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Abstract

Gold nanoparticles (Au NPs) supported within the polymeric matrix of polyvinyl pyrrolidone/carboxymethyl cellulose (PVP/
CMC) were successfully prepared through the novel in situ method. These (PVP/CMC)/Au hybrid nanocomposites were
exposed to nanosecond laser-irradiation with different powers. These nanocomposite samples were investigated before and
after the irradiation process through various techniques such as X-ray diffraction analysis (XRD), Fourier transform infrared
spectroscopy (FT-IR), ultraviolet/visible spectroscopy (UV/Vis), transmission electron microscope (TEM), differential ther-
mal analysis (DTA) and thermogravimetric analysis (TGA) techniques. The XRD analysis depicted the amorphous nature
for PVP/CMC blend and showed the characterizing peaks of Au NPs for the nanocomposite spectrum, where the intensity
of these peaks was largely decreased after irradiation process. The FT-IR spectra showed that the blend components were
miscible via showing the functional groups of two polymers that were interacted through the formation of a hydrogen bond
and the FT-IR spectra of nanocomposite and irradiated samples were affected. Also, the mechanism of interactions between
blend and Au NPs was proposed. The UV/Vis. spectra depicted the formation of Au NPs within the PVP/CMC matrix
through showing the surface plasmon resonance peak (SPR) of Au NPs at 546 nm. The UV/Vis. the absorbance of this peak
was increased and its position was red-shifted after the irradiation process implying the formation of smaller NPs and the
narrow size distribution as confirmed by TEM micrographs. The thermal properties for prepared samples were determined
through DTA and TGA techniques.

1 Introduction

Nowadays, nanoparticles have a great interest due to its
wide range for applications in fundamental sciences, (such
as biology, chemistry, and physics), and applied sciences,
(like developing and designing the set of nanomaterials
based sensors and electronic devices) [1-3]. Au NPs are
one the most important classes of noble metal NPs due to
their important technological and scientific applications such
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as optical sensors, optical switching, color filters and plas-
monic/photonic devices [4, 5], where Au NPs advantages are
high reactive surface, non-toxicity, strong scattering length,
quantum size effect and catalytic properties [5, 6]. Polymer/
metal nanocomposites introduce a new alternative for the
traditionally filled polymers. These nanocomposites allow
both the properties from inorganic NPs and polymer to be
combined and therefore new and advanced functions can be
induced within the polymeric matrix [1, 7].

Polymer blending is a simple way to have new material
with a variety of properties that mainly depend on the
characteristics of parent polymers and the composition of
blend [6, 8]. The amorphous polymer PVP is chosen due
to its individual features such as good thermal stability,
non-toxicity and water solubility. Also, it can be ther-
mally cross-linked and can make a set of complexes with
various inorganic salts. Furthermore, it is an appropriate
reducing/capping agent for NPs because of the existence
of (> N- and C=0) groups that do anchoring of NPs at
their surface via covalent interaction. This assists in the
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stabilization of NPs and binds their aggregation [5, 6, 9].
On the other hand, the biodegradable CMC polymer is one
of the significant cellulose derivatives and has consider-
able characteristics like emulsification, water-soluble, sus-
pension, high transparency, very cheap, easily available,
bind and inspissation [8, 10]. Thus, it can be utilized in
various applications such as electrical elements, coating
development, food packing, textures, papermaking and
printing [11-13].

The physical properties of polymeric materials can be
modified by exposing different irradiation techniques [5,
6, 14]. These induced modifications are because of the
formation of cross-linking and/or chain scissions that pre-
vent the aggregation of NPs as well as to improve their
dispersion within the polymeric matrix. Thus, exposing
the polymeric materials to laser radiation is one favorable
technique to have metal colloids, where the preparation of
well-defined NPs is still a considerable challenge towards
the effective application for nanostructured systems [15].
This process is a simple low-cost method compared to
other physical and chemical methods the fabrication of
NPs and introduces the very essential advantage for bio-
logical application to synthesis NPs. Preparation of noble
metals (Au, silver Ag and platinum Pt), ceramic and semi-
conductor NPs via laser ablation of metal targets were
reported through many studies [15-19].

In this work, we have introduced a novel method to
prepare (PVP/CMC)/Au nanocomposite hybrid materials
through in situ approach which is set up on the seeded
growth for Au NPs within the PVP/CMC blend. Then,
we utilize the nanosecond-laser irradiation with different
power values to initiate directly the growth for Au NPs
on the backbone of the polymer blend and increase their
dispersions. Therefore, the concentration of NPs within
the nanocomposite can be controlled through varying the
power of the laser irradiation process. All samples were
characterized using UV/Vis, TEM, XRD, FT-IR, DTA,
and TGA techniques.

2 Experimental
2.1 Materials

PVP Mw =72,000 g/mol, SICO Research Laboratories
Pvt. Ltd, Mumbai, India), CMC (Mw =250,000 g/mol,
BDH Chemical Advantec Toyoroshi, Japan) and gold chlo-
ride trihydrate (HAuCl,-3H,0 99.9%, Sigma Aldrich, Saint
Louis, USA) were used as the raw materials to prepare the
nanocomposite samples. Double distilled water (DD) (El-
gomhouria Company, Mansoura, Egypt) was used as a com-
mon solvent.
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2.2 Synthesis of PVP/CMC/Au nanocomposites

The solution casting method was used to prepare the nano-
composite samples. The two polymers were dissolved in the
(DD) separately. The two polymers solutions with certain
quantity (50/50 wt%) were mixed and stirred for 6 h at 40 °C
to obtain a homogeneous solution. Then, 2 ml of HAuCl,
solution (5 mM) was added to the solution of blend with
continuous stirring at pH 6 at 40 °C for 2 h. The color of
the mixture was changed from transparent to pinkish-red
color implying the formation of Au NPs within the solution
of PVP/CMC matrix. The nanocomposite solution was put
in ultrasonic for 15 min to increase suspension of Au NPs.
Finally, all prepared solutions (virgin polymers, pure blend,
and nanocomposite) were poured on to Petri-dishes that was
put in an oven at 50 °C to evaporate the solvent and peeled
off after 48 h.

2.3 Laser-irradiation process

The samples were irradiated by nanosecond (ns) laser system
Neodymium-doped Yttrium Aluminum Garnet (Nd:YAG
laser). It is a Q-switched solid-state laser, which producing
pulsed nanosecond laser (Continuum laser, Electro-Optics,
Inc. Model: PRII 8000, San Jose, CA, USA). The samples
irradiated with a second harmonic generation (532 nm). The
laser pulses of about 8 ns duration were delivered with a
10 Hz repetition rate and the time of radiation is 3 min. The
laser power was varied as listed in Table 1. The distance
between the laser source and the samples was 30 cm. The
incident laser beam was perpendicular to the samples using
quartz concave lens of focal length 100 mm.

2.4 Measurements
The X-ray pattern was recorded on a X’Pert PROXRD ana-
lyzer (Malvern Panalytical Ltd. Company, Royston, United

Kingdom) with filtered CuKa radiation (A=1.540 A) work-
ing at 30 kV acceleration and 10 mA current of the X-ray

Table 1 The notations of prepared/irradiated samples and grain size

Sample Sample notation  Irradiation Grain
power (mW)  size
(nm)
Pure blend PVP/CMC  Pure blend 0 -
(PVP/CMC) blend/Au SO 0 39
nanocomposite S1 167 35
S2 270 33
S3 570 23
S4 670 15
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tube, scan step was 0.05° min~! and 1s acquisition time.
FT-IR spectra were recorded on Nicolet iS10 FT-IR spec-
trometer (Thermo Fisher Scientific company, Waltham, MA
USA) having a resolution 4 cm™~! in the wave number range
from 400 to 4000 cm™! to examine their structure. Chem-
Draw Software (Cambridge Soft Corporation, USA) was uti-
lized to draw the molecular schemes. The UV/Vis absorption
spectra of polymer films were recorded using spectropho-
tometer (V-570 UV/VIS/NIR, JASCO INC., Easton, USA),
in the wavelength range 200—-1000 nm. Transmission elec-
tron microscopy (TEM) image was scanned on a JEOL 1200
EX instrument, Tokyo, Japan operating at an accelerated
voltage of 120 kV. Energy dispersive X-ray spectroscopic
analysis (EDX) spectroscopy was measured on SEM instru-
ment (JEOLJSM 6510 LV) (JEOL Company, Tokyo, Japan)
equipped with an Oxford EDAX system. The thermal meas-
urements were performed for the different films using the
DTA-50 instrument (Shimadzu Company, Kyoto, Japan) in
the temperature range [room temperature (RT)-450 °C] with
a heating rate of 10 °C/min in a nitrogen atmosphere. The
weight loss was obtained for the prepared samples by TGA
thermal analyzer (STD-Q600) (TA Instruments Company,
New Castle, DE USA) at a heating rate 5 °C/min from RT
to 500 °C in a nitrogen atmosphere.

3 Results and discussion
3.1 XRD technique

XRD technique is the most common analysis tool to depict
the Au NPs formation and to know the crystal particle size
and the crystalline phase present. The XRD patterns for pure
PVP, pure CMC, and pure PVP/CMC blend are shown in
Fig. 1 while Fig. 2 shows the XRD patterns of pure PVP/
CMC blend and nanocomposite sample before and after
laser-irradiation with different powers. The XRD spectra
for both PVP and CMC polymers confirm their semicrys-
talline nature. The CMC spectrum shows a broad peak at
20=21.64°[12, 20]. The pure PVP film is characterized by
two halos centered at 20=10 and 22.50° [6, 21]. Thus, the
XRD spectrum for pure PVP/CMC blend is also semicrystal-
line with the main halo peak at 22.80°.

Upon HAuCl, embedding within PVP/CMC matrix,
additional peaks appear and there are observable varia-
tions in the intensity for XRD peaks of the filled sample
(nanocomposite sample) as in Fig. 2. In addition to the
main halo peak at 20 =22.80° for the nanocomposite spec-
trum, it exhibits a small halo peak at 20 =10°. This is the
characteristic peak for PVP of the nanocomposite sample.
New diffraction peaks at 26=38.01° (111), 44.37° (200),
64.59° (220) and 77.65° (311) indicate the face center cubic
(FCC) for Au NPs(JCPDS File No. 4-0784) [6, 22]. This

Pure PVP/CMC blend

Intensity (a. u.)

26 (Degree)

Fig.1 XRD spectra for pure CMC, pure PVP and pure PVP/CMC
blend (50/50 wt%)

Intensity (a. u.)

10 20 30 40 50 60 70 80
26 (Degree)

Fig.2 XRD spectra for pure blend and its nanocomposite sample
before and after laser-irradiation at different powers

observation depicts that the Au NPs are successfully in situ
prepared within PVP/CMC matrix due to the interaction
between HAuCl, and the functional groups of blend com-
ponents [23], carbonyl group (C=0) of PVP and the car-
boxylate group (COO™) of CMC, that behave as stabilizer
and polyol-reductant respectively. Also, this interaction is
confirmed by shifting in the position of the main amorphous
peak at 20 =22.80° to lower angle 26 =21.90° and reduc-
tion in the intensity of XRD pattern for the nanocomposite
sample which implies that the content of amorphous regions
is increased within the polymeric matrix of nanocomposite
sample [6, 24]. This shift points out that the HAuCl, addi-
tion seems to alter weakly the average inter-segmental spac-
ing of polymer chains [25, 26]. Moreover, it depicts that the
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complexation between PVP/CMC matrix and HAuCl, exists
in the amorphous region.

Second, as the power of the laser-irradiation process
increases from S1 to S4, the intensity for the main peak
and Au lines reduces and broadens progressively in accord-
ance with their small grain sizes. These observations imply
that the nanocrystals have lesser lattice planes compared to
bulk. This indicates that the laser-irradiation process with
high power induces an increase for the content of amorphous
regions because of the formation of free radical, as a result
from bond cleavage, hydrogen elimination and/or chain
scission, that may lead to the formation of cross-linking for
the polymeric matrix by recombination reaction, other side
reactions such as double bond formation and a reduction
for the molecular weight of the polymeric matrix for irra-
diated samples. The slight increase for the broadness and
the reduction in the intensity of diffraction peaks indicate
the decrease in the Au NPs size. Abd El-Kader et al. [15]
found that the XRD intensity of Ag NPs peaks within poly
(n-vinylcarbazole) (PVK) was largely decreased as the laser
pulse power was increased from 140 to 570 mW. Debye-
Scherer’s formula is used to calculate the average grain size
for NPs at 20=38.01° with (111) planes and the obtained
calculations are listed in Table 1. It can be observed that the
NPs size decreases with increasing the power of the irradia-
tion process.

3.2 FT-IR spectroscopy

FT-IR spectroscopy is performed to manifest the interac-
tions between the functional groups of PVP/CMC blend and
HAuCl, and the laser-irradiation effects. The FT-IR spectra
for virgin polymers (pure PVP and pure CMC) and pure
PVP/CMC blend (50/50 wt%) are shown in Fig. 3 while
Fig. 4 shows the FT-IR spectra of the nanocomposite sample
before and after the laser-irradiation process with different
powers. Table 2 lists the functional groups for the pure poly-
mers and their assignments [9, 12, 13, 20, 21, 27-31].

From Fig. 3, the spectrum for pure blend sample contains
both carbonyl group (C=0) of PVP at 1660 cm™~! and the
[carboxylate (COO™) and (CH,—~O—-CH,)] groups of CMC at
1600 and 1060 cm™. The existence of these groups implies
that the PVP/CMC components are miscible and are inter-
acted together via hydrogen bond formation (Scheme 1).
This interaction is confirmed by the decrease in the OH
absorbance of a blend and an increase for the broadness
of C=0 group. The absorbance for COO™ group is largely
reduced and is overlapped with the C=0 group and appeared
as a shoulder. Also, the absorbance for CH,—~O-CH, and OH
bending group is decreased.

For the spectrum of nanocomposite sample SO, filling
process with HAuCl, induces effects and changes on the
functional groups of PVP/CMC matrix. It is observed that
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Fig.3 FT-IR spectra for pure PVP, pure CMC and pure PVP/CMC
blend
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Fig.4 FT-IR spectra for pure PVP/CMC blend and (PVP/CMC)/Au
nanocomposite before and after laser irradiation at different powers

the FT-IR spectrum for SO sample is almost identical to
the corresponding spectrum of PVP/CMC blend. But, it
is worthwhile to pay attention to the structural features
existed in the wavenumber range 1750-950 cm~!. The
absorbance of the functional groups in this wavenumber
region is decreased. The features of bands at 1660, 1600,
1290 and 1060 cm™! are changed. Also, the intensity
of absorption peaks at 1495 and 1460 cm™! are largely
decreased. These results depict that there is an interaction
between the components of PVP/CMC blend and HAuCl,,,
(Schemes 2 and 3), which results in a reduction of Au ions
and formation of Au NPs. A PVP macromolecule may
contribute in some forms for interaction/association with



Journal of Materials Science: Materials in Electronics (2019) 30:2693-2705 2697

Table 2 Assignments of the FT-IR characterization bands of the pure CMC and pure PVP

Pure CMC Pure PVP
Wavenumber (cm™") Assignment Wavenumber (cm™!) Assignment
3401 OH stretching 3425 OH stretching
2890 CH, asymmetric stretching 2955 CH, asymmetric stretching
1600 COO™ group 1660 Symmetric and asymmetric of C=0
1419 CH, scissoring 1495 Vibration of
C=N (pyridine ring)
1322 OH bending 1460 C-H bending of CH, or OH bending
1060 CH,-O-CH, stretching 1435 CH, wagging
- - 1375 Swinging vibration of C-H in CH, group
- - 1290, 1230 CH, (wagging or twisting) or N-OH complex
- - 1172, 845 C—C stretching
- - 737 Out-of-plane rings C—H bending/C-N
stretching vibration
- - 650 C-N bending
OH
H
| HO
o)
—H,C—C—— + — o >
H,C
PVP N (0} | CMC
i
CH,COONa
OH
H—2O
H
(0]
| - °
HC—C OH H,C Na
H—o I
N 0~ o} )
CHz—C_—O——"H H
H,C | |
| C—C——
X |
H N 0
(a) CH,COONa (b)
Scheme 1 Mechanism of hydrogen bond formation between PVP and CMC monomers
the gold ions and reduces these ions into metallic NPs.  (a) Nonbonding electrons of a carbonyl group of PVP and
The interaction, (i.e. formation of ionic and coordination —COONa of CMC [10, 23].

bonds), between PVP/CMC and metal NPs, may exist by ~ (b) Adsorption of pyrrolidone of PVP via a Nitrogen atom.
the adsorption of pyrrolidone ring/CH,COONa on the sur-  (c) Adsorption via both carbonyl group and Nitrogen atom
face of metal nanoparticles by; [23].
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Scheme 2 The structure of the
possible modes for the interac-
tion between PVP and Au [23]

()

(b)

The PVP unit composes of an amide group where O and
N atoms of this polar group probably have a strong affinity
for the gold ions [9, 32]. While CMC macromolecules are
a reducing agent for gold ions and stabilizing agent for the
formed Au NPs because it composes of chemically modified
cellulose chains containing carboxyl groups. The negatively
charged COO™ groups attract the positively charged Au
cations [33, 34]. All these components with their reducing
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properties support the utilization of PVP/CMC matrix as
reducing and stabilizing agent for the Au NPs synthesis.
For irradiated samples, the FT-IR spectra show that the
broadness of OH stretching is increased and the absorb-
ance of CH, asymmetric stretching is increased. The fea-
tures of the main functional groups in 1750-950 cm™!
region, like (C=0, COO™ and CH,-O-CH,) groups,
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(b)

Scheme 3 The structure for the possible interactions of Au with
CMC monomer

are gradually affected and diminished with continuous
increasing the power of laser-irradiation process. Also,
the absorbance of these peaks is increased accompanied
with an increase for its broadness. These results occur
because of the formation of chain scission/cross-linking
via irradiation process that results into an increase for the
amorphous region contained within the irradiated samples
as confirmed by XRD analysis.

25

Pure blend
— S0
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—83
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Fig.5 UV/Vis spectra for pure PVP/CMC blend and blend/Au nano-
composites irradiated with different laser-irradiation powers

3.3 UV/Vis spectroscopy

Figure 5 shows the UV/Vis absorption spectra for the pre-
pared samples. The spectrum of pure PVP/CMC sample has
the absorption peak at 216 nm, which is attributed to n—x*
[6], and exhibits a sharp absorption edge that has a sharp
decrease with increasing the wavelength and is red shifted
toward longer wavelengths for the SO sample. This shift is
occurred because of the variation in the content of amor-
phous phase within SO matrix, as depicted by XRD results,
that leads to a change in the values of the optical energy gap
and refractive index [5, 6, 21, 35]. Also, the spectrum of the
S0 sample shows a new peak in the visible region at 546 nm.
This peak is attributed the surface plasmon resonance peak
(SPR) for Au NPs [4, 5, 22, 36, 37]. The appearance of this
broad peak may be indicated to the formation of the small
quantity of reduced Au NPs within the PVP/CMC matrix.
The spontaneous formation for Au NPs can be attributed to
the direct redox between PVP/CMC and Au ions since there
is no other reducing agent in the system. The enhancement
for absorbance is in agreement with the color change for the
S0 sample to a pinkish-red.

For irradiated samples, the sharp absorption edge is red
shifted with increasing the power irradiation process from
S1 to S4 and the SPR peak position is shifted toward shorter
wavelengths, from 546 nm to 528 nm, associated with an
increase for its absorbance due to the quantum size effect as
a result from the irradiation effects [5, 6]. Abdelghany et al.
[6] found that the position of SPR peaks for Au NPs within
polyethylene oxide/polyvinyl pyrrolidone (PEO/PVP) blend
was shifted from 536 to 529 nm as the dose of the gamma-
irradiation process was increased from 3 to 5 Mrad. The
increase for the absorbance of SPR peak implies that there
is an increase for the Au NPs fraction and its blue shift is
related to the generation of smaller particles which will be
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confirmed by TEM micrographs. These results are because
of induced effects via the laser-irradiation process such as
chain scission and cross-linking [38, 39]. These effects,
in turn, will increase the molecular mass and the number
of polymeric chains surrounding the NPs that inhibit the
Au NPs aggregations [40, 41]. Morsi and Abdelghany [5]
reported that the absorbance of SPR peak for (PEO/PVP)/
Au nanocomposite was increased as the exposure time to
UV radiation was increased from 1 to 8 h. Moreover, the
increase for the power of the laser-irradiation process will
result in an improvement for the rate of nucleation that leads
to the formation of smaller particles [4-6, 41]. Also, the
SPR peak becomes narrower with increasing the power of
the irradiation process. This result indicates that the narrow
size distribution for the Au NPs at higher powers is achieved
as depicted via the XRD technique.

3.4 TEM and EDX

TEM technique is utilized to have detailed information on
the size distribution for NPs within the polymeric matrix
before and after the laser irradiation process. Figure 6 shows
the TEM images for the SO, S1 and S4 samples with the cor-
responding size distribution histogram. From the micrograph
of SO sample, the in situ prepared Au NPs are spherical in
shape with average size range 1-40 nm. This result is in
agreement with the broadness and position of the SPR peak
in the UV/Vis the spectrum of the SO sample. This size range
is decreased to 1-35 nm for the S1 nanocomposite sample.
For S4 nanocomposite sample, the size and shape of NPs are
nearly uniform and then the size range is also decreased to
2-20 nm. This indicates that the size of prepared NPs gets
smaller and depicts the effective role of the laser-irradiation
process with different power values in the monodispersity/
distribution of the formed NPs within S4 matrix. Abd El-
kader et al. [15] reported that the average size for PVK/
Ag nanocomposites at laser power 140, 170 and 570 mW
was found to be 44, 34 and 23 nm, respectively. Also, the
decrease in the particle size range is in agreement with that
calculated earlier in XRD technique and that reported in
the literature [15, 42, 43]. These results are confirmed in
the UV/Vis spectra of the SPR peak for irradiated samples
by the decrease in its broadness, the shifting toward shorter
wavelength and an increase for its intensity. Figure 7 demon-
strates the diffraction pattern for the prepared Au NPs within
S0 sample which shows the characteristic crystal planes of
the elemental Au due to its face-centered cubic nature [4,
22, 37]. While, Fig. 8 shows the EDX analysis for the SO
nanocomposite. Elemental gold can be observed at around
2.25, 8.50, 9.75, 11.45 and 13.75 keV [4, 44] in support of
the results XRD and UV/Vis techniques that confirmed the
existence of Au NPs within the PVP/CMC matrix.
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3.5 Thermal properties

On heating the polymeric materials, various thermal phe-
nomena such as a glass transition (Ty), melting (T,,), and
decomposition (T,) temperatures may exist. DTA is one of
the most appropriate techniques for studying these phenom-
ena and can be used to study the miscibility for the compo-
nents of blend [45]. Figure 9 shows the DTA curves for the
prepared samples from the RT to 450 °C. The DTA curve
for pure PVP/CMC blend shows an endothermic T, peak
at 80 °C. This peak may be because of the overlapping T,
for the two polymers of blend where the T, values for pure
PVP and pure CMC are 90 °C and 75 °C, respectively [5, 6,
46-48]. Also, appearing a single T, indicates that the com-
ponents of PVP/CMC blend are miscible and homogene-
ous. From the DTA curve for the SO sample, the position of
T, is slightly shifted to 82 °C and this shift toward higher
temperatures is largely increased for irradiated samples.
This increase may be assigned to the increase of the mean
molecular weight of polymer in amorphous region [45] and
the segmental mobility of amorphous polymer decreases and
becomes more rigid segments because of both the formation
of Au NPs within SO matrix and the induced effects due to
irradiation process [3, 6, 14].

The T,, for the pure blend has appeared as an exothermic
peak at 313 °C. The T,, value for PVP/CMC blend is larger
than that of pure PVP (T, = 190 °C) [14, 49] and lower than
that of pure CMC (T, = 320 °C) [48, 50]. This is as a result
of the interaction between PVP and CMC, as confirmed by
FT-IR spectroscopy, which in turn decrease the degree of
crystallinity. Also, the existence of a single T, indicated
that PVP and CMC had good miscibility [45]. For the SO
and irradiated samples, it has appeared that the position
of T, peak is nearly the same but area under this peak is
decreased for SO sample and is largely decreased for irradi-
ated samples. This area expresses the total heat of fusion for
the samples [51, 52]. The decreased heat of fusion should be
the effect of lower crystallinity because the content of the
amorphous phase is increased. The total heat of fusion for
S0 and irradiated samples was lower than for pure blend,
likely since both the irradiation effects and the interaction
between the formed Au NPs and PVP/CMC interrupt the
rearrangement of polymer chains [5, 6, 52].

The T, for the pure blend has appeared as a broad
endothermic peak at 371 °C. The position of this peak
is shifted to 398 °C for the SO sample, indicating the
existence of intermolecular interactions between the PVP/
CMC and Au NPs. For irradiated samples, the position
of T, peak is shifted to higher temperature values. This
observation demonstrates that the laser-irradiation pro-
cess enhances the thermal stability for SO samples. This
improvement can be due to the increase for the content
of disorder regions within the PVP/CMC matrix and the
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Fig.6 TEM micrographs for the '3 ©
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fine dispersion of Au NPs. The chain-scission reactions  temperature, where the polymeric chain undergoes a
and the continual eliminations, as a result from irra- series of thermal decomposition reactions that are able
diation effects, need more energy and exist at a higher  to change its main structure [5].

@ Springer



2702

Journal of Materials Science: Materials in Electronics (2019) 30:2693-2705

(111)

(200)
/ (220)
» / 311)

Fig.7 Electron diffraction pattern for the SO nanocomposite samples
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Fig.9 The DTA curves for the prepared samples
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Fig. 10 TGA curves for the prepared samples

Figure 10 shows the TGA thermograms for pure PVP/
CMC blend, blend/Au, and irradiated samples. It is obvi-
ous that the degradation mechanism is not affected due to
HAuCl, addition and laser-irradiation process, but the ther-
mal stability is affected. From the TGA curve for PVP/CMC
blend, it shows three stages for the degradation. The first
stage has occurred in the temperature range 30-150 °C with
the weight loss of 22.80%. This stage is indicated to the
loss of water within PVP/CMC where the nature of blend
components is hygroscopic [53, 54]. For the second stage, a
20.90% of weight loss has existed in the temperature range
(250-371 °C) as a result from the CMC degradation where
the decomposition, elimination of OH groups, dehydration
and ring scission are existed [53]. Su et al. [55] reported that
the main weight loss for CMC polymer has arisen from CO,
from the COO™ groups of CMC. In the temperature region
(380484 °C), the third stage with weight loss 33.42% is
existed and leaving a residue of 22.80% above 484 °C. This
thermal stage is due to the thermal degradation of PVP as
shown in the inset figure. In this stage, the chain-scission
reaction and reactions of intermolecular and intramolecu-
lar condensation have occurred until the polymer is quite
roasted [5, 56].

For the SO sample, the TGA curve shifts toward higher
temperatures as a result of the interaction between the PVP/
CMC matrix and Au NPs with a large surface area as con-
firmed in FT-IR results. This enhancement for the thermal
stability of the SO sample can be referred to the cataly-
sis ability of Au NPs and also their ability in raising the
crosslinking density within SO matrix [57]. The diffusion
of degradation products from the bulk polymer to the gas
phase is slowed down. Thus, this acts as a heating barrier
to protect the PVP/CMC inside and the nanocomposite has
a pronounced enhancement in thermal resistance compared
to the pure PVP/CMC.
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After the laser-irradiation process, the values of deg-
radation temperature increase and the TGA curves moves
towards higher temperature values implying the thermal
stability improvement for S1, S2, S3, and S4 nanocom-
posites. This observation indicates the existence of cross-
linking and chain-scission as a result of the of irradia-
tion process effects [5, 6]. These induced effects within
irradiated samples lower the mobility of chains that will
exhaust more heat than the matrix for SO sample and does
not allow the gathering of heat within the latter and conse-
quently inhibits oxidation at the early stages for decompo-
sition. Furthermore, delaying in the degradation process of
irradiated samples, especially S3 and S4 nanocomposites,
can be due to finer dispersion for Au NPs that behaved as
efficient heat sinks [6].

4 Conclusions

An efficient, simple and cost-effective in situ method for
preparing highly monodispersed polymer/Au nanocom-
posite has been developed through incubating gold chlo-
ride trihydrate within the polymeric matrix of PVP/CMC
blend and then exposed to laser-irradiation process with
different values of power. Results of XRD technique con-
firmed the formation of Au NPs within PVP/CMC matrix
through showing their characterizing diffraction peaks at
20=38.01° (111), 44.37° (200), 64.59° (220) and 77.65°
(311) and showed that the content of amorphous phases
was increased for irradiated samples. FT-IR spectroscopy
indicated that both Au NPs and laser-irradiation process
were greatly affected on the main polar groups of PVP/
CMC blend such as amide and COO™ groups. The UV/
Vis absorption spectra indicated that the SPR peak became
narrower and the absorbance of this peak was increased
with increasing the power of the irradiation process. The
size and distributions of Au NPs were enhanced for irra-
diated nanocomposites with high powers of the laser as
confirmed from TEM micrographs. Thermal techniques
depicted that the thermal stability of PVP/CMC was
improved after embedding HAuCl, and the laser-irradi-
ation process. From all previous results, the improved
structural, optical and thermal properties for PVP/CMC by
the in situ prepared Au NPs and controlling the power of
laser-irradiation process will increase its potential applica-
tions such as filters, optical coatings, thermal devices, and
modern optoelectronics.
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