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In this research, different concentrations of manganese dioxide (MnO,)
and tin dioxide (SnO,) are composed with polyvinyl alcohol (PVA) to form
the PVA/MnO,/SnO, films. The optical images demonstrate surface struc-
ture and morphological characteristics of the prepared films. The FTIR of
PVA/Sn0O,/MnO, nanocomposites manifest the obvious broad peaks at
3264 and 3242 cm™ due to —OH groups and at 2020 cm™ due to stretch-
ing vibrations. The optical characteristics of PVA/MnO,/Sn0O, films are
recorded by means of UV—Vis spectroscopy. The band gap is reduced from
3.73 eV to 2.95 eV for PVA/Sn0O,/MnQO, nanocomposites, and the absorb-
ance is increased with the increasing of Sn0O,/MnO, added to PVA. The
optical conductivity also is increased with the increasing of incident pho-
ton energy. These results open a good opportunity for applications in dif-
ferent devices such as energy storage systems and optoelectronics devices.

Y nwomy mocuaimkeHHi pisHi KoHIeHTparlil giokcugy Manramy (MnO,) Ta mio-
kcuny Cramymy (SnO,) xomOinyBanmu 3 mogriBiHisoBum crnuprom (PVA) mna
yrBopeHHA miIiBok PVA/MnO,/SnO,. Ontuuni 300pasKeHHS TPOAEMOHCTPY-
BaJI1 CTPYKTYPY IIOBePXHi Ta MOP(}OJOriuHi XapaKTEePUCTUKH OJePrKaHIX
miaiBok. IY-cekTpockorisa Ha ocuoBi @yp’e-nieperBopy (FTIR) misa HamoKoM-
no3utiB PVA/Sn0,/MnO, nokasana 4iTki mmpoki miku 6ima 3264 ta 3242
cm !, symoBieni rpymamum —OH, i 6ima 2020 cm !, 3ymoBJIeHi BaJeHTHUMH
KosmBaHHAMU. OntuuHi xapaktepucturu miiBok PVA/MnO,/Sn0O, 6ymu 3a-
peecTpoBaHi 3a AOIIOMOIOI0 CHEKTPOCKOoImili Y®-suaumoro aiamasony. Ilupu-
Ha 3a00poHeHOl 30HU 3MeHInuiIaca 3 3,73 eB mo 2,95 eB mjid HAHOKOMIIO3U-
tiB PVA/Sn0,/MnQ,, a BOuMpaHHs 306iJbIIyBajocd 3i 30iJbIIEHHAM BMiCTy
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yacTuHOK Sn0,/MnQO,, mo nogaBanuca no PVA. OnTuuyHa mpoBigHICTE TaKOMXK
30ispIryBasaca 3i 30iJbIIeHHAM eHepril magHux (QotoHiB. OmepsxaHi pesyib-
TaTH BiKpUBAIOTHL TapHY MOKJIUBICTH IJIA 3aCTOCYBaHb Y Pi3HUX IPUCTPOAX,
TaKUX K CHUCTEMU HAKONWUEHHA eHeprii I onToeJIeKTPOHHI mpuaagu.

Key words: nanocomposites, structural and optical properties, optical de-
vices.

KarouoBi ciioBa: HAHOKOMIOBUTU, CTPYKTYPHiI M ONTWYHiI BJIACTHUBOCTi, OII-
TUYHI IpuIagu.
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1. INTRODUCTION

The contribution of nanoadditives into polymeric material has the
ability to create composite polymeric material with specialized ap-
plications [1, 2]. These composites have found use in a various
technological applications, such as supercapacitors and optoelectron-
ics [3, 4]. Composite materials with special optical and electrical
features are applied as substances for various devices [5, 6]. As a
result of gathering polymers’ machinability, endurance, and other
features, composite films have very important practical applications
[7, 8].

Metal oxides have implicit uses in optoelectronic devices beside
the electrical efficiency [9]. Because of its storage capability, MnO,
has deserved the attention of nanostructured-materials’ researchers
[10, 11]. Various industries have taken an interest in utilizing
MnO, in sensors, battery, and optoelectronics applications [12, 13].
PVA is a polymer that features a carbon chain and hydroxyl group.
The PVA polymer has outstanding characteristics such as humidity,
water absorption, and being easily produced, that has motivated
further studies with this substance [14, 15]. The introduction of
MnO, and SnO, improves the structural and chemical modifications
in the composite features [16]. Dispersed nanoscale MnO, and SnO,
are significantly having great effectiveness than at microscale of
the same materials [17, 18]. More susceptibility to deterioration
with dispersal homogeneity is also provided with MnO, and SnO,
[19, 20]. The developing of electrical pathways throughout compo-
site materials and electron transition through electrical pathways
are the most important features of the conductivity processing,
which are maximized [21, 22]. PVA can be exploited as an excel-
lent-bonded material with the filler to form the polymer composites
[23, 24].

The aim of this work is to improve the optical and structural be-
haviour of PVA/MnO,/Sn0O, for application of these films in differ-
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ent devices, e.g., as energy-storage ones.

2. METHODOLOGY

The MnO, and SnO, powder (purity of 99.95% and average size of
25-40 nm) was produce from Nanografi Nano Technology Company
(Darmstadt, Germany). The PVA powder (with molecular weight of
29.000-69.000 g/mole and by 87.90% hydrolysed) was given by
Sigma—Aldrich Company (Darmstadt, Germany).

The solution casting method was chosen for making polymer
films due to that it involves a simple preparation, inexpensive, al-
lows for the very precise management of composite composition,
and produces highly uniform nanocomposite films. Firstly, 1.0 g of
PVA was dissolved in 35 mL of deionized water with magnetic stir-
ring for 35 minutes; after that, different amounts of MnO, and
SnO, (1, 2, and 3 wt.% ) were added to PVA. The PVA/MnO,/SnO,
solution was then poured into a glass Petri dish and allowed to air
dry at room temperature for 72 hrs.

The chemical changes were studied with FTIR (Shimadzu FTIR,
Tracer 100, Kyoto, Japan) at the wavenumbers of 410-3900 cm™.
In order to determine the morphology and geometric shape of the
films and the distribution of nanoparticles in the polymer, optical
image had been used.

The absorption spectrum has been recorded at room temperature
in the wavelength range 200-800 nm by using the double-beam
spectrophotometer (Shimadzu UV-1800 A). A computer program
was employed to obtain the optical constants for PVA/SnO,/MnO,
films: absorbance, absorption coefficient, refractive index, and en-
ergy gap.

The following relation was used to get the absorption coefficient
(o) [25, 26]: o =2.303A4/d, where d is the sample thickness.

Optical energy gap E;Pt' was computed using formula [27, 28]
ohv = B(hv — E;‘”' , where B is a constant, hv indicates the photon
energy, ;’pt' is the optical energy gap; r=3 corresponds to the for-
bidden indirect transition and r= 2 corresponds to the allowed indi-
rect transition.

Refractive index (n) was computed using formula [29]

K R+1

n=,4R — 5~ s
(R-1) R-1

where R is a reflection, k=al/(4n) is an extinction coefficient, A is a
wavelength.

Optical conductivity (c,,) was determined [30] as o, = anc/(4n),
where c is velocity of light.



Fig. 1. Optical image of the film surface: (a) pure PVA; (b) PVA /(1% MnO,/1% SnQO,);
(c)PVA /(2% MnO,/2% Sn0,); (d) PVA /(3% MnO,/3% SnQO,).

3. RESULTS AND DISCUSSION
3.1. Optical Image Analysis

Optical microscopy images of PVA, PVA/(1%MnO,/1%Sn0,),
PVA/(2%MnO,/2% Sn0,), and PVA/(3% MnO,/3%Sn0,) are shown
in Fig. 1, a—d. The morphologies of the pure PVA film are illus-
trated in Fig. 1, a, which shows that its surface is so smooth and
homogeneous [31]. As seen in Figs. 1, b—d, the optical microscopy
images of PVA/MnQO,/Sn0O, upon incorporation of MnQO,/SnO, indi-
cate the production of obvious spots with the creation of clear tiny
aggregates, indicating the development of MnO,/SnO, in the PVA
matrix. Discrepancy in surface morphologies detected upon intro-
duction of MnO, can be attributed to the effective dispersing of
MnO, within the PVA [32].

3.2. FTIR Analysis

To study the physicochemical reactions and bonds between PVA and
Sn0O,/MnQO,, FTIR has been used. For this purpose, Figs. 2, a—d il-
lustrate transmission spectrum versus the change in wave number;
here, there are many peaks related to the different intensities and
measurements related to the polymer and additives and their inter-
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Fig. 2. Spectrum of FTIR for: (a) pure PVA; (b) PVA/(1%MnO,/1% Sn0,);
(c¢) PVA/(2%MnO,/2% Sn0,); (d) PVA/(3% MnO,/3% Sn0,).

actions [33]. The FTIR for PVA and the PVA/(SnO,/MnQO,) compo-
site are given in Figs. 2, a—d. The broad peaks at 3264 cm™* and
3242 cm™ are related to —OH groups, and peak at 2020 cm™ is due
to stretching vibrations [34].

An another peaks at 1415 cm™, 1416 cm™?, 1065 cm™, 1083 cm ™,
1084 cm™!, and 1089 cm! are referred to vibrations of —OH and
C=0, respectively. The bands of 616 cm ™ and 606 cm ™ are referred
to CH, stretches. Due to the interaction between MnO,, SnO, with
PVA, these peaks were seen in all spectra with a slightly shift [35].

3.3. UV—Vis Spectrum Analysis

The absorbances of PVA before and after modification with
SnO,/MnO, were plotted as a function of wavelengths as obvious in
Fig. 3; it has been noticed that the absorbance is increasing with
the increasing of the Sn0O,/MnO, ratio, and there is clearly absorp-
tion band at 340 nm, which is generally broadened and overlap so
that the nanoparticles absorb light through these specific wave-
lengths [36, 37].

The variation of absorption coefficient o of PVA before and after
hybridization with SnO,/MnO, is shown in Fig. 4. The values of ab-
sorption coefficient o for all samples were found to be greater than
10* cm™ in the near visible region; this means that they have direct
optical energy gap, as illustrated in Fig. 5. It has been noticed that
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Fig. 3. Absorption as a function of wavelengths for pure PVA,
PVA/(1%MnO,/1% Sn0,), PVA /(2% MnO,/2% Sn0O,), PVA /(3% MnO,/3% Sn0,).
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Fig. 4. Absorption coefficient as a function of photon energy for pure PVA,
PVA/(1%MnO,/1% Sn0,), PVA/(2% MnO,/2% Sn0,), PVA /(3% MnQO,/3% SnO,).

the value of absorption coefficient o are increasing with the in-
crease of Sn0O,/MnQO, nanoparticles [38].

Figure 5 shows the result of (ahv)? versus hv to estimate the band
gap of PVA and PVA/(MnO,/Sn0O,); it has been noticed that, when
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Fig. 5. Direct energy gap as a function of photon energy for pure PVA,
PVA/(1%MnO,/1% Sn0,), PVA/(2% MnO,/2% Sn0O,), PVA /(3% MnO,/3% SnO,).
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Fig. 6. Refractive index as a function of wavelengths for pure PVA,
PVA/(1%MnO,/1% Sn0,), PVA/(2% MnO,/2% Sn0O,), PVA /(3% MnO,/3% SnO,).

PVA is combined with MnO,/Sn0O, amounts, the band gap decreases
from 3.73 eV for PVA to 3.62 eV, 3.19eV, and 2.95 eV for
PVA/1%wt./(MnO,/Sn0O,), PVA/2%wt./(MnO,/Sn0O,), and
PVA/3%wt./(MnO,/Sn0,), respectively. The adding of MnO,/SnO,
nanoparticles to PVA causes flaws and link breakage, which con-
tributes to the observed decrease in E, [39].

Figure 6 shows refractive index for PVA before and after combi-
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Fig. 7. Optical conductivity as a function of wavelengths for pure PVA,
PVA/(1%MnO,/1% Sn0,), PVA/(2% MnO,/2% Sn0O,), PVA /(3% MnO,/3% SnO,).

nation with Sn0O,/MnQO, nanoparticles. In this figure, it has been
noticed that the refractive-index values for PVA are increased with
increasing of the ratio of Sn0O,/MnO, nanoparticles. Because of its
low transmittance, the UV region has high refractive-index values,
while the visible range has little ones.

The measured values of optical conductivity for PVA before and
after modification with SnO,/MnO, are illustrated in Fig. 7, where
the optical conductivity depends on the energy of the incident pho-
tons; it will be increased with the increase of photon energy because
electrons can passage the valence band—to the local levels—to the
conduction band more easily thanks to these new levels in this band
gap. The band gap closes as a consequence and conductivity rises
[42, 43].

4. CONCLUSION

FTIR results show that PVA/MnO,/SnO,-nanocomposite films were
successfully prepared in the present work. The results show that no
chemical interaction between PVA and nanoparticles. Meanwhile,
the absorbance, absorption coefficient, refractive index, optical
conductivity, and optical band gap of PVA and PVA/MnQO,/Sn0O, are
determined.

The addition of MnO,/SnO, causes clear defects that leads to
made a shift in the band gap. The results revealed that combination
of MnO,/Sn0O, with PVA leads to enhancement of the optical charac-
teristics that could lead to the usage of flexible PVA/MnO,/SnO,
nanocomposite in a wide spectrum of potential devices.
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