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T
he homopolymer of glycidyl methacrylate (GMA) and its random copolymers

with 2-ethyl hexyl acrylate (EHA) and isoprene (IP) were synthesized under 

vacuum using azobis (isobutyronitrile) (AIBN) as initiator at 70±1ºC.

Tris(trimethylsilyl)methyl group (trisyl= Tsi) was then covalently attached to the

obtained homopolymer and copolymers as side chain. The polymers were 

characterized by 1H NMR, IR, differential scanning calorimetry (DSC), and gel 

permeation chromatography (GPC). In the case of poly(GMA) modification, limitation

in conversion is observed and it has been attributed to the steric hindering effect of the

previously grafted moieties. This modification increases the rigidity of polymers and,

subsequently, their glass transition temperature as shown by DSC and DMTA

analyses. The results show that, with the incorporation of the tris(trimethylsilyl)methyl

group in the polymer side chains, a series of novel modified polymer containing new

properties are obtained, that can find some applications in polymer industry. 

INTRODUCTION

Glycidyl methacrylate (GMA) has
been homopolymerized and copo-
lymerized practically like any other
acrylic monomer by means of free-
radical initiators [1-4] known to
selectively attack the methacrylic
double bonds. Poly(GMA) and its
copolymers have been widely used
as starting polymers for the synthe-
sis of functionalized polymers [5-

8]. The interest in these polymers is
largely due to the presence of reac-
tive epoxide ring, which offers it an
opportunity to enter into wide
range of chemical reactions such as
free-radical random copolymeriza-
tions of GMA. The mentioned
copolymerization has been used for
binding of drugs and biomolecules
[9-10] and in electronic industries
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as negative electron beam resists [11]. Addition reac-
tions of alcohols, phenols, carboxylic acids, and
amines to pendant epoxide groups in poly(GMA) and
its copolymers are well known [12-13]. There already
exist examples of some interesting polymers that are
modified by silyl groups. Attachment of the organosi-
lyl groups to macromolecule chain leads to important
modifications of polymer properties such as, water
resistance and photochemical reactivity [14-16].
Preparation of polymers and copolymers containing
very bulky organosilyl groups along with studying of
their properties is a novel research field. The trisyl
group is one of the largest substituents used hitherto.
Its steric requirements appear to be greater than of t-
Bu, or 2, 4, 6-i-Pr3C6H2 and close to those of 2, 4, 6-
t-Bu3C6H2 [17-19]. The much greater steric protec-
tion exerted by Tsi and related substituents, compared
to that of the other groups sufficiently limits reactivi-
ty. Extensive studies in trisyl chemistry have led to the
characterization of novel stable compounds and new
reaction mechanisms, but there have been few studies
towards material applications and modified polymers.
Recently, we have reported the synthesis and proper-
ties of modified polymers with trisyl groups [20-25].
In the present work, we report the synthesis and prop-
erties of poly(GMA) and two copolymers of GMA
modified with trisyl groups. The presence of trisyl
groups in the polymer side chain creates new macro-
molecule with novel modified properties.

EXPERIMENTAL

Materials

All chemicals were purchased from Merck Chemical
Company unless otherwise stated. TsLi was prepared
in the usual way [20]. Ethylene oxide was purchased

from Fluka. 

Measurements

FTIR Spectra were obtained on a 4600 Unicam spec-
trometer. 1H and 13C solution NMR spectra were
obtained with a Bruker 400 MHz instrument using
standard parameters, CDCl3 as solvent. Differential
scanning calorimetry (DSC) was conducted using
Schimadzu DSC-50. DSC Scans were run with
10ºC.min-1 heating rate. Molecular weights and
molecular weight distributions were estimated using a
Waters 501 gel permeation chromatograph fitted with
102 and 103 nm Waters styragel column.

Polymerization of Glycidyl Methacrylate (I)

Poly(GMA) (I) has been synthesized using 5.69 g (40
mmol) of GMA according to the general preceture
reported in the literature [25] to give 5 g of homopoly-
mer (I). 

Copolymerization of Glycidyl Methacrylate

(GMA) with 2-Ethyl Hexyl Acrylate (EHA) and

Isoprene (IP) (II, III)

Poly(GMA-co-EHA) (II) has been synthesized as a
general method [25] using 3.68 g (20 mmol) of 2-
ethyl hexyl acrylate. Also, a mixture of 2.84 g (20
mmol) of GMA, 1.36 g (20 mmol) of isoprene and
0.065 g (0.4 mmol) of AIBN in 15 mL of THF is
copolymerized as general preceture [25] to give 3 g of
copolymer III. The yields of copolymers are present-
ed in Table 1.

Attachment of Tsi Group to the Side Chain of

Homopolymer I and Copolymers II-III

A solution of polymer I (0.5 g, with 3.5 mmol of
epoxide containing monomer unit) or II (0.5 g with
1.48 mmol of epoxide containing monomer unit) or

Synthesis and Characterization of Glycidyl ... Dindar Safa K et al.

Iranian Polymer Journal / Volume 17 Number 1 (2008)40

Sample Monomer 1 Monomer 2 Amount of monomer

1 (mmol)    

Amount of monomer

2 (mmol)

Time

(h)

Mw/103 Mn/103

Mw/Mn

I

II

III

GMA

GMA

GMA

0

EHA

IP

40

20

20

-

20

20

24

24

24

20

63        

13        

15

1.32        

33

1.93        

9

1.40

Table 1. The conditions of preparation of polymers (I-III) at 70±1ºC.



III (0.5 g with 2.38 mmol of epoxide containing
monomer unit) in THF was added to the TsLi [18] as
we reported earlier [25]. The reaction mixture was
poured into methanol to precipitate the polymer. The
yields of modified copolymers are given in Table 2.

RESULTS AND DISCUSSION

The presence of the oxirane group in GMA polymers
and copolymers favours further chemical modifica-
tion for various applications. The monomer of GMA
was homopolymerized and copolymerized with 2-
ethyl hexyl acrylate (EHA) and isoprene (IP) by free
radical polymerization in solution. The chemical
structures of the related polymers are represented in
Figures 1a and 1b. The epoxy group content (deter-
mined by titration) was 99%, which means that these
groups are fairly stable in this polymerization method
as described in ref. [27]. Also 1H NMR and FTIR
spectra of the GMA polymer and copolymers revealed
that the epoxy ring has remained intact during the
reaction. This fact is important because epoxy groups
are the reactive sites where trisyl groups are going to
be grafted. The reaction conditions are shown in 
Table 1. 

The resulting polymers are soluble in polar aprotic
solvents (e.g., dimethyl formamide, dimethyl
sulphoxide, tetrahydrofuran) and chlorinated solvents
(e.g., chloroform and methylene chloride) but insolu-
ble in hydrocarbons (e.g., benzene, toluene, xylenes)
and solvent containing hydroxyl groups such as
methanol, ethanol and 2-propanol. The number and
weight-average molecular weights of poly(GMA) and
their copolymers with EHA and IP which soluble in
THF were determined by gel permeation chromatog-

raphy (GPC) and are presented in Table 2. In these
chromatograms single (monomodal) and rather sym-
metrical curves show that the polymers are not con-
taminated by homopolymers.

The proton resonances of the methylenoxyl group
in EHA and GMA at 3.7-4.2 ppm and those of the
epoxide group in GMA at 3.27, 2.88 and 2.70 ppm are
clearly resolved. GMA contains 3 epoxide protons
and EHA contains 2 methenoxyl protons:

Integrated peak area of 2.7-3.27
A = 

Integrated peak area of 3.7-4.2

3m1

A = (1)
2(1-m1) + 2m1

This on simplification gives:
2A (2)

m1 =  
3

The presence of the epoxy group in GMA leads to
the modification of poly(GMA) and copolymers for
various applications. But here, we have succeeded in
preparing polymers having side chains containing car-
bon atoms with three attached trimethylsilyl groups
that strongly affect the properties of the polymers.
Tris(trimethylsilyl)methyl lithium, made in almost
quantitative yield from the reaction between
tris(trimethylsilyl)methane and methyl lithium, was
shown to be sufficiently reactive towards ethylene
oxide which give the alcohol in 90% yield (Schemes
I and II) as described in ref. [26]. In the previous
works [21-24] we have described the synthesis of tri-
sylmethyl benzene as a model compound for evidence
of attaching trisyl ligand to benzylic carbon [20]. Our
next electrophile is ethylene oxide as a model com-
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Polymer GMA (mol%) EHA (mol%) IP (mol%)  Weight (g) Yield (%) Tg (ºC)        

I

II

III

ITsi

IITsi

IIITsi

100

48

50

-

-

-

-

52

-

-

-

-

-            

-

50

-

-

-

5

5

3

2.1

0.7

0.8

88

77

71

83

80

76

85

20

-22

230

107.9

74.4

Table 2. Compositions, molecular weights and Tg of polymers I-III.
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Scheme I. Synthetic route for substitution of trisyl groups at polymer I.
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pound for evidence of attaching trisyl ligand to epox-
ide ring [26]. Stilbene oxide was inert towards TsiLi
and both propylene oxide and cyclohexene oxide
resulted is protonation of protonated TsiLi (1H NMR
observations) [26]. The epoxy group in GMA poly-
mers possesses a higher reactivity for the TsiLi than
the chloromethyl groups in chloromethyl styrene
polymers even though this coupling reaction is very
rapid at -5ºC (1H NMR observations), it was allowed
to last one more 60 min in order to be sure of com-
plete conversion. A solution of TsiLi as a nucleophilic
reagent reacted with epoxide groups in polymers
through the ring opening of epoxide groups to give
new modified polymers. Note that these ring opening
reactions generate alkoxide groups which can poten-
tially react with other epoxide rings and silicon atoms
of trisyl groups to ease cross-linking; however, this
was shown not to occur at the conditions of our inter-
est here. These new organosilylated polymers (ITsi-
IIITsi) were isolated at 0ºC with cooled methanol as a
non-solvent in high yields (Table 3). The copolymers
ITsi-IIITsi are soluble in the same solvents that copoly-
mers I-III were dissolved.

1H NMR Spectra of compounds I-III show two
signals at 4.2 and 3.7 ppm due to the splitting of meth-
ylene protons in the CH2O- group attached to the car-
bonyl group of the GMA unit by the methyne proton
of the epoxy group. The peak at 3.4 ppm is due to the
methyne proton of epoxy group. The methylene pro-
tons of the epoxy group show signals at 2.50 and 2.88
ppm. The resonance signal at 4 ppm was attributed to
two methylene protons of -COOCH2 in copolymer II.
The broad signal at 0.9-2.3 ppm was due to the meth-
ylene groups of backbones and other alkyl groups. In
the 1H NMR spectrum of copolymer III, the proton of
carbon-carbon double bond in isoprene unit showed a
resonance signal at 5.1 ppm. Three well-defined
peaks, corresponding to the epoxy groups, which
appear between δ = 2.5 and δ = 3.27 ppm were used
as references to follow the GMA polymer modifica-
tion [12,27] (Figures 1a and 4a).

The asymmetrical and symmetrical stretchings due
to the methyl and methylene groups (I-III) are
observed at 2995, 2948 and 2892 cm-1. The band at
1732 cm-1 is attributed to the ester carbonyl stretching
of GMA and comonomer EHA units. The asymmetri-
cal and symmetrical bending vibrations of methyl 

Figure 1. 1H NMR Spectra: (a) I and (b) ITsi in CDCl3 with-

out tetramethylsilane. The epoxy groups (δ=2.5-3.4 ppm)

which are well defined in the unmodified poly(GMA) (a) dis-

appear after modification and the peak at 0.1 ppm corre-

sponding to 27 protones of C(SiMe3)3 appears as shown in

spectrum (b).

groups are seen at 1453 and 1380 cm-1, respectively.
The symmetrical stretching of the epoxy group is
observed at 1273 cm-1. Another band seen at 907 cm-

1 is due to the asymmetric stretching of the epoxy
group. The C-O stretching is observed at 1161 cm-1.
To study the modification of GMA polymers by
infrared spectroscopy, the peak at 907 cm-1 corre-
sponding to the C-O bond of the epoxy ring was
selected as the most suitable wavenumber [12,27]
(Figures 2a and 3a).

The appearance of these absorption bands not only
confirms the incorporation of both monomeric units
in the copolymers but also shows the intact status of
the epoxy group during the polymerization.

The 1H NMR and infrared spectra of the pure and
modified poly(GMA) are presented in Figures 2 and
3, respectively.

Modification of poly(GMA) is first confirmed in
the 1H NMR spectrum (Figure 1b) by the presence of
about 0.1 ppm corresponding to 27 protons of
C(SiMe3)3. The three peaks between δ = 2.5 and δ =
3.27 ppm were defined, although much less important 

Synthesis and Characterization of Glycidyl ...Dindar Safa K et al.

Iranian Polymer Journal / Volume 17 Number 1 (2008) 43

 



Figure 2. Infrared spectra of: (a) I and (b) ITsi. 

compared to the corresponding 1H NMR signals of
poly(GMA). This fact clearly indicates that the
poly(GMA) is only partially modified. According to
the 1H NMR analysis, 9% of the epoxy groups remain
unaffected. 

Partial modification of the poly(GMA) is con-
firmed by the infrared spectrum (Figure 2b). The
absorbance intensity is substantially diminished at
907 cm-1, whereas a broad band appears between
3200 and 3700 cm-1, indicating alcohol formation.
The presence of broad bands in 830 and 1260 cm-1,
corresponding to the (C-Si) bands in trisyl groups in
the modified polymer was confirmed by the infrared
spectra. 

The partial modification could be due to a reaction
rate diminishing at higher graft ratios, as it is usually
observed when voluminous agent is used in polymer
modification [22,27]. (GMA-co-EHA) and (GMA-co-
IP) copolymers II-III were synthesized in order to
separate the GMA) monomers from each other along
the chain. Following this interpretation, it can be
anticipated that modification of the copolymer with
voluminous trisyl agents will lead to more complete
conversion of the GMA moieties. To prove this inter-

Figure 3. Infrared spectra of copolymers (a) II and (b) IITsi. 

pretation, (GMA-co-EHA) and (GMA-co-IP) random
copolymers were reacted with the TsiLi under similar
conditions.

The infrared spectra of the modified products
show the broad bands characteristic of the hydroxyl
groups at wavenumber 3500 cm-1, which is indicative
of the ring opening reaction whereas broad bands
appear in 830 and 1260 cm-1, corresponding to the (C-
Si) bond in trisyl groups. A decrease in the epoxide
absorbance at 907 cm-1 is clearly observed (Figure 3).

The 1H NMR spectra of the pure and modified
(GMA-co-EHA) and (GMA-co-IP) copolymers show
the epoxy groups (δ = 2.5-3.27 ppm), which are well
defined in the unmodified copolymers disappear
almost completely after modification (Figure 4). The
other chemical shift assignments for copolymers ITsi-
IIITsi are the same chemical shifts observed for
copolymers I-III. According to these results, all epoxy
groups were modified, probably due to their low hin-
derance effect in the copolymers. Here, the nearest
modified monomers are considered to be spaced suf-
ficiently far apart so as not to hinder the approach of
trisyl groups. This interpretation is made considering
that poly(GMA), (GMA-co-EHA) and (GMA-co-IP)
copolymers modifications have been done under the 
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Figure 4. 1H NMR Spectra of: (a) III and (b) IIITsi in CDCl3

without tetramethylsilane. The epoxy groups (δ=2.5-3.4

ppm) which are well defined in the unmodified poly(GMA)

(a) disappear after modification and the peak at 0.1 ppm

corresponding to 27 protones of C(SiMe3)3 appears as

shown in spectrum (b).

same reaction conditions. The copolymers ITsi-IIITsi
are soluble in the same solvents that copolymers I-III
are soluble. In the GPC chromatograms the peaks
(monomodal) corresponding to unmodified polymers
have disappeared completely and a new single peak
due to formation of the modified polymers emerged
indicating the absence of any mixture of polymers.
The Tgs of polymers were determined by differential
scanning calorimetry (DSC) technique and the related
data are presented in Tables 2 and 3, respectively. The
DSC along with DMTA scans show that the presence
of bulky Tsi groups lead to an increase in the glass
transition temperature from 85ºC for polymer I to
230ºC for polymer ITsi and from 20ºC for copolymer
II to 107.9ºC for copolymer IITsi and from -22ºC for
copolymer III to 74.4ºC for copolymer IIITsi (Figure
5).

The study of DMTA curves have shown that incor-
poration of Tsi substituents in polymer side chains as
well as hydroxyl groups (leading to intermolecular
hydrogen bonding) [29] increase the rigidity of poly-
mers and the Tg value is subsequently increased. The 

Figure 5. DMTA Curves of polymers: (a) IITsi and (b) IIITsi.

incorporation of the tris(trimethylsilyl)methyl group
into polymer structure creates macromolecules of
novel architecture with potential use as membranes
for fluid separation [15].

CONCLUSION

In recent years, polymers based on glycidyl methacry-
late have received increasing attention owing to their
versatile applications. The present paper reports the
synthesis, spectroscopic and thermal characterization
of glycidyl methacrylate polymers and copolymers
containing very bulky tris(trimethylsilyl)methyl sub-
stituents as side chains. The GMA homopolymer and
its copolymers with 2-ethyl hexyl acrylate (EHA) and
isoprene (IP) were prepared by radical polymeriza-
tion. When poly(GMA) is reacted with TsiLi, it is
observed that modification virtually stops and a limit-
ed conversion has been observed. Such a dramatic
reactivity decrease is likely due to the close proximi-
ty of the epoxy groups, which leads to a close packing
of the moieties. This draw back is leveled off by using
the copolymers of GMA. Random (GMA-co-EHA)
and (GMA-co-IP) copolymers containing less hin-
dered epoxy side groups have been modified with the
same moieties. In these cases, all the epoxy groups are
reacted, suggesting that trisyl moieties have a better
approach to the reactive sites. The DSC and DMTA
analyses have shown that, attachment of Tsi groups
into the polymer structures causes dramatic increase
in their Tgs. The polymer systems with very bulky tri-
syl side chain substituents can be used as fluid sepa-
ration membranes. 
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