. Yu. I. Puzin, G. V. Leplyanin, Yu. M. Shaul’skii, and G. A. Tolstikov, Eur. Polym. J., 24, 579 (1988).

14. A. K. Shukla, S. Saini, P. Kumar et al., Angew. Makromol. Chem., 141, 103 (1986).

15. U. Schmidt, A. Hochrainer, and A. Nikiforov, Tetrahedron Lett., 3677 (1970).

16. O. 1. Korchev, Yu. I. Puzin, and G. V. Leplyanin, Vysokomol. Soedin. Ser. A, 28, 468 (1986).

17. G. Bloomfield, J. Soc. Chem. Ind. ( London), 68, 66 (1949).

18. W. Scheele, O. Lorenz, and W. Drummer, Rubber Chem. Techn., 29, 15 (1956).

19. V. Duchacek and A. Kuta, J. Appl. Polym. Sci., 27, 1549 (1982).

20. R. L. Frank, R. L. Blegenand, and A. Deutschmann, J. Polym. Sci., 3, 58 (1948).

21. T. Ferington and A. V. Tobolsky, J. Amer. Chem. Soc., 80, 3215 (1958).

22. G. H. Foxby, J. Polym. Sci., 41, 545 (1959).

23. M. Kaiwara and K. Shiomoto, Polym. Commun., 28, 93 (1984).

24. G. D. Rudkovskaya, L. A. Ovsyannikova, I. A. Baranovskaya, B. M. Shabsel's, R. A. Ivanova,
N. N. Ul'yanova, and G. P. Vlasov, Vysokomol. Soedin. Ser. B, 23, 842 (1981).

25. V. 1. Mel'nichenko, V. D. Enal'ev, and O. P. Bovkunenko (USSR), Depos. Doc., VINITI, 1977,
2932-77 Dep.

26. E. Staudner, S. Fuzy, L. Cernakova, J. Beniska, G. Kysela, and G. Rizner, Chem. Zvesti, 37, 511
(1983).

27. E. Staudner, G. Kysela, J. Beniska, and D. Mikolaj, Eur. Polym. J., 14, 1067 (1978).

28. T. E. Ferington and A. V. Tobolsky, J. Amer. Chem. Soc., 77, 4510 (1955).



13: 01 25 January 2011

Downl oaded At:

46.

47.
48,

49.

Y.I. PUZIN AND G.V. LEPLYANIN

R. E. Davis and C. Perrin, J. Amer. Chem. Soc., 82, 1590 (1960).
H. G. Cutforth and P. W. Selwood, J. Amer. Chem. Soc., 70, 278 (1948).

. T. Otsu and K. Nayatani, Makromol. Chem., 27, 149 (1958).

T. Otsu and M. Yoshida, Makromol. Chem. Rapid Commun., 3, 127 (1982).

. T. Otsu, M. Yoshida, and A. Kuriyama, Polym. Bull., 7, 45 (1982).

M. Niwa, T. Matsumoto, Y. Shimada, and Y. Matsui, Doshiha Daigaku Pikogaku Kenku Hokoku,
Sci. Eng. Rev. Doshiha Univ., 26, 219 (1986); Ref. Zh. Khim., 18C336 (1986), Chem. Abstr., 105,
162010 (1986).

. G. V. Leplyanin, S. R. Rafikov, E. G. Varisova, O. 1. Korchev, and F. Z. Galin, Vysokomol. Soedin.

Ser. 4, 18, 595 (1976).
A. A. Vyazgina, I. P. Romm, E. N. Gur’yanova, V. V. Troitskii, and V. A. Chernoplenkova, Dokl.
Akad. Nauk SSSR, 278, 649 (1984).

. A. A. Vyazgina, 1. P. Romm, E. N. Gur’yanova, V. V. Troitskii, and R. R. Sifrina, Zh. Obshch.

Khim., 53, 1368 (1983).

. A. V. Tobolsky and B. Baysal, J. Amer. Chem. Soc., 75, 1757 (1953).

W. H. Stockmayer, R. O. Howard, and J. T. Clarke, J. Amer. Chem. Soc., 75, 1756 (1953).

R. M. Pierson, A. J. Constanza, and A. H. Weinstein, J. Polym. Sci., 17, 221 (1955).

E. Noriaki, A. Takashi, K. Toshikazu (Toyo Soda Manufactur. Co., Ltd.), U.S. 4,577,004 (1986);
Chem. Abstr., 103, 143212 (1986).

Y. Okada and Y. Oono, Kobunshi Ronbunshu, 43, 459 (1986); Ref. Zh. Khim. 2C215 (1987).

Y. Okada and Y. Oono, Kobunshi Ronbunshu, 41, 371 (1984); Ref. Zh. Khim., 5C253 (1985).

H. R. Snyder, J. H. Stewart, R. E. Allen, and R. J. Dearborn, J. Amer. Chem. Soc., 68, 1422 (1946).
E. P. Goryainova (U.S.S.R.), Depos. Doc., Ukrain. NIINTI, 1984, 1602-UKr-84 Dep.; Ref. Zh.
Khim., 2C255 Dep. (1985).

Yu. S. Zaitsev, V. V. Zaitseva, and A. V. Lyubova (U.S.8.R.), Issled. v Obl. Sinteza Polimerov (Kiev,
1978), p. 16; Chem. Abstr., 91, 141315 (1979).

K. Kasinithi, [. Tajuddin, and Q. Anwaruddin, Polym. Commun., 25, 179 (1984).

V. D. Enal'ev, V. [. Mel'nichenko, and O. P. Bovkunenko (U.S.S.R.), Depos. Doc., VINITI, 1977,
612-77 Dep.

V. 1. MeFnichenko, O. P. Bovkunenko, V. D. Enal’ev, N. G. Podosenova, and V. P. Budtov, Ukr.
Khim. Zh., 51, 1215 (1985).

Huang Mei-Yu, Wu Ru, and Jiang Li-Ren, Polym. Bull.. 9, 5 (1983).

D. Craig, A. Juve, and W. Davidson, J. Polym. Sci., §, 709 (1950).

. W. B. Reynolds and E. W. Cotton, Ind. Eng. Chem., 42, 1905 (1950).
. W. B. Reynolds, A. L. Johnson, and R. H. Clark, Can. J. Technol., 21, 343 (1951).

S. Niino, K. Ageishi, and S. Hayama, Kobunshi Ronbunshu, 37, 563 (1980); Chem. Abstr., 93, 205098
(1980).

H. Van Zwet. J. Reiding, and E. C. Kooyman, Rec. Trav. Chim., 86, 993; 1143 (1967).

H. Van Zwet, J. Reiding, and E. C. Kooyman, Rec. Trav. Chim., 89, 21 (1970).

W. P. Neumann, H. C. Lind, and G. Alester, Chem. Ber., 101, 2845 (1968).

L. W. Crowatt and R. L. McKee, J. Org. Chem., 24, 2031 (1959).

A. P. Khardin, V. A. Navrotskii, and A. M. Kurdyukov (U.S.S.R.), Depos. Doc., ONIITE Khim,
Tsherkassy (Ukrain.S.S.R.), 13xn-81 D (1981).

. J. F. Ford, R. C. Pitcethly, and U. O. Yong, Tetrahedron, 4, 322 (1958).

P. Couderc and J. L. Grardel, Fr. Demande 2,422,636 (1979); Chem. Abstr., 92, 112641 (1979).

. G. W.Lloyd and W. Z. Roelofs (Dow Chemical Co.), U.S. 3,283,010 (1966); Chem. Abstr., 65, 14247

(1966).

. G. P. Gregory (Hercules Inc.), U.S. 3,658,914 (1972); Chem. Abstr., 77, 35491 (1972).

W. H. McKellin (Pennwalt Corp.), U.S, 3,488,392 (1970); Chem. Abstr., 72, 66385 (1970).

. W. G. Bentrude and J. C. Martin, J. Amer. Chem. Soc., 84, 1561 (1962).

D. L. Tullen, W. G. Bentrude, and J. C. Martin, J. Amer. Chem. Soc., 85, 1938 (1963).

. C. Ruchardt and H. Béck, Chem. Ber., 104, 577 (1971).

V. S. Etlis and L. N. Grobov, Zh. Org. Khim., §, 685 (1969).

R. A. Bafford and O. L. Mageli (Pennwalt Corp.), U.S. 3,478,080 (1970); Chem. Abstr., 72, 31236
(1970).

O. Bletry, Fr. Demande 2,353,566 (1977); Chem. Abstr., 88, 146749 (1978).

. G. S. Misra, Progr. Polym. Sci., 8, 61 (1982).

M. K. Mishra, J. Macromol. Sci.-Rev. Macromol. Chem., 20 C, 149 (1981).
M. K. Mishra, J. Macromol. Sci. Part C, 19, 193 (1980).
M. K. Mishra, J. Macromol. Sci. Part C, 22, 471 (1982-1983).



13: 01 25 January 2011

Downl oaded At:

106.

107.
108.
109.
110.
111
112.

113.
114.
115.
116.
117.
118.
119.
120.
121.

122
123.
124.
125.

126.

L
(

SULFUR-ORGANIC INITIATORS 13

P. L. Nayak and S. Lenka, J. Macromol. Sci. Rev. Macromol. Chem., 19, 83 (1980).
C. C. Price and C. E. Adams, J. Amer. Chem. Soc., 67, 1674 (1945).

I. M. Kolthoff and W. J. Dale, J. Amer. Chem. Soc., 67, 1672 (1945).

G. S. Misra and S. L. Dubey, Coll. Polym. J., 257, 156 (1979).

G. S. Misra and S. L. Dubey, J. Polym. Sci. Part 4, 1, 1393 (1979).

. J. 8. Shukla, R. K. Tiwari, G. K. Sharma, and S. K. Shukla. J. Polym. Sci.: Polym. Chem. Ed., 21,
6

2665 (15983).
S. Shukla, G. K. Sharma, R. K. Tiwari, and 8. K. Shukla, J. Macromol. Sci., Part A, 21, 225
1984).
I. Tajuddin and K. S. Abdul Kader, J. Macromol. Sci. Part A, 23, 149 (1986).
G. S. Misra and N. M. Bhasilal, Eur. Polym. J., 14, 901 (1978).
G. S. Misra and N. M. Bhasilal, J. Macromol. Sci. -Chem., A 12, 1275 (1978).
M M Hussain, G. S. Misra, and R. D. Singh, Makromol. Chem., 179, 295 (1978).
S. Shukla and R. K. Tiwari, J. Macromol. Sci., A 18, 759 (1982).
M M Hussain, G. S. Misra, and A. Gupta, Makromol. Chem., 176, 2861 (1975).
M. M. Hussain, G. S. Misra, and A. Gupta, Makromol. Chem., 177, 2919 (1976).
M. M. Hussain and G. S. Misra, Makromol. Chem., 179, 41 (1978).
M. M. Hussain and G. S. Misra, Ind. J. Chem., A 17, 118 (1979).
1. M. Kolthoff, J. Amer. Chem. Soc., 14, 4419(]952)
I. M. Kolthoff, J. Polym. Sci., 15, 459 (1955).
H. R. Snyder, J. H. Stewart, R. E. Allen, and R. J. Dearborn, J. Amer. Chem. Soc., 68, 1422 (1946).
V. N.Pavlyuchenko, T. O. Kolosova, L. D. Lovyagina, V. V. Kerzhkovskaya, E. V Gromov, K. A.
Vylegzhanina, E. I. Egorova, and S. S. Ivanchev, Acta Polym., 34, 399 (1983).
G. Manivannan and P. Maruthamathu, Makromol. Chem. Rapid Commun., 6, 613 (1985).
M. K. Mishra and B. L. Sar, J. Macromol. Sci. Part A, 18, 575 (1982).
M. K. Mishra. J. Polym. Sci.: Polym. Chem. Ed., 20, 1143 (1982).
G. S. Misra and G. P. Dubey, Polym. Bull., 1, 671 (1979).
M. M. Hussain and A. Gupta, J. Macromol. Sci.-Chem., A 11, 2177 (1977).
G. Mino, S. Kaizermann, and E. Rausmussen, J. Polym. Sci., 38, 393 (1959).
S. Lenka, P. L. Nayak, A. P. Das, and 1. B. Mohanty, Angew. Makromol. Chem., 126, 107 (1984).
D. Pramanick and A. K. Chatterjee, J. Polym. Sci.. Polym. Chem. Ed., 18, 2585 (1980).
S. Lenka and P. L. Nayak, Coll. Polym. J., 260, 1114 (1982).
N. K. Charackrabarty and A. K. Chaudhuri, J. Macromol. Sci., A 22, 1691 (1985).
S. K. Saha, N. K. Charackrabarty, and A. K. Chaudhuri, J. Polym. Sci.. Polym. Lett. Ed., 21, 963
(1983).
R. K. Samal, G. V. Suryanarayan, G. Panda, D. P. Das, and M. C. Nayak, J. Macromol. Sci., A 18,
1087 (1982-1983).

J. S. Shukla and K. Singh, J. Polym. Sci., A 17, 531 (1979).

J. S. Shukla and R. K. Tiwari, J. Polym. Sci.: Polym. Chem. Ed., 19, 1517 (1981).
J. S. Shukla and R. K. Tiwari, J. Macromol. Sci.. A 16, 1047 (1981).

S. Lenka, P. L. Nayak, I. B. Mohanty, Angew. Makromol. Chem., 134, 1 (1985).

J. S. Shukla, S. K. Shukla, and G. K. Sharma, J. Macromol. Sci., A 21, 235 (1984).

Y. Okada and Y. Oono, Nippon Kagaku Kaishi, 624 (1984); Chem. Abstr., 101, 7704 (1984); Ref. Zh.
Khim., 19C287 (1984).

R. K. Samal, M. C. Nayak, D. Das, G. U. Suryanarayan, Eur. Polym. J., 17, 1005 (1981).

A. Gopalan, S. Paulrajan, K. Venkatarao, and N. K. Subbaratnam, Eur. Polym. J., 19, 817 (1983).
G. S. Misra and S. N. Bhattacharaya, J. Macromol. Sci., A 14, 907 (1980).

T. K. Sengupta and S. R. Palit, J. Polym. Sci.: Polym. Lett. Ed., 16, 717 (1978).

S. Maity and S. R. Palit, J. Polym. Sci., B 8, 515 (1970).

M. Shevit and M. K&nigsbuch, J. Polym. Sci., C 16, 43 (1966).

I. M. Kolthoff and E. J. Meehan, J. Polym. Sci., 11, 71 (1953).

E. I. Tinyakova, E. K. Khrennikova, and B. A. Dolgoplosk, Zh. Obshch. Khim., 26, 2476 (1956).
E. I. Tinyakova, B. A. Dolgoplosk, and V. N. Reikh, Izvest. Akad. Nauk S.S.S.R. Otdel. Khim.
Nauk, 851 (1957).

A. K. Pradhan, N. C. Pati, and P. L. Nayak, J. Macromol. Sci., A 17, 1225 (1982).

K. Mori and Y. Nakamura, J. Appl. Polym. Sci., 28, 691 (1983).

V. D. Enal’ev, V. I. Mel'nichenko, and O. P. Bovkunenko, Ukr. Khim. Zh., 47, 715 (1981).

V. 1. Mel'nichenko, O. P. Bovkunenko, V. D. Enal’ev, V. M. Bilobrov, and N. G. Podosenova, Ukr.
Khim. Zh., 80, 775 (1984).

C. Pichot, R. Pellicer, P. Grossetele, and J. Guillot, Makromol. Chem., 185, 113 (1984).



13: 01 25 January 2011

Downl oaded At:

14 Y.I. PUZIN AND G.V. LEPLYANIN

127. S. D. Stavrova, [. P. Chikhacheva, E. P. Efremova, and A. N. Pravednikov, Plast. Massy, 11 (1984).

128. G. Farkas, Mater. Plast. (Rum.), 21, 12 (1984).

129. E. S. Voskanyan and L. E. Gasparyan, Arm. Khim. Zh., 36, 471 (1983).

130. V. F. Kazanskaya, and S. V. Smirnova, Vysokomol. Soedin. Ser. B, 12, 523 (1970).

131. V. M. Belyaev, S. V. Smirnova, E. E. Ivanova, and V. F. Kazanskaya, Vysokomol. Soedin. Ser. B,
11, 489 (1969).

132. K. C. Berger, H. K. Mahabadi, “TJTUPAC Macro Mainz: 26th Int. Symp. Macromol. Mainz, 1979,
Short Commun.”, Vol. 1, p. 83.

133. V. V. Leshin, T. I. Radbil’, G. I. Sorokina, A. I. Abramova, E. N. Silberman, and B. P. Starkman,
“Fiz.-Khim. Osnovy Sinteza i Pererab. Polimerov”, (Gor’kii, 1986); p. 18; Chem. Abstr., 107, 40404
(1987).

134, U. N. Dwivedi and B. C. Mitra, J. Appl. Polym. Sci., 29, 4199 (1984).

135. G. S, Misra, U. D. N. Bajpai, and J. Trekoval, J. Macromol. Sci., C 24, 335 (1984).

136. A. R. Mikherjee, R. P. Mitra, A. M. Biswas, and S. Maity, J. Polym. Sci. Part A-1, §, 135 (1967).

137. P. L. Nayak, S. Lenka, and M. K. Mishra, J. Appl. Polym. Sci., 25, 63 (1980).

138. P. L. Nayak, S. Lenka, and M. K. Mishra, J. Macromol. Sci., A 16, 843 (1981).

139. P. L. Nayak, S. Lenka, and M. K. Mishra, J. Polym. Sci., 18, 2247 (1980).

140. A. Hebeish, M. H. El-Rafie, and A. 1. Waly, J. Polym Sci.: Polym. Chem. Ed., 14, 2895 (1976).

141. P. L. Nayak, S. Lenka, and N. C. Pati, Angew. Makromol. Chem., 84, 83 (1980).

142. N. C. Pati, S. Lenka, P. L. Nayak, and T. R. Mohanty, J. Polym. Sci.: Polym. Chem. Ed., 16, 343
(1978).

143. M. K. Mishra, B. L. Sar, and A. K. Tripathy, J. Macromol. Sci., A 18, 565 (1982).

144 T. K. Sengupta, D. Pramanick, and S. R. Palit. Ind. J. Chem., 7, 908 (1969).

145. T. Sugimura, N. Yashumoto, and Y. Minoura, J. Polym. Sci., A 3, 2935 (1965).

146. A. R. Mikherjee, R. Rai, A. M. Biswas, and S. Maiti, J. Polym. Sci. 4-1, 5, 135 (1967).

147. G. Delzenne, S. Toppet, and G. Smets, J. Polym. Sci., 48, 347 (1960).

148. A. Hebeish, S. H. Abdel-Fattah, and M. H. El-Rafie, J. Appl. Polym. Sci., 22, 2253 (1978).

149. Y. Minoura and T. Sugimura, J. Polym. Sci. A-1, 4, 2721 (1966).

150. A. Hebeish and A. Bendack, J. Appl. Polym. Sci., 18, 1305 (1974).

151. P. Gosh and M. S. Banerjee, J. Appl. Polym. Sci., 23, 1923 (1979).

152. E. Staudner, G. Kysela, J. Beniska, and M. Kutna, Chem. Pap. (CSSR), 40, 481 (1986).

153. 1. S. Shukla and D. C. Misra, Makromol. Chem., 173, 91 (1973).

154. P. L. Nayak, R. K. Samal, and M. C. Nayak, J. Macromol. Sci.-Chem., A 12, 827 (1978).

155. P. L. Nayak, R. K. Samal, and M. C. Nayak, J. Macromol. Sci.-Chem. A 12, 815 (1978).

156. A. Rout, S. P. Rout, B. C. Singh, and M. Santappa, Eur. Polym. J., 13, 497 (1977).

157. D. Pramanick, A. Chatterjee, and S. K. Sarkar, Makromol. Chem., 180, 1085 (1979).

158. D. Pramanick and A. K. Chatterjee, J. Polym. Sci. 4-1, 18, 311 (1980).

159. S. Paulrajan, A. Gopalan, N. K. Subbaratnam, and K. Venkatarao, Polymer, 24, 906 (1983).

160. D. Pramanick and A. K. Chatterjee, J. Polym. Sci.: Polym. Chem. Ed., 20, 1203 (1982).

161. B. C. Singh, T. R. Mohanty, and P. L. Nayak, Eur. Polym. J., 12, 371 (1976).

162. B. C. Singh, T. R. Mohanty, and P. L. Nayak, J. Macromol. Sci.-Chem., A 9, 1149 (1975).

163. P. L. Nayak, S. Lenka, and N. C. Pati, J. Appl. Polym. Sci., 22, 3301 (1978).

164. G. Wu, P. Zhou, J. He, and W. Tao, Jilin Daxue Ziran Kexue Xuebao, 77 (1983); Ref. Zh. Khim.,
7C308 (1984); Chem. Abstr., 99, 141415 (1983).

165. S. K. Kar, P. L. Nayak, and G. Sahu, J. Polym. Sci.: Polym. Chem. Ed., 19, 1581 (1981).

166. A. K. Pradhan, N. C. Pati, and P. L. Nayak, J. Appl. Polym. Sci., 27, 1839 (1982).

167. A. K. Mohanty, M. Misra, and B. C. Singh, Angew. Makromol. Chem., 142, 69 (1986).

168. P. L. Nayak and R. K. Samal, J. Polym. Sci. A-1, 18, 2603 (1977).

169. J. C. Miclo and L. Nicolas, J. Polym. Sci. A-1, 4, 713 (1966).

170. J. C. Miclo and L. Nicolas, J. Polym. Sci. A-1, 7, 1407 (1969).

171. J. C. Miclo and L. Nicolas, J. Polym. Sci. A-1, 8, 67 (1970).

172. H. Narita, A. Ostaki, and S. Machida, Makromol. Chem., 178, 3217 (1977).

173.5V. A. Laprev, M. G. Voronkov, E. N. Baiborodina, N. N. Shaglaeva, and T. N. Rakhmatullina, J.
Polym. Sci. A-1, 17, 3441 (1979).

174. A. Hebeish, S. H. Abdel-Fattah, and A. Bendak, Angew. Makromol. Chem., 37, 911 (1974).

175. H. Narita, T. Nakanishi, T. Yamaguchi, and M. Araki, Kyoto Kogei Sen'i Daigaku Sen’ igakubu
Gakujutsu Hokoku, 11, 69 (1985); Chem. Abstr., 108, 115462 (1962).

176. T. Sugimura and Y. Minoura, J. Polym. Sci. A-1, 4, 2735 (1966).

177. ). Beniska, G. Kysela, E. Staudner, M. Chlupkova, Rev. Roum. Chim., 25, 941 (1980).

178. R. K. Samal, P. L. Nayak, and A. K. Dhal, J. Polym. Sci.: Polym. Chem. Ed., 18, 2001 (1980).



13: 01 25 January 2011

Downl oaded At:

179.

180.
181.
182.

183.
184.
185.

186.
187.
188.
189.

190.
191.

193.
194.
195.
196.
197.
198.

199.
200.

201.

202.
203.

204.
205.
206.

207.

208.
209.

211.
212.

214,
215.
216.
217,

218.
219.

220.
221.

223,
224.
225.
226.

SULFUR-ORGANIC INITIATORS 15

R. K. Samal, P. C. Dash, B. Mishra, G. V. Suryanarayan, D. P. Das, and M. C. Nayak, J. Macro-
mol. Sci., A 17, 805 (1982).

N. Baral, N. C. Pati, P. L. Nayak, and S. B. Dash, J. Macromol. Sci., A 18, 545 (1982).

S. B. Dash, N. Baral, N. C. Pati, and P. L. Nayak, J. Macromol. Sci., A 18, 1123 (1982-1983).

R. K. Samal, M. C. Nayak, G. V. Suryanarayan, G. Panda, and D. P. Das, J. Polym. Sci.: Polym.
Chem. Ed., 19, 2759 (1981).

N. Y. Abou-Zeid, A. Waly, E. A. El-Alfy, and A. Hebeish, J. 4ppl. Polym. Sci., 27, 2105 (1982).
A, Waly, N. Y. Abou-Zeid, E. A. El-Alfy, and A. Hebeish, Angew. Makromol. Chem., 103, 61 (1982).
N. Kharasch (Ed.), Organic Sulfur Compounds, Pergamon Press, Oxford, London, New York, Paris,
1961, Vol. 1, p. 229.

W. A. Pryor and H. T. Bickley, J. Org. Chem., 37, 2885 (1972).

D. G. Pobedimskii, Usp. Khim., 40, 254 (1971).

N. V. Zolotova, L. L. Gervits, and E. T. Denisov, Neftekhim., 18, 146 (1975).

E. T. Denisov, Mekhanismy Homoliticheskogo Raspada Molekul V Zhidkoi Fase, VINITI, Moscow,
1981, 158 p.

L. Horner and E. Jirgens, Liebigs Ann. Chem., 602, 135 (1957).

G. Sosnovsky, Tetrahedron, 18, 15 (1962).

W. Pryor and H. Guard, J. Amer. Chem. Soc., 86, 150 (1964).

G. Sosnovsky, J. Org. Chem., 25, 874 (1960).

S.-O. Lawesson and C. Berglund, Acta Chem. Scand., 15, 36 (1961).

S.-O. Lawesson, C. Berglund, and S. Gronwall, Acta Chem. Scand., 15, 249 (1961).

K. Gollmer and H. Ringsdorf, Makromol. Chem., 121, 227 (1969).

Yu. I. Puzin, G. V. Leplyanin, and V. 1. Dronov, Vysokomol. Soedin. Ser. B, 26, 451 (1984).

E. A. Zvonkov, T. V. Ratnikova, and V. N. Krasovskii, “Khim. i Tekhnol. Reakisionnosposobnykh
Polimerov”’, Nauka, Leningrad, 1984, p. 40.

D. Pal, B. Adhikari, D. K. Basu, and A. K. Chaudhuri, Kautsch. Gummi Kunstst., 36, 859 (1983).
Z. Dudzik, and G. Puppel, Polym. Tworz. Wielkoszasteczk., 27, 378 (1982); Ref. Zh. Khim., 20C346
(1983).

L. Pysklo and R. Gaczynski, Polym. Tworz. Wielkoszasteczk., 27, 308 (1982); Ref. Zh. Khim., 15C209
(1983).

S. Al-Malaika and G. Scott, Polym. Commun., 24, 24 (1983).

T. Ouchi, K. Shibukawa, T. Yoshikawa, N. Beika, and M. Imoto, Technol. Rep. Kansai Univ., 91
(1985); Chem. Abstr., 103, 196457 (1985).

T. Ouchi, N. Beika, and M. Imoto, Makromol. Chem., 185, 1835 (1984).

M. L. Hallensleben, Makromol. Chem., 177, 3207 (1976).

B. A. Dolgoplosk, B. L. Erusalimskii, and E. I. Tinyakova, Izvest. Akad. Nauk S.S.S.R., Otdel.
Khim. Nauk, 469 (1958).

. K. Roy, D. Pramanick, and S. R. Palit, J. Polym. Sci. Part B, 7, 765 (1969).

K. Roy, D. Pramanick, and S. R. Palit, Makromol. Chem., 177, 78 (1976).

Moszner and M. Hartmann, J. Prakt. Chem., 327, 595 (1985).

Moszner and M. Hartmann, Z. Chem., 24, 412 (1984).

Moszner and M. Hartmann, Eur. Polym. J., 21, 329 (198S5).

N. Rao, R. Sethuram, and T. N. Rao, Bull. Soc. Chim. Belg., 94, 35 (1985).

G. Devi and V. Mahadevan, J. Chem. Soc. D, 797 (1970).

G. Devi and V. Mahadevan, J. Polym. Sci. Part A, 11, 1553 (1973).

G. Devi and V. Mahadevan, Curr. Sci., 39, 37 (1970).

N. Dass, Progr. Polym. Sci., 10, 51 (1983).

. V. Leplyanin, E. M. Battalov., Yu. E. Nikitin, V. S. Kolosnitsin, and S. R. Rafikov, Vysokomol.
vedin. Ser. B, 26, 132 (1984).

E. M. Kuramshin, V. K. Gumerova, Yu. M. Shaulskii, S. S. Zlotskii, and D. L. Rakhmankulov,
Plast. Massy, 6 (1983).

E. M. Kuramshin, V. A. D’yachenko, Yu. M. Shaul’skii, S. 8. Zlotskii, and D. L. Rakhmankulov,
Dokl. Akad. Nauk S.S.S.R., 274, 118 (1984).

N. N. Dass and S. R. Sen, J. Macromol. Sci. Part A, 19, 1153 (1983).

N. N. Dass and S. R. Sen, J. Polym. Sci.. Polym. Chem. Ed., 21, 3381 (1983).

S. S. Begum and N. N. Dass, Eur. Polym. J., 18, 1033 (1982).

N. N. Dass and S. S. Begum, J. Polym. Sci.: Polum. Lett. Ed., 20, 297 (1982).

C. Dou, Kobunshi Kako, Polym. Proc., 30, 268 (1981); Ref. Zh. Khim., 22C251 (1981).

Lin Chen-Chong, Ku Hwar-Ching, Chin Wen-Yen, J. Appl. Polym. Sci., 26, 1327 (1981).

M. Hasan, J. Polym. Sci.: Polym. Chem. Ed., 20, 2969 (1982).

OZZZZRZZZAR

%]



13: 01 25 January 2011

Downl oaded At:

227.
228.
229.
230.
231,
232.
233.
234.
235.
236.
237.
238.

239.
240.

Y.L PUZIN AND G.V. LEPLYANIN

Wang Shenguo, Xi Fu, Li Zhifen, Gaogentzi Tunsun, Polym. Commun., 241 (1982); Ref. Zh. Khim.,
8C388 (1983).

Li Zhifen, Wang Shenguo, Xi Fu, “IUPAC 29th Macromol. Symp. Amherst, 1982, Vol. 1, p. 126;
Ref. Zh. Khim., 4C267 (1983).

H. J. Hofer, Diss. Dokt. Naturwiss. Fak. Chem. Univ. Stutigart, 1985.; Ref. Zh. Khim., 15C306 (1986).
T. K. Paul, U. Sathpathy, and R. S. Konar, J. Appl. Polym. Sci., 27, 1501 (1982).

A. R. Padwa and M. D. Paster, J. Appl. Polym. Sci., 27, 1385 (1982).

S. A. Khokhrin, V. G. Shibalovich, V. M. Bondarenko, and A. F. Nikolaev, “Kataliticheskie i
Initsiiruyushie Sistemy Dlya Sinteza i Modifikatsii Polimerov”, Nauka, Leningrad, 1984, p. 91.

0. P. Popova, S. A. Khokhrin, and V. G. Shibalowich (U.S8.S.R.), Depos. Doc., ONIITEKhim,
Tsherkassy { Ukrain.S.S.R.), 1100 Khp-84 Dep. (1984).

Z. N. Tarasova, L. I. Eitington, L. G. Senatorskaya, T. V. Fedorova, I. V. Chodzhaeva, and B. A.
Dogadkin, Vysokomol. Soedin. Ser. 4, 13, 1970 (1971).

O. P. Petrenko, T. N. Rakhmatullina, E. N. Baiborodina, T. G. Ermakova, and V. A. Loprev, “16th
Konfer. Khim. Tekhnol. Org. Soedin. Sery i Sernistykh Neftey”, Tes. Doklad., Riga, 1984, p. 334,
1. Tanczos, F. Tudos, and B. T. Foldensne, Magy. Kem. Folyoirat., 88, 289 (1982); Ref. Zh. Khim.,
7C393 (1983).

. Tanczos, F. Tudos, and T. Foldes-Berezsnich, Eur. Polym. J., 18, 292 (1982).

A. Jayakrishnan, M. Haragopal, and V. Mahadevan, J. Appl. Polym. Sci., 27, 2229 (1982).

H. Kothandaraman and N. Apumugasamy, Eur. Polym. J., 20, 1195 (1984).

Y. Okada, T. Nakano, and Y. Oono, Kobunshi Ronbunshu, 40, 479 (1983); Ref. Zh. Khim., 3C282
(1984).



