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ABSTRACT: A new methacrylic monomer, 4-(2-thiazoly-
lazo)phenylmethacrylate (TPMA) was synthesized. Copoly-
merization of the monomer with methyl methacrylate
(MMA) was carried out by free radical polymerization in
THF solution at 70 6 0.58C, using azobisisobutyronitrile
(AIBN) as an initiator. The monomer TPMA and the co-
polymer poly(TPMA-co-MMA) were characterized by
Fourier transform infrared (FTIR), 1H nuclear magnetic
resonance (NMR), and elemental analysis methods. The
polydispersity index of the copolymer was determined
using gel permeation chromatography (GPC). Thermogra-
vimetric analysis (TGA) of the copolymer performed in

nitrogen revealed that the copolymer was stable to 2708C.
The glass transition temperature (Tg) of the copolymer
was higher than that of PMMA. The copolymer with a
pendent aromatic heterocyclic group can be dissolved in
common organic solvents and shows a good film-forming
ability. Both the monomer TPMA and the copolymer poly
(TPMA-co-MMA) have bright colors: orange and yellow,
respectively. � 2006 Wiley Periodicals, Inc. J Appl Polym Sci
103: 2152–2157, 2007
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INTRODUCTION

For several decades, various aromatic heterocyclic
polymers have been studied for applications in avia-
tion, electronics, chemical engineering, and mechani-
cal engineering, and so on. They are not only used
as structural materials owing to their good mechani-
cal properties, thermal stability, radioresistance, and
anticorrosion, but have served as functional materi-
als in recent years, such as heat-resistant and gas-
separating film,1 conductors,2 and optoelectronic and
magnetic materials.3–8 Meanwhile, the importance of
acrylic polymers both in industrial applications9–11

and basic research fields such as magnetic, optical
and liquid crystal materials12–14 has long been recog-
nized. The present work synthesized a new methacry-
late containing aromatic heterocycle, which was then
copolymerized with methyl methacrylate (Scheme 1),
extending the study of aromatic heterocyclic methac-
rylate.

EXPERIMENTAL

Materials

2-Aminothiazole was purchased from MERCK-Schu-
chardt (Hohenbrunn, Germany), used without fur-
ther purification. MMA was washed in 5% sodium
hydroxide aqueous solution and deionized water suc-
cessively, then dried with anhydrous magnesium sul-
fate for 24 h, and distilled under reduced pressure.
Dimethylsulfoxide (DMSO) and triethylamine (TEA)
were dried with calcium hydride and distilled. Tetra-
hydrofuran (THF) was dried over sodium/benzophe-
none and was distilled just before use. Azobisisobu-
tyronitrile (AIBN) was recrystallized from ethanol
and dried in vacuo. All other reagents were used as
received.

Synthesis of the monomer and polymer

4-(2-thiazolylazo)phenol (TAP) was prepared accord-
ing to the method described by Tensen.15 Thus, 2-
aminothiazole (5.0 g, 50 mmol) was dissolved in
3.6 mol/L sulfuric acid (50 mL), and the solution
was cooled in an ice bath to 08C. To this was slowly
added a cold solution of sodium nitrite (3.5 g,
50 mmol) in deionized water (25 mL) with vigorous
stirring. The resulting solution was then slowly added
to a stirring solution of phenol (4.7 g, 50 mmol) in
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absolute ethanol at 08C. The red precipitate, which
was formed in 1 h, was filtered and washed with a
mount of deionized water until the washing water
exhibits to neutral, then recrystallized by boiling in
refluxing ethanol with activated carbon, filtrated
through a hot filtration funnel. The resulting red sheet-
like crystal was dried in vacuo. The yield is 6.8 g (66%).

TAP

IR (KBr, cm�1): 2500–3400 (broad, OH), 1605, 1584
(conjugated aromatic rings), 1248 (C��O), 635 (C��S);
1H NMR (d, ppm) (DMSO-d): 10.73 (1H, ��OH), 6.94–
6.99, 7.79–7.83 (4H, benzyl H), 7.86, 8.00–8.03 (2H,
thiazolyl H). Melting point: 217.5–218.18C.

4-(2-thiazolylazo)phenyl methacrylate (TPMA) was
prepared from TAP and methacryloyl chloride. Meth-
acryloyl chloride was synthesized from methacrylic
acid and thionyl chloride using the procedure of No
et al.16 TAP (3.08 g, 15 mmol) and TEA (2.25 mL,
18 mmol) were dissolved in 100 mL of THF and were
placed in a dry one-neck round-bottom flask fitted
with a magnetic stirrer and a dropping funnel. The
reaction mixture was cooled to 08C, then stirred in an
ice bath at 0–58C. Methacryloyl chloride (1.75 mL,
18 mmol) dissolved in 20 mL of THF was added drop-
wise through the dropping funnel in 1 h. After the
addition, the reaction mixture was stirred for 4 h at
08C and left overnight at 28C to complete the reaction.
The precipitated triethylammonium chloride was fil-
tered off, and the solvent in the filtrate was distilled
under reduced pressure at 408C. The residue obtained
was dissolved in ether and washed three times with
0.1% solution of sodium hydroxide and then with

deionized water several times to remove the sodium
hydroxide. The ether solution was dried using unhy-
drous magnesium sulfate, and the solvent was dis-
tilled under reduced pressure. The orange product
was dried under vacuum at 608C for 24 h. The yield is
3.2 g (78%).

TPMA

IR (KBr, cm�1): 3078, 3107 (aromatic and double bond
H), 2930, 2964 (CH3), 1730 (C¼¼O), 1636 (C¼¼C), 1589,
1581 (aromatic ring), 1247, 1138 (C��O��C), 630
(C��S). 1H NMR (d, ppm)(CDCl3-d): 7.30–7.44 (3H,
benzyl H), 8.04–8.09 (3H, 1 H of benzyl ring, and 2 H
of thiazole ring), 6.39, 5.81 (2H, CH2), 2.08 (3H, CH3).
Elemental analysis (%): calc: C ¼ 57.10, H ¼ 4.06, N
¼ 15.38; Found: C ¼ 57.00, H ¼ 4.16, N ¼ 14.57; Melt-
ing point: 92–948C.

Free radical polymerization of TPMA was at-
tempted with AIBN or benzoyl peroxide as the initia-
tor in dried and degassed THF or toluene. The reac-
tion mixture under nitrogen was tightly sealed and
heated at 708C for 24 h. No polymer was formed, and
the starting material was recovered unchanged. Hot
polymerization of TPMA in dried and degassed
DMSO heated at 1208C for 24 h was also attempted.
Again, no polymer was formed, maybe due to the in-
hibitory effect of TPMA. Indeed, similar phenomenon
has been reported before.17,18

In a dried and degassed ampule, TPMA (1.092 g,
4 mmol), and AIBN (0.0394 g, 0.24 mmol) were input,
degassed, and flushed with nitrogen three times, and
were then sealed tightly; 20 mL newly distilled THF
was injected into it with a syringe. Finally when the

Scheme 1 Synthesis of TAP, TPMA, and poly(TPMA-co-MMA).
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solution was well proportioned, methyl methacrylate
(2.0 g, 20 mmol) was injected in. The ampule was
heated at 70 6 0.58C for 24 h. The reaction mixture
was then precipitated in a large volume of petroleum
ether. The product was redissolved in chloroform and
then reprecipitated in petroleum ether for several
times. The resulted copolymer was dried under vac-
uum at 608C. The average molecular weight and dis-
persity of the copolymer were determined using gel
permeation chromatography (GPC) (see Fig. 6 and
Table I).

Poly(TPMA-co-MMA)

IR (KBr, cm�1): 3106, 3084 (aromatic H), 2930, 2964
(CH3), 1727, 1756 (C¼¼O), 1589, 842 (aromatic ring),
1202, 1145 (C��O��C), 630 (C��S). 1H NMR (d, ppm)
(CDCl3-d): 7.2–8.2 (aromatic H), 3.5–3.7 (O��CH3), 0–
2.3 (H of the main chain and C��CH3). Elemental
analysis (%): calc: C ¼ 58.74, H ¼ 6.26, N ¼ 6.73,
found: C ¼ 58.14, H ¼ 6.16, N ¼ 7.22. Intrinsic vis-
cosity [Z] ¼ 0.41 dL/g (acetone, 308C).

Measurements

IR spectra were recorded with a Bruker Vector 22
spectrometer. 1H NMR spectra were recorded on a
Bruker Advance AMX-500 NMR instrument with tet-
ramethylsilane (TMS) as internal standard. Thermog-
ravimetric analysis (TGA) was carried out on a
Perkin-Elmer Pyris 6 instrument. The differential scan-
ning calorimetric (DSC) curve of the copolymer was
recorded on a Perkin-Elmer Pyris 1 by maintaining the
heating rate at 108C/min in nitrogen atmosphere. Ele-
mental analysis was measured through a Thermo Fin-
nigen Flash EA 1112 instrument. GPC was performed
using the Waters GPC with 2410 RI detector.

RESULTS AND DISCUSSION

Solubility

In this study, 20 mg of the copolymers was mixed
with 2 mL different solvents in respective test tubes.
After setting aside the closed tubes for 24 h, the sol-
ubility was observed. The copolymer is soluble in
chloroform, acetone, dimethyl formamide, DMSO,

tetrahydrofuran, toluene, xylene, and insoluble in n-
hexane, petroleum ether, and methanol.

Infrared spectra

Figure 1 shows the IR spectrum of TAP. Figure 2
shows the IR spectra of the monomer (TPMA) and
the copolymer. In Figure 1, the strong absorptions
from 2500 to 3500 cm�1 are attributed to the associ-
ated O��H vibration. The ring stretching vibrations
of the conjugated thiazole and benzene rings were
observed at 1605, 1584, 1507, 1466, and 1433 cm�1,
respectively.

Figure 2 shows the IR spectra of TPMA, the mono-
mer (a) and poly(TPMA-co-MMA), the copolymer (b).
In curve (a), the peaks at 2930, 2984 cm�1 were assigned
to the stretching vibration of the aliphatic C��H, the
peak at 1733 cm�1 was attributed to the stretching
vibration of C¼¼O ester group, the peak at 1636 cm�1

was due to aliphatic C¼¼C stretching vibration, peaks
at 1600, 1581 cm�1 are related to the aromatic ring
stretching vibrations, peaks at 1050–1231 cm�1 are
assigned to the stretching vibrations of aromatic C��O
group. In curve (b), it can be seen that the sharp peak at
1636 cm�1 disappears, indicating that upon polymer-
ization the aliphatic C¼¼C bond disappears. The
stretching of the double bond in the carbonyl group
attached to the aromatic ring through ��O�� is shifted

TABLE I
Copolymer Composition and Molecular Weight and Polydispersity (PD) Data

Polymer m1
a M1

a [Z]b [dL/g] Mn (g/mol) Mw (g/mol) PD C

Poly(TPMA-co-MMA) 0.167 0.222 0.411 5448 9167 1.675 0.363

a Where m1 is the feed ratio of TPMA, and M1 is the mole fraction of TPMA in the
copolymer.

b Measured at 308C, in acetone.

Figure 1 IR spectrum of TAP.
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to larger wavenumber (1756 cm�1) compared with the
value for the carbonyl group (1730 cm�1) in the mono-
mer due to loss of conjugation after polymerization.

1H NMR spectra

The 1H NMR spectra Figures 3 and 4 show the chemi-
cal shifts of TAP and TPMA, respectively. Comparing
with that of TAP, the chemical shifts of aromatic pro-
tons in TPMA are shifting slightly to up field. The
chemical shifts at 5.81 and 6.39 ppm are signals of pro-
tons attached with the aliphatic double bond. The reso-
nance signal at 2.08 ppm is related to the methyl group.
The proton signal at 10.73 ppm in TAP attributed to the
hydroxyl group disappears in TPMA. In Figure 5, the
proton signals of the aryl group in the copolymer can
be seen between 7.26 and 8.05 ppm. The signals at
between 3.5 and 3.8 ppm are due to methoxyl group of

MMA. The broad signals at 0.85–2.2 ppm are attributed
to themethylene group of the backbone and themethyl
group attached to the backbone.

Molecular weights

The number-average,weight-averagemolecularweights,
and polydispersity of the copolymer were determined
by gel permeation chromatography (see Figure 6). The
Mw/Mn value of the copolymer shows no general
trend of termination.

Glass transition temperature

The DSC thermogram of the resultant copolymer is
shown in Figure 7. A single glass transition temperature
(Tg) is clearly presented at 1338C,which is much higher
than that of PMMA homopolymer (1058C, atactic19). It
is believed that the large rigid thiazoylazo phenyl group

Figure 3 1H NMR spectrum of TAP.

Figure 4 1H NMR spectrum of TPMA.
Figure 2 IR spectra of (a) TPMA, and (b) poly(TPMA-co-
MMA).

Figure 5 1H NMR spectrum of poly(TPMA-co-MMA).
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contributesmainly to the increaseof theTg of the copoly-
mer. Combining with the GPC result, one single Tg in
DSC curve implies that no homopolymer correspond-
ing to PMMAor PTPMA is included in the copolymer.

Thermal analysis

The thermal stability of the copolymer was studied
by TGA under nitrogen atmosphere at the heating
rate of 108C/min. The result shown in Figure 8 indi-
cates that the decomposition of the copolymer poly-
(TPMA-co-MMA) starts at about 2708C. The weight
loss of the copolymer is 30% when the temperature
reaches 3808C. In contrast, the decomposed percent-
age of the PMMA homopolymer is as high as 75%20

at 3808C, although PMMA also begins to decompose
at about 2708C. Therefore, introducing the thermal

stable aromatic heterocycle moiety into the molecular
structure apparently improves the heat resistance of
the MMA copolymer.

Copolymer composition

The chemical structure of copolymer may be repre-
sented as (3) in Scheme 1. The average composition
of the copolymer sample was determined from the
1H NMR spectrum. The assignment of the resonance
peaks in the 1H NMR spectrum leads to the accurate
evaluation of the content of each kind of monomeric
unit incorporated into the copolymer chains.

Thus, the mole fraction of TPMA in the copolymer
chain was calculated from measuring the integrated
peak areas of aromatic protons of the TPMA unit
and ��OCH3 protons of the MMA unit.

The following expression is used to determine the
composition of the copolymer. Let m1 be the mole
fraction of TPMA and 1-m1 is that of MMA. TPMA
contains 6 aromatic protons and ��OCH3 of MMA
contains three protons:

C ¼ Integrated peak area of aromatic protons ðIArÞ
Integrated peak area of��OCH3 protonsþ IAr

¼ 6m1

6m1 þ 3ð1�m1Þ ð1Þ

This on simplification gives

m1 ¼ C

2� C
(2)

From eq. (2), the mole fraction of TMPA in the co-
polymer was determined by measuring the inte-
grated peak area of aromatic and ��OCH3 proton
signals. The value of C and the mole fraction of
TPMA in the copolymer are shown in Table I.

Figure 6 GPC curve of poly(TPMA-co-MMA).

Figure 7 DSC curve obtained on the second heating of
poly(TPMA-co-MMA).

Figure 8 TGA curve of poly(TPMA-co-MMA).
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CONCLUSION

TPMA was prepared by reacting TAP dissolved in
THF with methacrylol chloride in the present of trie-
thylamine, and was characterized with IR, NMR,
and EA. The copolymer, poly(TPMA-co-MMA), was
prepared and determined with IR, NMR, EA meth-
ods. The results were in good agreement with each
other. The GPC result of the copolymer indicates
that molecular weights data follow a normal distri-
bution and has a narrow polydispersity. The TGA
and DSC curves of the copolymer show an increase
in the initial decomposition temperature and a
higher Tg compared with that of PMMA. Both the
monomer TPMA and the copolymer poly(TPMA-co-
MMA) have bright colors, orange and yellow,
respectively.
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