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 A B S T R A C T 

 

This study explores the synthesis, characterization, and evaluation of 
titanium dioxide nanoparticles (TiO₂NPs) as a precursor for the electron 
transport layer in organic electronics. Traditional physical and chemical 
synthesis methods are not environmentally friendly or economical, due to 
the use of toxic chemicals and high energy. However, biosynthesis offers a 
low-cost, eco-friendly alternative. The synthesized NPs were characterized 
using various techniques, including X-ray diffraction technique, 
transmission electron microscopy, scanning electron microscopy, Fourier 
Transform Infra-red microscopy, electron dispersive X-ray, and UV-visible 
spectroscopy with a four-point probe equipped with Keithley2400 source 
meter. Results showed high crystallinity and a band gap energy of 4.02 eV. 
Electrical properties show sheet resistance, resistivity and conductivity as 
67.22 x 10⁶ Ω, 1.71 x 10⁶ Ωm⁻¹ and 0.585 x10⁻⁶ Sm⁻¹ respectively which 
were promising, with better photovoltaic characteristics than pure 
titanium dioxide. These properties suggest potential applications as an 
electron transport layer for solar cell technology. 
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1. INTRODUCTION  
 
The world today craves promising, economical, and 
clean energy for optoelectronics, photovoltaic cells 
and wearable electronics. Advancements in 
nanotechnology can be harnessed to stabilize and 
improve the performance of existing devices such 
as solar cells, photovoltaic cells, and optical devices 
on the nanoscale for large-area fabrication. 

Interlayer and window layers such as the hole 
transport layer or electron transport layer can be 
incorporated into an active layer on the nanoscale 
to improve the light-harvesting mechanism. 
Devices such as polymer solar cells made of cheap 
and abundant material suffer stability and flaws as 
a result recombination of holes and electrons. This 
leads to energy conversion loss These flaws make 
the commercialization of polymer lag behind other 
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solar cells. One of the methods to enhance the 
improvement of the performance is to introduce a 
photo-layer in the form of a hole transport layer or 
electron transport layer to suppress or mitigate the 
recombination of hole and electron. Metallic oxide 
nanoparticles can serve to suppress or hinder the 
recombination of hole-electron pairs. Metal oxide 
like Titanium dioxide (TiO₂) is a semiconductor 
material for optoelectronics and electronic device 
technologies [1-6]. Pure-state titanium dioxide 
(TiO₂) displays n-type semiconductor conductivity 
and flaws in its photocatalytic applications and 
metal-ion composition which must be mitigated. 
TiO₂ has good optical properties and a band gap (= 
3.2 eV) at room temperature. TiO₂ has high dye 
absorption ability and excellent light scattering 
properties. Its properties also include chemical 
stability, low cost and non-toxic. To overcome the 
inherent flaws of TiO₂, one of the methods is to 
reduce the metal ions with plant extract which is 
the biogenic reduction of metal ions. The 
biosynthetic method using plant extract is a viable 
and simple alternative to chemical synthetic and 
physical methods [7-9]. Most plant extracts due to 
their phytochemical contents can act as capping 
and reducing agents in metals and metal oxides NPs 
[10-16]. Titanium dioxide nanoparticles have been 
widely studied for applications in medicine, 
biomedical drug delivery and pharmaceutical [17]. 
Synthesis of nanoparticles technologies are 
classified into three physical, chemical and 
biosynthesis [18-27]. It is, therefore, of interest to 
study the influence of flower extract of the Ixora 
coccinea plant as a reducing agent. Ixora coccinea 
flower was utilized as source of natural dye to 
fabricate dye sensitized solar cells (DSSCs) using 
TiO₂ electrodes revealed conversion efficiency of 
1.18% [28]. This paper presents the used extract of 
Ixora coccinea which can bind to titanium dioxide 
surface to synthesize TiO₂ nanoparticles a 
precursor and its possible application in solar cells 
as an electron transport layer to prevent 
recombination of electrons. Synthesized titanium 
dioxide nanoparticles were characterized with X-
ray diffractometer (XRD) (Rigaku Machine), 
ultraviolet–visible spectroscopy (UV-VIS) (Analytik 
Jena AG), Scanning Electron Microscopy (SEM) 
(JOEL-JSM 7600F), and Transmission Electron 
Microscopy (TEM) (JEM-ARM200F-G), Elemental 
Dispersive X-ray (EDX), Fourier transform infrared 
spectroscopy ((M530 FT-IR). Electrical properties 
were determined using a four-point probe (4PP) 
equipped with Keithley2400 SMU for current-
voltage measurement. 

2. MATERIALS AND METHODS 
 
2.1 Materials 
 
Titanium (IV) oxide Nanopowder (˂.35nm), 97% 
was procured from Sigma-Aldrich. Other 
materials such as reagent ethanol, acetone, 
methanol, Isopropyl alcohol (lPA), hydrochloric 
acid (HCI), de-ionized water and Whitman filter 
papers were purchased locally. 
 
2.2 Extraction procedure of Ixora coccinea 

plant flower 
 
Ixora coccinea plant flowers were harvested 
from the environment directly. 30 g of the fresh 
flower of the Ixora coccinea plant harvested 
were thoroughly washed with clean water and 
de-ionized water several times to remove dirt 
and dried in a room for 25 days under ambient 
temperature.  
 
15.0 g of dried flower of Ixora coccinea plant 
measured was poured into a cleaned beaker 
containing 70 ml of absolute ethanol (99.8%) 
and covered with foil for 24 h to extract the 
pigment. Filtration of the solution was carried 
out using Whitman filter papers severally to 
remove impurities. The filtered solution was 
kept for further use. 
 
2.3 Synthesis of Titanium (IV) nanoparticles 
 
15.0 g of Titanium (IV) oxide was dissolved in a 
beaker containing 30 ml of extract and stirred 
continuously with a magnetic stirrer for 5 h 
without heat for a homogenous mixture to form 
nanoparticles. The precipitates were filtered 
and washed with distilled water to remove 
residue. The resulting product was dried and 
annealed at 500 ℃ for 1 h in a furnace and left 
to cool in the furnace. An annealing 
temperature of 500 ℃ was chosen based on 
published studies on TiO₂ thin film [29-31]. The 
obtained dried coarse product of TiO₂ 
nanoparticles was crushed into fine powder. To 
make TiO₂ film over a clean glass slide 
substrate, TiO₂ nanoparticles were dissolved in 
ethanol and deposited by spin-coating 
technique on the glass substrate surface at 
3000 rpm for 30 seconds. The thickness of the 
film depended on the number of drops which 
resulted in a thick film of TiO₂ nanoparticles. 
TiO₂ NP film was then annealed for 20 min at 
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100 ℃ to remove residual organic chemicals 
and impurities and the thin film was then 
characterized. 
 
2.4 Characterization of TiO₂NPs 
 
The crystal structure of synthesized TiO₂NPs was 
determined using XRD (Rigaku Machine). Chemical 
bonds and absorption bands were obtained with 
FT- infrared spectrophotometer (BUK model 
M530). Optical properties were studied with a UV-
Vis spectrophotometer (model: ASUV-6300PC). 
The surface morphology images were viewed using 
a Scanning Electron Microscope (Model JOEL-JSM 
7600F). Electron dispersive X-ray was utilized to 
determine purity and the elemental composition of 
prepared TiO₂NPs.

3. RESULTS AND DISCUSSION 
 
3.1 Optical properties  
 
Figure 1 shows the absorbance graph of 
synthesized TiO₂ nanoparticles. Noticeable 
maximum absorption peaks occurred at 250 nm to 
300 nm in the solar wavelength spectrum in Figure 
1. Although, absorption was noticeable at the 
wavelength of 250 to 350 nm. The absorption of 
TiO₂ nanoparticles with bulk size was observed at 
350 nm which was much higher when compared to 
the absorption of TiO₂ nanoparticles at 250 nm to 
300 nm in the wavelength spectrum. The 
absorption peak that occurred at 260 nm can be 
related to the inter-band transition on the metal 
electron from the basic level of the valence band. 

 

 
Fig. 1. Absorbance graph of synthesized TiO₂NPs.  

 
3.1.1. Energy band gap 
 
Optical band gap is expressed by Tauc’s plot 
model for semiconducting materials [32] 
Absorption coefficient (α) was calculated with 
Eq. (1) assuming the film reflectance is negligible.  
 

α = 2.303 (
A

t
) (1) 

 

Where α is absorption coefficient, A is 
absorbance, t is thickness of film. Davis & Mott’s 
Equation (2) [33, 34] was used to calculate values 
to plot the graph in Figure 2.  
 

(αhѵ) = A(hѵ − Eg)n (2) 

 

Where α is absorption coefficient, hν is photon 
energy, A is empirical constant, 𝐸𝑔 is energy band 
gap, n = 1 and 4 for direct and indirect energy band 
gap respectively. Band gap energy is determined by 
plotting values of (αhν)² against extrapolating linear 
portion of the tauc’s plot to photon energy ( hν) axis 
where (αhν)² = 0. Mathematically, TiO₂NPs band 
gap energy was obtained through the graphic 
relation of hν and (αhν)² photo-catalytic process 
takes place with the absorption of photons which 
excites an electron from the valence band which is 
full of electrons to the conduction band which was 
initially empty, leaving a hole in the valence band. 
When electron transited from the valence band to 
the conduction band directly it is said to be a direct 
transition. The optical band gap energy of TiO₂NPs 
from tauc plot is 4.02 eV. This result concurs with 
previous published articles [3, 35].  
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Fig. 2. Tauc’s plot of band gap energy of the TiO₂ nanoparticles. 

 
3.2 Fourier transform infrared spectroscopy 

analysis  
 
Absorption peaks, functional group and chemical 
bonds were revealed in synthesized TiO₂NPs by 
FTIR Spectroscopy as shown in figure 3. The 
synthesized NPs peak at lower wavenumber 

confirmed the presence of Ti-O stretching bond. The 
result shows NPs exhibited bond at wavenumber 
565.28 cm⁻¹ assigned to the Ti-O, Ti-O-Ti vibrational 
single stretching bond, 1637.13 cm⁻¹ depicts C= O 
double bond stretching modes, absorption peak at 
3458.57 cm⁻¹ is attributed to single bond O-H. 
Chemical bond confirmed the formation of TiO₂NPs. 

 

 
Fig. 3. FTIR Spectra of TiO₂NPs. 

 
3.3 Crystal properties 
 
Figure 4 reports the XRD spectra of the TiO₂NPs 
which displayed tetragonal crystal system. 
Which was confirmed by diffraction peaks at 32 

⁰, 35 ⁰, 37 ⁰, 47 ⁰, 57 ⁰, 64 ⁰, 68 ⁰ and 69 ⁰ in the 
spectra observed which corresponds to the 
miller indices of (100), (002), (101), (102), 
(110), (103), (112) and (201) respectively. XRD 
spectra of the TiO₂NPs display tetragonal 
crystal system with dominant peak at (101) 
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corresponding to 37 ⁰. The observed dominant 
peak (101) concurred with what is reported 
elsewhere in the literature [36, 37]. XRD 
patterns showed the preferred crystal 
orientation of TiO₂ tetragonal crystal structure. 
The XRD qualities of this synthesized 
nanoparticles were compared with x-ray 
diffraction pattern of TiO₂NPs reported in 
literature [38-40]. The quality of TiO₂NPs is 
high. The sharpness of the waveform of XRD 
spectra indicated high crystallinity 
nanoparticles. Crystallite size has been 
estimated from XRD pattern based on the 
Debye- Scherer’s equation [3, 41]. The average 
crystallite size is the nanometer range. 
 

d =
𝑘𝜆

𝛽 cos 𝜃
 (3) 

 
Where d is the average crystallite size, K is the 
Scherer constant, λ is the wavelength of 
radiation, β is the FWHM full width at half 
maximum of the diffraction peak (measured in 
degree), and θ is in Bragg’s angle. 
 

 
Fig. 4. XRD pattern for TiO₂NPs. 

 
3.4 Surface morphological analysis of TiO₂NPs 
 
Scanning Electron Microscope was used to 
investigate the surface characteristics of 
synthesized TiO₂ nanoparticles. Surface 
morphology of TiO₂NPs is shown in figures 5a 
and 5b after being annealed at 500 ℃. TiO₂NPs 
surface morphology images observed shows 
high porosity due to increase in the crystal size 
as a result of annealing and have large grain 
size [42, 43]. The surface morphology of 
TiO₂NPs is spherical in shape and in accordance 
to reported literature [44, 45]. The SEM images 
show grain size in the nanometer range.  

 
(a) 

 
(b) 

Fig. 5. SEM images of Synthesized TiO₂NPs. 

 
3.5 Transmission electron microscopy 

analysis (TEM) 
 
Figure 6 shows TEM image of TiO₂NPs. TEM images 
shows the grain size is spherical in shape and in the 
nanometer range. The result obtained in nanometer 
range is in agreement with SEM gain size.  
 

 
Fig. 6. TEM Image of TiO₂NPs.  
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3.6 Electron dispersive X-rays elemental 
composition analysis 

 
EDX was utilized to determine the elemental 
composition of the prepared titanium dioxide 
nanoparticles and the purity. The elemental 
composition of TiO₂NPs is as analysed in figure 7. 
The spectrum revealed the presence of Ti and 
oxygen (O) at higher weight percentage 
confirmed formation of TiO₂NPs which concur 
with FTIR result and XRD. 
 

 
Fig. 7. EDX Spectrum of Elemental Composition of 
TiO₂NPs. 

 
3.7 Electrical properties 
 
Current-voltage characteristics for TiO₂NPs film 
were performed using four point probe (4PP) 
system equipped with Keithley2400 source 
measurement unit to determine electrical 
properties. The synthesized TiO₂NPs had been 
annealed at 500 ℃. Figure 8 shows I-V 
characteristics graph of synthesized TiO₂NPs. 
Computation of sheet resistance was done using 
Eq. (4). 

Rs =
V

I
 (4) 

 

Where 𝜌= Resistivity, R= Resistance, A = Area of the 
glass substrate, L =length of the glass substrate. The 
resistivity was conducted using Eq. (5) and 
conductivity (σ) was computed using Eq. (6) 
 

ρ =
RA

l
 (5) 

 

σ =
1

ρ
 (6) 

Table 1. Tabulated electrical properties parameters 
obtained for the synthesized TiO₂NPs film with average 
sheet resistance (RS), resistivity (ρ) and Conductivity (σ) 
obtained for the synthesized TiO₂NPs film. 

Sheet resistance 

(RS) Ω 

Resistivity 

(ρ) (Ωm⁻¹) 

Conductivity 

(σ) (Sm⁻¹) 

67.22 * 10⁶ 1.71 * 10⁶ 0.585 * 10⁻⁶ 

 

 
Fig. 8. I-V characteristics for TiO₂NPs thin film 
deposited on glass substrate. 

 
 
4. CONCLUSION 
 
A research study was conducted to investigate 
the use of Ixora coccinea flower extract for the 
biosynthesis of titanium dioxide nanoparticles. 
The green synthesis method using extracts offers 
a more eco-friendly, cost-effective, and feasible 
alternative to traditional synthesis methods, 
bridging the gap between nanotechnology and 
sustainability. The TiO₂ nanoparticle samples 
were thoroughly characterized to evaluate their 
properties for use as an electron transport layer. 
The results indicated that TiO₂NPs absorbed the 
highest amount of photon energy at 200 nm to 
300 nm in the solar spectrum. The formation of 
TiO₂NPs was confirmed through FTIR testing, 
while the XRD spectra displayed a tetragonal 
crystal system with the dominant peak at (101) 
corresponding to 37⁰. The quality of the TiO₂NPs 
was high, with sharp waveforms indicating high 
crystallinity. Electrical properties obtained 
included sheet resistance, resistivity, and 
conductivity, with values of 67.22 * 10⁶ Ω, 1.71 * 
10⁶ Ωm⁻¹, and 0.585 * 10⁻⁶ Sm⁻¹, respectively. 
These values demonstrated better photovoltaic 
characteristics than bulk titanium dioxide in its 
pure state. The synthesized TiO₂ nanoparticles 
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have promising potential for use as an electron 
transport layer in solar cells. However, further 
research is recommended to test their 
performance in actual polymer solar cells, with a 
focus on solar cell parameters such as fill factors, 
power conversion efficiencies, and long-term 
performance, using synthesized TiO₂ 
nanoparticles on glass substrates. 
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