
4-Chloromethyl styrene (CMS) was copolymerized with different monomers such as
2-ethyl hexyl acrylate (EHA), 1,1-dichloroethylene (DCE), N-viny1-2-pyrrolidone
(NVP) acrylonitrile (AN) and methacrylonitrile (MAN) by free radical polymerization

method at 70±1oC using α,α’-azobisisobutyronitrile (AIBN) as an initiator and the copoly-
mers (I-V) collected respectively. The copolymer compositions were obtained using relat-
ed 1H NMR spectra and the polydispersity of the copolymers was determined using gel
permeation chromatography (GPC). Highly sterically hindered tris (trimethylsilyl)methyl
(Tsi=trisyl) substituents  were then covalently linked to the  I, II and III copolymers. When
copolymers IV and V are treated with TsiLi, cross-linking is observed and no further mod-
ification is possible. Differential scanning calorimetry (DSC) showed that incorporation of
Tsi substituents in the side chains of copolymers increases the rigidity of the polymers
and subsequently, their glass transition temperatures. All the resulted polymers were
characterized by FTIR and 1H NMR spectroscopic techniques.
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A B S T R A C T

Key Words:

4-Chloromethyl styrene (CMS) has
been copolymerized with many dif-
ferent comonomers by the radical
method and the resulting copolymers
could provide new products by
nucleophilic substitutions of the
chlorine atom. Some thousands of

articles and patents deal with the
numerous physical and chemical
properties of the chloromethyl
styrene polymers and their applica-
tions [1]. These polymers with vari-
ous functional groups have wide
potential applications, such as for
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ion exchange resins, polymer supports of catalysts and
resins for microlithography [2-8]. 4-Chloromethyl
styrene monomer and the resulting polymers play
important role in various and numerous chemical trans-
formations.

In the literature, there are already examples of some
interesting polymers that were modified by silyl groups
[9-12]. 

In recent years, incorporation of various organosi-
lyl groups with different steric hindrance in polymer
structures have been utilized to modify the polymer
properties such as thermal stability, gas permeabilities,
permselectivity, mechanical, thermal and surface prop-
erties [13-17]. The very bulky tris(trimethylsilyl)
methyl group, {(Me3Si)3C-}, is referred to as trisyl and
commonly denoted by Tsi, in which three organosilyl
substituents are attached to  the central carbon atom
was  bounded to the  various  polymers  to give  modi-
fied polymers in recent years. It is known that the mod-
ified polymers containing trimethylsilyl derivatives
have excellent gas permeability [18].

For the first time, Kowalewska et al. [19] modified
the properties of ready purchased polymers by attach-
ing bulky organosilyl groups and showed that incorpo-
ration of bulky Tsi groups in polymer chains increase
the glass transition temperature (Tg) of the related poly-
mers. They described the synthesis of "trisyl"-modified
macromolecular systems: polysiloxanes (polysilox-
anes, widely known as silicone, are of particular inter-
est due to their extremely low glass transition tempera-
tures and flexibility) and polystyrene-co-chloromethyl-
styrene. Dramatic changes of properties were observed,
especially in the case of modification of polysiloxane
backbones (Tg: -139 to 70oC), reflecting the substantial
increase in the macromolecular chain rigidity of the
novel polysiloxanes bearing very bulky side chain sub-
stituents. 

We have recently reported the synthesis and prop-
erties of polymers with different comonomers modified
with highly sterically hindered trisyl groups [20-22]. In
this work we describe the synthesis and properties of
new CMS polymers modified with trisyl groups. The
analyses showed that with incorporation of highly ster-
ically hindered trisyl groups in polymer side chains, a
series of novel modified polymers containing new
properties are obtained that can find some applications
in polymer industry.

EXPERIMENTAL

Reactions involving lithium metal, organolithium
reagents and polymerization were carried out under dry
argon to exclude oxygen and moisture from the reac-
tion systems.

Materials 
For preparing TsiLi, substrates such as chloroform,
THF, diethyl ether all obtained from Merck were dried
by standard methods and Me3SiCl, MeI, and Li were
all from Merck and were used as received. CMS
(Aldrich 90%), EHA, DCE, NVP, AN, MAN, (from
Merck) were distilled under reduced pressure to
remove inhibitors before use. Initiator of α α’-azobis
isobutyronitrile was purified by crystallization from
methanol.

Measurements
Infrared spectra were recorded with a 4600 Unicam
FTIR spectra photometer as KBr pellets. 1H NMR
Spectra were run on a Brucker 400 MHz spectrometer
at room temperature using CDCl3 as a solvent. The
molecular weights (Mw and Mn) were determined
using a Waters 501 gel permeation chromatography fit-
ted with 102 and 103. nm Waters styragel columns. THF
was used as an elution solvent at a flow rate of 1
mL/min and polystyrene standards were employed for
calibration. The glass transition temperature was deter-
mined with Shimadzu DSC-50 at a heating rate of
10oC. The Tgs were taken at the end-set of the heat flow
changes. 

Copolymerization of 4-Chloromethyl Styrene with
EHA, DCE, NVP, AN and MAN General Procedure 
Poly(CMS-co-EHA) (I), poly(CMS-co-DCE) (II),
poly(CMS-co-NVP) (III), poly(CMS-co-AN) (IV),
poly(CMS-co-MAN) (V) were synthesised as follow-
ing general method in five different pyrex glass
ampoules. A mixture of 1.53 g (10 mmol) of CMS,
0.05 g (0. 3 mmol) of AIBN, 3.68 g (20 mmol) of EHA
or 1.94 g (20 mmol) of DCE or 2.2 g (20 mmol) of
NVP or 1.05 g (20 mmol) of AN or 1.2 g (20 mmol) of
MAN. Polymers of (I, II, III) were dissolved in 15 mL
of toluene and that of (IV, V) were dissolved in 15 mL
of DMF, then the ampoules were degassed, sealed
under vacuum and maintained at 70±1oC in a water



bath and shaken by a shaker machine for about 20 h (I,
II, III) and about for 8h (IV, V). Then the viscous solu-
tions were poured from the ampoules into 150 mL of
cooled methanol, separately. The precipitates were col-
lected and washed with methanol for several times and
dried under vacuum at room temperature. The yields of
copolymers are presented in Table 1. 

For  I: 1H NMR (CDCl3, ppm), 1.4-1.6 (CH2-CH),
4 (COOCH2), 4.5 (CH2-Cl), 6.3-7.2 (Ar-H), FTIR
(KBr, cm-1): 3040 (aromatic C-H) 2950, 2850 (aliphat-
ic C-H), 1729 (C=O), 1670, 1510 (aromatic C=C),
1165 (C-O).

For II: 1H NMR (CDCl3, ppm), 1.4 (CH2-CH), 3.2
(CH2-CCl2), 4.5 (CH2-Cl), 6.4-7.3 (Ar-H), FTIR
(KBr, cm-1): 3020 (aromatic C-H), 2860, 2930 (aliphat-
ic C-H) 1480, 1610 (aromatic C = C).

For III: 1H NMR (CDCl3, ppm), 1.4-1.7 (CH2-
CH), 4.5 (CH2- Cl), 6.2-7.3 (Ar-H), FTIR (KBr, cm-1):
3050 (aromatic C-H), 2880, 2920 (aliphatic C-H), 1680
(C=O), 1440, 1600 (aromatic C=C), 1286 (C-N).

For IV: 1H NMR (CDCl3, ppm), 1.5-1.7 (CH2-CH),
4.5 (CH2-Cl), 6.5-7.4 (Ar-H), FTIR (KBr, cm-1): 3030
(aromatic C-H), 2860, 2930 (aliphatic C-H), 2239 (CN
(nitril)), 1620, 1440 (aromatic C = C). 

For V: 1H NMR (CDCl3, ppm), 1.4-1.7 (CH2-CH),
1.8-2 (CH2-C (CH3)), 3.1 ( -CH3), 4.5 (CH2-Cl), 6.6-
7.4 (Ar-H). FTIR (KBr, cm-1): 3040 (aromatic C-H),
2870, 2980 (aliphatic C-H), 2232 (CN (nitril)), 1610,
1450 (aromatic C=C).

Preparation of Tris(trimethylsilyl)methyl Lithium
(TsiLi) 
TsiLi was prepared in the usual way [23]. The yield of
tris(trimethylsilyl)methyllithium was at least  80-85%
(Figure 1a).

Attaching Trisyl Groups to Copolymers I, II and III 
Poly(CMS-co-EHA) containing Tsi group (ITsi), poly
(CMS-co-DCE) containing Tsi groups (IITsi) and poly
(CMS-co-NVP) (IIITsi) containing Tsi group were pre-
pared as follows: In a 100 mL two-necked flask
equipped with a dropping funnel and a reflux condens-
er, 0.5g of copolymer I with 1.9 mmol  of chlorine con-
taining monomeric units or 0.5 g of copolymers II with
1.67 mmol  of  chlorine containing monomeric units or
0.5 g of copolymer III with 2.66 mmol  of  chlorine
containing monomeric units were dissolved in 30 mL
of THF. A gas-inlet is attached to the top of the drop-
ping funnel and the system is maintained under a slight
pressure of argon. Then, a solution of  TsiLi (20 mmol)
in THF (30 mL) was prepared and  transferred into
dropping funnel under argon, TsiLi was added drop-
wise with stirring to a solution of copolymer I, II and
III into two-necked flask at room temperature. The
reaction mixture of I and II were refluxed for 3 h, but
the reaction mixture of III was refluxed 30 min. Then
the solutions were poured into an excess of methanol
and the yellow precipitate filtered and washed with
methanol. The resulted polymers were dissolved in 10
mL of THF for removing LiCl from the polymer. Then
the remaining solutions were poured into 50 mL of
cooled methanol and washed with additional methanol
for several times. Finally, the white obtained polymers
containing Tsi substituents in the side chains were col-
lected and dried under vacuum at room temperature to
give ITsi (0.75g, 86%), IITsi (0.74g 91%) and  IIITsi
(0.77 g 76%) (Table 2).

For ITsi: 1H NMR (CDCl3, ppm), 0.1 (SiMe3)3,
1.35-1.8 (CH2-CH), 3(CH2-Tsi), 4 (COOCH2), 6.3-7.2
(Ar-H), FTIR (KBr, cm-1): 3030 (aromatic C-H), 2950,
2860  (aliphatic C-H), 1730 (C=O), 1610, 1450 (aro-
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Table 1. Condition of preparation of copolymers I-V.

[1]+[2]/[AIBN] = 100; [1]+[2] = 0.03 mol/L; Non-Solvent: Methanol; Temperature: 70±1oC.

Copolymer Monomer of 1 Monomer of 2
[1]

(mmol/L)

[2]

(mmol/L)
Solvent

Time

(h)

Weight

(g)

Yield

(%)

I

II

III

IV

V

CMS

CMS

CMS

CMS

CMS

EHA

DCE

NDP

AN

MAN

10

10

10

10

10

20

20

20

20

20

Toluene

Toluene

Toluene

DMF

DMF

20

20

20

8

8

3.55

2.64

3.00

1.62

1.97

68

76

81

63

72



252

Chemical Modification of some 4-Chloromethyl... Safa K.D. et al.

Iranian Polymer Journal / Volume 15 Number 3 (2006)

matic C=C), 1167(C-O), 840, 1260 (C-Si).
For IITsi: 1H NMR 0.1 (SiMe3), 1.3 (CH2-CH), 3.2

(CH2-CCl2), 3 (CH2-Tsi), 6.6-7.4 (Ar-H), FTIR, (KBr,
cm-1):  3030 (aromatic C-H), 2860, 2950 (aliphatic C-
H), 1420, 1620 (aromatic C=C), 840, 1260 (C-Si).

For IIITsi: 1H NMR (CDCl3, ppm), 0.1 (SiMe3)3,
1.3-1.7 (CH2-CH), 3(CH2-Tsi), 6.2-7.4 (Ar-H), FTIR

(KBr, cm1): 3050 (aromatic C-H), 2880, 2950 (aliphat-
ic C-H), 1688 (C=O), 1425, 1600 (aromatic C=C), 840,
1258 (C-Si). 

Attempt for Addition of Trisyl Substituents to
Copolymers (IV and V) 
In a 100 mL two-necked flask equipped with a drop-

Figure 1. Preparation scheme of trisyllithium and copolymers containing trisyl groups.



ping funnel and a reflux condenser, 0.5 g of copolymers
(IV or V) were dissolved in 30 mL of THF. A gas-inlet
is attached to the top of the dropping funnel and the
system is maintained under a slight pressure of argon.
A solution of TsiLi (20 mmol) in THF (30 mL) was pre-
pared and transferred into dropping funnel under argon.
Then, TsiLi was added dropwise with stirring to a solu-
tion of copolymers separately at room temperature. But
the experimental data for copolymers show that they
become gel even at -5oC. 

RESULTS AND DISCUSSION

The CMS monomer was copolymerized with 1,1-
dichloroethylene (DCE), 2-ethylhexylacrylate (EHA),
N-viny1-2-pyrrolidone (NVP), in toluene and acryloni-
trile (AN), methacrylonitrile (MAN) in DMF at 70±1oC
using AIBN as the radical polymerization initiator (Fig-
ure 1). The reaction conditions are shown in (Table 1). 

The resulted copolymers are white solid and solu-
ble in chloroform, dichloromethane, benzene, toluene,
xylene, THF, N,N-dimethylformamide and dimethyl-
sulphoxide and insoluble in n-hexane, methanol,
ethanol and water. In the 1H NMR spectra of the
copolymers (I-V), two methylene protons of benzyl
chloride appeared at 4.5 ppm. The proton signals of the
aryl groups were seen between 6.7 and 7.2 ppm. The
resonance signal at 4 ppm was attributed to two meth-
ylene protons of -COOCH2 in copolymer I. The broad
signal at 0.9-2.6 ppm was due to the methylene groups
of backbone and other alkyl groups (Figure 2a). The
FTIR spectra of copolymers (I-V) showed a peak at
3035 cm-1 due to C-H stretching of the aromatic ring.

The peaks at 2996 and 2950 cm-1 were attributed to the
asymmetrical and symmetrical C-H stretching of meth-
ylene and methyl groups. The carbonyl stretching of
ester group was observed at 1735 cm-1. The ring
stretching vibrations of the aromatic nuclei were
observed at 1600 and 1485 cm-1. The asymmetrical and
symmetrical bending vibrations of methyl groups are
seen at 1453 and 1380 cm-1, respectively. The peaks at
1273 and 1160 cm-1 were due to C-O stretching. The C-H
out-of-plane bending vibrations due to the aromatic nuclei
was observed at 883, 750 and 690 cm-1 (Figure 3a).

Copolymer compositions were determined using
1H NMR spectroscopy. 1H NMR spectroscopy has
been established as a powerful tool for the determination
of copolymer composition because of its simplicity,
rapidity and sensitivity [24-26]. A typical spectrum of
EHA in CDCl3 is shown in (Figure 2). The mole frac-
tions of CMS and EHA have been calculated. Thus the
mole fractions of CMS in the copolymers were calcu-
lated from measuring the integrated peak area of aro-
matic protons and aliphatic protons of the CMS and
other monomer units. Let m1 be the mole fraction of
CMS and 1-m1 is that of EHA monomer. The CMS
contains 4 aromatic protons and 5 aliphatic protons.

EHA contains 20 aliphatic protons.

This on simplification gives: 
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(a) Integrated peak of area  aromatic protons in comonomer; (b) Integrated peak of area aliphatic protons in copoly-

mer; (c) Mole fraction of CMS in copolymer.

Table 2. Calculation of integrated peak of protons and mole compositions of the copoly-

mers (I-V).

Copolymer Ia
Ar

Ib
Ali

B = I
Ar

/ I
Ali

Mc
1

Mole CMS

(%)

Mole comonomer

(%)

I

II

III

IV

V

4.00

4.15

4.40

4.26

4.60

16.75

7.60

9.15

9.55

17.86

0.02

0.55

0.48

0.45

0.25

5B/(4B+1)=0.63

2B/(4-3B)=0.46

9B/(B+4)=0.73

3B/(4-10B) = 0.40

(5/4 )B=0.32

63

46

73

43

32

37

54

27

57

68

a

A
I

I
B=

protons aliphatic of areaspeak  Integrated
protons aromatic of areaspeak  Integrated

B= (1)

1B4
B5m

1 +
= (2)



Therefore, the mole fraction of CMS in the copolymer
was determined from eqn (2). A similar method was
used to calculate of the mole compositions of the other
copolymers. The number and weight-average molecu-
lar weights of synthesized copolymers were determined
by gel permeation chromatography (GPC) and are pre-
sented in Table 3. The observed Tg values for all the
copolymers is approximately according to Fox and
Pochan equations [27], where Tg1 and Tg2 are the glass
transition temperatures (K) of homopolymer of CMS
and homopolymer of  comonomer .Also, w1 and w2 are
weight fractions of CMS and comonomer, respectively.
Fox’s equation is: 

and Pochan�s equation is:
LnTg = w1LnTg1 + w2LnTg2
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Figure 2. 1H NMR Spectra of copolymers: (a) I and (b) I Tsi in CDCl3 without tetramethylsilane.
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Table 3. Molecular weights of copolymers (I-III).

Copolymer Mw Mn Mw/Mn

I

II

III

2.2×104

1.3×104

2.6×104

1.6×104

0.7×104

1.1×104

1.35

1.83

2.36
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The obtained Tg value from Fox and Pochan equations
is compared with observed Tg value from DSC curves
in Table 4. Because of the mobility of the benzyl chlo-
ride bonds in the resulted copolymers, nucleophilic
substitutions were possible. Therefore, TsiLi as a nucle-
ophilic reagent made in almost quantitative yield from
the metallation of tris(trimethylsilyl)methane (TsiH) by
MeLi, was shown to be sufficiently reactive towards
CMS units in copolymers (I-III) (Figure 1). The
copolymers (ITsi-IIITsi) were soluble in the same sol-

vents that copolymers (I-III) are dissolved. However,
the experimental data for copolymers IV and V show
that they become gel during the reaction time when
they were treated with TsiLi even at -5oC, because of
the probable interaction between the lone pair electrons
on nitrile and silicon atoms in trisyl groups. The
replacement of chlorine atoms by Tsi groups is easily
followed by 1H NMR (Figure 2). The obtained 1H
NMR spectra for copolymers (ITsi-IIITsi) show that Tsi
groups replace all the chlorine atoms. It also shows that
with replacement of chlorine atoms by Tsi substituents,
the peak around 4.5 ppm corresponding to two methyl-

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

Figure 4. DSC curves of copolymers: (a) III and (b) III Tsi at

10oC/min.

(a) Weight fraction of CMS in the feed; (b) weight fraction of second monomer in the feed; (c)

Tg of homopolymer of CMS; (d) Tg of homopolymer of second monomer; (e) calculated by

Fox equation; (f) calculated by Pochan equation; (g) observed in relating DSC curve.

Table 4. Comparison of observed Tg values of copolymers (I-III) with

calculated Tg values of from Fox and Pochan equations.

Copolymer Wa
1

Wb
2

Tg1(oC)c Tg2(oC)d Tg(oC)e Tg(oC)f Tg(oC)g

I

II

III

0.29

0.44

0.41

0.71

0.56

0.59

105

105

105

-50

-18

75

-20

25

85

-13

30

86

-7

27

90



ene protons of benzyl chloride in CMS disappeared and
two new peaks appeared, one at 3 ppm corresponding to
two methylene protons of the Tsi group (-CH2-Tsi) and
another one about 0.1 ppm corresponding to 27 protons
of C [Si(CH3)3]3. The other chemical shift assignments
for copolymers (ITsi-IIITsi) are the same observed for
copolymers (I-III). Also, since the electronegativity of
silicon atoms is lower than the electronegativity of chlo-
rine atoms, the chemical shifts of new protons are logi-
cally shifted towards lower frequencies in 1H NMR
spectra. The infrared spectra of the modified products
show the broad characteristic of (C-Si) groups at wave
number of 850 and 1250 cm-1, corresponding to the (C-
Si) bond of trisyl groups (Figure 3). Also the FTIR spec-
tra of the CMS copolymers revealed that the other
groups remained intact during the reaction. The glass
transition temperature Tg of the copolymers (I-III) was
determined by DSC and the data are presented in Table
4. All the synthesized copolymers show a single Tg,
showing the absence of formation of a mixture of
homopolymer or the formation of a block copolymer.
Study of DSC curves clearly showed that incorporating
of trisyl substituent in copolymer side chains increases
the chain rigidity of polymer and therewith its glass tran-
sition temperature (Tables 4 and 5). The DSC scans
showed that the presence of bulky Tsi groups lead to an
increase in the Tg from -7oC for copolymer I to 133oC
for copolymer ITsi and from 27oC for copolymer II to
120oC for copolymer IITsi, and from 90oC for copolymer
III  to 150oC for copolymer IIITsi (Figure 4). Conse-
quently with incorporation of highly sterically hindered
trisyl groups in polymer side chains, a series of novel
modified polymers containing new properties is obtained
that can find some applications in polymer industry.

CONCLUSION

The copolymers of CMS with EHA, DCE, NVP, AN,

and MAN (I-V) were synthesized by free radical solu-
tion polymerization and the copolymer compositions
calculated by corresponding 1H NMR analysis. The
resulted copolymers are white solid and soluble in
chloroform, dichloromethane, benzene, toluene,
xylene, THF, N,N-dimethylformamide and dimethyl-
sulphoxide and insoluble in n-hexane, methanol,
ethanol and water. The very bulky trisyl groups cova-
lently linked to the copolymers (I, II, III) in high yields.
The copolymers ITsi-IIITsi were soluble in the same sol-
vents that copolymers I-III are dissolved. However, the
experimental data for copolymer IV and V show that
they become gel during the reaction time because of the
probable interaction between lone pair electrons on
nitrile and silicon atoms in trisyl groups. Characteriza-
tions of all the obtained polymers were performed with
FTIR and 1H NMR spectroscopic techniques. The
study of the DSC curves for modified copolymers indi-
cated that glass transition temperature values of the
copolymers increase with incorporation of trisyl groups
as side chains. The presence of the trisyl groups into
polymer structures increases the rigidity of macromol-
ecules and creates the modified polymers with novel
properties and applications. For example, the polymer
systems with very bulky trisyl side chain substituents
can be used as fluid separation membranes.
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