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ABSTRACT: Nickel oxide (NiO) nano particle is synthe-
sized by Ultrasound assisted one pot method and thus
synthesized nano NiO is mixed with poly(vinyl alcohol)
(PVA) to prepare the PVA/NiO nanocomposite. The influ-
ence of the composition on the structural modification on
the composite is evaluated. The particle size and morphol-
ogy of NiO nano material is confirmed by HRTEM. The
structure and properties of the PVA/NiO nanocomposite

material are characterized by FTIR, XRD, UV–Visible spec-
troscopy, DSC, TGA, and HRTEM. The synthesized
PVA nanocomposite underwent hydrolytic oxidation reac-
tion assisted by the effect of nano-sized NiO. VC 2010 Wiley
Periodicals, Inc. J Appl Polym Sci 118: 1666–1674, 2010

Key words: nano NiO; PVA; characterizations; HRTEM;
nano composite

INTRODUCTION

In recent years there has been an increasing interest
in the synthesis of nano-sized metal oxides because
of their large surface area, unusual adsorptive prop-
erties, surface defects, and fast diffusivities1 and the
nano materials have extensively attracted interests
for their small and quantum-size effects. Nano mate-
rials can exhibit novel and significant mechanical,
electronic, magnetic, and optical properties in com-
parison with their bulk counterparts.2 Nickel oxide
(NiO) is a very important material extensively used
in catalysis, battery cathodes, gas sensors, electro-
chromic films, and magnetic materials.3,4 NiO cata-
lyst exhibits good low temperature catalytic per-
formance for oxidative dehydrogenation of ethane
(ODHE) to ethylene reaction.5 There are many meth-
ods available on the preparation of NiO nano par-
ticles, such as precipitation method, micro-emulsion
method, solid-state method, etc.6,7 However, to
some extent, these preparation methods have some
disadvantages. The precipitation method is affected
by the factors like precipitation agent, pH, and tem-
perature and solution concentration; hence the pro-

cess is difficult to control. The micro-emulsion and
solid-state methods are not mature in technology.
Amongst the several investigated methods, the ultra
sound (US) assisted one pot method to prepare
ultrafine particles represented an effective pathway.
In sono-chemical method, ultrasonic waves have
been used extensively to generate novel materials
with unusual properties, because it can induce the
formation of particles with much smaller size and
higher surface area than those reported by other
methods. The chemical effects of ultrasound arise
from acoustic cavitations, i.e., the formation, growth,
and implosive collapse of bubbles in liquid which
generates transient temperature of �5000 K, pressure
of �1800 atmosphere and cooling rate in excess of
1010 K/s.8 These extreme conditions can drive
chemical reactions, such as oxidation, reduction, dis-
solution, and decomposition, which have been
explored to generate metal carbides and metal
oxides.9,10 Xie et al.11 synthesized NiO and NiO/
TiO2 nano composites through ultrasonication
method for supercapacitor applications. US assisted
synthesis of NiO for memory application is reported
in the literature.12 The bare or surface modified NiO
particles find application in areas, such as hyperther-
mia treatment of cancer and magnetic field assisted
radioactive chemical separation.13 Particularly, the
usage of inorganic–organic composite materials is
becoming increasingly important due to their extra-
ordinary properties, which arises from the
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synergism between the properties of the individual
components and their interactions with the base ma-
trix materials. Several ways of incorporating inor-
ganic materials into organic polymers have been
attempted in the earlier literature.14,15 Among the
many polymers used, poly(vinyl alcohol) (PVA) has
been recently used to develop inorganic–organic
nanocomposite hybrids.16 PVA is known to be one
of the most widely used membranes for the separa-
tion of water-organic mixtures in addition to its use
as adhesives coatings and paints in view of its good
film-forming nature, hydrophilicity, processability,
and good chemical resistivity.17 Physical properties
of PVA doped with some transition metal salts have
been investigated.18 Recently, Vijayakumar et al.19,20

had successfully prepared various nano-sized metal
oxides and metal oxide-polymer nanocomposite
materials. By thorough literature survey, we could
not find any report based on PVA/NiO nano com-
posite with FTIR based kinetic study. In this investi-
gation, for the first time, we have reported about the
synthesis of PVA/NiO nano composite systems and
further characterized with FTIR, XRD, UV–Visible
spectroscopy, differential scanning calorimetry
(DSC), thermogravimetric analysis (TGA) and High-
resolution transmission electron microscopy
(HRTEM) like analytical tools to study the structure-
property relationship. The NiO based polymer nano
composites are found applications in battery field
and solid-oxide fuel cell field.21–23 The aim of this
investigation is to synthesize the nano-sized NiO
through US assisting, and the effect of the same on
the structure-property relationship of PVA, particu-
larly with the thermolytic and hydrolytic oxidation
reactions through FTIR-RI method.

EXPERIMENTAL

Materials

Nickel acetate and Hydrochloric acid were pur-
chased from Ottochemi, India. Poly(vinyl alcohol)
(PVA, S.D. Fine Chemicals, India, 12.5 kDa – weight
average molecular weight with 85% hydrolyzed)
was used without further purification. Brydson
Ultrasonicator, with the frequency of 40 kHz was
used for ultrasound generation purpose. Doubly dis-
tilled (DD) water was used for the preparation of
reactant solutions.

Synthesis of nano-sized NiO

Nanostructure NiO was synthesized by the one pot
sonochemical method. In a typical experimental pro-
cedure: 5 g of nickel acetate monohydrate was dis-
solved in 100 mL of deionized water in a beaker,
which was placed in an ice bath, and 10 mL of con-

centrated HCl was poured drop wise in this solution
while stirring it continuously. The stirring was con-
tinued for 10 min. Subsequently, the resultant solu-
tion was first sonicated at 40 kHz for 30 min in ice
bath, then, at room temperature while the solution
temperature was raised to 80�C and heated the solu-
tion to 130�C with simultaneous ultrasonication.24

The precipitate was filtered and washed with the
methanol several times to remove ionic impurities
and finally dried under vacuum for 48 h at room
temperature. The chemical purity and water content
of thus synthesized NiO was analyzed through FTIR
spectroscopy and further supported by DSC and
TGA techniques. The size distribution of NiO was
checked through recording HRTEM topography. The
surface catalytic effect of NiO was investigated
through FTIR-RI method. The surface area of NiO
by nitrogen adsorption isotherm experiment is going
on in our lab.

Preparation of PVA/NiO nanocomposite film

PVA was used as basic polymeric material in this
work. PVA films were prepared by using a casting
technique.25 Casting technique is suitable for prepar-
ing films without pores and voids. Moreover, this
method produced a film with uniform thickness.
Hence we preferred the casting technique. PVA solu-
tion was prepared by dissolving 1.0 g PVA in DD
water and maintained for 24 h at room temperature
to swell. The solution was then warmed up to 60�C
and thoroughly stirred using a magnetic stirrer for
4 h until the polymer dissolved in water medium
completely. Then, 2% weight of NiO was added and
stirred well for further 24 h. The solution was
poured onto polyimide film to get a film with uni-
form thickness. Homogeneous films were obtained
after drying in an air oven for 48 h at 40�C and PVA
films filled with as synthesized nano-sized NiO
mass fractions of 4, 6, 8, and 10% were prepared
using the same method. The prepared films were
free from air bubbles and with uniformly dispersed
NiO particles on PVA matrix. The thicknesses of the
produced films were in the range of 0.1–0.21 mm
and cut into pieces suitable for measurements. The
film samples are convenient for further processing
and hence we preferred the casting film formation
method.

Characterizations

The FTIR spectrum was recorded using a SHI-
MADZU FTIR-8400 S model instrument. UV–Visible
absorption spectra were measured by using Perkin
Elmer UV–Visible instrument. XRD of the samples
were recorded with a help of Philips PW 1050/80
diffractometer with Ni-filtered CuKa radiation
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generated with the settings of 30 kV and 15 mA.
Thermal analyses were performed by DSC using
SHIMADZU DSC-50 under nitrogen atmosphere at
the heating rate of 10�C/min. The thermal stability
of nanocomposite was examined by TGA instrument
by using STA 1500 PL Thermal Sciences instrument
under air atmosphere at the heating rate of 10�C/
min from room temperature to 500�C. Synthesized
nano material topography and size were observed
by HRTEM on a JEM-200 CX transmission electron
microscope. From the FTIR spectrum, the corrected
peak area of the peaks was determined after proper
baseline correction by using FTIR software. The rela-
tive intensity (RI) of the peaks was determined as
follows:

RI of C¼¼O ¼ RI½C¼¼O=CH� ¼ A1733=A844 (1)

RI of C¼¼C ¼ RI½C¼¼C=CH� ¼ A1661=A844 (2)

RESULTS AND DISCUSSION

For the sake of convenience the results and discus-
sion part is sub-divided into two parts namely, (1)
synthesis and characterizations of nano-sized NiO
and (2) synthesis and characterizations of PVA/NiO
nano composites.

Synthesis and characterization of nano-sized NiO

Infrared spectroscopy

The FTIR spectrum of pristine NiO is given in
Figure 1. The important peaks of NiO are discussed
here. The metal-oxygen (MAO) bond was observed
at 650 cm�1. A broad band in the range of 3600–3100
cm�1 is due to the OH stretching of water molecules
associated with NiO. A peak between 1670 and
1600 cm�1 is corresponding to the OH bending
vibration of water molecules. Recently, Anbarasan
and research team26 explained the MAO stretching

in Ni(OH)2. This investigation is in accordance with
their report. In this investigation we are mainly
focusing on the MAO stretching, because the aim
of this investigation is the synthesis of NiO. By iden-
tifying the MAO stretching in the FTIR spectrum at
650 cm�1 the structure of NiO is confirmed.

X-ray diffraction analysis

Figure 2 displays the X-ray diffraction pattern of
pristine NiO. It can be seen three distinct diffraction
peaks at the 2y value of 37, 43, and 63� for the nano-
sized NiO. These peaks are corresponding to the
(1 1 1), (2 0 0), and (2 2 0) crystal planes of cubic
NiO.27 A peak at 16.1� is responsible for crystalline
nature and increase in basal spacing of NiO nano
crystals. The synthesized NiO nano particles are
semicrystalline in nature and which can be con-
firmed from the broadening the diffraction peak
with weaker intensity.

High-resolution transmission electron
microscopy analysis

HRTEM images of the NiO nano particle is depicted
in Figure 3. Figure 3(a) indicates the layered struc-
ture of NiO with the length of 20–25 nm and has the
breadth of <1 nm. Figure 3(b) represents the disper-
sion of agglomerated stacks of nano-sized NiO. Dur-
ing the synthesis of nano-sized NiO, we found some
agglomerated form of NiO with the size of 0.2 to 0.3
lm [Fig. 3(c)]. Generally, the agglomerated form will
show a lower surface catalytic effect than the nano
sized particle. The SAED [Fig. 3(d)] indicates the
semicrystalline nature of pristine NiO. The HRTEM
report concluded that even though ultrasound was
used for the dispersion of agglomerated nano mate-
rial during the synthesis, some agglomerated form
of NiO was also formed and which was an unavoid-
able one. This urged us to find out the role of

Figure 1 FTIR spectrum of nanosized NiO.

Figure 2 XRD spectrum of nanosized NiO.
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dispersant like aniline during the nano particle syn-
thesis. But, in this investigation the role of dispers-
ing agent is not included for the sake of
convenience.

Synthesis and characterizations of PVA-NiO
nano composites

Infrared spectroscopy

The FTIR spectra of pristine PVA and PVA filled
with various mass fractions of NiO is exhibited in
Figure 4. Figure 4(a) confirms the FTIR spectrum of
pristine PVA. The important peaks of PVA are char-
acterized below. A strong broad band at 3425 cm�1

is assigned to OAH stretching vibration of hydroxyl
groups of PVA. The band corresponding to CAH
asymmetric stretching vibration occurred at 2928
and CAH symmetric stretching vibration at 2853
cm�1. A band at 1733 cm�1 corresponds to the C¼¼O
stretching vibration (of vinyl acetate group of PVA)
and 1640 cm�1 corresponds to a C¼¼C group in PVA
backbone. The sharp band at 1089 cm�1 is responsi-
ble for the CAOAC stretching of ester group present
in the PVA backbone. The corresponding bending
and wagging of CH2 vibrations are observed at 1438
and 1378 cm�1 respectively, and CAH wagging at
1247 cm�1.28,29

The incorporation nano-sized NiO in PVA caused
the slight changes in the intensities of absorption
bands at 1733 and 1640 cm�1 and the formation of
new absorption bands in the range of 1000–600

cm�1. Peak around 1000–600 cm�1 is attributed to
the metal-oxygen stretching of NiO.30 This con-
firmed the presence of nano-sized NiO particles
present in PVA matrix. The intensities of peaks at
1733 and 1640 cm�1 assigned to C¼¼O stretching and
C¼¼C group in PVA backbone were increased while
increasing the composition of nano NiO. The added
nano NiO was simply acting as a catalyst for the oxi-
dation process in the PVA backbone, which was con-
firmed in the FTIR spectroscopy analysis. The added
nano-sized NiO altered the structure of PVA in two
ways. First, it activated the conversion of secondary
alcoholic group into a keto group via thermolytic ox-
idation reaction. Secondly, it boosted the formation
of C¼¼C double bonds along the PVA chains through
its surface catalytic effect. The C¼¼C double bond
may be formed at the PVA chain end or in the mid-
dle of PVA chain. During this nano composite prep-
aration in aqueous medium at higher temperature
led to the intercalation of PVA chains into the basal
spacing of NiO, which can be confirmed by the
HRTEM analysis. The order of structural changes in
PVA backbone due to the nano NiO was measured
by plotting the relative intensities of carbonyl and
relative intensities of alkenes in PVA and weight
percentage of nano NiO. It is shown in Figure 5. It
was observed that the added nano NiO converted
the secondary alcoholic group into keto and oxi-
dized the vinyl group into alkenes in the PVA back-
bone. The plot of log (% weight of NiO) vs. log
(RI[C¼O/CH]) [Fig. 5(a)] and log (% weight of NiO)
vs. log (RI[C¼C/CH]) [Fig. 5(b)] indicate a straight line
with the slope value of 0.99 and 0.48. These slope
values confirmed the 1.0 order of ketone formation
and 0.5 order of alkene formation reaction with
respect to (% weight of NiO). In our earlier commu-
nication, also we observed this type of observations

Figure 3 HRTEM image of NiO nanoparticle.

Figure 4 FTIR spectra of PVA loaded with NiO at (a) 0%
weight, (b) 2% weight, (c) 4% weight, (d) 6% weight, (e)
8% weight, (f) 10% weight.
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during the nano composite preparation between
PVA and metal hydroxides.31

X-ray diffraction analysis

Figure 6 reveals the XRD scans of pristine PVA and
PVA containing different % weight loading of NiO.
It is obvious that there is no significant effect on the
general shape of the XRD pattern. The observed
spectra characterized a semi crystalline polymer pos-
sessing a clear crystalline peak for all studied sam-
ples. This corresponds to a (101) crystal plane with
the d spacing of 4.57 A� for PVA32 which indicates
the semi crystalline nature of PVA. The crystalline
nature of PVA results from the strong intermolecular
interaction between PVA chains through intermolec-
ular hydrogen bonding. The intensity of the diffrac-
tion peak and the size of the crystals in PVA are
determined by the number of PVA chains packed
together. The intensity of the PVA main diffraction

peak (101) is further decreased due to the host effect
of nano NiO. This is because of interactions between
PVA and mixed NiO lead to a decrease in the inter-
molecular interaction between PVA chains and thus
the lower crystalline degree.18

UV–Visible spectra

The UV–Visible spectra of pristine PVA and PVA/
NiO nanocomposites are shown in Figure 7. The
pristine PVA did not show any peak in the UV–Visi-
ble spectrum [Fig. 7(a)]. Most commercial PVA
absorbs strongly in the 200–400 nm region due to
the presence of unhydrolyzed acetate group in PVA
backbone.18 The spectrum of the NiO loaded PVA
samples contain an absorption peak at 280 nm and a
shoulder at about 265 nm [Fig. 7(b–f)]. These bands
are attributed to carbonyl-containing segments of the
general form O(CH¼¼CH)n COA, where n 1,2,...,
resulting from hydrolytic and thermolytic oxidation
reactions. The shoulder at 265 nm is due to the
absorption by simple carbonyl groups along the
polymer chain. The peak at 280 nm is assigned to
the carbonyl groups associated with ethylene unsa-
turation of the type O(CH¼¼CH)2 COA, and is indic-
ative of the presence of double bonds on PVA
backbone.
There was no additional peak and observable

changes in the band position with all loading levels
of 2, 4, 6, 8, and 10% weight of NiO. It revealed that
there was no strong complex formation between the
Ni2þ ion with the hydroxyl group of PVA. It is con-
sistent with Lee and coworkers33 report for PVA–
ZnO nanocomposite system and also they reported
that the intensity of the absorption peaks increased
with increasing the NiO loading level. The depend-
ence of the intensity of the bands on the NiO load-
ing level provided an evidence for the surface

Figure 5 Effect of (% weight of NiO) on (a)RI[C¼O/CH],
(b)RI[C¼C/CH] of PVA.

Figure 6 XRD of PVA loaded with NiO at (a) 0% weight,
(b) 2% weight, (c) 4% weight, (d) 6% weight, (e) 8%
weight, (f) 10% weight.

Figure 7 UV-Visible spectra of PVA loaded with NiO at
(a) 0% weight, (b) 2% weight, (c) 4% weight, (d) 6%
weight, (e) 8% weight, (f) 10% weight.
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catalytic effect of nano-sized NiO on the PVA back-
bone, i.e., the added nano-sized NiO activated the
oxidation and thermal degradation processes in
aqueous condition during the polymer-nano com-
posite preparation. Hence, while increasing the %
weight loading of nano-sized NiO; the simultaneous
oxidation effects are also increased. As a result, there
will be a formation of more and more ketone and
alkene groups. These two effects combined with
each other and appeared as a sharp peak around
280 nm.

Thermogravmetric analysis

Thermal stability of the polymer nanocomposites
was evaluated by TGA. The thermogravimetric
graph of pristine PVA powder and pristine PVA
film are represented in Figure 8. Figure 8(a) indi-
cates the TGA of PVA in powder form with three
step degradation process. The first minor weight
loss step up to 130�C is responsible for the removal
of moisture and physisorbed water molecules. The
second major weight loss step above 200�C is associ-
ated with the dissociation of intermolecular and
intramolecular hydrogen bonding with PVA chain
degradation. The third minor weight loss step
around 378�C is due to the degradation of acetate
group of PVA (PVA is 85% hydrolyzed). The TGA
thermogram of PVA in film form is given in Figure
8(b) with two step degradation process. The first
minor weight loss around 113�C is accounted by the
removal of moisture and physisorbed water mole-
cules. The presence of physisorbed water molecules
on the PVA backbone is further supported with the
DSC heating scan of PVA/NiO nano composite sys-
tem in the forthcoming session. The second major
weight loss step above 200�C is explained on the
basis of breaking of inter and intra molecular hydro-
gen bonding with simultaneous degradation of PVA

chain. Here the third minor weight loss due to the
degradation of acetate group is not observed due to
the possible hydrolysis in an aqueous medium. The
PVA was dissolved in water molecules at 85�C and
then made into a thin film. During this film prepara-
tion, the acetate groups were possibly hydrolyzed.
In comparison, the PVA in film form exhibited lower
thermal stability due to the presence of larger
amount of physisorbed water molecules. Rachna and
Rao34 reported about the thermal degradation of
PVA. Our reports are coinside with them.
The TGA of PVA loaded with NiO at different %

weight is given in Figure 9(a–e) with two step degra-
dation process. As usual, the first minor weight loss
step below 100�C is due to the removal of moisture
and loosely bounded water molecules from PVA
chain. The second major weight loss step around
215�C is explained by the PVA chain degradation
step. In comparison, the initial degradation tempera-
ture (Tid) of PVA/NiO nano composite is greater
than that of PVA in both powder and film forms.
Moreover, the % weight residue remains above
350�C is increased with simultaneous increase of %
weight loading of NiO. These two major points are
discussed below. (1) During the preparation of
PVA/NiO nano composite, there is a chance for the
formation of intercalation of PVA chains into the ba-
sal spacing of NiO. Because of the umbrella effect,
the thermal stability of PVA was increased with the
increase of % content of NiO. (2) During the prepa-
ration of PVA/NiO nano composite, there is a
chance for the formation of exfoliated NiO platelets
and distribution of the same uniformly on the PVA
matrix. Thus formed NiO platelets protect the PVA
chains from the thermal force. By the way of interca-
lation and exfoliation, the thermal stability of PVA
was activated. Approximately 50% weight is
remained above 350�C at 10% weight of NiO loading
on PVA backbone. The introduction of NiO

Figure 8 TGA of PVA in (a) powder form, (b) film form.

Figure 9 TGA of PVA loaded with NiO at (a) 2% weight,
(b) 4% weight, (c) 6% weight, (d) 8% weight, (e) 10%
weight.
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nanoparticles in PVA matrix greatly improved the
thermal resistance. Therefore, the PVA/NiO nano-
composite is thermally more stable than the pristine
PVA. Zheng and Ling35 reported the similar result
for filled SiO2–PVA nanocomposite system.

Differential scanning calorimetry

DSC in the temperature ranged from room tempera-
ture to 250�C (Fig. 10) studied the thermal behavior
of pristine PVA in the form of powder and film. Fig-
ure 10(a) exhibits the DSC scan of PVA in powder
form. The DSC scan showed three endo thermic
peaks corresponding to de-watering temperature
(Td.w) (83.5�C), alpha transition temperature (Ta)
(190.6�C) and melting temperature (Tm) (222.4�C)
with one exo thermic peak corresponding to crystal-
lization temperature (Tc) (175.1

�C). The DSC scan of
PVA film [Fig. 10(b)] exhibited two endo thermic
peaks at 106.5 and 181.3�C with respect to Td.w and
Ta. In this system, the Tm and Tc were absent. This
confirmed the amorphous nature of the PVA film.
PVA is a crystalline bio-degradable polymer with a
stable a-crystalline (inner micro structure) form.
When PVA is heated up to its Tm, the a-form is
more and more clear and stable. Beyond certain tem-
perature the stable a-form is converted into other
forms like b or c with lower thermal stability.

The DSC heating scan of various % weight of NiO
loaded PVA is shown in Figure 11(a–e). The DSC
heating scan showed one broad endo thermic peak
around 90�C corresponding to Td.w. The important
point noted here is while increasing the % weight
loading of NiO onto PVA backbone, the Td.w is
shifted towards lower temperature. The Td.w of PVA
at 2 and 10% weight loading of NiO is 95.8 and
82.1�C respectively. This indicated that while
increasing the % weight of NiO, the amount of phys-
isorbed water molecules by PVA was drastically

reduced i.e., the hydrophobicity is increased with
the increase of NiO content, due to its nano size.36,37

The decrease in water content with the increase of
NiO content was already supported by the TGA of
PVA/NiO systems [Fig. 9(a–e)]. Moreover, due to
the hydrolytic and thermolytic oxidation reactions,
the crystallinity of PVA chain was decreased. The
FTIR-RI confirmed the decrease in crystallinity of
PVA through the formation of ketone and olefin
groups. This is in accordance with our earlier com-
munications.36–38

High-resolution transmission electron microscopy

Figure 12 shows the HRTEM images of the 10%
weight nano NiO loaded PVA matrix. Figure 12(a)
indicates the intercalation of PVA chain into the ba-
sal spacing of layered NiO. The agglomerated NiO
nano particles combined with each other and formed
different shapes like sphere, triangle, and hexagon
[Fig. 12(b)]. The agglomerated shapes are having the
size of 100 nm. The sphere are having the lowest
size of <50 nm [Fig. 12(c)] and the SAED indicates
[Fig. 12(d)] the improved amorphous character of
PVA/NiO nano composite system due to heavy
loading of semi crystalline NiO. This proved that af-
ter making nano composite with 10% weight of NiO,
the total system became an amorphous one due to
heavy loading.

CONCLUSIONS

From the above study the important points are pre-
sented here as conclusions. (1) Nano-sized NiO were
synthesized by one pot sono-chemical method for
the surface catalytic effect. (2) FTIR spectrum con-
firmed the presence of metal-oxide stretching in the

Figure 10 DSC of PVA in (a) powder form, (b) film form.

Figure 11 DSC of PVA loaded with NiO at (a) 0%
weight, (b) 2% weight, (c) 4% weight, (d) 6% weight, (e)
8% weight, (f) 10% weight.
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nano-sized NiO at 650 cm�1. (3) XRD spectral study
suggested a semi crystalline nature of nano-sized
NiO. (4) HRTEM image of the NiO nano particles
confirmed the size about 50–60 nm length with <1
nm breadth. (5) The structure of PVA was altered
during the incremental loading of nano-sized NiO.
(6) Because of the surface catalytic effect of nano-
sized NiO on the PVA backbone, the secondary alco-
holic groups were converted into ketone and C¼¼C
groups. (7) The FTIR-RI study indicated the 1.0
order ketone formation and 0.50 order olefin forma-
tion reactions during the incremental loading of NiO
which confirmed the surface catalytic activity of
nano-sized NiO. (8) DSC inferred that the PVA film
and PVA/NiO nano composite systems became
amorphous due to thermolytic and hydrolytic oxida-
tion reactions. (9) TGA exhibited the increased in
char forming behavior of PVA after loading with dif-
ferent % weight of NiO. (10) The HRTEM topogra-
phy of PVA/10% weight NiO nano composite sys-
tem showed the agglomerated nano sphere,
hexagon, and triangle like morphology. (11) The
overall conclusion from this investigation is the
nano-sized NiO altered the structure of PVA in an
aqueous medium due to the thermolytic and hydro-
lytic oxidation reactions and in such a way the

nano-sized NiO exhibited its surface catalytic effect
on the PVA backbone.
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