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Summary

Poly(α-t-butoxy-ω-styrylo-ethoxy ethyl glycidyl ether) was synthesized via the termination
of the potassium t-butoxide initiated anionic polymerization of ethoxy ethyl glycidyl ether
with p-chloromethylstyrene. The macromonomer was copolymerized with styrene. Subse-
quent hydrolysis of the copolymers leads to polystyrene - graft - polyglycidol. Poly(α-t-
butoxy-ω-styrylo-glycidol), synthesized through the hydrolysis of the macromonomer so
obtained, acts as reactive emulsifier (surfmer) in the emulsion copolymerization of styrene
in water.

Introduction

Macromonomers containing a polymerizable, in most cases hydrophobic group and a hy-
drophilic extender chain are of growing interest as reactive emulsifiers (surfmers) in the
emulsion and dispersion polymerization (for reviews, see (1, 2)). The hydrophilic chain
stabilizes micelles. The hydrophobic group, in most cases containing a reactive double
bond, is incorporated into a polymer chain in the course of a radical polymerization. Sev-
eral such macromonomers have been described, most of them containing a styryl (3, 4) or
acryl (5, 6, 7, 8) reactive group and a hydrophilic, ionic (9, 10) or non ionic (11) side
chain. Conditions for their application have been optimized (12). No macromonomers of
this kind have been reported which contain a large amount of non ionic functional groups
in the hydrophilic chain.

This work reports the synthesis and polymerizability of poly(α-t-butoxy-ω)-stvrylo-
glycidol), a macromonomer of well defined structure which combines a polymerizable
styrene group with a strongly hydrophilic polyether chain containing a hydroxyl group in
each repeat unit.

Experimental

Ethoxy ethyl glycidyl ether was synthesized from glycidol and ethyl vinyl ether according
to (13) and distilled prior to use. A fraction of purity > 99.8% (GC) was used.

THF was refluxed over Na/K alloy.

Styrene and p-chloromethyl styrene were distilled.

Potassium t-butoxide (Aldrich) was used as received.



462

Synthesis of the macromonomer: The initiator was placed under dry nitrogen in a dry reac-
tor. Dry THF (10 ml) was added, the reactor was cooled to -50°C and ethoxy ethyl glycidyl
ether (10 ml) was added. The polymerization was carried out at 60° for 17 h. Its progress
was checked by gas chromatography. p-Chloromethyl styrene (1.2 times the molar amount
of the initiator) was added and the mixture left for 2 h. The solvent was evaporated at
30°C, the polymer dissolved in benzene and centrifuged to remove the precipitated potas-
sium chloride. The polymer was dried under reduced pressure.

Copolymerization of the macromonomer with styrene in benzene solution: The necessary
amount of the macromonomer, styrene (1.5 ml) and AIBN (0.05 g) were dissolved in ben-
zene (5 ml). The mixture was degassed by several freeze - thaw cycles under high vacuum
and polymerized for 6 h at 60°C. The polymer was precipitated in n-heptane and dried.

Hydrolysis: The polymer (1g) was dissolved in formic acid (10 ml). After 20 min most of
the formic acid was evaporated under reduced pressure at room temperature, the remainder
dissolved in a mixture of 1,2-dioxane (12 ml) and methanol (7 ml) and made alkaline with
2N KOH until pH > 12. After 24 h the solvents were evaporated, the polymer dissolved in
water and the solution desalinated using ion exchange columns. Water was evaporated and
the polymer dried at 30°C.

Emulsion copolymerization of the macromonomer with styrene: The necessary amount of
the macromonomer was dissolved under N2 in water/methanol mixture (7 : 3) and styrene
(5.5 ml) was added. The mixture was purged with nitrogen and degassed for 15 min in an
ultrasonic bath. Na2S2O8 (2 mol%) was added and the reactor placed for 48 h at 60°C under
intense stirring. The polymer was centrifuged, washed with methanol and dried under
reduced pressure.

GPC analyses were carried out in THF using 2 x Plgel MIXED C and a PL 100 columns.
Polystyrene calibration was applied.
1H NMR spectra were measured at 300 MHz in CDCl3 or DMSO.

Results and discussion

Synthesis of the macromonomer

The polymerization of glycidol, 2,3-epoxypropanol-1, both cationic and anionic, is known
to yield highly branched oligomers (14, 15). The structure of obtained polymers is difficult
to control. In order to obtain linear, well defined polymers the hydroxyl group has to be
protected. Vandenberg described the polymerization of trimethyl silyl glycidyl ether (14).
Spassky protected the hydroxyl group through its reaction with ethyl vinyl ether and
showed that the ethoxy ethyl glycidyl ether obtained may be polymerized under the action
of anionic initiators (16). He further described the way to remove the protecting group
without degrading the polyether chain, which is otherwise prone to destruction in acid
media. The initiators used (graphite/potassium, SALCEN, CsOH) required that the reac-
tion was carried out in heterogeneous systems, which made the control of the molecular
weight difficult and resulted in rather broad molecular weight distribution.
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In order to synthesize the desired macromonomer via the termination method it was neces-
sary to carry out the polymerization in a homogenous system under conditions close to
living. We established that the polymerization of ethoxy ethyl glycidyl ether initiated with
potassium t-butoxide in THF fulfills these conditions. Within a wide range the degree of
polymerization corresponds well to the initial monomer to initiator ratio (table 1). The
monomer consumption under the chosen condition was almost complete, as indicated by
gas chromatography. The polymerization may easily be terminated by methyl iodide, the
methyl group of the terminating agent being incorporated into the polymer chain, which
was proved by the 1H NMR spectroscopy of the polymers of lower molecular weight.

This opens the following route of the synthesis of styryl terminated polyglycidol macro-
monomer.

The polymerization of ethoxy ethyl glycidyl ether is initiated with pottasium t-butoxide
and terminated with p-chloromethyl styrene:
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The reaction leads to styrene terminated polymers (a) of ethoxy ethyl glycidyl ether of
rather narrow molecular weight distribution. The 1H NMR spectra (fig.1) indicated that
the chains contained styryl groups. The quantitative analysis of the spectra and the mo-
lecular weights measured by GPC confirm that the termination is almost complete
(table 2).

The protecting group may be removed in the way described by Spassky (16):

yielding styrene terminated polyglycidol chains, as confirmed by 1H NMR (fig. 2). This
way of the hydrolysis via the formic acid esters minimizes the degradation of the polyether
chains.
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Copolymerization of the macromonomer (a) with styrene

To check the polymerizability of the styrene double bond in the macromonomers we car-
ried out the radical copolymerization of the poly(α-t-butoxy-ω-styrylo ethoxy ethyl gly-
cidyl ether) with styrene in benzene solution:

GPC analysis indicates that the copolymerization takes place and the 1H NMR spectra
allow the determination of the composition of the copolymers (c) obtained (fig. 3, table 3).
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The data in table 3 show that the macromonomer undergoes the copolymerization with
styrene. Copolymers containing over 50% polyether structural units are obtained. In no
case was total conversion of the macromonomer achieved.

The protective acetal groups of the copolymer may be removed as described in eq. (2).
leading to polystyrene-graft-polyglycidol. The amphiphilic character of these graft co-
polymers, which contain hydrophobic polystyrene main chain and hydrophilic polyglyci-
dol side units, limits their solubility to strongly polar solvents, like DMSO or (less) DMF.
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Emulsion copolymerization of poly(αααα-t-butoxy-ωωωω-styrylo-glycidol) (b) with styrene

The amphiphilic character of the water soluble poly(α-t-butoxy-ω-stirylo-glycidol), which
contains the hydrophilic polyglycidol chain and the hydrophobic styrene group suggests its
application as a reactive surfactant in emulsion copolymerization with styrene.

The addition of 0.6 weight-% to 10 weight-0/6-of the macromonomer to the system allows
a stable emulsion of styrene in water to be obtained without addition of an external emul-
sifier. The results of the experiments are shown in table 4.

The polymerization initiated with sodium peroxy disulfate leads to copolymers. GPC
measurements indicate high molecular weight and rather broad monomodal distribution.
However, it should be noticed that the copolymers obtained contain polyglycidol side
chains and may associate in THF, which is a non solvent for polyglycidol. This may lead
to incorrect GPC data. In the 1H NMR spectra the signals of the protons of polyglycidol
structural units may be observed, but their intensity is too low for quantitative determina-
tion. To measure the amount of the macromonomer incorporated into the copolymer the
amount of the hydroxyl groups in the copolymer was determined by titration according to
ASTM 2880. The results indicate that in each experiment the macromonomer was incor-
porated into the copolymer, but in no case was its conversion complete.

The optimization of the conditions for the application of this macromonomer as a reactive
surfactant and the choice of the condition necessary to obtain the copolymer as nanoparti-
cles of well defined size, enriched with the hydroxyl groups on their surface, will be the
subject of a separate report.
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