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THERMAL POLYMERIZATION OF 2—HYDROXYETHYL METHACRYLATE

WITH PHENYLSILANS

A Young Sung
Department of Ophthalmic Optics, Daebul university

Poly(HEMA)s have been used as the optometric material for the preparation of soft contact
lens. The bulk thermal polymerization of 2-hydroxyethyl methacrylate (HEMA) with various
hydrosilanes such as phSiHs, phMeSiHz and phsSiH» were performed to produce poly(HEMA)s
while the
polymerization yield and polymer molcular weights decreased as the relative phenylsilane concentr -

containing phenylsilyl end moeity. [t was found for thermal polymerization that
ation increases. the TGA residue yields and the relative intensities of SiH IR streiching bands
increased as the relative hydrosilane concentration increases over HEMA. The polymerization yield.
molecular weight. and TGA residue for the thermal polymerization were higher than those for Lhe

photo polymerization. Thus, the hydrosilanes significantly influence on the polymerization as both

chain-initiation and chain-transfer agents.

l' Introduction

A wide variety of unsaturated vinyl derivatives can be
induced to undergo free-radical chain polymerization.™
The capability to carry out a thermodynamically feasible
polymerization relys on its kenetic feasibility on whether
the process proceeds at a reasonable rate under a given
set of reaction conditions. Initiator or promotor are often

required to achieve the kinetic feasibility. Convenient

and clean photo polymerization technology is extensively
used for commercial application in the versatile areas of
surface coatings. photoresists. adhesives, and hologra

. Only a few unsaturated monomers including meth
-yi methacrylate (MMA) are known to absorb light bet -
ween 250 and 500 nm which is the most convenient wa -
velength range for common experimental work. Although
the detailed mechanism of photochemically forming the
propagating radicals is not throughly understood, it
seems to involve the excited triplet state.” Hydrosilane
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is known to participate in versatile reactions such as free
radical reduction of organic halides,” nuclophilic re-
duction of carbonyl compounds.”’ dehydropolymeriza -
tion.”™ crossdehydrocoupling.”” and hydrosilation of
olefins™ with catalyst. Heating (thermal energy) can be
used to make many interesting types of silicon containing
polymers such as dendrimers™ and copolymer.:(’] Various
rigid poly (HEMA) products. such as sheet. rod. and
tube. are produced by bulk polymerization in a casting
process.

pi Experimental

All reactions and manipulations were performed under
prepurified nitrogen using Schlenk techniques. Dry oxy-
gen-free solvents were emploved throughout. Classware
was flame-dried or oven-dried before use. Infrared spec-
tra were obtained under the same conditions such as cell
thickness. sample concentration. etc. using a Nicolet 520P
FT-IR spectrometer, Proton NMR spectra were recorded
on a Bruker ASX 32 (300 MHz) spectrometer using
CDCls/CHCI; as a reference at 7.24 ppm downfield from
TMS. Thermogravimetric analysis (TGA) of polymer
sample was performed on a Perkin Elmer 7 Series thermal
analysis system under a nitrogen flow (30 mL/min). The
polymer sample was heated from 25 to 700°C at a rate

of 10C/min. TGA residue yield (as a matter of

Table 1. Thermal Polymerization of HEMA with
Phenylsilane,

Mol ratio Ml e TGA o

(PhSIH : Yield{%) el;(n:e 21'_9;!15’1 Y residue yield " 'e:rcn{t 1
HEMA) ' (% at so0'c) VECOSty 17
§:1 14 65 2 -
fes & 46 19 053
515 70 29 3 0.65
AR 26 6 076
1:9 gﬁ 15 4 1.00

Heating at 70°C for 10 hr.

Relative ratio with respect to the intensity of v Si-H
(silane : HEMA = 1:9),

Measured in DMF at 25°C.

convenience, read at 400°C) is reported as the percentage
of the sample remaining after completion of the heating
cycle. Bulk thermal polymerization of 2-hydroxyethyl
metha -crylate (HEMA) with different molar ratio of
hyd rositanes such as phSiHs. phMeSiHz phoSiH(9 :
1 through 1 : 9} was carried out. In a typical experiment.
a glass test tube (1cm x 20 cm) containing with HEMA
(1.1g. 85mmol) and phSiH'(0.1g. 0.92 mmol) was de-
gassed. sealed, and heated at 70°C for 10 h. The polymer
was dissolved in toluene, precipitated in hexane. filtered
off. and dried to give 1.16g (96%) of white solid (TGA
residue yield at 600°C : 4%). For the thermal poly-
merization experiments a thermostat bath (model SV
M-67) made by the Samik Scientific Co. The polymer
was characterized by NMR. IR. TGA. and viscosimeter
techniques. IR (KBr pellet. em™) : 2170w (v Si-H).
1728 s(vC=0).

ﬂ] Result and Discussion

The poly(HEMA)s possessing phenylsily] motety with
TGA residue yields of 4~22% were synthesized in 14~
96% yields by bulk thermal polvmerization of HEMA
with varying the molar ratio of phenylsilane (HEMA
phenylsilane = 1 : 9 throughtr 9 : 1).(eq. 1) The char-
acterization data are summarized in Table 1. The
data of phenylmethyl silane. diphenylsilane are shown
in Table 2, 3.

Me = Me

PhSiH: + = ZE, phusi n
ﬁOCHzOH COﬁH:CHzOH
0 0

eq. 1

It is well known that high-molecular-weight polymer
is formed immediately and that the weight average mole-
cular weight increase of polymerization yield in the ra-
dical polymerization of vinyl monomers. As shown in
Table 1. 2 and 3 for thermal polymerization while the
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Table 2. Thermal Polymerization of HEMA with

Phenylmethylsilane

-y Iatm . Relative imtensity T(l.A . [nlierent
(PhSIH ¢ Yield( % Rev Si-H) residae vield e | 5
HEMY el cg e Gl Ry R RS
7] i a2 U]
s 1 24 A 0l
R [ 14 f (55
. LY 1.3 | 0.6
[ 49 1.0 g

(159

Heating a- 16C for 1G -
Relatve ratio with resp=.t 1o the intensity of v 8i-H
teillane - REMA =111

Measuree tn DMF at 2710,

Table 3. Thermai Polymerization of HEMA with

Diphenvylsilane.

9k gall Re_ative intensit Toa [nherent
(PSIH Vi) o Y residue vied | UL
HEMA) . (% at FO0C ) iscosity
9.1 9 6.1 2
(S 28 50 » 0.33
203 32 39 # 050
37 i 28 3 073
L% N 10 2 1.1

Heatizg a1 70°C tor 10F:.

Relagive ratio with respeot to the intensity of » Si-H
(silape : FEMA - 1 &

Measured in DMF at 22C.

polymerization vields decreased, the relative intensities of
SiH IR and TGA residue yields
increased as the molar ratio of silane over HEMA
augmented. It should be also noted that polvmerization

stretching bands

vield with phenylsilane for the thermal polymerization of
maolar ratio of HEMA :silane = 9.1 were much higher
than without phenylsilane. In other words, the phenyl-
silane apparently helps the thermal polymerization of
HEMA until the molar ratio of HEMA

at 9. but to hamper the reacticn after the molar ratio

. silane reaches

with increase of phenylsilane concentration. The absor-

plion of heat may produce an excited singlet state of

HEMA which will either fluoresce or be converted io an
excited state. diradical of HEMA monomer. Attack on
the other HEMA by this diradical affords a new
diradica] of HEMA dimer which either reverts to the
ground state two HEMA molecules or attacks on the
other HEMA that ultimately initiate polymerization. At
neat cerition the latter will be a predominant process
to prodice polv{ HEMA) radicals. At high HEMA or
low silane concentrations. chain propagation will be able
to comrete with chain transfer over the poly(HEMA)
radicals. However. the chain transfer will eventually rule
over chzin propagation with increase of silane concentra -
tion. Tre chain transfer might produce & silyl radicals
which. = turn. leads to chain initiation. resulting in the
product:n of poly(HEMA) containing the silyl moiety
as an exd group.

The rdrogen donation ahility of a silane appears to
be not related always to the Si-H bond energy of a
silane. ~his might suggest that the aryt group first
receives the energy and then transfers it into the silcon
center. wnich leads to the homolysis of Si-H bond. The
energy T-znsmission could be at short range. However we
are not sure of this hypothesis yet. A study for verifying
the matisr iwin progress using flurophotometer,

EJ Conclusion

In c¢rnclusion.  This the thermal

polvmerization of HEMA with silane. The polymer

work describes

moleculzr weight (by viscosity measurement) and poly -
merization yields decrease. the TGA residue yields and
IR intensities of Si-H stretching bands increase with
increase of molar ratio of silane over HEMA. The hydro
-silanes competitively and concurrently act as both chain
-initiation and chain-transfer agents in the thermal poly
-merization of HEMA.
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