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The current work aims to fabrication of nanocomposites’ films of CuO-
Fe,O;-nanoparticles’-doped PVA to apply in many optoelectronics applica-
tions. The PVA-CuO-Fe,O; nanocomposites are prepared using casting
method. The optical properties are tested at wavelength range from 200
nm to 800 nm. The results show that the absorbance and absorption coef-
ficient of PVA is increased with increasing CuO-Fe,O,-nanoparticles’ ra-
tio. The transmittance and energy gap of PVA is reduced with increasing
CuO-Fe,O;-nanoparticles’ ratio. The obtained results confirm that the
PVA-CuO—-Fe,O; nanocomposites can be important for optoelectronics
fields.

Hany poOOTy CIPsSMOBAHO HAa BUTOTOBJEHHA HAHOKOMIIO3UTHUX ILJIiBOK 3
noJiBiinoBoro cuupty (IIBC), neropanux mamouactmakamu CuO-Fe,O; 3a-
Ui BUKOPHCTAHHSA B 0araTbox 3aCTOCYBaHHAX ONTOoeJeKTpoHiKu. HaHOKO-
mmo3utu IIBC—CuO-Fe,0; BuroropmeHo meromoM Jautts. OnTuuHi BiacTu-
BOCTi mepeBipsiau B mgiamasoni mos:kuu xBuab Bim 200 am mo 800 um. Pe-
3yJIbTATHU IIOKAa3yIOTh, IO CHEeKTpajJbHA HOTJIMHAJbHA 3JATHICTH i Koedimi-
enT norymHauuAa I[IBC 306iapmiyioThess 31 30iJIbIIEHHAM BMiCTy HAHOYACTH-
HOK CuO-Fe,0,. Koedinienr mponmyckamua i eHeprerwuHa igigmea IIBC
3MEHIIYIOThCA 3i 36iabIieHHAM BMicTy HaHouacTuHOK CuO-Fe,0;. Omep:ka-
Hi pesyJbTaTH HTiATBEPIKYIOTh, 110 HaHokKommo3utu IIBC-CuO-Fe,O; mo-
JKYTHh OYTH BasKJIMBUMU IJId rajry3eil ONTOEJIEKTPOHIKU.

Key words: PVA-CuO-Fe,O; nanocomposites, optical properties, energy
gap, absorbance.

Karouori croBa: HAHOKOMIIO3UTH IIOJIiBiHIJIOBOTO CIUPTY 3 HAHOUACTUHKAMU
CuO-Fe,0,, onTruni BracTrBOCTi, 3a00pOHEHA 30HA €HEPTiH, MOTJIMHAHHSI.
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1. INTRODUCTION

Polymer composites and hybrids including inorganic components
have sparked a lot of interest in various industrial applications due
to their enhanced thermal, electrical, mechanical and photovoltaic
properties [1]. Recently, optically transparent materials containing
Fe,0; are intensively investigated because of their novel properties
and potential applications. Among the most attractive properties of
the transparent materials containing Fe,O; are those related to the
magnetooptical effects and their scientific and industrial applica-
tions in many areas such as optical fibre sensors, optical isolators,
information storage, magnetooptical switches, modulators, colour
imaging, bioprocessing, catalysis, and ferrofluids. Hence, the inter-
est in designing and preparing these composite materials with supe-
rior magnetic property and optical property continues to increase
[2].

Metallic filler that was recently used as filler in polymeric nano-
composites, copper oxide CuO, has a monoclinic crystal structure
with a good electrical conduction, which is related to their potential
physical properties. Crystalline CuO nanoparticles (CuO NPs) have a
relatively small energy-band gap, which allows them to be exploited
for both photocatalytic and photovoltaic activities. Because of the
physicochemical properties of the nanocomposites that include CuO
NPs incorporated into them, such as their semiconducting charac-
teristics, great chemical stability, low toxicity, and chemical and
physical stability, copper oxide, has solidified its position as a sig-
nificant substance in technology. Moreover, it has become a promis-
ing option for use in energy storage systems. In addition, superca-
pacitors, a supplementary device between batteries and regular ca-
pacitors, have received many attentions because of their advanta-
geous properties [3].

Polyvinyl alcohol (PVA) is a polymer with carbon chain backbone
attached with hydroxyl groups. These OH groups can be a source of
hydrogen bonding and hence assist in the formation of polymer
blends. PVA is non-toxic, water-soluble synthetic polymer, which is
widely used in the polymer blends due to its good physical and
chemical properties, excellent film forming characteristics, emulsi-
fying capability, non-carcinogenic, biodegradable and biocompatible
qualities. These unique characteristics enable it for its applicability
in pharmaceutical fields, drug-coating agents, material for surgical
structures and cosmetic industries [4]. The doping of micro- or na-
nomaterial into polymers leads to enhancing the dielectric and elec-
trical properties [5—23], optical and electronic properties [24—33].

This study aims to fabricate the PVA-CuO—-Fe,0; nanocomposites
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to employ in many optoelectronics applications.

2. MATERIALS AND METHODS

Nanocomposites films of pure PVA and PVA doped with CuO-Fe,0,
NPs were prepared using casting method. The pure PVA film was
prepared by dissolving 0.5 gm of PVA in 30 ml of distilled water
using magnetic stirrer to mix the polymer for 1 hour to get more
homogeneous solution. Then, CuO—-Fe,O; NPs were added to PVA
solution with ratio 50% Cu0:50% Fe,0; and different contents of
10/0, 2% and 3%.

The optical properties of PVA-CuO-Fe,0;-nanocomposites’ films
were tested using the double beam spectrophotometer (Shimadzu,
UV-1800 A) with range of wavelength from 200 nm to 800 nm. The
absorption coefficient (o) was given by [34]:

o=2.3034/t, (1)

where A refers to the absorbance, ¢ represents the film thickness.
The energy gap was calculated by [35]:

ahv=C(hv-E,) , (2)

where C is the constant, hv represents the energy of photon; E, re-
fers to the energy gap, and r=2 and 3 for allowed and forbidden
indirect transitions.

3. RESULTS AND DISCUSSION

Figure 1 and Figure 2 demonstrate the variation of absorbance and
transmittance spectra for PVA-CuO-Fe,0O; nanocomposites in the
range of wavelength 200-800 nm. As shown in these figures, the
absorbance reduces and transmittance increases with increasing of
wavelength. There are peaks of absorption in the UV area, which
related to electronic transitions between molecular orbitals and the
spectra in this region due to conjugated bonds. The addition of
CuO-Fe,O; NPs into PVA leads to increasing the absorbance peaks
intensity and reducing the transmission with shift in an edge of the
absorption to the high wavelengths. The absorbance of polymer in-
creases with increase in the nanoparticles content due to increase in
the number of charges carriers [36—46].

Figure 3 shows the absorption coefficient variation for PVA-
CuO—-Fe,O; nanocomposites with photon energy. The absorption co-
efficient of PVA increases with the increase in CuO—Fe,O;,-NPs con-
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Fig. 1. Variation of absorbance spectrum for PVA-CuO-Fe,O; nanocompo-
sites with wavelength.
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Fig. 2. Transmittance spectrum behaviour for PVA-CuO-Fe,O; nanocom-
posites with wavelength.

tent that may be due to a larger absorption increment associated
with the charge transfer transition.

The energy gaps of allowed and forbidden transitions for PVA-
CuO—-Fe,O; nanocomposites are illustrated in Figs. 4 and 5. The en-
ergy gap values reduce with the raise in CuO—-Fe,0;-NPs content
that is due to the defects in the films. These defects produce the
localized states in the energy gap. These values of energy gap may
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Fig. 3. Absorption coefficient variation for PVA-CuO-Fe,O; nanocompo-
sites with photon energy.
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Fig. 4. Energy gap of allowed transition for PVA—CuO-Fe,0; nanocompo-
sites.

be related to the localized-states’ generation between the HOMO and
LUMO energy bands producing the lower energy transitions [36,
47-58].

4. CONCLUSIONS

This work involved synthesis of PVA-CuO-Fe,0;-nanocomposites’
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Fig. 5. Energy gap of forbidden transition for PVA-CuO-Fe,O; nanocom-
posites.

films. The optical properties of PVA-CuO—-Fe,O; nanocomposites
were examined. The results indicate that the optical properties of
PVA are enhanced by adding of CuO-Fe,O; NPs. The absorbance
and absorption coefficient of PVA were increased with increasing
CuO—-Fe,05-NPs ratio. The transmittance and energy gap of PVA
were decreased with increasing CuO—Fe,0;-NPs ratio. The results on
optical properties confirm that the PVA-CuO—-Fe,O; nanocomposites
can be useful for optoelectronics applications.
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