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Abstract. The surface active properties of new peroxide
maleic monomers were investigated. The regularities of
their copolymerization with styrene were studied. Peroxide
polymers containing ditertiary alkyl peroxide groups in
side substituents of backbone as the prospective high-
temperature free radical macroinitiators were synthesized.
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1. Introduction

The use of peroxide monomers in the reactions of
copolymerization permits the introduction of peroxide
groups into the macromolecule structure [1], which are
able to generate free radicals including macroradicals. That
is why, such polymers are able to initiate various radical
processes, e.g. graft polymerization, vulcanization,
structurizing. The utilization of peroxide macroinitiators
enables to synthesize polymers with complex molecular
architectures [2].The modification of diverse micro- and
macrosurfaces with peroxide macroinitiators allows to
design polymer nanolayers on these surfaces by the
initiation of radical polymerization of vinyl monomers from
them [2]. Specifically, it permits to obtain core-shell latex
particles as well as perform pigment surface modification
with the purpose of improving the dispersibility of pigment
particles. On the other hand, the formation of polymer
colloid systems by the reactions of copolymerization using
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surface active monomers (surfmers) is known to be one
of the most convenient ways for their stabilization due to
the covalent tethering of surfactant onto latex particle
surface [3, 4]. These systems are stable with regard to
electrolytes as well as over wide pH and temperature
ranges. Polymer films with improved physical-chemical
and exploitational properties are formed on the basis of
the latexes obtained with surfmer utilization. A surfmer
molecule consists at least of three different parts:
polymerizable group, as a rule, a carbon-carbon double
bond, and of hydrophilic and oleophilic parts as a
conventional surfactant. The hydrophilic groups may be
both ionic (anionic or cationic) and non-ionic (e.g., an
oxyethylene chain of an appropriate chain length).
Hydrocarbon chains (alkyl chains, alkyl phenol chains) or
polypropylene oxide and polybutylene oxide chains are
used as hydrophobic molecule parts. Maleic surfmers are
known to have an additional advantage over other surface
active monomers. They do not undergo homopo-
lymerization [5] and this means that the surfmers do not
produce water soluble polymers (polysoaps) in the
aqueous phase [6]. However, they copolymerize with other
monomers. Maleic surfmer is covalently anchored onto
the surface of the polymer particles at the emulsion or
dispersion polymerization process and therefore it is not
practically incorporated into the polymer bulk.

This work is devoted to the study of surface active
properties and polymerization ability of non-ionic and
anionic peroxide monomers of the following structures:
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This kind of polymerizable surfactants seemed to be prospective for utilization in adhesives, coating formations etc.
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2. Experimental
2.1. Materials

The monomers 1-3 were prepared by the methods
reported in previous papers listed below. In short, 3-tert-
butylperoxy-3-methylbutyl maleate 1 was synthesized by
acylation of 3-tert-butylperoxy-3-methyl-1-butanol with
maleic anhydride [7]. The anionic monomer 2 was
synthesized by the interaction of triethylammonium salt
of monomaleate 1 with 1,3-propane sultone in dimethyl
formamide [8]. The acylation of poly(ethylene glycol) with
molecular weight 300 g/mol by the chloroanhydride of
hemiester 1 gives the non-ionic surface active peroxide
macromonomer 3 [8].

Styrene from Aldrich was distilled under reduced
pressure just before utilization. The initiator, 2,2'-
azobis(isobutyronitrile), AIBN, from Merck was purified
by recrystalization three times from anhydrous methanol.
Methanol from Aldrich was dried by boiling with
magnesium chips under reflux for 2-3 h and distilled.
Triethylamine from Merck was used as supplied. All
experiments were performed with deionized water.

2.2. Copolymerization in solution

Copolymerization of peroxide surfmer 3 with
styrene was carried out at 333K in benzene solution. The
volume ratio solvent : monomer mixture was of 5 : 1,
initiator — AIBN (2% w/w upon the monomer mixture).
The polymerization proceeded till monomer conversion
of 12-16%. The copolymerization was performed in
ampoules where benzene solution of maleate 3, styrene,
and AIBN had been charged. The ampoule contents were
cooled to 195K, whereupon, vacuumized and charged with
argon five times in turn repeatedly. Then, ampoules were
sealed. The polymers formed were purified by three
precipitation cycles from benzene to hexane. The polymers
were finally dried in vacuum at room temperature up to
constant weight and copolymer yields were calculated.
Copolymer composition was determined from elemental
analysis data and/or hydroxyl group content determined
as shown below.

2.3. M easurements

The surface active characterization of maleic
surfmers 1-3 was carried out by means of surface tension
measurements. These measurements were performed
with a du Noby ring tensiometer at 293K. A weighed
portion of the peroxide surfmer 1 was dissolved in water
containing equimolar amount of triethylamine to measure
the surface tension.

Hydroxyl number of the copolymers prepared was
determined by the method of acetylation with acetic
anhydride catalyzed by perchloric acid in pyridine [9].

3. Results and Discussion

Surface tension of aqueous solution of the peroxide
surfmers 1-3 with the concentration, C % w/w, at 293K,
are represented as semilogarithmic plots in Figure 1.
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Fig. 1. Semilogarithmic plots of surface tension s
of peroxide monomer solution vs. monomer concentration,

C % w/w, at 293K: (e) triethylammonium salt of surfmer 1;
(l) surfimer 2; (A) surfmer 3
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All the investigated peroxide monomers are
obviously the surface active substances, since water
surface tension decreases when the surfactants are added.
The monomers 2 and 3 are colloidal surfactants. The
surface tension decreases almost linearly with increasing
concentrations of each of the surfmers and becomes
constant above certain concentrations that evidently
corresponds to their critical micelle concentrations (cmc).
The monomer 1 forms true aqueous solutions up to the
saturation. Above this concentration, it forms a separate
phase.

The cmc values determined from an inflection point
and the surface tensions at these values have been listed
in Table 1.

Table 1
Critical micelle concentration (cmc)
and the surface tensions at the cmc
of the peroxide monomers
cme Geme
monomer

% wiw mol/l mN/m
2 2.49 0.050 30.5
3 1.61 0.029 31.7

The synthesized surfmers are able to copolymerize
with other monomers to form polymers with peroxide
groups in side substituents of macrochain:
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The copolymerization of maleic macromonomer 3
(M,) on the basis of PEG-300 with styrene (M, ) has been

studied to determine the copolymerization constants. The
results of the studies are presented in Table 2.
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Table 2
Results of styrene (M,) copolymerization with the peroxide monomer 3 (M,)
Monomer mixture Elemental composition of copolymers, % Hydroxyl Copolymer
. W/W number of o
composition, copolymers, composition,
[Mi]: [M] C H Y me KOH/g [my] @ [my]
0.9517:0.0483 90.77 7.77 7?15 4.2 0.9921:0.0079 ¥
0.8970 : 0.1030 89.08 7.82 73 8.9 0.9825:0.0175
0.7479 : 0.2521 84.48 7.93 7.59 22.0 0.9518:0.0482 "
0.6518 :0.3482 81.46 8.00 10.54 30.3 0.9272:0.0728 ®
0.5012 :0.4988 77.09 8.10 14.81 42.7 0.8827:0.1173

9 determined from hydroxy group content.

 determined from elemental analysis data and hydroxy group content

The polymerization constants calculated according
to the Mayo-Lewis method using the composition equation
in the integrated form [10] are: r, = 6.3 £ 0.2; r, = 0.
Figure 2 represents the composition diagram of the
copolymer.
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Fig. 2. The composition curve of the copolymer
of styrene (M,) with the surface active peroxide
macromonomer 3 (M,)

One can see from Figure 2 that copolymers enriched
with styrene links in comparison with monomer mixture
compositions are formed during copolymerization of
macromonomer 3 with styrene in benzene solution.

4. Conclusions

The investigated peroxide maleic monomers are
shown to possess surface active properties decreasing
surface tension at the air/water interface. The critical
micelle concentrations and the surface tensions at the
cme have been determined for corresponding peroxide
monomers. The peroxide surfmers were shown to be
able to copolymerize with traditional monomers retaining
their peroxide group. As a result, prepared copolymers
contain —O:O— groups in side substituents of skeleton
macrochain that are able to initiate free radical processes:
graft copolymerization; vulcanization; structurizing etc.
The regularities of copolymerization of surface active
monomers with styrene have been studied and the
copolymerization constants were determined. The
addition of poly(ethylene glycol) based maleic macro-
monomer to its own radical link is impossible during the
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copolymerization with styrene because of steric factors.
That is why styrene only is added to the maleate radical
as it is indicated by the copolymerization r, value. The
monomers studied possess the surface active properties
and may be utilized as polymerizable emulsifiers to
perform the processes of emulsion polymerization of
conventional vinyl monomers (styrene, acrylates,
methacrylates etc.).
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MAKPOIHIIIATOPU HA OCHOBI HOBUX
MNEPOKCHUJHUX IIOBEPXHEBO-AKTUBHUX
MOHOMEPIB

Anomauyis.  Jocriooxceno nogepxHe8o-aKkmuéHi
81ACMUBOCMI HOBUX NEPOKCUOHUX MALEITHAMHUX MOHOMEDPIS.
Bugueno 3akonomiprnocmi ix xononimepuszayii 3i cmupenom i
00€pIHCAno NepoKCUOSMICHI noimepu, SIKI MICMAmMb OUmMp emunHi
ANKIbHI NEPOKCUOHI 2pynu 8 DOKOBUX BIO2ATYICEHHAX OCHOBHO2O
Maxkponaunyioza —

nepcnekmugHi 8UCOKOmMeMnepamypui

MAKpOIHiyiamopu 8ilbHOP AOUKAILHUX NPOYECIE.

Kntouosi cnosa: xononimepusayis, makxpomonomepu,
MOHOMepU, NePOKCUOU, NOBEPXHEB0-AKMUBHI P40 GUHIL.



