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ABSTRACT  17 
 18 

Titanium dioxide and organic polymer blend poly (vinyl acetate-co-vinyl alcohol) based 
nanocomposite membranes were prepared and their chemical structure, phase relationship 
and optical properties investigated. The Scanning Electron Microscopy (SEM) coupled with 
Energy Dispersive X-ray Spectroscopy (EDS) analysis reveals TiO2 to be almost isomorphic 
(≥ 99%  phase purity) with spherical particles having diameters in the range 25-40nm. The 
composites were characterized by Fourier Transform Infra Red (FTIR) Spectroscopy, SEM, 
X-Ray Diffraction (XRD) and Ultraviolet-visible (UV-vis) Spectrophotometry. The FTIR 
Spectroscopy reveals significant absorptions below 900cm-1 to represent Titanium bonds 
with organic groups and Oxygen while other prominent functional groups above 900cm-1 
reflect the additivity of polyvinyl alcohol and polyvinyl acetate. It was found that embedding 
inorganic nanoparticles of TiO2 into the polymer blend matrix of poly (vinyl acetate-co-vinyl 
alcohol) allowed for some crystallinity formation and cross-linking of the polymer composites 
during annealing. The XRD results show more defined peaks assigned to each phase of the 
composite as the TiO2 content increases from 1 to 4% weight ratio, thus indicating that 
Nanoparticle filler remain in the semi-crystalline polymer matrix as a separate crystalline 
phase, which is in good agreement with the SEM. Finally, the resonant coupling between le 
(UV-vis) light and the collective electronic transitions of polymer nanocomposites are 
examined using UV-vis Spectrophotometer. The variation in the percentage absorbance and 
transmittance over wavelength range 200nm-900nm is also attributed to TiO2 Nanoparticles 
(Nps) content (1-4%) in the samples.  
 19 
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1. INTRODUCTION  29 
  30 
In the last few years, the prospects for polymer blending have been compared to the alloying 31 
of metals because it requires little or no extra capital expenditure compared to the production 32 
of new polymers. This leverage has led to extensive use of polymer blends in the polymer 33 
industry over the last few years. Also, polymer blending offers the possibility of producing a 34 
range of polymeric materials with properties completely different from those of the blend 35 
constituents [1]. Blend properties are crucially affected by phase morphology and this in turn 36 
depends upon a number of factors including the choice of parent polymers, compatibilizers, 37 
blend composition, moisture content and the method of blend preparation [2,3]. Because of 38 
the significant interest in interfacial interaction between inorganic and organic phases (such 39 
as variety of polymer and their blend derivatives) as well as size-dependent phenomena of 40 
nanoscale particles, polymer blend nanocomposites are capable of dramatically improving 41 
numerous favorable properties without losing the inherent good properties of the polymer 42 
phases such as ductility, optical transparency etc. these advantages are never achieved in 43 
the conventional polymer composites. In addition, property enhancements in polymer 44 
nanocomposites are achieved at a very low loading (<5 wt %) of inorganic nanoparticles 45 
while the conventional polymer composites (polymer containing microparticles/micron-sized 46 
particles as fillers) usually require much loading of the order of 25-40 wt % [4]. 47 
 48 

In contrast to the traditional dyes, inorganic semiconductive nanocrystals have more 49 
resistant to chemical attacks and low degradation with higher photobleaching, broader 50 
excitation wavelength range, narrower and tunable emission spectra [5,6,7,8]. This influence 51 
has attracted an enormous research effort leading to a myriad of potential applications in 52 
engineering, medicine, biology, electronics and allied industries.  Their optical properties 53 
have been the center of attraction due to strong size-dependent quantum confinement effect 54 
associated with inorganic semiconductive nanocrystals. For the development of novel 55 
nanodevices such as electronics and optical devices, various stabilizers (surfactants, 56 
polymers or coupling agents) have been employed to modify the surface functionalities of 57 
the nanocrystals [9,10], as these nanocrystals are seldom prepared without aggregation. A 58 
great deal of attention has been focused on TiO2 in contrast to other semiconducting 59 
materials, because of its low cost, non-toxicity,  chemical stability, resistance to 60 
photocorrosion, high photocatalytic activity and high refractive index [11,12]. In the last 61 
decade, most studies are mainly focused on the dispersion of nanocrystalline TiO2 powder 62 
for photocatalysis compared to TiO2 thin films due to its higher photocatalytic activity [13]. It 63 
is an established fact that a mixture of anatase TiO2 and a small percentage of rutile TiO2 64 
give optimal photocatalytic efficiency as the anatase phase has a wider band gap of 3.20 eV 65 
[14].   66 
 67 

Polymer nanocomposites represent a merger between traditional organic and nanosized 68 
inorganic materials, resulting in compositions that are truly hybrid. The key to forming such 69 
novel materials is adequate understanding and manipulation of the guest-host chemistry, 70 
occurring between the polymer and the nanoparticles, in order to obtain a homogenous 71 
dispersion and a good contact between polymer and added particle surfaces [15]. Generally, 72 
the resultant nanocomposites display enhanced favorable properties such as conductivity, 73 
toughness, optical activity, catalytic activity, chemical selectivity etc [16]. These attributes 74 
have led to the growing interest and uses in various fields such as military equipments, 75 
safety and protective garments, automotive, aerospace, electronic and optical devices. A lot 76 
of research works exploiting these aforementioned properties have been carried out for 77 
possible applications including flame retardancy, chemical resistance, UV resistance, 78 
electrical conductivity, environmental stability, water repellency, magnetic field resistance, 79 
radar absorption etc [17, 18, 19, 20, 21]. 80 
 81 

In this paper, we report the development of Poly (vinyl acetate-co-vinyl alcohol)/TiO2 82 
nanocomposites achieved via a two-stage synthetic route and the relationship between 83 



structural and optical properties of the resulting hybrid Poly(vinyl acetate-co-vinyl 84 
alcohol)/TiO2 nanocomposites employing Fourier Transform Infrared (FTIR) spectroscopy, 85 
Scanning Electron Microscopy (SEM), X-Ray Diffraction (XRD) analysis and UV-visible 86 
Spectrophotometry.   87 
  88 
 89 
 90 
2. MATERIAL AND METHODS  91 
 92 
Poly (vinyl acetate-co-vinyl alcohol)/TiO2 nanocomposites were produced via a two-stage 93 
reaction involving the synthesis of TiO2 Nanoparticles (Nps) from titanium (IV) chloride 94 
{TiCl4, BDH Limited Poole, England} employing hydrothermal technique and subsequent 95 
mixing of modified TiO2 Nps with Poly(vinyl acetate-co-vinyl alcohol) dissolved in toluene via 96 
one-pot reaction. Surface morphology of the synthesized TiO2 nanoparticles was observed 97 
using EVOI MA10 (ZEISS) multipurpose scanning electron microscope operating at 20kV 98 
employing secondary electron signals. Four samples of Poly (vinyl acetate-co-vinyl 99 
alcohol)/TiO2 nanocomposites containing 1-4% of TiO2 Nps were produced by solution 100 
casting into Petri dishes. The samples were oven dried at temperature lower than the 101 
melting point of the polymer blend for 12hrs and subsequently flat and uniform thin samples 102 
were obtained. The FTIR spectra of all the component reagents, polymer blend and the 103 
prepared nanocomposite samples were obtained using SHIMADZU FTIR-8400S 104 
Spectrophotometer in transmission mode without KBr. The spectra were recorded in the 105 
frequency range from 400 to 4600 cm-1, after 25 scans, with resolution of 2cm-1. The 106 
positions and intensities of the IR bands were processed with Spectral Analysis software.  107 

Surface morphologies of Poly (vinyl acetate-co-vinyl alcohol)/TiO2 nanocomposites were 108 
observed using EVOI MA10 (ZEISS) multipurpose scanning electron microscope operating 109 
at 20kV employing secondary electron signals at a magnification of 500X and the particle 110 
size distribution was obtained using imaging software (Image-J). The crystallinity of polymer 111 
blend/TiO2 nanocomposites was observed using X-Ray Diffractometer (Phillips X’pert Pro X-112 
Ray Diffractometre) employing a 1.54060Ǻ copper X-ray source. The samples were scanned 113 
from 2θ = 5o-80o using a step size of 0.06o. The percentage crystallinity (Χc) was calculated 114 
following the procedure proposed by [22], with the Scientific Graphing and Data Analysis 115 

Software (Origin 8.0), using the following equation:
ac
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+
=  where Χc, (percentage 116 

crystallinity), is the ratio of crystalline peak area (Ac) to the sum of the crystalline peak area 117 
(Ac) and amorphous peak area (Aa). Finally, the absorption/filtering property of the polymer 118 
blend /TiO2 nanocomposites was studied in the ultraviolet (UV) radiation wavelength range 119 
of 200nm-400nm and visible radiation wavelength range of 400nm-900nm using JENWAY 120 
6405 UV-visible Spectrophotometer.  121 

 122 
 123 
3. RESULTS AND DISCUSSION 124 
 125 
The image presented in figure 1 together with the corresponding EDS spectra obtained 126 
using characteristic x-rays emitted by TiO2 nanoparticles was observed at a magnification of 127 
83.04kX. The uniform contrast in the image revealed TiO2 to be almost isomorphic. 128 
Nevertheless, Oxygen and Nitrogen occur with minor concentrations as impurities thereby 129 
making Ti the dominant element with concentration of about 99.5% as depicted in the EDS 130 
spectra (fig 1b). The morphology of TiO2 nanoparticles is such that the particles are closely 131 
packed and spherical in shape. The average diameter of the particles is in the range of 25-132 
40nm reflecting that TiO2 nanoparticles are transparent and suitable filler for polymer 133 
composite applications.                             134 
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 150 

The spectra for the functionalized TiO2 nanoparticles, poly (vinyl alcohol), poly (vinyl 151 
acetate), polymer blend [poly (vinyl acetate-co-vinyl alcohol)] and the functionalized TiO2 are 152 
given in figure 2 (a-d) below. It is an established fact that the fundamental vibrations of solids 153 
(finger prints) are localized in the low frequency region (<1200cm-1) of the midrange (400-154 
4000cm-1) of the infrared (IR) spectrum. Also, as reported by [23], the Ti-O bond is clearly 155 
located in the range from 400-900cm-1. In this work, the significant absorptions observed 156 
below 900cm-1 represent Ti bonds with vinyl groups, secondary alcohols, carbonyl groups 157 
and oxygen. The prominent functional groups in poly (vinyl alcohol), poly (vinyl acetate) and 158 
their blend are OH stretching vibrations, CH2 stretching and bending vibrations, CH3 bending 159 
vibrations, C-O-C vibration in esters, νC=O stretching vibration, C-OH stretching vibrations, 160 
CH bending and C=O stretching vibration. 161 

 162 

  

(a) (b) 

Figure 1: Microstructure and elemental composition of TiO2 Nps: (a) SEM image  of TiO2 Nps  

(b) EDS spectra of TiO2 Nps. 
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From figure 3(a-d), it can equally be deduced that the OH stretching vibrations of the 174 
intermolecular hydrogen bonding occurring in the range 3427.62cm-1-3483.56cm-1 is 175 
basically due to the adsorbed H-O-H. Organics (methylene groups) are also represented by 176 
the νas-CH2 asymmetrical stretching vibrations in ranges slightly above 2910cm-1. The CH 177 
stretching vibrations with coexisting terminal triple bonds resulting from remnant alkynes 178 
occur in the range 2067.76cm-1-2145.88cm-1. All the changes observed in the vibration 179 
frequency of νC=O in the blend indicates that the incorporation of the nanofillers (TiO2) has 180 
great influence on the vibration frequency of νC=O. Furthermore, conjugation with CH3 181 
(phenyl groups) results in an increase in bond length of C=O thereby creating functional 182 
sites on the surface of the polymer blend. The C-O-C vibrations in esters occurring in the 183 
frequency ranges 949.01cm-1-950.94cm-1 and 1284.63cm-1-1293.31cm-1 represent the 184 

Figure 2: FTIR Spectra of (a) Poly (vinyl alcohol), (b) Poly (vinyl acetate), (c) 
Polymer blend [poly (vinyl acetate-co-vinyl alcohol)] and (d) functionalized TiO2 
Nps. 

(a) 

(b) 

(c) 

(d) 



 

possible combination of acetate and alcohol groups. Finally, the functional groups appearing 185 
in the range 383.85cm-1-491.66cm-1 represent Ti-O bonds of the functionalized TiO2 186 
nanoparticles.   The observed spectra of the polymer-blend/TiO2 nanocomposites reveal the 187 
additivity of the spectra of polyvinyl alcohol and poly vinyl acetate with the modified TiO2 188 
Nps. In figures 3(a) and 3(b), most of the functional groups peculiar to the component 189 
reagents were observed but in figures 3(c) and 3(d), chemical reactions between the 190 
component reagents and the increase in the concentration of the functionalized TiO2 191 
nanoparticles from 2%-4% are responsible for the extinction of the functional groups as a 192 
result of oxidation and hydrolysis.          193 
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(a) 

(b) 

(c) 

(d) 

      Figure 3: FTIR Spectra of Polymer blend/ TiO2 Nanocomposites containing:  

      (a) 1% of TiO2      Nps (b) 2% of TiO2 Nps (c) 3% of TiO2 Nps and (d) 4% of TiO2 Nps. 

 



The uneven baseline in the XRD patterns seen in figure 4 (a-d) for all the samples is due to 206 
the large amount of amorphous polymer content. The addition of TiO2 nanoparticles to the 207 
polymer blends improved the crystallinity of the composites. The diffraction peaks in the 208 
range 2θ = 15o-20o can be linked to crystalline behaviour of the polymer blends. The peaks 209 
at 2θ = 19.66o, 19.84o, 20.34o, and 20.49o with d-spacings d = 4.5154Ǻ, 4.4742Ǻ, 4.3642Ǻ 210 
and 4.3325Ǻ indicate the presence of crystalline structure of PVA, consistent with the works 211 
of [24, 25]. Furthermore, the XRD patterns of polymer blend/TiO2 nanocomposites reveal the 212 
presence of TiO2 phase but few peaks representing TiO2 phase have been shifted slightly to 213 
lower 2θ values (2θ = 21.91o, 22.13o, 22.37o, 22.45o, 22.78o, 22.80o and 22.99o) due to slight 214 
expansion of TiO2 crystal structure as a result of surface modification and bonding with the 215 
polymer blend matrix. This is also consistent with the results presented in some literatures 216 
[26, 27]. The average crystallite size corresponding to structural order of the pattern 217 
determined from integral breadth of the peaks according to Scherrer’s equation [28] have 218 
values ranging from 1688±290nm to 4589±130nm. The percentage crystallinity values of the 219 
polymer blend/TiO2 nanocomposites following the procedure proposed by [22] range from 220 
56.9 ± 0.2% to 67.6 ± 0.7%. The sample with 4% TiO2 content displayed higher percentage 221 
crystallinity compared to other samples.                          222 
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 239 

The microstructure of the polymer blend/TiO2 nanocomposites reveals two distinct phases 240 
comprising of lighter modified TiO2 nanoparticles and dark bulk polymer blend matrix. The 241 
lighter modified TiO2 nanoparticles are evenly dispersed over the dark bulk polymer matrix 242 
with spherical shapes and the concentration increased with increasing content of the 243 
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      Figure 4: X-ray Diffraction Patterns of Polymer Blend/TiO2 Nanocomposites containing (a) 1% of   

     TiO2, (b) 2% of TiO2,(c) 3% of TiO2 and (d) 4% of TiO2 .                             

 



modified TiO2 NPs (1%-4%) as depicted in figure 5(a-d). The contrast observed in the SEM 244 
images [figure 5(a-d)] arises from atomic number difference, since phases within a material 245 
are dependent upon back scattered electron yield and the corresponding atomic number of 246 
atoms present within different phases. As such, the modified TiO2 nanoparticles appear 247 
lighter compared to the bulk polymer blend matrix because the atoms present in TiO2 phase 248 
have higher atomic numbers and higher back scattered electron yield. The average particle 249 
diameters of the polymer-blend/TiO2 nanocomposites as determined from SEM images 250 
using imaging software (Image J) range from 119±5µm to 179±4µm.        251 

 252 

 253 
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 265 

It is a well known fact that changes occur when atoms or impurities are incorporated into a 266 
pure matrix (polymer, semiconductor, metal etc), because their environment is neither inert 267 
nor isotropic. Subsequently, exposing the anisotropic matrix (polymer nanocomposites) to 268 
UV-vis light may lead to resonant coupling between the photons (in this case, UV-vis 269 
component of the electromagnetic spectrum) and the collective modes (electronic 270 
transitions/excitations) of the polymer nanocomposites. The interaction of the UV-visible light 271 
with the polymer nanocomposites possibly will give rise to polarization of the nanocomposite 272 
matrix, which in turn can be seen as variation in the magnitude of absorption/transmission 273 
with respect to changes in wavelengths (i.e. 200-900nm) when examined using UV-vis 274 
spectrophotometer. In addition to this, anisotropy of the nanocomposite matrix resulting from 275 
addition of TiO2 nanoparticles gave rise to varied properties as a result of slight structural 276 
modifications. The slight variation in the percentage absorbance over wavelength range (i.e. 277 
200-900nm) is attributed to the TiO2 nanoparticles content (1-4%) in each sample.                                 278 

The UV-VIS spectra of polymer blend/TiO2 nanocomposites are given in figure 6(a-d) below. 279 
The plot for polymer blend/TiO2 sample (containing 1 wt % of nanoparticles) is presented in 280 
figure 6(a). The sample filters at the onset of ultraviolet radiation wavelength through 295nm 281 
above which it absorbs significantly and rapidly until maximum absorbance of 1.4% is 282 
recorded at a wavelength of 390nm. Slightly above the visible range, there is little decline in 283 

  

  

(a) (b) 

(c) (d) 

Figure 5: SEM Images of Polymer Blend/TiO2 Nanocomposites containing: (a) 1% of TiO2,      
    (b) 2% of TiO2,(c) 3% of TiO2 and (d) 4% of TiO2 
 



absorbance but appreciates reasonably through the whole range with maximum recorded at 284 
a wavelength of approximately 500nm.The sample displayed excellent property of being an 285 
ultraviolet radiation filter at low wavelengths (<300nm) and absorber at higher wavelengths 286 
(300-400nm) of the UV range in addition to being an excellent visible absorber. Figure 6(b) 287 
portrays the behaviour for polymer blend sample containing 2 wt % of TiO2 nanofillers. The 288 
spectrum shows absolute transparency from the onset of ultraviolet radiation wavelength 289 
range through a visible wavelength of 515nm. A much significant absorbance of 290 
approximately 3.0%, the maximum, is recorded slightly above that (i.e. at 520nm) from which 291 
the absorbance decreases very slightly with a minimum of 2.7% at 800nm. This material is 292 
an excellent UV filter and a very good visible radiation absorber. 293 

A similar behaviour to the polymer blend samples described above is observed in both the 294 
remaining blend samples (with 3 wt % and 4 wt % of TiO2 nanofillers respectively) as 295 
depicted in figures 6(c) and 6(d). However, there are slight shifts in the onsets of absorption, 296 
with the sample containing 3 wt % of TiO2 having onset at a wavelength of 590nm 297 
corresponding to maximum absorbance of approximately 3.0% and that containing 4 wt % of 298 
TiO2 having onset at 550nm corresponding to maximum absorbance of 2.9% as well. The 299 
minimum absorbance for these samples are recorded at 795nm (2.8%) and at 780nm (2.7%) 300 
respectively. These shifts are attributed to higher content of TiO2 nanofillers in the polymer 301 
blends as TiO2 are transparent to UV-vis light.                                                                           302 
           303 
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 314 

 315 

4. CONCLUSION 316 
 317 
The development of the polymer blend nanocomposites was realized by surface modification 318 
of TiO2 Nps in order to create functional sites and improve dispersion of nanoparticles in the 319 
polymer blend matrices. FTIR spectroscopy proved the existence of covalent chemical 320 
bonding between the polymer chains and inorganic phase in the polymer blend 321 
nanocomposites. Thus, revealing significant absorptions below 900cm-1 to represent titanium 322 
bonds with organic groups and oxygen while other prominent functional groups above 323 
900cm-1 reflect the additivity of polyvinyl acetate and polyvinyl alcohol. X-ray diffraction 324 
analysis of the polymer blend nanocomposites revealed an increase in the percentage 325 
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Figure 6: UV-vis spectra of Polymer-Blend/TiO2 Nanocomposites containing: (a) 1% of TiO2, 
(b) 2% of TiO2, (c) 3% of TiO2 and (d) 4% of TiO2. 
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crystallinity from 56.9 ± 0.2% to 67.6 ± 0.7% for the polymer-blend nanocomposites as TiO2 326 
nanoparticles content increases from 1% to 4%. Observations from SEM analysis showed 327 
that the dispersion of TiO2 nanoparticles in the polymer matrix was relatively uniform with 328 
particles having good adhesion with polymer domains. Investigation with UV-visible 329 
spectrophotometer revealed that the dispersion of TiO2 nanoparticles improved the optical 330 
properties of the polymer blends. The fact that nanocomposites displayed some level of 331 
transparency at lower wavelengths indicates that the nanoparticles are not agglomerated. In 332 
addition, strong UV absorption in some of the nanocomposite samples was observed 333 
because of the incorporated TiO2 particles. In fact, with the exception of sample with 1% 334 
content of nanoparticles, all the samples transmit UV radiation and absorb visible radiation at 335 
wavelengths of 520nm, 590nm and 550nm respectively. Thus the developed polymer blend 336 
nanocomposites could act as an efficient optically transparent UV filter and visible radiation 337 
absorber. 338 
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