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ABSTRACT: Poly(o-methyl-acrylamideyl-benzoic acid)-
ZnS (P(o-MAABA)-ZnS) nanocomposites have been pre-
pared and characterized. The resultant P(o-MAABA)-ZnS
nanocomposites in solution show two emissions in the
purple-light area (370 nm) and in the blue-light area (425
nm), which are assigned to the polymer and ZnS nanopar-
ticles, respectively. The coordination between the polymer
and Zn2þ and the surface chemical composition has been
studied by Infrared spectroscopy and X-ray photoelectron
spectroscopy (XPS). The particle size of ZnS nanoparticles

was homogeneous and the average size was 3.8 nm, which
were characterized by UV absorption spectrum and X-ray
Diffraction. The P(o-MAABA)-ZnS composites displays good
film formability and the films also show two emissions in
370 and 425 nm. After doped with Tb3þ, there was effective
energy transfer from ZnS nanoparticles to Tb3þ. VC 2010
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INTRODUCTION

Inorganic nanoparticle/polymer composites are
attracting much attention and forming a new branch
of materials science.1–5 According to the literature,
inorganic nanoparticle/polymer nanocomposites
have been synthesized via sol-gel method,6–8 interca-
lation polymerization,9–11in situ polymerization,12–14

blend method and ion-changing method.15,16 How-
ever, in case of the sol-gel method, the volatilization
of solvent may cause the constriction and brittleness
of nanocomposite materials, while it is not easy to
control the dispersion of inorganic nanoparticles in
the polymer matrix.

These problems may be overcome to some extent
by the ion-changing in the polymers prepared by
atom transfer radical polymerization (ATRP). ATRP
is one of the most effective methods to polymerize a
variety of monomers in a controlled fashion, yield-
ing polymers with molecular weights predetermined
and with low polydispersities.17–20 In this system,

the protection and limitation of polymers obviously
increase the stability of nanoparticles. Besides, the
coupling of organic and inorganic components usu-
ally results in some composites with novel proper-
ties for potential applications.21

In this work, poly(o-methyl-acrylamideyl-benzoic
acid) (P(o-MAABA)) with low molecular weight was
synthesized via ATRP. Then the P(o-MAABA)-ZnS
composites were prepared as follows: firstly, Zn2þ

was distributed in the polymers via the incorpora-
tion with carboxy groups and amido groups in P(o-
MAABA). After the introduction of S2�, ZnS nano-
particles were generated in situ. In the composites,
the protection and limitation of P(o-MAABA) effec-
tively controlled the size and distribution of ZnS in
the polymers. The resultant P(o-MAABA) -ZnS com-
posites were further doped with Tb3þ.

EXPERIMENTAL

Materials and instruments for characterization

Triethylamine (AR, Wulian Chemical Reagent Fac-
tory) was distillated in vacuum; Tetrahydrofuran
(THF) (AR, Changshu Yangyuan Chemical Reagent
Factory) was dried with molecular screen; Copper(I)
bromine (CuBr) (AR, Shanghai Zhenxin Chemical
Reagent Factory) was dissolved in hydrochloric acid,
precipitated into a large amount of deionized water,
filtered, washed with ethanol absolute and dried in
vacuum. o-Aminobenzoic acid (CP, Guoyao chemical
Reagent) was used as purchased, other agents were
analytic pure and used without any purification.
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The 1H-NMR spectra of o-MAABA and P(o-
MAABA) in DMSO-d6 were measured by Inova 400
MHz FT-NMR spectrometer at ambient temperature.
The elementary analysis of o-MAABA was obtained
using Carlo Erba-MOD1106 elementary analysis
instrumentation. Fluorescence spectra were recorded
on an Edinburgh-920 fluorescence spectra photome-
ter, excited via the lamp of Xe. Polymer composite
films were prepared by spin coating of DMF solu-
tion on silex glass via KW-4A desk coating machine.
The coated film was dried in a vacuum for 24 h
before the characterization. The thickness of the
films was controlled in the range of 0.2–0.5 lm,
which could be measured using an alpha-step profi-
lometer. UV-visible spectrum was performed by UV-
240 spectroscopy. IR analysis was carried out on a
Perkin–Elmer 577 IR spectrometer in KBr disks. XRD
patterns of the sample was recorded using a Riga-
kuD/max-rA X-ray diffractometer by the use of
CuKa irradiation (k ¼ 1.5418 A) at 40 kV/50 mA
with a secondary graphite crystal monochromator.
X-ray photoelectron spectroscopy (XPS) measure-
ments were carried out on an ESCALAB MK II
system.

Preparation of o-MAABA

As shown in Scheme 1, o-Aminobenzoic acid (6.85 g,
0.05 mol) in 50 mL THF was cooled in an ice-bath
and triethylamine (10.10 g, 0.1 mmol) was added.
The reaction mixture was stirred for 30 min then
methyl acryloyl chloride (6.27 g, 0.06 mol) was
added via a dropping funnel. The mixture was fur-
ther stirred for 5 h at room temperature and filtered.
The filtrate was neutralized with hydrochloric acid
and washed with water. The precipitated o-MAABA
powder was dried under vacuum.

1H-NMR (400 MHz, DMSO-d6), d (ppm): 2.02 (s,
3H), 5.61 (s, 1H), 5.91 (s, 1H), 7.16–7.20 (t, 1H), 7.61–
7.65 (m, 1H), 8.02–8.04 (m, 1H), 8.63–8.66 (d, 1H),
11.76 (s, 1H), 13.78 (s, 1H). Anal. Calculation for o-
MAABA: C, 64.38; H, 5.40; N, 6.83. Found: C, 64.42;
H, 5.39; N, 6.85.

Polymerization of o-MAABA

In a three-necked flask, o-MAABA (4.10 g), NaOH
(0.8 g) and 2,20-bipyridines (bpy) (0.1872 g) were
added with 10 mL DMF and 10 mL de-ionized
water, and then stirred. 57.6 mg CuBr and 68 lL
EBiB were added to the flask. The flask was cycled

between vacuum and N2 four times and was placed
in a 70�C oil bath for 48 h. The mixture was dumped
into a large amount of methanol, after neutralized
with hydrochloric acid, polymer products were pre-
cipitated and filtrated and dried under vacuum.

Preparation of P(o-MAABA)-ZnS and
P(o-MAABA)-ZnS:Tb31 composites

P(o-MAABA) and Zn(Ac)2.2H2O were stirred in
water for 72 h at room temperature to obtain P(o-
MAABA)-Zn, after filtering and washing, the content
of Zn in the sample was measured by ICP. P(o-
MAABA)-Zn and stirred with excessive Na2S for 48
h at room temperature in de-ionized water, P(o-
MAABA)-ZnS was obtained after filtering and wash-
ing. P(o-MAABA)-ZnS was stirred in the TbCl3 solu-
tion for 24 h. The resultant powder was filtrated and
washed three times with water, P(o-MAABA)-
ZnS:Tb3þ was obtained.

RESULTS AND DISCUSSIONS

Figure 1 shows the 1H-NMR spectrum of P(o-
MAABA). A broad ACH2 signal at 3.75 and the dis-
appeared signals at d ¼ 5.61 ppm and d ¼ 5.91 ppm
which were assigned to the protons of >C¼¼CH2 in
that of monomer indicate the formation of polymer
chain.
Figure 2 shows the concentration of Zn2þ deter-

mined by ICP in the system of P(o-MAABA)-Zn.
It can be clearly seen that with the increasing of
Zn2þ used in the preparation, [Zn (wt %) ¼ m(Zn
(Ac)2.2H2O)/{m(Zn(Ac)2.2H2O)þm(P(o-MAABA))}], the
concentration of Zn2þ in the P(o-MAABA)-Zn system
increased until it reached a constant value at about
37%, which arrived the equilibrium value because of
the space steric factor of P(o-MAABA).
Figure 3 shows the IR spectra of P(o-MAABA),

P(o-MAABA)-Zn and P(o-MAABA)-ZnS. After the
incorporation of Zn2þ, the carbonyl stretching vibra-
tion of P(o-MAABA) at 1678.17 cm�1 shifted to
1659.53 cm�1, the ANH flexural vibration band red-
shifted from 1524.25 cm�1 to 1509.55 cm�1 and the
AOH flexural vibration band shifted from 1386.23
cm�1 to 1372.55 cm�1. All these results indicate that
the amido and carboxyl groups of P(o-MAABA)
have been coordinated with Zn2þ. However, the for-
mation of ZnS weakened the coordination of car-
bonyl and Zn2þ, and the carbonyl stretching vibra-
tion blue-shifted to 1667.32 cm�1; ANH flexural
vibration and AOH flexural vibration preserved to
the original site.
A detailed analysis of chemical composition of

P(o-MAABA)-ZnS composites was carried out by
XPS. The surface scans revealed the presence of zinc,
sulfur, oxygen, carbon, and nitrogen (Fig. 4). The C1s

Scheme 1 The synthetic route of o-MAABA.
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spectra consisted of peaks at 284.8 and 288.1 eV, cor-
responding to alkyl and carboxylate carbon, respec-
tively. The peak of O1s was at 531.5 eV, which was
in agreement with O1s in carboxylate (530.5–531.5
eV) and AOH (531–532 eV). The surface Zn2p3/2
component for the composites had a binding energy
(BE) of �1022.0 eV (full width at half maximum
(FWHM) ¼ 2.1 eV). The S2p surface signal was at BE
¼ 161.8 eV (FWHM ¼ 2.0 eV), which was typical of
sulfide (S2�) species.19 According to the results of IR
and XPS, we can conclude that the P(o-MAABA) has
bonded onto the ZnS nanoparticles.

Figure 5 shows the XRD pattern of P(o-MAABA)-
ZnS. The peaks at 2H ¼ 28.8�, 48.0�, and 56.6�

assigned to the (111), (220), and (311) planes of cubic
crystalline ZnS, respectively. The average crystalline

size of ZnS, which was estimated from the half-
width of diffraction peaks using the Debye-Scherrer
formula, was 3.8 nm. Figure 6 showed the UV
absorption spectrum of ZnS in P(o-MAABA), the UV
absorption blue shifted obviously, which indicated
that the effect of restrained quantum increased the
band gap of ZnS nanoparticles. According to the
effective mass approximation, the relationship of
restrained energy of nanoparticles Ec and particle size
could be expressed as the following equation20,21:

Ec ¼ h2=8lR2 � 1:786e2=eRþ ðe2=RÞ RanðSn=RÞ2n (1)

1/l ¼ 1/me þ 1/mh, l represents effective mass,
eis dielectric constant. The first item of the equation
is kinetic energy of confined excition. The second

Figure 2 Zn2þ concentration (mole%) determined by ICP
in P(o-MAABA)-Zn.

Figure 3 IR spectra of P(o-MAABA), P(o-MAABA)-Zn
and P(o-MAABA)-ZnS.

Figure 1 1H-NMR spectrum of P(o-MAABA) with DMSO-d6 as solvent.
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item is the Coulomb interaction energy of electron
and hole. The last item is the correction term of Cou-
lomb interaction energy, which could be ignored.
The band-gap energy of bulk ZnS is 3.68 eV,20 the
effective mass is 0.176 me, e ¼ 8.3.4 The absorption
peak of ZnS in P(o-MAABA)-ZnS was 290 nm (4.24
eV), blue shifted 0.6 eV from bulk ZnS, and its aver-
age particle size calculated form the eq. (1) was 3.8
nm, which in a good agreement with the results
from XRD analysis.

According to Figures 7 and 8, P(o-MAABA) was
seriously aggregated (Fig. 7) while P(o-MAABA)-ZnS
particles were distinct and could be distinguished
(Fig. 8). These results confirmed that the phenomena
of nanoparticles agglomeration were decreased effec-
tively because the nanoparticles cores were kept
apart by the interaction between polymer and nano-
particles. P(o-MAABA) effectively controlled the size
of ZnS nanoparticles, modified the surface of nano-

particles and made them stable, which caused the
uniformity of P(o-MAABA)-ZnS composites.

Fluorescence property of P(o-MAABA)-ZnS
nanocomposite

Figure 9 shows the emission spectra of P(o-MAABA)
and P(o-MAABA)-ZnS in DMF solution. When the
excitation wavelength was 314 nm, the emission
peak of P(o-MAABA) was at 370 nm while two
emission peaks at 370 and 425 nm were observed in
P(o-MAABA)-ZnS nanocomposite. The emission
peak at 370 nm was assigned to P(o-MAABA), and
the emission peak at 425 nm was the self-activation
emission peak of ZnS nanoparticles.
Figure 10 shows the emission spectra of P(o-

MAABA)-ZnS nanocomposite film. When the excita-
tion wavelength was 314 nm, two emission peaks at
370 and 425 nm were observed in P(o-MAABA)-ZnS
nanocomposite film. Same as in DMF solution, the

Figure 4 XPS wide-scan spectrum (0-1200 eV) for
P(o-MAABA)-ZnS composites.

Figure 5 XRD pattern of P(o-MAABA)-ZnS.

Figure 6 UV spectra of P(o-MAABA), P(o-MAABA)-ZnS
and P(o-MAABA)-ZnS:Tb3þ.

Figure 7 SEM images of P(o-MAABA).
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emission peak at 370 nm was assigned to P(o-
MAABA) and the emission peak at 425 nm was the
emission peak of ZnS nanoparticles in the film. Film
formation did not change the shape, size and distri-
bution of ZnS nanoparticles in the polymers. With
the formation of ZnS nanoparticles, the emission of
the system changed from monochromatic light to
two-tone color lights, which adjusted the emission
spectra. Because of good film formability, this com-
posite system may have application in optical
devices.

Figure 11 shows the emission spectra of P(o-
MAABA)-ZnS:Tb3þ composites and TbCl3 with the
same concentration. Five emission peaks were
observed at 370, 490, 545, 585, and 620 nm. As
before, the emission peaks at 370 nm was assigned
to P(o-MAABA), and the emission peaks at 490, 545,
585, and 620 nm were assigned to the 5D4-

7FJ (J ¼ 6,
5, 4, 3) transition of Tb3þ, and the emission intensity

at 545 nm was the highest. As showed in Figure 9,
the emission intensity of Tb3þ in P(o-MAABA)-
ZnS:Tb3þ composites was higher than in pure TbCl3
with the same concentration, and the emission peak
at 425 nm assigned to ZnS nanoparticles disap-
peared. The two results indicated that there was
energy transfer from ZnS nanoparticles to Tb3þ in
P(o-MAABA)-ZnS:Tb3þ composites. In addition, the
UV-vis absorption spectra of P(o-MAABA)-ZnS:Tb3þ

as shown in Figure 6 also verify the energy transfer
between P(o-MAABA)-ZnS and Tb3þ ion, because
the maximum absorption wavelength is red-shifted
about 10 nm after addition of Tb3þ ion into P(o-
MAABA)-ZnS composite. It’s probably ascribed to
the weak interaction of Tb3þ ion and the amido
bond of P(o-MAABA).

Figure 8 SEM images of P(o-MAABA)-ZnS.

Figure 9 Emission spectra of P(o-MAABA) and
P(o-MAABA)-ZnS (10 mg/10 mL DMF).

Figure 10 Emission spectra for films of P(o-MAABA)-ZnS
composite.

Figure 11 Emission spectra of P(o-MAABA)-ZnS:Tb3þ

and TbCl3 with the same concentration.
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CONCLUSION

In this work, P(o-MAABA)-ZnS composite has been
successfully synthesized. XPS and IR spectra
acknowledged the coordination of P(o-MAABA) and
Zn2þ; the average particle size of ZnS estimated
from effective mass approximation was 3.8 nm,
which was in a good agreement with XRD analysis.
The polymers could effectively control particle size
of ZnS nanoparticles, modify the surface and stabi-
lize the nanoparticles. The composite system of
P(o-MAABA)-ZnS expressed unique properties,
such as unusual luminescence properties and good
film formability. The emission spectra of P(o-
MAABA)-ZnS (in solutions and films) composed
from two peaks: the emission of polymers at
370 nm and the emission of ZnS nanoparticles at
425 nm. When doped with Tb3þ, there was energy
transfer from ZnS nanoparticles to Tb3þ, intense
green luminescence was observed in P(o-MAABA)-
ZnS:Tb3þ composites.
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