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1. Introduction

The pressure on fossil fuel resources has intensified due to the world's unsustainable energy use, which has led to an increase in the
effects of both climate change and global warming due to the release of greenhouse gases. Natural gas, oil, and coal have been shown
to harm both the environment and human health (GHGs). Therefore, there is increasing global interest in alternative forms of energy.
In comparison to traditional fossil fuels, sunlight is a particularly promising clean and widely available source [1,2]. Synthesis of
metal oxide such as ZnO as a precursor with plant extract as a reducing agent to form nanoparticles for photovoltaic and electronics
applications called for more research due to the issue of recombination associated with the solar cell that reduces their efficiency
[3–16]. The recombination of electron-hole pair reduces power conversion efficiencies of photovoltaic devices hence a solution is
needed to mitigate this flaw [17,18]. Published studies on the incorporation of semiconducting oxide such as Zinc oxide [18,19], zir-
conium [20], tellurium [21], selenium [22] TiO₂ and Cdse in solar cells as electron acceptors have been reported [23,24]. Synthesis of
nanoparticles can be categorized into three forms biosynthesis, chemical and physical methods. The characteristic parameters of
nanomaterial including, shape, size, dissolution, agglomeration state, chemical composition, specific surface area, crystal structure,
surface morphology, surface energy, surface coating, and surface charge, impact biological interactions, fate, and the desired or ad-
verse outcomes of nanomaterial [25]. However, the physical and chemical route of synthesis present some disadvantages such as
high-energy requirements and hazards from chemicals used which result in environmental pollution and degradation [26,27]. The
biosynthesis method was chosen because of its relative advantage over other techniques due to its low cost, low energy requirement,
low pressure less hazardous and environment friendly [28] biocompatibility, sustainability, non-toxic reagents, enhanced stability,
ease of process, and elimination of unnecessary processing during synthesis, whereas the physicochemical methods are quite expen-
sive and may produce toxic by-products [21]. Report on the synthesis of ZnO.NP using Cordyline fruticosa extract for photovoltaic
and electronic applications is rare in literature and the use of plant extracts affords the advantage of phytochemical acting as a reduc-
ing agent [29–31]. This study examines and evaluates extract from Cordyline fruticosa to produce zinc oxide nanoparticles via the
green synthesis route for possible application as a window layer in optoelectronic applications.
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2. Materials and methods

2.1. Materials

The materials used were zinc nitrate procured from Sigma-Aldrich. Other reagents such as ethanol (99.8 %), Isopropanol alcohol
(IPA) and de-ionized water were purchased locally Cordyline fruticosa leaves were harvested in the environment.

2.2. Methods

2.2.1. Extraction procedure of Cordyline fruticosa leaf
30 g of fresh Cordyline fruticosa leaves were plucked from the main plant and washed with de-ionized water to remove impurities.

The fresh leaves were air-dried at a temperature of 25 ± 2 °C for 20 days. The dried leaves were crushed and ground to powder parti-
cles thereafter 45.0 g of the powdered samples were added to 450 mL of boiled de-ionized water and stirred for 3 h at 40 °C. The
mixed solution was left to cool under an ambient atmosphere. After this the solution was filtered and the process was repeated sever-
ally to get rid of organic residue.

2.2.2. Synthesis procedure
15.0 g of zinc nitrate considered a zinc precursor was dissolved in 150 mL solution extract of Cordyline fruticosa and homoge-

neously mixed by magnetic stirrer for 6 h without heat; there was a color change in the solution which was observed to be golden
green. The product was sealed to reduce the photo-induced effect and left to precipitate at room temperature for 24 h. The slurry pre-
cipitate obtained was washed with de-ionized water and dried at 20 °C. The dried product powder was washed several times with de-
ionized water and then annealed at 500 °C for 1h in a carbolite tubular furnace (Srw 21–501042 Type-CT17) and allowed to cool to
room temperature to obtain powder ZnO.NP. To deposit ZnO.NP film over a clean glass substrate, ZnO.NP powder was dissolved in
ethanol and deposited by spin-coating technique on a glass substrate surface at 3000 rpm for 30 s. The thickness of the film depends
on the number of drops. 5 films were fabricated at various thicknesses which are, T₁ = 883.43 nm, T₂ = 2450.50 nm,
T₃ = 3715.25 nm, T₄ = 4175.95 nm, and T₅ = 4625.35 nm. ZnO.NP thin films were baked for 10 min at 200 °C in the oven to dry
up and the films were characterized.

2.3. Characterization of synthesized ZnO.NP

Characterization of deposited samples of synthesized ZnO.NP were carried out by UV–Vis spectrophotometer (ASUV-6300PC), X-
ray diffraction (Rigaku Machine), FTIR (M530 FT-IR), Transmission Electron spectroscopy (JEM-ARM200F-G), Scanning Electron
spectroscopy (JOEL-JSM 7600F), Electron Dispersive X-ray (EDX) and current-voltage (I–V) characteristic of synthesized ZnO.NP
have been examined using Four Point Probe (4 PP) for current-voltage measurement.

3. Results and discussion

3.1. UV–visible spectroscopic analysis of synthesized NPs

The optical properties of the samples deposited were investigated with UV–Vis as shown in Fig. 1a is the value of optical transmit-
tance at various thicknesses. T₄ has the lowest optical transmittance which translates to the highest optical absorbance in Fig. 1b. Fig.
1a and b shows ZnO.NP optical transmittance and absorbance as a function of different thicknesses namely, T₁ = 883.43 nm,
T₂ = 2450.50 nm, T₃ = 3715.25 nm, T₄ = 4175.95 nm, and T₅ = 4625.35 nm. Observation of Fig. 1b shows T₄ = 4175.95 nm has
maximum absorbance, which occurs at 1.40 over 346.4 nm.

3.1.1. Calculation of energy band gap
The plot of optical band-gap energy was done utilizing Tauc plot equation (1) [32].

(1)

Where α is the optical absorption coefficient, h is Planck's constant, ν is the photon frequency, A is the equation constant related to
the properties of the conduction and valence bands, n is the exponent factor and Eg is the energy between the bands. Regarding equa-
tion (1) n = ½ for allowed direct transitions and n = 2 for allowed indirect transition of unpaired electrons. (αhν)2 plot against pho-
ton energy (hν) is as shown in Fig. 2 calculated using Eq. (2)

(2)

Where t is the film thickness and A is the absorbance.
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Fig. 1. (a) Optical percentage transmittance of ZnO.NP at different thicknesses. (b) Absorbance spectral of ZnO.NP at different thicknesses.

Fig. 2. Tauc's plot of energy band gap.

3.2. FTIR spectroscopy analysis

Shown in Fig. 3 is the characteristic absorption band peak at 3448.05 cm⁻1 is attributed to both asymmetric and symmetric stretch-
ing modes of the hydroxyl compound (Zn–OH). The spectroscopic absorption band peaks at 2900.16 cm⁻1, 2627.74 cm⁻1, and
2524.20 cm⁻1 can be assigned to O–H stretching and bending vibrations of adsorbed water. O–H bonds revealed proteins or phenolic
compounds in the bio-reduction of Zn ions to ZnO.NP Cordyline fruticosa extract acts as reducing agent to produce ZnO.NP. The peak
observed at 1819.99 cm⁻1 is due to C C, C O, C N stretching vibrations. Peaks around 1437.18 cm⁻1, 880.55 cm⁻1, and
728.83 cm⁻1 can be attributed to Zn–O, Zn–OH and Zn–O–Zn stretching modes. The notable peaks observed at low wavenumber con-
firmed Zn–O bond in the synthesized NPs and Zn–O functional group are found at low wavenumber and the single bond region as tab-
ulated in Table 1.

3.3. X-ray diffraction analysis

ZnO.NP crystal structure was studied with X-ray diffraction spectroscopy (XRD Rigaku). Fig. 4 shows the XRD analysis pattern of
ZnO.NP proves the hexagonal wurtzite crystalline structure in nature. The pattern shows peaks at 2θ = 32⁰, 34⁰, 36⁰, 47⁰, 56⁰, 63⁰
and 68⁰ having the sets of corresponding lattice plane. The crystal analysis result obtained showed good agreement with no 01–1136.
The synthesized nanoparticle powder is void of peaks of unwanted impurities which suggest good quality ZnO NPs. A careful observa-
tion of Fig. 4 shows high crystallinity because the diffraction peaks are narrow and strong. Debby-Scherer formula Eq. (3) [33] was

3
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Fig. 3. FTIR spectrum of synthesized ZnO.NP.

Table 1
Absorption band and chemical bonds of ZnO.NP
Wave number (cm⁻1) data obtained Functional group

1437.18 cm⁻1, 880.55 cm⁻1, and 728.83 cm⁻1 Zn–O single bond stretch, N–O stretch, Zn–OH.
1819.99 cm⁻1 O–H bend, C C, C O, C N double bonds, absorption caused by double bonds
3448.05 cm⁻1, 2900.16 cm⁻1, 2627.74 cm⁻1, and

2524.20 cm⁻1
O–H stretch, H-bonding, C–H stretch. Absorption caused by single bonds, characteristic for hydroxyl
group (O–H).

Table 2
Zinc nanoparticles' electrical characteristics.
Sheet resistance (Ω) Resistivity (Ωm⁻1) Conductivity (Sm⁻1)

4349.03 110.47 9.1

Fig. 4. XRD spectra of ZnO.NP.

used to calculate the estimated size of the NP which was determined to be 25 nm from the peak that corresponds to 36⁰ at plane
(101).

(3)
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Where d is the average crystalline size, K is the Scherer constant; λ is radiation wavelength, where ꞵ and θ are peak and angle of
diffraction (see ). The crystallite size estimated concurs with the result reported by Safawo et al., [34].

3.4. SEM and TEM analyses

3.4.1. SEM analysis
Detailed information about ZnO.NP surface structure in Fig. 5 was provided by the SEM model (JOEL-JSM 7600F). The micro-

graphs demonstrated by the NPs have crystalline form and hexagonal configuration [35].

3.4.2. Transmission electron microscopy analysis
Transmission electron microscopy analysis of synthesized ZnO.NP is shown in Fig. 6. The nanoparticle size was estimated in the

range of 25–52 nm. This result was in agreement with the findings published by Sharmila et al., [36]. Both SEM and TEM analyses
confirmed the formation of nanoparticles in the nanometer range.

3.5. EDX analysis

The electron dispersive X-ray (EDX) elemental composition per weight (%) of synthesized nanoparticles is shown in Fig. 7 Energy
dispersive X-ray analysis confirmed the ZnO.NP formation with zinc weight of 64.2 % and Oxygen 12.0 % and the formation of
nanoparticles was confirmed by EDX analysis in agreement with FTIR and XRD analysis.

Fig. 5. SEM Images (a) Pure zinc oxide morphology and figures (b–d) Zinc oxide nanoparticles morphology at different magnifications.

5
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Fig. 6. (a, b): TEM Images of synthesized ZnO.NP at different magnifications.

Fig. 7. EDX spectra of synthesized ZnO.NP.

3.6. Electrical properties determination

Zinc oxide nanoparticles' electrical behavior has been studied, assessed, and plotted in Fig. 8 using a four-point probes (4 PP) sys-
tem equipped with Keithley2400 sources measuring unit. The current-voltage measurement was taken under ambient tempera-
ture.Sheet resistance was calculated with Eq. (4).

(4)

Where RS = Sheet Resistance, V= Voltage, I = current.
Resistivity of ZnO.NP was computed with Eq. (5)

(5)

Where ρ = Resistivity, R= Resistance, A = Area, L = length. Conductivity (σ) was computed using Eq. (6)

(6)

4. Conclusions

The synthesis, characterization, and optoelectronic characteristics of ZnO.NP have been established, serving as an electron trans-
port layer precursor. XRD analysis showed ZnO.NP hexagonal wurtzite structure with a high crystallinity. Scanning electron spec-
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Fig. 8. Current-Voltage characteristics graph of ZnO.NP.

troscopy analysis revealed the hexagonal structure of ZnO.NP and crystalline properties. The electrical conductivity calculated
showed improvement in the properties of ZnO.NP due to synthesis with Cordyline fruticosa extract. This result implies the properties
of pure ZnO can be tuned or controlled by plant extract to reduce the electron recombination rate by injection of photoexcited elec-
trons into the conduction band. Nanoparticles increase electron mobility which reduces the electron recombination rate by injection
of photoexcited electron into the conduction band. Synthesized ZnO NPs will enhance solar cell performance because of the injection
of excited electrons into the conduction band due to a reduction in electron recombination. These findings demonstrate the potential
of one synthetic zinc oxide nanoparticle as an electron transport layer for solar cells and organic electronics applications. Production
of nanoparticles with plant extract at low cost is visible and possible. Further work on the application of this research work on active
polymer solar cells should be a subject of future research to ascertain its viability and efficiency.
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