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 Highly Monodisperse Sub-microspherical 
Poly(glycidyl methacrylate) Nanocomposites 
with Highly Stabilized Gold Nanoparticles  

   Xingru    Yan     ,        Maolin    Li     ,        Jun    Long     ,   *        Xi    Zhang     ,        Huige    Wei     ,        Qingliang    He     ,    
    Dan    Rutman     ,        Dapeng    Cao     ,   *        Suying    Wei     ,   *        Guofang    Chen     ,   *     Zhanhu    Guo   *   

 Sub-micrometer spheres of poly(glycidyl methacrylate) (PGMA) with a layer of poly(allylamine 
hydrochloride) (PAH) fi lm are prepared by an easily controlled assembly method. The gold 
nanoparticles (Au NPs) exhibit a discontinuous 
structure on the PGMA@PAH particle surface, 
exhibiting a surface interaction between the 
PGMA spheres and the Au NPs. PAH not only 
modifi es the surface of the PGMA particles but 
also affi rmatively affects the crystallite of the 
PGMA particles. The real permittivity of the 
nanocomposite spheres is much higher than that 
of pure PGMA spheres. An improved thermal sta-
bility is observed in the nanocomposite spheres. 
The calculated bandgap (0.91 eV) of the nanocom-
posite spheres is observed to be lower than that 
(4.92 eV) of pure PGMA spheres.       
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  1.     Introduction 

 Micrometer-sized monodispersed polymer particles 
have attracted increasing interest from both academic 
scholars and industrial researchers owing to their com-
plex properties and extensive applications in coating, 
paints, packing, photonic crystals, chemical and biolog-
ical sensors, drug delivery, bio-separation, chromatog-
raphy, and microelectronics. [ 1–9 ]  Several techniques have 
been explored for preparing monodispersed polymer 
particles with miscellaneous sizes, such as activation 
method, [ 5 ]  successive seeding method, [ 10,11 ]  dispersion 
polymerization, [ 12–15 ]  heterogeneous polymerization, [ 16 ]  
sol–gel method, [ 17 ]  and surfactant-free emulsion poly-
merization. [ 18–22 ]  Among them, surfactant-free emul-
sion polymerization has been successfully applied for 
synthesizing functionalized polymer colloids with con-
trolled sizes from several hundred nanometers to several 
micrometers. The physicochemical properties of these 
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polymer microspheres can be signifi cantly improved by the 
core–shell structures, [ 23 ]  which can be obtained by coating 
with multiple functional materials including graphene 
oxide (GO), [ 24 ]  carbon nanotubes (CNTs), [ 25 ]  zinc oxide 
(ZnO), [ 26 ]  nickel, [ 27 ]  polypyrrole (PPy), [ 28 ]  and gold [ 29 ]  for 
plentiful novel technological applications. Due to their 
distinguished and effective catalytic, [ 30 ]  electronic, [ 31 ]  bio-
labeling, [ 32,33 ]  and optical properties, [ 34 ]  gold nanoparticles 
(Au NPs) have received more attention in the past few years. 
However, the reported composite substrates are mainly 
based on chemically inert materials including polystyrene, 
polypropylene, or poly(methyl methacrylate), which limits 
the development of new novel functional materials. The 
homopolymer and copolymers of glycidyl methacrylate 
(GMA) belong to the class of functional polymers. One of 
the representatives is poly(glycidyl methacrylate) (PGMA). 
The facile reaction of the epoxy groups with a large variety 
of reagents provides a novel route for preparing various 
multifunctional polymers through chemical modifi cations 
of these polymers. For example, Kim et al. [ 35 ]  fabricated a 
cross-linked PGMA coating on soft magnetic carbonyl iron 
particles (CIPs) by dispersion polymerization to study their 
magnetorheological (MR) properties. Xu et al. [ 36 ]  reported 
that a PGMA-particles-coated capillary column can provide 
more retention and higher resolution for analytes after 
fuctionalization. However, PGMA polymer nanocomposites 
(PNCs) reinforced with Au NPs have rarely been reported, 
especially regarding their optical and dielectric properties. 

 In this study, sub-micrometer-scale PGMA composite 
spheres coated with fairly uniformly dispersed Au NPs 
were successfully prepared by a simple and readily con-
trolled assembly method. The effect of the Au NPs on the 
crystallization behaviors of PGMA spheres was studied by 
X-ray diffraction (XRD). The morphologies of the PGMA@
PAH@AuNPs spheres and Au NPs were investigated by 
transmission electron microscopy (TEM). The chemical 
structures of the PGMA, PGMA@PAH, and PGMA@PAH@
AuNPS spheres were also characterized by Fourier trans-
form infrared (FTIR) spectroscopy. The optical properties 
of PGMA@PAH@AuNPs were investigated by UV–vis 
spectroscopy and the corresponding bandgap was calcu-
lated. The thermal stability and the dielectric properties 
were also studied and discussed.  

  2.     Experimental Section 

  2.1.     Materials 

 0.005% Mequinol stabilizer was removed from glycidyl meth-
acrylate (≥97.0%, Sigma–Aldrich, St. Louis, MO, USA) with an 
inhibitor remover (Sigma–Aldrich, St. Louis, MO, USA) prior to 
use. Potassium persulfate (KPS) (>99%), poly(allylamine hydro-
chloride) (PAH) ( M  w  = 15 000 g mol −1 ) trisodium citrate, and 
hydrogen tetrachloroaurate trihydrate (HAuCl 4 ·3H 2 O) (≥99.9%) 

were purchased from Sigma–Aldrich and used as received 
without any further treatment. Nanopure water (18 MΩ cm) 
was supplied by Barn-stead. The cellulose ester dialysis mem-
brane (molecular weight cut-off (MWCO) = 3500–5000/80 000–
100 000 g mol −1 ) was provided by Spectrum Laboratory, Inc, 
Rancho Dominguez, CA, USA.  

  2.2.     Preparation of Composites 

  2.2.1.     Synthesis of Poly(glycidyl methacrylate) Colloidal 
Spheres 

 Monodisperse colloidal poly(glycidyl methacrylate) particles 
with a diameter of 448 ± 9 nm were synthesized by a modifi ed 
surfactant-free emulsion polymerization method as described in 
the literature. [ 18 ]  In brief, 15 mL of inhibitor-free glycidyl meth-
acrylate (GMA) were dispersed in 150 mL of nanopure water 
purged with N 2  by stirring vigorously at 1200 rpm for 30 min at 
room temperature. Then, the mixture was refl uxed and heated 
to 90 °C following dropwise addition of 0.5 g of KPS dissolved 
in 10 mL of water. The nitrogen fl ow was adjusted to minimize 
the stripping of monomers from the reaction mixture. The stir-
ring rate of 1200 rpm and temperature of 90 °C were maintained 
constant until the end of the reaction. After 2 h, the reaction was 
fi nished by bubbling oxygen for 30 min and the product was 
cooled down to room temperature. 10 mL of PGMA spheres were 
dialyzed with cellulose ester dialysis membrane for 24 h and 
centrifuged at 5000 rpm for 30 min. After three successive cen-
trifugation/wash cycles with nanopure water, the purifi ed PGMA 
spheres were acquired.  

  2.2.2.     Preparation of PGMA@PAH Particles 

 The PGMA spheres were adsorbed with weak hydrophobic poly-
electrolyte using positively charged PAH solution by the depo-
sition technique, which was introduced by Liu et al. [ 37 ]  1 mL of 
0.75% (w/v) PAH solution was added to 10 mL of a suspended 
solution of purifi ed PGMA spheres to provide a positively charged 
layer to facilitate the subsequent adsorption of negatively 
charged Au NPs. The mixture was further dialyzed with a cellu-
lose ester dialysis membrane (MWCO = 80 000–100 000 g mol −1 ) 
for 24 h to remove the redundant PAH. Then, the PAH-modifi ed 
PGMA cores were separated from the supernatant by centrifuga-
tion for 30 min at 5000 rpm; and 11 mL of nanopure water was 
used to clean the product. After three successive centrifugation/
wash cycles with nanopure water, the PGMA@PAH particles 
were obtained.  

  2.2.3.     Formation of PGMA@PAH@AuNPs Composites 

 According to the Turkevich method, [ 38 ]  hydrogen tetrachloro-
aurate trihydrate (HAucl 4 ·3H 2 O) as the gold precursor and triso-
dium citrate as a reductant were used to synthesize Au NPs. 
Briefl y, 250 mL of 1 × 10 −3   M  HAucl 4 ·3H 2 O was heated to its boiling 
point, and 25 mL of 38.3 × 10 −3   M  trisodium citrate was then 
added. When it changed from colorless to ruby-red, the heating 
of the solution was terminated, and it was allowed to cool down 
to room temperature. The centrifuged PGMA@PAH spheres were 
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dispersed in 11 mL of nanopure water at pH 7. To form the Au 
NPs-coated PGMA composite spheres, 60 μL of PGMA@PAH was 
added to 3 mL of as-synthesized Au NP solution. The product was 
mixed by gently shaking at around 1000 rpm for 30 min. After 
centrifugation and re-dispersion in nanopure water, the PGMA@
PAH@Au nanocomposites were collected.   

  2.3.     Characterization 

 The crystalline structure of PGMA, PGMA@PAH, and PGMA@
PAH@AuNPs was studied by XRD, which was carried out using a 
Bruker AXS D4 Endeavor diffractometer operating with a Cu K α  radi-
ation source fi ltered with a graphite monochromator (0.154 nm). 
The samples were pressed in a sample holder. The X-rays were 
generated at 40 kV and 40 mA power and XRD scans were 
recorded at 2 θ  from 5 to 80° with a 1° min −1  scan rate. 

 The morphologies of the PGMA@PAH@AuNPs were charac-
terized by TEM (JEM-1400) at an accelerating voltage of 120 kV 
and high-resolution TEM (HRTEM) images were visualized using 
a JEOL JEM2100F instrument at an accelerating voltage of 200 kV. 

 The Fourier transform infrared (FTIR) spectra of the products 
were recorded using a Bruker Tensor 27 FTIR spectrometer with 
a Hyperion 1000 attenuated total refl ection (ATR) microscopy 
accessory in the range of 500–4000 cm −1  at a resolution of 4 cm −1 . 
 The thermal stability of the PGMA, PGMA@PAH, and PGMA@
PAH@AuNPs was investigated by thermogravimetric analysis 
(TGA) (TA-Q500 instrument). Samples were heated from room 
temperature to 600 °C at a constant heating rate of 10 °C min −1  
under air and nitrogen gas atmosphere, respectively. The fl ow 
rate is 60 mL min −1  under both two atmospheres. 

 The dielectric properties of the pure PGMA and its nano-
composites were measured using an Agilent E4980A LCR Meter 
equipped with an Agilent E4980B dielectric test fi xture in the 
frequency range from 20 to 2 MHz at room temperature. The 
samples used were prepared using a pressing machine (Carver, 
Model 3853–0) at 15 000 pounds for 15 min at room tempera-
ture, and were 25 mm in the diameter and ca. 2.0 mm in the 
thickness. 

 The optical properties were characterized using UV–vis dif-
fuse refl ectance spectroscopy techniques (Jasco V-670 spectro-
photometer equipped with a Jasco ISN-723 diffuse refl ectance 
accessory). The samples for this test were prepared following the 
same procedures as used for the dielectric property test.   

  3.     Results and Discussion 

  3.1.     X-Ray Diffraction 

 Figure  1  shows the XRD patterns of the PGMA, PGMA@
PAH, and PGMA@PAH@AuNPs composites. For the crystal-
line structures, the XRD patterns can be used to evaluate 
the average crystallite size, lattice plane  d -spacing, and 
crystallinity. The PGMA particles mainly exhibit a strong 
refl ection at 2 θ  = 17.5°. The average crystallite size can be 
estimated from XRD pattern [ 39 ]  by the Scherrer Equation 
(Equation   1  ):

 
L k

cos
λ

β θ
=

  
(1)

 

 where  L  is the average crystallite size,  k  is the shape factor, 
 λ  is the X-ray wavelength ( λ  = 0.154 nm),  β  is the full width 
at half maximum (FWHM), and  θ  is the angle at max-
imum intensity. The value of  k  depends on several factors, 
including the Miller index of the refl ection plane and the 
shape of the crystal, and is normally 0.89. Here, the average 
crystallite size of the PGMA particles is about 1.6647 nm at 
2 θ  = 17.5°. Meanwhile, the average crystallite size of the 
PGMA@PAH particles is around 1.6741 nm at 2 θ  = 18.5°. 
With the comparison of the peak position and average 
crystallite size, PAH not only modifi ed the surface of the 
PGMA particles (Figure  2 ), but also affi rmatively affected 
the crystallite of the PGMA particles. Furthermore, the 
average crystallite size of the PGMA@PAH@AuNPs parti-
cles is around 1.8618 nm at 2 θ  = 18.5°, indicating that the 
addition of the Au NPs changed the original crystal struc-
ture of the PGMA@PAH particles. Apparently, the three 
sharp diffraction peaks of the PGMA@PAH@AuNPs parti-
cles, at 2 θ  = 38.2, 44.5, and 64.7°, are observed, which corre-
spond to the (111), (200), and (220) crystallographic planes 
of the face-centered cubic (fcc) structure, respectively, [ 40–42 ]  
indicating that the Au NPs had successfully been coated on 
the PGMA@PAH particles.    

  3.2.     TEM Microscopy Images 

 The morphology of the PGMA@PAH@AuNPs particles is 
essentially signifi cant to better understand the unique 
performance of this material. The dispersion and iden-
tifi cation of the nanoparticles are characterized by TEM. 
A discontinuous inorganic shell coated on the organic 
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 Figure 1.    XRD patterns of: a) PGMA, b) PGMA@PAH, and c) PGMA@
PAH@AuNPs sub-microspheres.
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colloidal beads was observed, Figure  2 a. The PGMA 
spheres of 448 nm in diameter are coated with Au NPs 
with a diameter of 12 ± 3 nm. In this composite structure, 
the immobilization of metal nanoparticles on the spher-
ical substrates provides benefi ts not only in the easy 
deployment of nanoparticles during applications but 
also in maintaining their size effects. The crystallinity 
of the Au NPs was also studied by HRTEM, Figure  2 b. 
The lattice plane spacings of 0.236, 0.204, 0.144 nm 
were indexed to the (111), (200), (220) planes of the face-
centered-cubic (fcc) crystal gold, respectively. This result 
was in good agreement with the XRD results. Considering 
the observed orientation of the lattice plane, the Au NPs 
were polyhedral morphology. [ 43 ]   

  3.3.     FTIR Spectra 

 Figure  3  depicts the FTIR spectra of the PAH, PGMA, 
PGMA@PAH, and PGMA@PAH@AuNPs composites, 
respectively. Two characteristic peaks for the epoxy group 
ring were obtained from PGMA, PGMA@PAH, and PGMA@
PAH@AuNPs composites: 1260 cm −1  corresponding to the 
stretching and contracting in phase of the epoxy group 
ring bonds, 850 cm −1  corresponding to the asymmetric 
vibrations of the epoxy rings. [ 18,44,45 ]  However, the PGMA@
PAH@AuNPs composites have a peak shift from 850 to 
836 cm −1 , indicating the surface interaction between 
PGMA spheres and Au NPs. Moreover, the absorption sharp 
peaks at 1730 and 1390 cm −1  were attributed to the C O 
and C O stretching vibration of the ester group of PGMA 
sub-microspheres. [ 24 ]  In addition, the C H stretching in the 
methyl and methylene group in the PGMA composites was 
observed at 2940 cm −1 . [ 46 ]  Furthermore, a broad absorp-
tion band associated with O H stretching vibrations of 
hydroxyl group was also found at around 3390 cm −1 . [ 47,48 ]  
These results demonstrated that the PGMA composites had 
been successfully synthesized.   

  3.4.     Thermogravimetric Analysis 

 Figure  4 A–D shows the TGA weight loss and corresponding 
derivative weight loss curves of PGMA, PGMA@PAH, and 
PGMA@PAH@AuNPs sub-microspheres under both air 
and nitrogen fl ow conditions, respectively; and the detailed 
thermal decomposition temperatures are shown in Table  1 . 
Here, the  T  −10  is defi ned as the temperature at 10% weight 
loss of the tested specimen; and the  T  −50%  is defi ned as the 
temperature at half weight loss of the tested specimen. Nor-
mally, the fi rst weight-loss stage from room temperature to 
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 Figure 2.    a) TEM of PGMA@PAH@AuNPs particles, and b) high-
resolution TEM of Au NPs.

 Figure 3.    FTIR spectra of: a) PAH, b) PGMA, c) PGMA@PAH, and 
d) PGMA@PAH@AuNPs composites.
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100 °C is attributed to the release of moisture in the sam-
ples, which was confi rmed by the FTIR results. [ 49 ]    

 Under an air atmosphere, the TGA measurements 
were used to investigate the infl uence of the Au NPs on 
the thermal oxidative degradation of the PGMA matrix. 
The PGMA shows the temperature at a 10% weight loss 
( T  −10% ) of 222.0 °C, while the PGMA@PAH and PGMA@
PAH@AuNPs composites show higher  T  −10%  at 244.0 and 

271.0 °C, respectively, Figure  4 A. The increased thermal 
stability of the PGMA@PAH@AuNPs composites indicates 
the increased interaction between PGMA polymer chains 
after the modifi cation of PAH and the enhancement of the 
interface bonding strength between the PGMA polymer 
surface chains and the Au NPs at around 200–300 °C. 
From Figure  4 B, three peaks of PGMA, PGMA@PAH, and 
PGMA@PAH@AuNPs composites were obtained; however, 
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 Figure 4.    TGA weight loss curves of PGMA (curve a), PGMA@PAH (curve b), and GMA@PAH@AuNPs (curve c) composites under: A) air, and 
C) nitrogen. B,D) The corresponding derivative weight loss curves.

  Table 1.    TGA characteristics of the measured samples under both air and nitrogen fl ow conditions.  

Atmosphere Composition   T  −10%   
 [°C] 

   T  −50%   
 [°C] 

 Residue at 600 °C  
 [%] 

Air PGMA 222.0 313.0 1.2

PGMA@PAH 244.0 306.0 0.0

PGMA@PAH@AuNPs 271.0 353.0 18.9

N 2 PGMA 258.0 357.0 3.7

PGMA@PAH 282.0 374.0 1.3

PGMA@PAH@AuNPs 288.0 412.0 29.6
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peaks of the PGMA@PAH@AuNPs composites have 
shifted obviously compared with those of the PGMA 
and PGMA@PAH composites. At low temperatures, Au 
NPs inhibit the oxidation effect leading to an improved 
thermal stability of PGMA@PAH@AuNPs at around 
280 °C compared with that of PGMA and PGMA@PAH 
at 260 °C; at higher temperatures, the Au NPs, as a good 
heat conductor, transfer more energy to decompose the 
poly mer chains more easily with increasing temperature, 
to enlarge the oxidation effect on the PGMA molecular 
chains. Hence, the second and third peaks of the PGMA@
PAH@AuNPs composites show a lower temperature than 
that of both PGMA and PGMA@PAH composites. 

 Under a N 2  atmosphere, the PGMA spheres began to 
decompose with a 10% weight loss at 285 °C, and achieved 
a full decomposition at ca. 413 °C with little residue left 
(3.7%). For the PGMA@PAH@AuNPs sub-microspheres, the 
 T  −10%  and  T  −50%  were both increased to 228.0 and 412.0 °C, 
respectively, Figure  4 C and Table  1 . From Figure  4 D, the 
PGMA and PGMA@PAH@AuNPs have two peaks at 
around 300 and 425 °C, respectively, which are consistent 
with the results reported for poly(methyl methacrylate) 
(PMMA). [ 50,51 ]  It can be concluded that the presence of 
oxygen signifi cantly decreases the thermal stability of 
pure PGMA, and the thermal stability of the PGMA is 
enhanced with the introduction of Au NPs.  

  3.5.     Dielectric Properties 

 The PGMA and PGMA@PAH@AuNPs sub-microspheres 
were investigated for their potential applications in 
energy storage, through measuring their dielectric proper-
ties. [ 52 ]  Dielectric materials can be used to store electrical 
energy through charge accumulation/separation, which 
occurs when the electron distributions are polarized by 
an applied external electric fi eld. [ 53 ]  Figure  5 A depicts the 
frequency-dependent real permittivity ( ε ′) of the PGMA 
and PGMA@PAH@AuNPs sub-microspheres at room tem-
perature. As shown, the  ε ′ value of the PGMA and PGMA@
PAH@AuNPs sub-microspheres decreases with increasing 
frequency, revealing a dielectric-relaxation behavior. [ 54 ]  In 
addition, the PGMA@PAH@AuNPs sub-microspheres were 
observed to have a relatively higher  ε ′ value than that of 
the PGMA sub-microspheres, and this phenomenon was 
more obvious at low frequency than that at high frequency, 
which is attributed to high conductivity of the Au NPs. Due 
to the polarization of the interfaces between PGMA and Au 
NPs, the number of the accumulated charges will increase. 
Therefore, the real permittivity of the composites is higher 
than that of pure PGMA spheres. Other reports in the lit-
erature have reported the same results in different mate-
rials, such as poly(vinylidene fl uoride) (PVDF)-multiwalled 
carbon nanotube (MWNT) composites prepared by a coag-
ulation method [ 55 ]  and novel ferroelectric PVDF composites 

prepared by a very simple blending and hot-molding 
technique. [ 56 ]  Figure  5 C shows the frequency-dependent 
dielectric loss (tan δ ) of the composites. It is worth noting 
that there is a higher dielectric loss in the PGMA@PAH@
AuNPs sub-microspheres, which can be ascribed to a large 
electrical conducting loss in the Au-containing composites. 
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 Figure 5.    A) Real permittivity ( ε ′), B) imaginary permittivity ( ε ′′) 
and C) dielectric loss tangent (tan δ ) as a function of frequency for 
PGMA (a) and PGMA@PAH@AuNPs (b) sub-microspheres.
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The Au NPs coated on the PGMA spheres as a discontin-
uous structure have a signifi cant effect on the measured 
dielectric property. Since a large amount of electric energy 
storage is required in mobile electronic devices, hybrid 
electric vehicles, stationary power systems, and pulse 
power applications, there is growing attention in the study 
of the dielectric properties of new materials. [ 57,58 ]    

  3.6.     Optical Properties 

 The optical properties are one of the most important prop-
erties of the materials in applications such as thin-fi lm 
transistors, [ 59 ]  solar cells, [ 60 ]  and chemical/biochemical 
sensors. [ 61 ]  The UV–vis diffuse refl ection spectrum of 
the PGMA and PGMA@PAH@AuNPs sub-microspheres 
is shown in Figure  6 . Compared with the spectrum of 
the PGMA spheres, the PGMA@PAH@AuNPs sub-micro-
spheres exhibit a broad absorption peak at around 500 nm, 
which is quite close to the reported value of 528 nm for 

Au NPs. [ 62 ]  The peak at around 500 nm is not only due 
to the presence of Au NPs, but also the size, shape, and 
dielectric environment of the composites. [ 63 ]  Furthermore, 
the  E  g  values of the spheres were calculated from a photon-
energy ( hν ) dependence of  αhν  converted from the diffuse 
refl ectance UV–vis spectra by Equation  2   (Tauc’s plot): [ 64 ] 

 h h E
n

gα ν ν )(= −   (2) 

 where  α ,  h ,  ν , and  E  g  are the absorbance coeffi cient, 
Planck constant, photon frequency, and photonic energy 
bandgap, respectively. The parameter  n  depends on the 
nature of transition ( n  = 1/2, 2, 3/2 or 3 for the allowed 
direct, allowed indirect, forbidden direct, or forbidden 
indirect transitions, respectively). [ 65 ]  The allowed direct 
bandgap of the PGMA and PGMA@PAH@AuNPs sub-
microspheres is also shown in Figure  6 . The bandgap 
of the PGMA spheres is found to be 4.92 eV (Figure  6 a), 
which is quite close to the reported value of 5 eV for the 
polymer materials. [ 66 ]  It is worth noting that the PGMA@
PAH@AuNPs spheres exhibit a much lower bandgap of 
0.91 eV (Figure  6 b), which can be applied for semiconduc-
tors. [ 67 ]  The reason for this great discovery can be under-
stood in terms of the quantum states for electrons. By 
the Pauli exclusion principle, each of the states contains 
zero or one electron. [ 68 ]  Electrical conductivity takes place 
because of the presence of electrons in the states that 
are delocalized. However, an electron orbital state must 
be partially fi lled; otherwise, when fully fi lled with elec-
trons, it is inert, blocking the passage of other electrons 
via that state. The discontinuous Au NP network provides 
appropriate partially fi lled states and state delocalization 
to form a lower bandgap.    

  4.     Conclusion 

 In summary, negatively charged crystalline gold nanopar-
ticles were successfully coated on the chemically reactive 
PGMA sub-microspheres that were modifi ed with a layer of 
positively charged PAH fi lm by a readily controlled assembly 
method. With the comparison of the peak position and 
average crystallite size from XRD, PAH not only modifi ed the 
surface of the PGMA particles but also affi rmatively affected 
the crystallite of the PGMA particles. Moreover, the thermal 
stability of the PGMA spheres was improved by introducing 
gold nanoparticles in both air and N 2  conditions. Gold 
nanoparticles coated on the PGMA sphere surface as a dis-
continuous structure have a signifi cant effect on both the 
dielectric and optical properties. The real permittivity of the 
PGMA@PAH@AuNPs composites is much higher than that 
of pure PGMA spheres. With their lower bandgap value, the 
PGMA@PAH@AuNPs have a strong potential to expand the 
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 Figure 6.    UV–vis absorbance spectra (converted from diffuse 
refl ectance spectra data) of: a) PGMA and b) PGMA@PAH@AuNPs 
spheres. The insets show the plot to obtain the bandgap for a 
direct bandgap transition for (a) and (b).
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applications of polymer nanocomposites in sensors, [ 69 ]  sem-
iconductive devices, [ 70 ]  or catalysts. [ 71 ]   
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