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ABSTRACT: Gamma-irradiation induced reduction of
gold (Au) ions was performed in aqueous poly(vinyl alco-
hol) (PVA) solution. PVA/Au nanocomposites with differ-
ent contents of inorganic phase were prepared by solvent
evaporation. The colloids and corresponding nanocompo-
sites show visible light absorption with strong excitonic
peak in the wavelength range from 520 to 550 nm. Mor-
phological and structural characterizations of gold nano-
particles (Au NPs) and nanocomposites were performed
by TEM, XRD, and FTIR measurements. Also, Mie and
Maxwell-Garnett theories were applied to calculate optical

properties of Au colloids and PVA/Au nanocomposites,
respectively. The changes of heat resistance upon the
increase of inorganic phase were correlated to the decrease
in crystal perfection of polymer. Improvement of thermal
stability of nanocomposites, compared with the neat PVA,
was observed when the content of inorganic phase exceeds
1 wt %. VC 2012 Wiley Periodicals, Inc. J Appl Polym Sci 125:
1244–1251, 2012
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INTRODUCTION

Nanotechnology is one of the fastest growing new
areas in science and engineering. Polymers are con-
sidered to be a good host material for incorporation
of inorganic nanoparticles (NPs). On the other hand,
incorporation of inorganic NPs, due to their high
surface to bulk ratio, can significantly affect the
properties of the polymer matrix. Organic polymers
containing metal NPs are considered to be functional
composite materials.

Noble metal NPs are of great significance due to
their optical properties which are the consequence of
the electromagnetic field induced collective oscillations
of electrons known as surface plasmon resonance
(SPR).1,2 Existence of plasmon modes rise strong
absorption in UV-vis region. The number, shape, and
position of plasmon absorption bands in absorption
spectrum of noble metal NPs are determined by parti-
cle size, shape, dielectric constant, composition, and
dielectric constant of the surrounding media.3,4

Among a number of techniques reported for the
synthesis of Au NPs, the radiation induced synthesis

is one of the most promising strategies due to sev-
eral advantages compared with conventional chemi-
cal and photochemical methods.5–8 Au NPs can be
used in biological application such as DNA sensors,9

drug delivery,10 cancer diagnostic and therapy,11

and therefore preparation of a biocompatible and
nontoxic system containing Au NPs is a challenging
task. Although chemical methods for the preparation
of Au NPs have been widely used, reducing and/or
stabilizing agents might be associated with environ-
mental toxicity or biological hazards. These disad-
vantages can be overcome by using radiolytic
method of synthesis.
The radiolytic method is particularly suitable for

generation of metal NPs in solution, because the
radiolytically generated species exhibit strong reduc-
ing power and reduction of metal ions occur at each
encounter. However, metal atoms formed this way
tend to coalesce into clusters, which grow into par-
ticles or eventually into precipitates. The control of
particle size can be achieved by the use of capping
agents such as polymers. Functional groups of poly-
mers with a high affinity for the metal ensure the
anchoring of the molecule at the particle surface,
while the polymeric chains protect particles from coa-
lescing with other ones, and thus inhibit at an early
stage further coalescence through electrostatic repul-
sion or steric hindrance. Some of these polymeric sys-
tems can be, at the same time, the stabilizer and the
reducing agent.12,13 Poly(vinyl alcohol) (PVA) has
been widely used as a matrix for preparation of
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nanocomposites due to its easy processability, high
optical clarity, and biocompatibility.14

In this work, the PVA/Au nanocomposites were
prepared by the simple radiolytic procedure using
steady state gamma-irradiation followed by solvent
evaporation. The aim of this study was to explore
the applicability of radiation technique for the syn-
thesis of PVA/Au nanocomposites, as well as inves-
tigation of their optical and structural properties.
Special attention was paid to the understanding of
interaction between polymer chains and Au NPs
and its influence on the heat resistance and thermal
stability of the nanocomposites.

EXPERIMENTAL

All chemicals were of analytical grade and they were
used without additional purification. Hydrogen tetra-
chloroaurate(III) (HAuCl4), with min. 49% of Au, was
obtained from Alfa Aesar. PVA with Mw ¼ 72,000
and 99% of minimal degree of hydrolysis and 2-pro-
panol were product of Merck. Water used in experi-
ments was distilled and then purified using a Milli-Q
Water System from Milipore Corps. High purity ar-
gon gas (99.5%) was from Messer Tehnogas.

HAuCl4 was dissolved in water solutions contain-
ing 1.4 wt % PVA and 0.2 M 2-propanol. Concentra-
tions of HAuCl4 were 0.15, 0.29, 0.59, 1.47, 2.94, and
4.71 mM. The solutions were bubbled with Ar for
about 30 min to remove oxygen, and then irradiated
in 60Co radiation facility at room temperature with
irradiation dose rate of 10 kGy/h. Integral absorbed
doses required for complete reduction of gold ions
were 0.7, 1.4, 2.8, 6.9, 13.8, and 22 kGy, respectively.
PVA/Au nanocomposites were obtained after sol-
vent evaporation at room temperature.

The content of Au NPs in nanocomposites was
determined by atomic absorption spectroscopy using
Philips-Pyu Unicam SP 9 AAS spectrophotometer. The
contents of inorganic phase in the nanocomposites
were found to be 0.25, 0.6, 1.0, 2.5, 5.3, and 8.0 wt %.

Transmission electron microscopy (TEM) measure-
ments were performed using Philips EM 400 micro-
scope operated at an accelerating voltage of 120 kV.
Samples for TEM studies were prepared by placing
a drop of the colloidal dispersion of Au NPs onto a
C-coated Cu grid. The size distribution of Au NPs
was determined taking into account the diameters of
about 450 particles.

The X-ray diffraction (XRD) measurements of the
PVA/Au nanocomposites were performed on Bruker
D8 Advance Diffractometer.

Absorption spectra of Au colloids and correspond-
ing PVA/Au nanocomposites were recorded using
Perkin–Elmer Lambda 5 spectrophotometer.

FTIR spectra of neat PVA and PVA/Au nanocom-
posites were recorded using Thermo Electron Corp.

Nicolet 380 FTIR Spectrophotometer with ATR (Atte-
nuated Total Reflection) accessory, equipped with a
diamond tip.
Differential scanning calorimetric (DSC) analysis

of PVA and PVA/Au nanocomposites was per-
formed on SETARAM DSC 151R system under nitro-
gen atmosphere (flow rate 30 mL/min). The samples
weighting about 7 mg were heated from 30 to 240�C,
at the heating rate 10�C/min.
Thermogravimetric measurements were carried

out using a SETSYS Evolution 1750 Thermogravime-
try Analyzer in argon atmosphere (flow rate 20 mL/
min) from 30 to 600�C (heating rate 10�C/min).

RESULTS AND DISCUSSION

The ionic species of noble metals can be reduced by
exposing their aqueous solutions to c-irradiation.
The absorption of radiation energy occurs in the sol-
vent and primary products of water radiolysis are
shown in eq. (1)15:

H2O e�aqð2:7Þ;OH�ð2:7Þ;H�ð0:6Þ;H2ð0:45Þ;H2O2ð0:7Þ
(1)

The numbers in parenthesis represents the respec-
tive G values. The G values for a given irradiated
system are the absolute chemical yield expressed as
the number of individual chemical events occurring
per 100 eV of absorbed energy. The solvated electron
(e�aq) and hydrogen atom (H�) are strong reducing
agents, while the hydroxyl radical (OH�) is strong
oxidizing agent. Because of that, OH� radical scav-
enger (2-propanol) is added in the solution. It is well
known that in the presence of alcohol, the OH� and
H� radical species abstract hydrogen from the alco-
hols to produce an alcohol radical. Also, PVA can
compete for OH� radicals forming polymeric PVA�

radicals. To conclude, under given experimental con-
ditions, three different reducing species (solvated
electrons, 2-propanol and PVA� radicals) with differ-
ent reducing ability, formed by c-irradiation, simul-
taneously induced the reduction of ionic gold spe-
cies forming stable wine-red transparent colloidal
solution consisting of Au NPs. The role of PVA was
also to stabilize Au NPs and protect them from fur-
ther growth.
The shape and size distribution of the Au NPs

were examined by TEM. Typical TEM micrograph of
Au NPs is presented in Figure 1(a). The presence of
spherical nonagglomerated Au NPs can be clearly
seen. The thorough particle sizing confirmed the
presence of Au particles in the size range from 2 to
12 nm, with average diameter of 5.7 nm [Fig. 1(b)].
The X-ray diffraction pattern of Au NPs incorpo-

rated in PVA matrix is shown in Figure 2. The
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prominent peaks at 2y values of about 38.1, 44.3,
64.4, 77.4, and 81.6 degrees represent the, (111),
(200), (220) (311), and (222) Bragg reflections from
crystal planes of face centered cubic structure of
gold.16 The Sherrer diffraction formula was used to
estimate the crystalline domain size (d):

d ¼ kk
b cos h

(2)

where k is a constant for cubic structure (0.9), k is
the X-ray wavelength (0.1541 nm), b is the peak
angular half-width and y is the diffraction angle.
The crystalline domain size was found to be 6.3 nm,
which is in a good agreement with average diameter
of Au NPs estimated by TEM.

The UV-vis absorption spectra of colloidal gold
and the corresponding PVA/Au nanocomposite are
presented in Figure 3 (black and red solid curves,
respectively). The photographs of colloid and nano-
composite are presented as inset to Figure 3(a,b,

respectively). It can be seen that the gold colloid
exhibits surface plasmon resonance (SPR) band with
a maximum at 523 nm. The peak position does not
change in the entire concentration range, while the
intensity is proportional to the concentration of Au
NPs (not shown). Red shift of SPR band was
observed after water evaporation and formation of
nanocomposites. In the case of nanocomposite with
the highest content of Au NPs (8 wt %) red shift of
about 24 nm was observed. To exclude the possibil-
ity that observed changes are consequence of
agglomeration of Au NPs upon formation of nano-
composite, transparent PVA/Au nanocomposite film
was dissolved in water and absorption spectrum
(Fig. 3, blue solid curve) was compared with the ini-
tial absorption spectrum of colloidal gold (Fig. 3,
black solid curve). Absorption spectrum of the dis-
solved nanocomposite has SPR band at 527 nm, and
it is almost identical to the absorption spectrum of
primary gold colloid indicating that observed optical
changes are not the consequence of agglomeration.
To gain further insight into the morphology of the

investigated systems, the theoretical absorption spec-
tra of gold colloid and PVA/Au nanocomposite
films were calculated using Mie17 and Maxwell-Gar-
nett18 theory, respectively. The theoretical curves
were calculated using the experimental values for
the complex dielectric function of gold19 corrected
for particle size.20 Calculated spectrum obtained
using Mie theory for single 6 nm golden spheres2,7,17

is in a good agreement with the experimental spec-
trum of Au colloid (compare black solid and dashed
curves in Fig. 3). In the case of PVA/Au nanocom-
posite, the red shift is expected due to the increase
of the refractive index of the surrounding media1,4

(1.33 and 1.53 for water and PVA, respectively,21).
However, the change of dielectric environment of

Figure 1 Typical TEM micrograph (a) and size distribu-
tion (b) of Au NPs. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Figure 2 The XRD pattern of PVA/Au nanocomposite
with 2.5 wt % of inorganic phase.
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the NPs was not sufficient to explain the observed
shift of 24 nm, since the Mie theory does not take
into account any interaction between the particles.
Therefore, the peak positions in the absorption spec-
tra of the PVA/Au nanocomposite was recon-
structed using effective medium Maxwell-Garnett
theory18 (Fig. 3, red dashed curve). In the theory, the
occurrence of the metallic phase is described by the
value of filling factor f, and for the PVA/Au nano-
composite the main contribution to the experimental
spectrum arises for nanocomposite configuration
with filling factor f ¼ 0.15.

As already mentioned, the absorption spectra of
initial gold colloid and dissolved PVA/Au nanocom-
posite are very similar (compare black and blue solid
curves in Fig. 3). The only difference in absorption
spectra is red shift of the dissolved nanocomposite
for about 4 nm. To explain this small change of the
SPR band position, the calculation based on extension
of Mie theory for NPs capped with the thin dielectric
layer was employed.4 When the metal NP is capped
with a thin dielectric layer, it induces perturbation
which shifts the SPR band toward higher wave-
lengths.22 The wavelength of SPR band of coated NP
(ksc), can be estimated using following equation23:

ksc ¼
hc

xp

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
e1 þ 2n2H2O

þ 2

3
g n2PVA � n2H2O

� �r
(3)

where xp ¼ 8.95 eV is the bulk plasmon frequency,
e1 ¼ 1 þ Re vib ¼ 9.5 is the contribution of the vac-
uum and interband electronic transitions, nH2O

and
nPVA are refractive indices of medium (water) and
shell (PVA), respectively, and g ¼ 1 � (r/R)3 is the
volume fraction of the shell layer (R ¼ r þ d is the
radius of the coated particle where d is the thickness
of the layer). According to the extended Mie theory,
observed position of SPR band indicates that the Au
NPs are coated with approximately 1.5 nm thick
PVA layer after the nanocomposite dissolution.
These results reveal that formation of nanocompo-

site by water evaporation did not induce the
agglomeration or growth of Au NPs. In general, the
thin shell polymer layer is formed due to polymer
adsorption onto NP surface. Polymer adsorption
onto surfaces is dominated by a balance between the
chain conformational entropy which favors forma-
tion of thick layers, and the polymer-substrate inter-
actions which favors adsorption in a flat configura-
tion with many contact points. Polymer adsorption
suppresses particle–particle aggregation by saturat-
ing the surface reactive sites and creating a protec-
tive layer, and it is govern by a balance between the
adsorption energy per monomer at contact with the
metal surface, the polymer-solvent mixing energy
and the configurational entropy loss due to chain
confinement on the surface.24

To investigate the origin of interaction between
Au nanofiller and PVA matrix, FTIR measurements
of neat PVA and PVA/Au nanocomposites were
compared (Fig. 4). Decrease and complete disappear-
ance of the band positioned at 1270 cm�1, which cor-
respond to the OAH in-plane vibrations was
observed upon the increase of the content of inor-
ganic phase.25 Another change in the FTIR spectrum
of the PVA/Au nanocomposites was observed for

Figure 3 UV-Vis absorption spectra of Au colloid (black
solid curve), the corresponding PVA/Au (92/8) nanocom-
posite film (red solid curve) and dissolved PVA/Au nano-
composite (blue solid curve). Theoretical absorption bands
for Au NPs in water calculated using Mie theory (black
dashed curve), PVA/Au nanocomposite film calculated
using Maxwell-Garnett theory (red dashed curve), and Au
NPs in water coated with 1.5 nm thick PVA layer using
Mie theory for core-shell nanoparticles (blue dashed
curve). Inset: photographs of Au colloid (a) and corre-
sponding PVA/Au nanocomposite obtained after water
evaporation (b). [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

Figure 4 FTIR spectra of neat PVA and PVA/Au nano-
composite. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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the band peaking at 1329 cm�1. This band is the con-
sequence of the coupling of O-H in plane vibration
(strong line at 1420 cm�1) with CAH wagging vibra-
tions. The decrease in the intensity ratio between
bands at 1420 and 1329 cm�1 with an increase in the
content of nanofiller implies that decoupling process
between mentioned vibrations takes place due to
interaction between Au NPs and the OH groups
from the PVA chains.13,26 These results indicate that
main interaction between surface of Au NPs and
PVA chains occurs over O-H groups.

In addition, FTIR spectra of PVA/Au nanocompo-
sites revealed disappearance of the band positioned
around 1570 cm�1. According to Krimm et al.,27 the
PVA may contain some C¼¼O groups within the
chain, assigned to b-diketone groups. These authors
suggested that position of this band should be at
1590 cm�1. Our decision to assign band at 1570 cm�1

to b-diketone groups, probably in enol form, was
supported by the presence of band at 1713 cm�1

associated to the stretching vibration of C¼¼O func-
tionality, which is verification of existence of resid-
ual vinyl acetate groups in partially hydrolyzed
PVA.28 Taking into account the presence of OH
groups on the surface of Au nanocrystals, the possi-
bility for hydrogen bond formation between them
and b-diketone groups from PVA chain can be ex-
planation for decrease in intensity and disappear-
ance of band at 1570 cm�1.

Moreover, the change of the band at 1141 cm�1,
corresponding to a symmetric CAC stretching mode

in the crystalline regions of PVA matrix, was
observed.29 Upon incorporation of the Au NPs in the
PVA matrix, small decrease in the intensity of this
band indicates the decrease of the content of or-
dered/crystalline phase of the polymer. The presence
of peaks at 917 cm�1 in all samples reveals the exis-
tence of syndiotactic structure in polymer chains.30

The heat resistance of nanocomposite and the sta-
bility of supermolecular structure of polymer in the
system can be affected by the interaction between
nanofiller and polymer matrix. The changes of the
specific heat capacity of PVA matrix upon incorpo-
ration of Au NPs were investigated by DSC meas-
urements in nitrogen atmosphere, and obtained
results are shown in Figure 5. In the temperature
range from 50 to about 140�C the broad endothermic
peak was observed for all samples due to elimina-
tion of free and the hydrogen bonded water.31 Sharp
peak at 220�C corresponds to the melting of crystal-
line phase. It is important to notice that melting
temperature (Tm) of the neat PVA is higher when
compared with the Tm values of the PVA/Au nano-
composites. Also, the Tm of the PVA/Au nanocom-
posites decreases with the increase of the content of
inorganic phase (almost 20�C for the highest concen-
tration of Au NPs). The decrease of the Tm of semi-
crystalline polymers can be explained by the
decrease of width and thickness of the lamellae dur-
ing the crystallization process. The Tm of semicrys-
talline polymers is given by well-known equation29:

Tm ¼ T0
m 1� 2

DH0

rf

L
þ 2rs

D

� �� �
(4)

where T0
m is the equilibrium melting temperature of

an infinitely thick crystal, DH0 is enthalpy of melt-
ing, rf and rs are crystal surface free energies per
unit area of fold surface and side surface, respec-
tively, while L and D are thickness and width of the
lamellae, respectively. PVA crystals are formed by
the folding of polymer chains, which are arranging
themselves parallel to each other. The adsorption of
polymer chains onto the NPs decreases the mobility
of chain segments as well as crystal perfection, and
consequently the heat resistance of nanocomposite.
In parallel, changes of Tm can be affected by the
changes of the entropy of melt induced by the pres-
ence of NPs. According to the equation for the ther-
modynamic melting temperature (Tm ¼ DH0/(DSm �
DSc) where DSm is the entropy of melt and DSc is the
entropy of crystal phase), anchoring of polymer seg-
ments onto the NPs can cause decrease of the melt
entropy due to configuration constrains, thus
increasing the Tm. In other words, the measured Tm

depends on the relative ratio between the changes of
lamellae dimensions and entropy of melt induced by
the nanofiller.

Figure 5 DSC thermograms of neat PVA (a) and PVA/
Au nanocomposites with 1.0 and 5.3 wt % of inorganic
phase (b and c, respectively) in nitrogen atmosphere.
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Influence of Au NPs on the thermal stability of
the PVA matrix was investigated using thermogravi-
metric measurements (see Fig. 6). The thermal deg-
radation of neat PVA as well as PVA/Au nanocom-
posites with low content of nanofiller (�1 wt %) can
be roughly regarded as a two-step degradation pro-
cess, while the degradation of nanocomposites with
higher content of inorganic phase practically occurs
in one step. In addition, incorporation of small
amounts of Au NPs slightly decreased thermal sta-
bility of polymer matrix, while the higher concentra-
tion of nanofiller shifted the degradation process to
higher temperatures, indicating improvement of
thermal stability of nanocomposites in comparison
with the neat PVA.

Two characteristic temperatures can be derived
from TG and DTG curves: (i) the temperature of the
degradation onset (Tonset), and (ii) the temperature
of the maximum degradation rate (Tmax). These char-
acteristic temperatures as a function of the content
of inorganic phase are shown in Figure 7. Nonlinear
dependencies of these characteristic temperatures

indicated the difference in the degradation process
between the neat PVA and PVA/Au nanocompo-
sites, as well as between the nanocomposites with
low and high concentration of Au NPs. In addition,
the dependence of the weight residue on the content
of inorganic phase is presented in Figure 8. It should
be noticed that thermal degradations of PVA/Au
nanocomposites were completed with the larger
amount of residue compared with that of the neat
PVA. This effect is especially pronounced for the
low loading of nanofiller (�1 wt %). It is important
to point out that changes in the thermal degradation
of PVA are solely the consequence of the presence of
the NPs, because gamma-irradiation (in applied
dose range) does not induce any change in the
polymer.32

Figure 6 TG (a) and DTG (b) curves of dynamic thermal
degradation of PVA and PVA/Au nanocomposites in
nitrogen atmosphere. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Figure 7 Temperature of degradation onset (Tonset) and
temperature at the maximum degradation rate (Tmax) as a
function of the content of inorganic phase. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 8 Weight of residue as a function of the content
of inorganic phase. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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The first degradation step of neat PVA involves
the chain-stripping elimination reaction of H2O fol-
lowed by chain-scission reaction. The main decom-
position products in this degradation step are conju-
gated and nonconjugated polyenes, as well as cis-
and trans- allylic-methyls.33,34 The second step of
thermal degradation occurs at higher temperatures,
and in this step, the degradation is dominated by
the chain-scission reactions, side-reactions and cycli-
zation reactions (Diels–Alder intra- and intermolecu-
lar cyclization followed by dehydrogenation with
aromatization). The degradation products are acetal-
dehyde, acetic acid, polyenes, benzenoid derivatives,
and a small amount of furan.35

The difference between degradation mechanism of
the nanocomposites with low content of inorganic
phase and the neat PVA is the presence of the side
peak at the lower temperature in the first degrada-
tion step [Fig. 6(b)]. This peak can be caused by the
elimination reactions, while the main peak appears
due to the overlap of the continual eliminations and
chain-scission reactions which need more energy
and occur at a higher temperature.33,34 In the second
degradation step of nanocomposites chain-scission,
cyclization, and radical reaction pathways, which
occur in parallel, are responsible for the conversion
of unsaturated hydrocarbons into substituted aro-
matic or aliphatic hydrocarbons.

The improved thermal stability upon incorpora-
tion of Au NPs with content of inorganic phase
higher than 1 wt % can be explained by a barrier
model. This model suggests that a build up of poly-
meric-inorganic char on the surface of the polymer
melt provides a barrier for mass and heat transfer.
Retardation of thermal degradation was mainly due
to suppression of the mobility of polymer chains by
the NPs. Two general mechanisms are probably re-
sponsible for the modes of action of Au NPs on the
thermal stability of PVA. One is described as a
chemical constraint for the H2O elimination due to
the interaction of Au NPs with OH groups (con-
firmed by FTIR analysis), which may increase
energy barrier of the chain-stripping elimination of
H2O and induce a shift of the thermal degradation
of partial decomposition products toward chain-scis-
sion and formation of methyl terminated polyenes.
The other mechanism is described as a physical con-
straint, i.e., reduced molecular mobility which indu-
ces decrease of their collision frequency and sup-
presses cyclization and chain transfer reactions. As a
consequence, upon incorporation of higher content
of Au NPs the thermal degradation toward chain-
scission reactions becomes dominant, resulting in
degradation of greater number of PVA molecules
and giving the smaller weight of residue. On the
other hand, upon incorporation of smaller content of
Au NPs the extent of chemical and physical con-

straints is much less pronounced. In this case, the
cyclization and chain transfer reactions becomes
dominant and the weight residue of the thermal
degradation was greater.36,37

CONCLUSIONS

The PVA/Au nanocomposites were prepared using
the steady state gamma-irradiation for in situ radio-
lytic synthesis, followed by solvent evaporation.
Uniform spherical Au NPs, with diameter smaller
than 10 nm were obtained and homogeneously em-
bedded in PVA matrix. The optical spectra of Au
colloids as well as of PVA/Au nanocomposites
show the presence of characteristic SPR band. These
results are discussed in terms of the Mie theory for
metal NPs and Maxwell-Garnett effective medium
theory for nanocomposites. Calorimetric data
revealed the decrease of heat resistance of PVA/Au
nanocomposites compared with neat PVA. During
crystallization process, the mobility of polymer
chain segments decreases due to the absorption on
the surface of NPs, and consequently leads to
reduced crystal perfection. Nanocomposites
dynamic thermal degradation takes place by a more
complex pathways compared with the degradation
of neat PVA. In this study, only the higher contents
of nanofilller induce improvement of thermal stabil-
ity of PVA/Au nanocomposites. Moreover, incorpo-
ration of higher quantities of Au NPs in PVA ma-
trix leads to the disappearance of the first step of
degradation suggesting the degradation via com-
petitive reactions, chain-stripping elimination and
chain-scission.
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Journal of Applied Polymer Science DOI 10.1002/app
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