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Abstract 

Flower-like ZnO nanorods were successfully synthesised using a template-free, low-

temperature chemical bath deposition method. The effects of growth time on the structural, 

morphological, and vibrational properties of flower-like zinc oxide were investigated. X-ray 

diffraction (XRD) and scanning electron microscopy (SEM) indicated that the crystallite size 

and density of flower-like ZnO nanorods increased with increasing growth time. Raman 

spectroscopy confirmed the existence of specific Raman modes that correspond to the wurtzite 

structure of ZnO. In addition, Raman measurements revealed that increased growth time 

increases the Raman modes intensity of the flower-like ZnO nanorods. Moreover, the 

measurements of the Au/ZnO nanorods/FTO Schottky diode showed that all devices 

functioned as Schottky diodes and rectifying; however, their ideality factor was greater than 1. 

In addition to the ideality factor, the Schottky barrier height was calculated and slightly 

increased with growth time. The values of Schottky barrier height obtained were 0.502 eV, 

0.523 eV, 0.516 eV and 0.529 eV for samples grown at 1, 2, 3 and 4 h, respectively.  

Keywords: ZnO nanorods, Surface morphology, Schottky diode, rectification ratio 

 

Introduction 

Zinc oxide (ZnO) nanorods have been 

extensively studied because of their 

characteristics as an n-type semiconductor 

that has a broad and direct band gap of 3.37 

eV, and they possess a considerable excitonic 

binding energy of 60 meV at room 

temperature (Azimirad et al. 2014, Shabannia 

and Abu Hassan 2014, Das et al. 2022). They 

are gaining popularity due to their significant 

effective surface area and high surface-to-

volume ratio and are proving useful in 

various fields, such as ultraviolet (UV) lasers, 

light emitting diode (LED) lights, surface 

acoustic wave devices, piezoelectric sensors, 

nanogenerators, and solar cells (Kim et al. 

2014, Mohamed et al. 2016, Mohammad et 

al. 2020, Mwankemwa et al. 2022, Yao et al. 

2022). 

There are several methods for 

synthesising ZnO nanorods, such as chemical 

bath deposition (CBD) (Malevu et al. 2019, 

Ungula et al. 2022), electrochemical 

deposition (Hames et al. 2010, Solís et al. 

2020), vapour phase technique (Vallejos et al. 

2016, Kong et al. 2018, Kennedy et al. 2019), 

aerosol-assisted chemical vapour deposition 

(AACVD) (Abd et al. 2014, Jiamprasertboon 

et al. 2019), and Atomic Layer Deposition 

(ALD) (Nandanapalli and Mudusu, 2018, 

Karajz et al. 2022). CBD is a user-friendly 

method for the synthesis of flower-like ZnO 

nanorods when compared to other methods. It 

is a low-temperature method that is cheap and 

capable of large-scale production. It also 

offers versatility in terms of substrates, 

accommodating both conducting and non-

conducting substrates. This is a key 

advantage because other methods are 
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frequently restricted to specific substrate 

types. Furthermore, CBD does not require 

any metal catalyst, which might be 

expensive, as well as no potential severe 

health and environmental dangers (Xu and 

Wang, 2011, Farhat et al., 2015, Rana et al. 

2015, Yuan, 2015). This technique can 

accurately manipulate the nanorods' size, 

shape, and density, thus creating customised 

properties that suit particular purposes. 

Strano et al. (2019) utilised CBD to 

synthesise ZnO microflowers. The addition 

of ammonium fluoride to the bath was the 

crucial component that led to the formation of 

the microflowers, which consisted of 

extremely thin sheets arranged in a spherical 

pattern. Babayevska et al. (2022) have 

prepared hierarchical flower-like structures 

and tetrapods of ZnO using the solvothermal 

reaction and oxidative metal vapour transport 

method, respectively. The SEM image has 

confirmed the formation of the hierarchical 

flower-like (peony) structure, where all 

individual particles have a spherical shape. 

Their study has also reported on the 

tetrapods, which were well-faceted with four 

uniform hexagonal-shaped legs connected to 

a central nucleus. According to a study by 

Shabannia (2015), the ZnO nanorods 

prepared using laboratory oven-assisted CBD 

on porous silicon substrates were examined 

to determine the effect of growth time on 

their properties. The results indicated that as 

the growth time increased, the diameter and 

length of the ZnO nanorods increased. Zhitao 

et al. (2013) investigated the effect of 

ammonia on the growth time of ZnO 

nanorods prepared using an improved 

hydrothermal technique in a closed bottle put 

in an oven. According to their report, when 

the conditions were optimised, the length of 

ZnO nanowires increased rapidly and 

primarily linearly as the growth time 

progressed. When deposited on a patterned 

glass substrate, they further obtained flower-

like nanorod arrays emanating from a single 

point. Unlike previous studies that resulted in 

nanorods growing vertically perpendicular to 

the substrate and using patterned substrates, 

this study produced flower-like ZnO nanorod 

bundles originating from a single point and 

deposited on unpatterned substrates. It 

adopted a template-free low-temperature 

chemical bath method to evaluate the impacts 

of growth time on the ZnO nanorods. Other 

synthesis parameters such as pH, solution 

concentration and temperature were 

maintained constant. This study, therefore, 

presents significant results regarding the 

structural, morphological, and vibrational 

characteristics of flower-like ZnO nanorods. 

In addition, current-voltage (I–V) 

measurements were used to study the 

electrical properties of the gold (Au)/ZnO 

nanorods/FTO Schottky diodes structure. By 

doing many tests on different Schottky 

contact points, it was discovered that 

increasing the growth time enhanced the 

Schottky diodes' rectification behaviour. The 

samples grown for 4 h showed three orders of 

magnitude greater rectification ratios than 

those grown for 1 h, indicating increased 

device performance. It should be noted that 

the experiments were conducted in an empty 

beaker placed in a water bath without using a 

laboratory oven, autoclave, or microwave 

oven.  

Figure 1 shows a schematic diagram of the 

setup used for the experiments with the 

schematic of obtained ZnO nanorods.  

 

Materials and Methods  

Sample preparation 

This study dissolved 2.5000 g of zinc 

acetate dehydrate from Sigma-Aldrich in 40 

ml of ethanol and stirred at 500 rpm for 40 

minutes at 50 °C. Afterwards, 1.2 grams of 

monoethanolamine (MEA) from Sigma-

Aldrich were added to the reaction mixture 

and stirred at the same rate and temperature 

for 2 h. A homogenous and transparent seed 

solution was obtained and then aged for 24 h. 

Before the growth of the ZnO thin films seed 

layer, Fluorine-doped Tin Oxide (FTO), 

Merck with surface resistivity of 2 Ω/cm 

glass substrates (2 cm × 1 cm × 2.2 mm) were 

systematically cleaned using a warm soap 

solution and rinsed with distilled water. After 

that, substrates were sonicated in acetone, 

ethanol and distilled water for 3 minutes 

each. Before seed layer deposition, the FTO 

substrates were wrapped at the edge with a 
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non-sticking tape to reserve the same for 

contact. ZnO seed layer were therefore spin-

coated on the cleaned glass substrates at a 

spinning rate of 2000 rpm for 1 minute and 

then dried on a hot plate at 100 °C for 5 

minutes. The process was repeated three 

times, and eventually, the obtained ZnO thin 

film was utilised as the seed layer for the 

growth of ZnO nanorods. The growth of ZnO 

nanorods on the seeded FTO glass substrates 

was performed using the CBD technique 

(Figure 1). The recipe for producing ZnO 

nanorods involves dissolving equimolar 

amounts (0.025 M) of zinc nitrate 

hexahydrate and hexamethylenetetramine 

from Sigma-Aldrich in distilled water. The 

seeded FTO glass substrates were placed in a 

500 ml beaker filled with a 7.9 pH growth 

solution, with the seed layer facing sideways. 

Low-cost nylon non-releasable cable ties, 30 

cm in length, were used to hold the 

substrates. The unseeded sides were covered 

using non-sticking tape to avoid depositing 

on either side of the substrates. The beaker 

with growth solution was placed inside a 

1000 ml beaker with preheated water 

maintained at a constant temperature of 65 

°C. The mixture was stirred continuously at a 

rate of 300 rpm. The level of the water and 

growth solution maintained constant 

throughout the experiment. The experiments 

were done for 1, 2, 3 and 4 h to investigate 

the effect of growth time on the synthesised 

flower-like ZnO nanorods. At the end of the 

experiment, the samples were removed from 

the growth solution, thoroughly rinsed with 

distilled water to remove any residual salts, 

and dried in air for 15 minutes. The resistive 

evaporation was then employed to deposit 

gold (Au) metal of approximately 0.8 mm in 

diameter at a pressure of 4 × 10−4 mbar. This 

was done using a circular shadow mask to 

create FTO/ZnO nanorods/Au Schottky 

diodes. In this arrangement, Au served as the 

Schottky contact, while the ohmic contact 

was achieved using FTO (previously 

covered).  

 

Sample characterisation 

X-ray diffraction XRD evaluated the 

crystallographic properties of the flower-like 

ZnO nanorods using PANalytical X’Pert Pro 

powder X-ray diffraction with Cu-Kα 

radiation operated at a voltage of 45 kV and a 

current of 40 mA. The surface morphology of 

the prepared flower-like ZnO nanorods was 

studied using Field emission scanning 

electron microscopy (FE-SEM). Raman 

studies were conducted using 5 Horiba Jobin 

Yvon micro Raman with excitation 

wavelength λ = 514.5 nm in the range 50 cm-1 

to –1000 cm-1 to investigate the vibrational 

properties of the synthesised flower-like ZnO 

nanorods. Current-voltage (I–V) properties of 

the Schottky diode were measured in the dark 

and at RT using Keithley 4200 

semiconductor parameter analyser. 
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Figure 1: Schematic illustration of the setup for CBD employed in this study and ZnO 

nanorods. 

 

Results and Discussion 

Structural characterisation 

The XRD patterns in Figure 2 show highly 

oriented peaks of ZnO nanorods grown on 

seeded soda lime glass substrates at different 

growth times. Regardless of the growth time, 

the significant peaks in the 2θ range of 20o to 

75o for the samples are indexed to the 

hexagonal wurtzite structure of ZnO (space 

group P63mc), which agrees with JCPDS card 

number 36-1451. The patterns indicate 

preferred orientation along the (002) direction 

as the intensities of the (002) planes differed 

significantly from those of the (100) and 

(101) planes, suggesting that the deposited 

flower-like ZnO nanorods are highly c-axis 

oriented (Pereira et al. 2013, Gaddam et al. 

2015, Rana et al. 2015). Additional peaks 

along the (102), (110), (103), (112) and (004) 

directions were also observed. All these 

peaks belongs to the wurtzite structure of 

ZnO and thus proved that the obtained 

flower-like ZnO nanorods are free from other 

phases. The present study demonstrates that 

peak intensities increase as the growth time 

increases, indicating a higher degree of 

crystallinity in the flower-like ZnO nanorods 

with longer growth times. These results 

compare well with those reported by Liu and 

co-workers (Liu et al. 2011). 

 

 

Substrate with a 

seed layer

Growth 

Solution

ZnO nanorods
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Figure 2: XRD patterns of ZnO nanorods prepared at different time intervals. 

 

The flower-like ZnO nanorods exhibited 

good crystal quality as seen from the clear 

and sharp diffraction peaks. The crystallite 

size (D) was determined using Scherer’s 

equation: 





cos

9.0
=D    (1) 

where, λ is the wavelength of X-ray 

radiation of the incident Cu Kα radiation 

(1.540 Å), θ is the Braggs angle, and β is the 

Full Width at Half Maximum (FWHM) of the 

dominant peak. The most prominent 

diffraction peak along the (002) direction was 

observed in all samples. Based on this plane, 

the crystallite size was calculated and the 

findings are presented in Table 1. The results 

show that crystallite size increased with 

increasing growth time. The lattice constants 

a and c were calculated using Bragg’s law: 





sin3

1
=a   (2) 





sin
=c    (3) 

In the present study, however, the flower-

like ZnO nanorods lattice constants (shown in 

Table 1) are lower than the standard values 

(compared from a and c of ZnO bulk which 

are 3.2498 Å and 5.2066 Å, respectively). 

This could be because the samples were dried 

at lower temperatures without undergoing 

post-annealing treatment at higher 

temperatures. 

 

Table 1: The effect of growth time on crystallite sizes and lattice parameters of the 

synthesised nanorods. 

Growth 

time (h) 

Lattice parameters Average 

Crystallite size, 

D (nm) 

Strain (ε) × 10-3 

a (Å) c (Å) c/a  

1 3.2258 5.1692 1.6025 58.83 19.81 

2 3.2310 5.1889 1.6059 59.35 20.02 

3 3.2298 5.1893 1.6066 59.45 20.09 

4 3.2381 5.1978 1.6052 60.64 20.16 
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Williamson and Hall (Rana et al. 2015) 

equation 4 was plotted in Figure 3 and used 

to estimate the strain induced in the flower-

like ZnO nanorods as the effects of growth 

time. 





 tan4

cos

9.0
+=

D
hkl  (4) 

where symbol ε represents induced strain, 

while the other symbols have their usual 

meanings as defined previously. A longer 

growth time has resulted in a higher strain, 

indicating that the flower-like ZnO nanorods 

experience compressive strain, as reported by 

Mosalagae et al. (2020). 

 

 

 
Figure 3: Williamson-Hall plot of ZnO nanorods prepared at different time intervals. 

 

Surface morphology 

The surface morphologies of the prepared 

flower-like ZnO nanorods at different growth 

durations are shown in Figure 4. Upon 

examining Figure 3, it is evident that the 

morphology of the nanorods undergoes 

various changes with increased growth time. 

As the growth time increases, the density of 

flower-like ZnO nanorods also increases. 

SEM micrographs of the sample synthesised 

for 4 h demonstrate more flower-like 

nanorods than the one prepared at 1 h. Thus, 

with longer growth times, more ZnO material 

is deposited on the substrate, increasing ZnO 

nanorods as well as the quality and alignment 

of ZnO nanorods. Shorter growth times 

typically result in shorter and sparser 

nanorods, while longer growth times lead to 

longer and denser nanorods. Nanorods with a 

preferential growth direction on a particular 

facet of interest can be obtained by 

considering proper growth parameters such as 

pH, growth time, temperature and seed layer 

thickness. According to a study conducted by 

Baruah and Dutta (2009), growth rates in 

both the lateral and longitudinal directions 

are greater in basic solutions than in acidic 

solutions. Their research indicated that acidic 

solutions had a slow growth rate, whereas 

basic solutions have a faster growth rate. In 
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addition to that, a study by Liu and Gao 

(2015) demonstrated that, pH changes the 

distribution and density of nanorods, crystal 

sizes, and alignment. In this study, therefore, 

increased nanorods density on the substrate 

could be associated to the fact that the 

solution changed from acidic for the 1 h 

grown nanorods to basic for those grown for 

more than 1 h. By extending the growth time, 

the nanorods have more time to grow in 

length and fill up the available nucleation 

sites on the substrate. Furthermore, the 

arrangement of the nanorods can also be 

attributed to the diffusion-limited growth 

mechanism, where the available precursor 

concentration becomes the limiting factor for 

growth as the reaction progresses (Shabannia 

2016).  

Moreover, it is observed that shorter 

growth times lead to less aligned ZnO 

nanorods. However, as the growth time 

increases, the nanorods tend to align more 

uniformly and exhibit better orientation along 

a specific direction (Shabannia 2016). The 

diameter of ZnO nanorods can also be 

affected by growth time. It has been observed 

that initially, as the growth time increases, the 

diameter of the nanorods decreases. The 

decrease in the diameter is attributed to the 

competition between the lateral growth and 

vertical growth of the nanorods, as previously 

reported by Khayatian et al. (2017). 

 

 

 
Figure 4: FESEM images of flower-like ZnO nanorods as a function of growth time: (a) 1 h, 

(b) 2 h, (c) 3 h and (d) 4 h 
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Raman studies 

Raman studies were carried out to 

investigate the impact of growth time on the 

vibration modes of flower-like ZnO 

nanorods. In the Wurtzite structure of ZnO, 

there are phonon modes from 2E1, 2E2, 2A1, 

and 2B1. The modes with B1 symmetry are 

silent, meaning they are Raman inactive. 

Polar A1 and E1 phonon modes are further 

subdivided into two optical modes: transverse 

optical (TO) and longitudinal optical (LO), 

whereas non-polar E2 is further subdivided 

into E2 (high) and E2 (low) (Das et al. 2015, 

Jaramillo et al. 2017, Strelchuk et al. 2017). 

The room-temperature Raman spectra of 

flower-like ZnO nanorods are shown in 

Figure 5. The Raman modes that were 

detected are as follows: E2 (low) at 99.22 cm-

1, a weak 2E2 mode at 201.92 cm-1, E2 (high) 

– E2 (low) at approximately 332.14 cm-1, A1 

(TO) at 379.99 cm-1, E2 (high) at 437.09 cm-1, 

and E1 (LO) at 581.92 cm-1. Upon 

observation, it is evident that the Raman 

spectra of the samples display a heightened 

intensity and sharpness of the E2 (low) and E2 

(high) optical phonon peaks at 99.22 cm-1 and 

437.09 cm-1, which correlate to the vibrations 

of zinc sub-lattice and oxygen atoms, 

respectively. It should be noted that the E2 

modes determine the wurtzite structure of 

ZnO, and their intensity determines the 

crystallinity of the ZnO. In the present study, 

the E2 modes have the highest intensity and 

increase with growth time, indicating an 

improved crystalline nature, as indicated by 

XRD. 

 

 

 
Figure 5: Room temperature Raman spectra of flower-like ZnO nanorods as a function of 

growth time. 

 

In the present study, when growth time 

increases, the Raman peaks become more 

pronounced, indicating an enhancement in 

crystallinity, as reported by Mosalagae et al. 

(2020). However, Raman modes slightly shift 

to lower frequency as the growth time 

increases. Nevertheless, the wurtzite crystal 

structure of the ZnO lattice remained 
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unaltered. Additionally, a polar peak at E1 

(LO) at 581.92  intensity increased as growth 

time increased, as shown in Figure 5. The 

fitting of the E2 (high) provided the full width 

at half maximum of the four samples. The 

full width at half maximum (FWHM) values 

were slightly different for the samples grown 

at 1 h, 2 h, 3 h, and 4 h, being 8.4172 cm-1, 

8.6172 cm-1, 8.3618 cm-1, and 8.2889 cm-1, 

respectively. This variation could be 

associated with the density of the nanorods. It 

is known that Raman peaks position and 

profile depend on several factors such as 

crystallisation, structural disorder, crystal 

defects, residual stress, and density of ZnO 

nanorods. Therefore, the observed slight 

change in FWHM could be attributed to the 

density of the nanorods. Raman spectroscopy 

confirmed the existence of specific Raman 

modes that correspond to particular 

wavenumbers, verifying the presence of the 

hexagonal ZnO phase.  

 
 
Electrical characterisation 

The room temperature I–V characteristics 

under dark conditions of the flower-like ZnO 

nanorods Schottky diode having a  structure 

FTO/ZnO nanorods/Au are displayed in a 

semi-log scale in Figure 6. As the forward 

and reverse current curves are anti-

symmetric, all the devices are rectifying and 

thus function as Schottky diodes, as reported 

by Faraz et al. (2012). The graphs show an 

improved rectification behaviour, which is 

directly related to longer growth times. The 

Schottky diodes rectifying behaviour 

improved, as evidenced by the roughly two 

orders of magnitude difference between the 

forward and reverse current measured at ±1 V 

applied voltage in the case of Schottky diodes 

fabricated on the 3 h and 4 h flower-like ZnO 

nanorods. The results demonstrated that 

growth time affects rectifying properties due 

to the increased ZnO nanorod density, 

opening up paths for electrons to reach the 

substrate (Gonzalez-Valls and Lira-Cantu 

2009). 

 

 

 
Figure 6: Semi logarithmic I–V characteristics of FTO /ZnO/Au Schottky diode measured in 

the dark. 
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The flower-like ZnO nanorods beneath 

the Au metal could be considered a series of 

individual Schottky diodes connected in 

parallel. Schottky barrier height B0, ideality 

factor ո, and reverse saturation current I0 

(shown in Table 2) were estimated from I–V 

measurements using Sze's standard 

Thermionic emission theory of the Schottky 

diode (Sze, 1979). The ideality factor defines 

how well a diode conforms to pure 

thermionic emission. Any value larger than 

one implies non-ideal diode performance, 

demonstrating that thermionic emission is not 

the major transport mechanism. In the present 

study, all samples have an ideality factor 

greater than 1. The poor performance of the 

fabricated Schottky diodes can be attributed 

to several factors, such as unevenness on 

their top surface, high resistance in series, 

uneven distribution of charges at the 

interface, voltage drop across the M/S 

junction and the presence of defects and 

leakage currents caused by high levels of 

recombination (Breitenstein et al. 2009, 

Kathalingam et al. 2012, Narayanan, Ganesh, 

and Karthigeyan 2016, Singh et al. 2017). 

Furthermore, samples were used as-

deposited; thus, oxygen vacancies may be 

present on the as-deposited ZnO surface, 

acting as donor-like centres, resulting in a 

significant leakage current tunnelling from 

Au into the as-deposited ZnO structure, as 

reported by Hwang and Hong (2021). The 

reverse saturation current I0 in the present 

study is in the order of 10-6, indicating that 

even when the diode is switched off, a small 

current continues to flow through the diode. 

Again, the larger the reverse current, the 

more problems can arise in some applications 

where small amounts of current must be 

monitored.  

 

Table 2: Electrical parameters of FTO/ZnO nanorods/Au Schottky diode at different growth 

times. 

Growth time 

(h) 

Saturation current 

(I0, A) × 10-6 

Ideality facto 

(ո) 

Barrier height 

(B0, eV) 

1 4.35 

4.29 

4.17 

4.32 

4.2 0.502 

2 4.2 0.523 

3 4.1 0.516 

4 4.1 0.529 

 

Conclusion  

Template-free flower-like ZnO nanorods 

were successfully synthesised using a simple 

CBD technique. The effect of growth time on 

the structural, morphology and vibrational 

properties was investigated. XRD analysis 

confirms the synthesised flower-like ZnO 

nanorods are in the (002) plane, and 

crystallite size increased with increasing 

growth time. SEM results indicated that the 

density and alignment of flower-like ZnO 

nanorods highly depend on the growth time. 

Raman measurement revealed that growth 

time affects the vibration properties of the 

synthesised flower-like ZnO nanorods. As the 

growth time increases, the non-polar E2 peaks 

become more intense, showing an 

improvement in crystallinity. Additionally, 

the peaks shift slightly towards lower 

frequencies, suggesting the occurrence of 

tensile strain. The results demonstrated that a 

simple and cost-effective CBD technique is 

favourable for synthesising template-free 

flower-like ZnO nanorods. In this particular 

study, the growth time was altered while 

maintaining consistency with precursor 

concentration, temperature and pH. The I–V 

characteristics of the diodes display rectifying 

properties as demonstrated by the non-

symmetric forward and reverse current 

curves. The electrical characterisation of the 

FTO/ZnO nanorods/Au Schottky diode 

showed that all the devices were rectifying 

and functioned as Schottky diodes with an 

ideality factor greater than 1. The diode 

rectification behaviour gradually improved 

with increased growth time. In conclusion, 

growth time considerably influenced the 

quality of ZnO nanorods, and the results are 

comparable with previous results using other 

methods. 
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