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N THIS WORK, ZnO and TiO, nanoparticles were prepared separately by sol gel method.

Structural, morphological and optical properties of both of them are studied. A hexagonal
crystal structure of ZnO was formed, while different weight ratio of Anatase (85%) and rutile
(15%) phases of TiO, nanoparticles were formed as confirmed by the X-ray diffraction (XRD).
In addition, The XRD and Raman spectroscopy showed that our materials are polycrystalline.
The particles sizes were calculated by sheerer formula are found to be closed to that got from
scanning electron microscope (SEM) and transmission electron microscope (TEM). The band
gaps for both materials were calculated from Kubelka-Munk function using their measured
diffuse reflection. The band gap for ZnO and TiO, nanoparticles found to be 3.4 ¢V and 3.2 eV
respectively. Poly [2-methoxy-5-(2-ethylhexyloxy-p-phenylene-vinylene] which named MEH-
PPV with C,, were dissolved and spin coated on glass substrates to get thin film. Structural,
morphological and optical properties of this thin film were studied. Also, the effects of adding
any of our metal oxides nanoparticles (ZnO or TiO,) on the physical properties of MEH-
PPV:C,, are studied. All results are correlated to check the applicability of using these layers as

an absorber layer for solar energy applications.

Keywords: Ternary composite, MEHPPV, C

Introduction

Titanium dioxide (TiO,) and Zinc oxide (ZnO)
nanoparticles (NPs) are oxides semiconductor of
important interest in many fields of applications.
In particular, solar cells [1,2]. They are naturally
occurred, inexpensive, nontoxic and possess good
physical and chemical properties [3-5]. Zinc
oxide nanoparticles (ZNPs) and Titanium dioxide
nanoparticles (TNPs) have wide electronic band
gaps of 3.37 eV [6] and 3.2 eV [7], respectively.
The most common ZnO structure is the hexagonal
wurtzite structure due to its stability at ambient
conditions [8]. Rutile, anatase and brookite are the
three phases of TiO, in the order of abundance [9].
Anatase phase TiO, is preferred for optoelectronic
applications rather than rutile phase TiO,, owing
to its better electron transport and reduced charge
carrier recombination [10]. ZNPs and TNPs can

«» 110, nanoparticles, ZnO nanoparticles, Thin film

be prepared in different structural shapes such
as sphere, sheet, flower, rod, wire, etc. [11, 12].
The optical and electrical properties of ZnO and
TiO, nanostructures strongly depend on their
crystalline structure, morphology, defects and
impurity contents which in turn depends on the
preparation method [12,13]. In many literatures,
various techniques are being used to synthesize
ZNPs and TNPs. Among that, the sol-gel method
considered as an attractive method because of
its simplicity, low power consumption, low
temperature required, and controllable final
product properties [7, 14].

Conjugated polymers are polymers containing
highly loosely held electrons in their backbones,
or organic macromolecules that consist one
backbone chain of alternating double and single
bonds, sometimes referred to as conducting
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polymers. Conjugated polymers are of two types,
n-conjugated and homo-conjugated polymers.
The m-conjugated polymers attracted much
research efforts after the discovery that their
electrical conductivity increases substantially
upon electrochemical doping. The goal of using
such materials is to obtain optoelectronic or
photovoltaic cells at low costs and/or obtain new
device functionalities (e.g., impact resistance,
mechanical flexibility, and optical transparency)
that are challenging to achieve with other types
of materials e.g. Silicon. Poly phenylene vinylene
(PPV) and its derivatives exhibit luminescence
at red emission of the visible spectrum and have
been widely studied as potential candidates for the
fabrication of optoelectronic devices. A range of
photophysical and electronic properties have been
achieved by varying the functional groups along
the PPV backbone. In particular, MEH-PPV is
a m-conjugated conducting polymer and mainly
used in the fabrication of Light emitting diodes
(LEDs) and photovoltaic cells [15]. The polymer
thin films affected by the polymer morphology
and its processing conditions [15]. Composites of
MEH-PPV: Fullerene molecules (C,)) possess a
good electrical, optical and mechanical properties
[16].

In this work, the sol-gel method was used
to prepare ZNPs and TNPs. The prepared
nanoparticles  characterized using Fourier
Transform Infrared Spectroscopy (FTIR), X-ray
Diffraction (XRD), Raman-Scattering, Scanning
Electron Microscopy (SEM), Transmission
Electron Micrograph (TEM), Energy Dispersive
X-ray Analyzer (EDX), UV-VIS-NIR
spectrophotometer  and  Photoluminescence
measurements. Composites thin films of MEH-
PPV:C,, MEH-PPV:C_:TiO, and MEH-
PPV:C,:ZnO were prepared by spin coating on
glass substrate. Structural, morphological and
optical properties of the three thin films were
studied to measure the effect of adding inorganic
NPs.

Experimental

Materials

The MEHPPV, C_, Zinc acetate, Sodium
hydroxide (NaOH), Titanium tetra iso propoxide
[Ti(OCH(CH,),)],, 97%], nitric acid [HNO,]
and all solvents including acetone, ethanol,
iso-propanol [(CH3),CHOH] were purchased
from Sigma Aldrich company and used without
further purification. All chemicals were reagent
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grade. Distilled water was used throughout the
experiments.

Preparation of ZnO nanoparticles

The sol-gel method was used to synthesize
zinc oxide nanostructure [17]. 8 g of NaOH was
dissolved in a 10 ml of distilled water and 2 g of
zinc acetate dihydrate was dissolved with a 15 ml
of distilled water. Both solutions separately were
stirred for about five minutes. After well mixed,
NaOH solution was poured to the zinc acetate
solution with magnetic stirring for five minutes.
Then, 100 ml of ethanol was added dropwise
to the solution containing both zinc acetate and
NaOH solution. White precipitate was formed
after the reaction was completed.

Preparation of TiO, nanoparticles

Titanium Oxide nanostructure was synthesized
by using sol-gel method [18]. A 20 ml of Titanium
tetra iso propoxide [TTIP] solution was added
drop wise into the 22 ml of solution containing
10 ml of iso-propanol and 12 ml deionised water
with stirring at 80° C for 1 h. After that, 8 ml
concentrated HNO, mixed with deionized water
was added into the TTIP solution with constant
stirring at 60 °C for 6 h. Sol gel was obtained.
Which then heated at 300 °C for 2 h. After
annealing, the TiO, nanocrystalline was obtained.

Preparation of thin films

Glass substrates were cleaned by using
acetone then ethanol for 10 minutes each
with sonication. MEHPPV (0.015gm) and C,
(0.009gm) were dissolved in chloroform (1ml).
The mixture solution then sonicated for 15 min
after that stirred for 30 min on hot plate at 50. The
prepared solution was applied by spin coater onto
the cleaned glass substrate surface at 2000 rpm
for 60 seconds to form the blank sample. Finally,
the substrate was heated at 50 for 15 minutes [19].

The ternary composite samples were prepared
by firstly adding ZnO nanoparticles (0.0045gm)
or TiO, nanoparticles (0.0045gm) to Chloroform
(1ml) and sonicated for 30 minutes to improve
the dispersion of the nanoparticles. MEHPPV
(0.015gm) and C; (0.0045gm) then added to the
solution and sonication occurred. After that the
whole mixture stirred on hot plate and heated
at 50. Then, the two ternary composites were
applied by spin coater onto the cleaned glass
substrate surface at 2000 rpm for 60 seconds. The
formed thin films (TFs) were heated at 50 for 15
minutes [20].
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Characterization of TiO, and ZnO nanoparticles
The size and morphology of ZNPs and
TNPS were obtained by Transmission Electron
Microscope (TEM) using JEM-2100 (JEOL-
Electron Microscope) and Scanning Electron
Microscope (SEM) using SEM-JEOL (JXA-
840A Electron Probe Microscope). The samples
for SEM were coated with gold and the samples
for TEM analysis were prepared by dropping
dilute suspension of ZNPs and TNPs onto copper
grids. The chemical composition of the prepared
nanoparticles was carried out by JEOL [JXA-
840A energy dispersive X-ray analyzer (EDX)]
attached to SEM. To confirm the structure
properties of the prepared nanoparticles, the
X-ray diffraction (XRD) was performed at room
temperature using A Philips (X ~ Pert Multi-
Purpose diffraction) operated at 40 kV/30 mA. The
crystals size was calculated by Scherrer’s formula.
Fourier Transform Infra-Red (FTIR) spectra were
measured on Jasco 6100 Japan spectrometer with
a wave number range of 400 to 4000 cm™' to
identify the presence of chemical groups present
in the synthesized nanoparticles. In addition, the
Raman-scattering measurements were carried out
using Dispersive Raman Microscope (Bruker-
Senterra), (A = 532 nm) at room temperature. The
prepared nanoparticles samples were dispersed in
ethanol and stirred vigorously for homogeneous
dispersion to obtain Photoluminescence (PL)
spectrum by wusing Jasco FP-6500 Japan
spectrofluorometer at room temperature. Finally,
at room temperature JASCO-(670) UV-VIS-NIR
spectrophotometer was used to obtain the diffuse
reflectance in the wavelength range 200-2500 nm.

Characterization of thin films

The surface morphology of the prepared TFs,
MEH-PPV:C,, MEH-PPV:C_:TiO, and MEH-
PPV:C,:ZnO were characterized using SEM-
JEOL (JXA-840A Electron Probe Microscope)
operated at a voltage of 20 kV. The SEM
samples were coated with gold using low voltage
sputtering. The optical transmission and reflection
were measured using JASCO-(670) UV-VIS-NIR
spectrophotometer in the wavelength range 200-
2500 nm. The PL for the composite films obtained
using Jasco FP-6500 Japan spectrofluorometer at
room temperature. The XRD was performed at
room temperature using A Philips (X ~Pert Multi-
Purpose diffraction) operated at 40 kV/30 mA to
confirm the structure properties of the prepared
composites. Finally, FTIR spectra were measured
on Jasco 6100 Japan spectrometer with a wave
number range of 400 to 4000 cm™.

Results and Discussion

Figure 1 shows XRD patterns of TNPs, MEH-
PPV:C,, TF & MEH-PPV:C :TiO, TF (a) and
ZNPs, MEH-PPV:C, | TF & MEH-PPV:C,:ZnO
TF (b) in the wide-angle range of 26 (20° < 26 <
90°). The peaks miller indices [hkl] assignment
indicated on both figures. The diffraction lines of
TNPs, (Fig.1a), confirm the presence of the anatase
phase (JCPDS 01-075-2552). Furthermore, show
three peaks assigned to the rutile phase (JCPDS
01-071-4809). This indicates that TNPs sample
contains small amount of rutile TiO,. The weight
ratio of the anatase and rutile phases are 85% and
15%, respectively. The weight ratio was calculated
by using of the following equation:

Ar

R=—— (1

T 0.33dAatAr

where A represents the integrated intensity
of the rutile (110) peak, and A _ is the integrated
intensity of the anatase (101) peak. The sharpness,
strong intensity and narrow width of ZNPs
diffraction peaks, (Fig. 1b), indicate that the
synthesized ZNPs sample is well crystallized and
in a pure form (JCPDS 01-074-9939). The (101)
plane for anatase phase and (110) plane for rutile
phase were chosen to calculate the crystalline
size, which were found to be 24.42 and 29.35
nm, respectively. While that for ZNPs were 40.7
nm. The crystalline size (D) determined by the
Scherrer’s formula:

D=k A/ (fcost) (2)

Where A is the wavelength of X-ray radiation
(Cuka=0.15406 nm), is a constant taken as 0.89, 8
is the line width at half maximum height (FWHM)
ofthe peak, and 6 is the diffracting angle. The XRD
patterns in Fig. a and b for MEH-PPV:C_:TiO,
and MEH-PPV:C,:ZNPs TFs show no distinct
peak, which ascertain a complete dispersion of the
NPs with the polymer matrix. Figure 2 illustrates
the infrared spectrogram of TNPs (a), ZNPs (b)
and TFs (c) in the range of 400—4000 cm™. The
broad bands appeared for TNPs and ZNPs around
3383 and 3408 cm™!, respectively, are attributed to
the O-H stretching mode of the surface adsorbed
moisture water molecules, which is supported by
other bands at 1631 and 1590 cm™ for the O-H
bending mode [21, 22]. The band at 2922.36 cm’!
(TNPs) and those at 2924 and 2854 cm™! (ZNPs)
are attributed to the C-H stretching band, which
means there is a trace from organic compounds.
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Fig. 1. XRD patterns of TNPs, MEH-PPV:C_ TF & MEH-PPV:C_:TiO, TF (a) and ZNPs, MEH-PPV:C TF &

MEH-PPV:C,,:ZnO TF (b)

The band observed at 703.02 cm™ is due to the
Ti-O-Ti bond stretching mode [21]. On the other
hand, a significant band found at 543 cm™', which
is the characteristic stretching vibration of Zn-
O bond [22]. The FTIR spectra of TFs appeared
in Fig. 2 c. The MEH-PPV characteristics peaks
are the same in the three composites TFs [23].
The stretching O-H band appeared at 3424 cm-
!, with another characteristic stretching peak at
1675.8 cm™'. The peak at 3058.55 cm™ is for the
asymmetric stretching vibration of C-H, the peaks
at 2956.34, 2927.41 and 2865.7 cm™ are assigned
for the symmetric stretching band of -CH,. The

OH
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three peaks located at 1413.57, 1504.2, and
1592.91 cm! are for the stretch modes associated
with the phenyl ring. The two modes of the C-O
single bonds appeared, the one at 1205.29 is
related to the phenyl-oxygen stretch, and the
other one at 1041.37 is due to the O-alkyl modes
i.e., the oxygen-methyl bond and the oxygen-
ethylhexyl. The peak appeared at 968.09 cm™' due
to the olefinic trans—CH wag which characterizes
the polymer conjugation while the bands appeared
at 860.096 cm™' 1384.64 and 1461.78 cm’' are
related to out of plane CH wag, symmetric and
the asymmetric signatures for CH,, CH,. The C_;
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Fig. 2. FTIR spectrogram of TNPs (a), ZNPs (b) and TFs (c¢).
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characterized by three peaks appeared at 524,
1219, and 1456 cm™ [24]. The peak appeared at
701.96 cm™! assigned for Ti-O-Ti (Red line) and
that at 460 cm-1 assigned for the Zn-O (blue line)
[21, 22].

Raman spectra confirm the anatase structure
of the TNPs as shown in Fig. 3 a. The rutile phase
was not detected, probably because of its small
concentration and its lower Raman scattering
efficiency compared to the intense anatase one.
The Raman active modes for anatase are evident
as an intense peak around 142.12 cm! (Eg) as well
as three other peaks at 395.28 (Blg), 515.92 (Alg)
and 636.97 cm’! (Eg) present, this in agreement
with other Raman analysis for the anatase phase

142.12

Intenisity (a.u.)

95.28
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E

L
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Raman Shift (cm”)

of TNPs [25]. The Raman-scattering spectra of
ZNPs are shown in Fig. 3 b. The main sharp peak
located as 437 cm [E2H] is the Raman active
characteristic optical phonon mode of the wurtzite
hexagonal phase ZnO. Other peaks also observed
at 100.8 cm™ [E2 Low], the peak at 331.9 cm
arises from the zone boundary phonons [3E2H—
E2L], the peak at 388 cm™ [A1T], [26]. The peaks
at 209.4, 538.7, 580.9, 657.6, 1106 and 1152 are
assigned to [2E2L] second order phonon mode,
[2LA], [E1(To)], an acoustic overtone with Al
symmetry, A1/E2 symmetry and 2LO modes,
respectively, [27, 28]. The high intensity peak
observed at 437 cm in comparison with the
other peaks, proved that the ZNPs are of wurtzite
hexagonal phase with good crystallinity. There
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Fig. 3. Raman spectra of TNPs (a) and ZnO (b)
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Fig. 4. EDX spectrum for TNPs (a) and ZNPs (b)
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also seems to be a weak feature around 800 and
1000 cm™! but it is too small to really be analyzed
with any accuracy. There is no impurity peak was
observed in the EDX spectra of TNPs and ZNPs,
(Fig. 4 a & b). This confirms that the prepared
samples are in pure form.

Both SEM and TEM images show that TiO,
and ZnO are in the nanoscale which is in good
agreement with the data obtained from the Scherrer’s
formula (Fig. 5 a, b, ¢ and d). From Fig. 5 a & c,
TNPs are spherical in shape and exhibited irregular
morphology due to some agglomeration of primary
particles. From Fig. 5 b & d, nearly all the ZNPs are
spherical in shape and evenly distributed. Figure 5
e shows that the MEH-PPV:C_ are properly mixed
and form homogenous TF on the glass substrate. It is
clear from Fig. 5 f & g that the addition of TNPs and
ZNPs increase the roughness of the polymer film and
form aggregates in some regions, TNPs show less
aggregation and both NPs evenly distributed through
the formed films.

In Fig. 6 a, the visible luminescence band of
TNPs located at 405 nm (3.06 eV) is relative to
anatase structure. The multi-peak Gauss fitting
of the broad emission band gives three Gaussian
sub-bands located at 403 nm (3.08 eV), 432 nm
(2.87 eV) and 491 nm (2.53 eV). The three sub-
band attributed to self-trapped excitons, Ti**
states and the deep-trap state associated with the
F* center, respectively. Ti** and F* centers formed
because of the loss of an oxygen atom [29]. Three
bands appeared for ZNPs, one located at 412 nm
(3.01eV) for ultraviolet emission, the second band
located at 436 nm (2.85eV) represents the blue
emission and the third shoulder band located at
503 nm (2.47¢V) for the green emission, (Fig. 6
b). An electron transition from a shallow donor
level of neutral zinc interstitial to top level of
the valance band cause the ultraviolet emission.
The blue emission ascribed to the recombination
between zinc interstitial (Zn) energy level to
zinc vacancy (V, ) energy level and the green
emission was due to the recombination between
the conduction band and the zinc vacancy [30].

Figure 6 c, shows the PL spectra of MEH-
PPV:C,, MEH-PPV:C()O:TiO2 and MEH-
PPV:C,:ZnO. The characteristic PL peaks are
observed around 590 and 633 nm for MEH-
PPV:C,. These peaks are attributed to the
emission of the PPV backbone as a result of the
excited z-electrons relaxation to the ground state
and the interchain states [31], respectively. The
main peak at 590 nm quenched upon the addition

Egypt. J. Chem. 62, No. 2 (2019)

of TNPs and ZNPs to the composite of MEH-
PPV:C,, with a little variation in the shoulder
peak. This is attributed to the charge transfer
between MEH-PPV:C_ and TNPs or ZNPs. The
degree of the PL quenching is an indication of
how well the nanoparticles are mixed in the MEH-
PPV:C,, and the quality of the interface between
polymer nanoparticles. A small red shift observed
upon incorporation of NPs to the MEH-PPV:C |
composite due to the formation of new bonds
between a polymer chain and the NPs that altering
the electronic configuration of the polymer chain
and its conjugation length.

The optical transmittance (T) and reflectance
(R) measurement carried out at room temperature
for NPs and TFs, (Fig. 7 a-h). As seen from the
spectra, the diffuse reflectance for NPs samples
possesses high values at the visible region reaches
between 85-90% and decrease with increasing
wavelength in the range of 600 — 2500 nm, (Fig.
7 a & b). In Fig. 7 ¢, d & e, the reflectance of
the MEH-PPV:C_ TF decreased after the addition
of TNPs and ZNPs at the visible region. Low
reflectance values indicate high absorption
in the corresponding wavelength region. The
transmittance spectra of MEH-PPV:C , MEH-
PPV:C,:TiO, and MEH-PPV:C, :ZnO TFs show
that the average value of transmittance was about
40% , 18% and 20% respectively, in the visible
range of electromagnetic radiation. While the
transmittance values increase at the near infra-red
region. The slightly lower values of transmittance
in case of the two ternary films could be due to
light scattering at the rough surface due to the
incorporation of ZNPs and TNPs [32]; this is in
good agreement with data obtained from SEM
images.

The band gap energy for TNPs and ZNPs can
be determined by using the modified Kubelka-
Munk function [F(R) hv]", (Fig. 8 a & b). Where
R is the reflectance, F(R) is proportional to the
extinction coefficient (o) and (n) associated with
an electronic transition. While Tauc’s Model is
employed as can be seen in Fig.8 ¢, d & e, in order
to quantify the optical band gap of TFs. where a
is the absorption coefficient and hv is the photonic
energy. Assuming direct allowed transition (n=2),
the values of direct band gap were obtained
from the linear portion of the plot of (F(R) hv)?
or (ahv)? Vs. hv when extrapolating to zero. The
result showed the optical band gap is found to be
3.2 [33],3.4[32],2.2,2.1 and 2.08 ¢V for TNPs,
ZNPs, MEH-PPV:C,,, MEH-PPV:C:TiO, and

60
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Fig. 5. SEM Microgram of TNPs (a), ZNPs (b), TEM Microgram of TNPs (c), ZNPs (d) and SEM Microgram of
MEH-PPV:C (¢), MEH-PPV:C:TiO, (f) and MEH-PPV:C :ZnO (g)
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Fig. 6. Photoluminescence spectra of TNPs (a), ZNPs (b) and TFs (¢)

MEH-PPV:C, :ZnO respectively. Also, it is clear
that the optical band gap of MEH-PPV:C can
be tuned by introducing of TNPs and ZNPs. The
small value of optical band gaps means that it is
easy for electrons to absorb a photon (light) to
jump from the valence band to conduction band.
The presence of ZNPs and TNPs cause a shift in
the optical band gap, which may be ascribed to
the band shrinkage effect due to increasing carrier
concentration. The obtained low band gap shows
that the synthesized polymer may be suitable for
solar cell application.

Conclusion

TiO, and ZnO nanoparticles have
successfully synthesized using the sol gel
method and characterized with different
characterization techniques. The XRD gave the
main characteristics peaks for TiO, and ZnO
structure. In addition, the FTIR spectra and
Raman spectra confirmed the formation of TiO,

Egypt. J. Chem. 62, No. 2 (2019)

and ZnO nanoparticles. The SEM and TEM
analysis for TNPs and ZNPs showed that TNPs
were spherical in shape, but in the case of ZNPs
most of them were spherical in shape. Added to
the previous, both TNPs and ZNPs were in the
nanoscale size, which in good agreement with
the data obtained from the Scherrer’s formula.
The EDX analysis confirmed that the prepared
NPs samples were in pure form. MEH-PPYV,
C,, and inorganic semiconductor nanoparticles
(TiO, or ZnO) dissolved, mixed and spin-coated
on cleaned glass substrate. The incorporation of
the NPs changed the morphology and increased
the roughness of polymers film (MEH-PPV:C,))
as showed by the SEM images. Characterization
by FTIR and XRD confirmed that the NPs have
incorporated within the polymer matrix. The PL
quenching provided evidence of photoinduced
charge transfer within the ternary composites. The
optical band gap of the MEH-PPV:C,; slightly
decreased after the addition of TNPs and ZNPs
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and found to be 2.1 and 2.08 eV respectively and
thus give a better performance to the thin films.
The study showed that the presence of TNPs and
ZNPs in the polymeric film improved the optical
characteristics of MEH-PPV:C, and gives
information on the possibility of application in
solar energy applications.
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