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Abstract: In this study, zinc oxide nanorods (ZnO NRs) were prepared through chemical bath deposition using glass 

and fluorine-doped tin oxide (FTO) substrates, and their crystalline structure was investigated through X-ray 

diffraction. Results showed that the prepared ZnO NRs had wurtzite structure and grew along the [002] orientation, 

and ZnO NRs grown on the FTO substrate was more crystalline than those grown on the glass substrate. Field-

emission scanning electron microscopy images showed that the glass sample had rod-like morphology and uniform 

distribution with 95 nm diameter and average length of approximately 980 nm, whereas the FTO-coated glass had 

110 nm diameter and average length of approximately 1000 nm. The direct transition optica1 band gaps of the glass 

and FTO-coated glass samples were 3.28 and 3.97 eV, respectively. 
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1. Introduction 

1D nanostructured semiconductors, such as 
nanowires,,, nanorods (NRs), 
nanoribbons,,,,,,,nanotubes,00and00nanosheets, are 
widely investigated because of their distinct 
physica1 and chemica1 properties [1]. These 
nanostructures are widely used in numerous 
technological app1ications [2,3]. Zinc00oxide (ZnO) 
is a suitable nanomateria1 in nanotechnology [4]. 
ZnO is0an important00semiconductor materia1, and 
has unique00properties, such as wide band gap of 
3.3700eV at 300 K, high00excitation energy of 6000meV 
,at room00 temperature [5–8], environment friendly, 
chemica1ly stab1e, low cost, ,and easy00synthesis in 
nanostructured00forms [9–12]. It has been widely 
used in optoelectronic devices, piezoelectric 

devices, sensors, and solar cells [13–15]. 1D ZnO 
NRs have00several unique advantages, including high 
crystallinity, high ,sensitivity to, adsorbed oxygen0on 
the surface, fie1d-emission, excellent e1ectron 
transport, optica1 wave00guiding, and high surface 
area-to-vo1ume ratio [16–18]. ZnO nanostructures 
can be synthesized using different00methods, such as 
so1–ge1 [19], hydrothermal [8, 20], ,sputtering [21], 
pulsed laser deposition [8],spin coating [8)], 
chemica1 vapor deposition, [22], 
chemica100bath00deposition (CBD) [23], and others 
[9,24]. Among these techniques, CBD provides 
many advantages, such as low-temperature 
requirement, low cost, and can deposit thin fi1ms 
on00different types of ,substrates.   
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In the present study, ZnO0NRs were prepared 
on fluorine-doped tin oxide (FTO)-coated glass and 
glass substrates, and their applications were studied.

2. Materials and Methods  

All chemicals were of analytica1 grade 

and00used ,without ,purification. ZnO NRs were 

successively prepared through the spin coating and 

CBD. Glass and FTO-coated glass substrates were 

successively c1eaned using an u1trasonic bath, in 2-

propanol, 5acetone, and5deionized (DI) water for 

2000min and then dried at 60 °C.  

The seed layer of ZnO was00prepared through 

spin coating,. Zinc88acetate [ZnC4H6O4; 0.005 M] 

was dissolved in pure ethanol at room05temperature. 

The solution was continuously 0stirred.for 1 h at 60 

°C using a magnetic00stirrer to obtain a transparent 

and homogeneous so1 and stored for one day.  

The two substrates were spin-coated with the 

so1 and heated at 100 °C for l00 min. This 

process00was repeated thrice. The seed 1ayer was 

annea1ed in a tube furnace at 300 °C3 for 1 h.  

Precursor aqueous solution of, 0.004 Mm zinc, 
nitrate hexahydrate,0[ZnO,,((NO30)

26
H

2
O] and, 

0.0025 Mm ,hexamethylenetetramine [C
6
H

12
N

4
] 

,(HMT) were prepared to grow ZnO NRs. ZnO 

NRs on the glass and FTO-coated glass substrate-

seeded substrates were20immersed in the precursor 

so1ution and magnetically stirred at0 90 °C for 2 h. 

After the comp1etion of growth,, the substrates 

were c1eaned with DI 000water and annea1ed at 300 °C 

for 1 h. 

3. Results and Discussion 

3.1. Structure of ZnO 

Figure 1 shows 0the X-ray diffraction (XRD) 

patterns of the ZnO, seed,, layer deposited on glass 

and FTO0-coated glass substrates 

measured using an X_ray diffractometer 

with CuKα λ of 1.5406 Å at the scan range (2θ) of 

10°–70°. The diffraction peaks recorded at 2θ 

values can be indexed to the different planes of 

crystalline ZnO with wurtzite structure and agrree  

with the standard (JCPDS 36-1451). Three sharp 

peaks are observed in the two substrates, which is 

consistent with the ZnO films with hexagonal 

wurtzite structure. The sharp peaks at (100), (002), 

and (101) of the aligned ZnO NRs have good 

crystallite structures. Karak et al. [25], Alarabi et al. 

[26], Jitao Li1 et al. (14), W. Li et al. [7]  and Kumar 

et al. [27] prepared ZnO NRs using different 

methods, and they found0that the peak level (002) is 

the highest. 

3.2. Surface morphology of ZnO 

        Figure 2(A) shows the field-emission 

scanning electron microscopy (FE-SEM images) of 

the prepared ZnO nanocrystalline thin-films on the 

glass substrates through spin coating. These thin 

films exhibit a random distribution of ZnO 

nanoparticles with a diameter ranging from 15 nm 

to 22 nm. Figure 2(B) shows the ZnO NRs prepared 

on the FTO-coated glass substrates using the same 

method. These ZnO NRs have a diameter ranging 

from 31 nm to 48 nm and are composed of dense 

and uniform particles with neighboring particles 

connected together on the FTO substrate. Figure 

2(C) illustrates the ZnO NRs prepared on glass 

through CBD. These NRs have asymmetrically 

distributed hexagonal-shaped ZnO particles with 

rod-like morphology. The asymmetric characteristic 

of ZnO rods can be because of the random 

distribution on the surface of the seed 1ayer of00 ZnO 

crystallites. Figure 2(D) shows the ZnO NRs 

prepared through CBD on the FTO seed layer 

culminated in vertically aligned hexagonal ZnO 

NRs with a diameter of 40–280 nm. Kumar et al. 

[27] prepared ZnO NRs using low-temperature 

solution growth techniques and obtained ZnO NRs 

with hexagonal shape. 

The diameter ,distribution was calculated, as 

shown in Figure 3. As shown in Figure 3(A), the 

diameter of ZnO NRs on the glass substrate ranged 

from 30 nm to 120 nm, and the average diameter 

was 95 nm. As shown in Figure 3(B), the diameter 

of ZnO NRs prepared on FTO substrate ranged 

from 40 nm to 260 nm, and the average diameter 

was 110 nm. The rod densities of ZnO NRs on, the 

https://materials.international/


Effects of Substrate Type on the Morphology and Optical Properties of ZnO Nanorods Grown 

via Chemical Bath Deposition 

• • • 

MATERIALS INTERNATIONAL | https://materials.international | 99 

glass and 0FTO-coated0 glass substrates were 62 

and 32 NR/μm², respectively. 

 
Figure 1. XRD patterns of ZnO NRs on (A) glass and 

(B) FTO-coated glass substrates. 

 
Figure 2. FE-SEM images of (A), ZnO seed layer on 

glass- substrate, (B) ZnO seed layer on FTO-coated, glass, 
substrate, (C) ZnO NRs, grown on glass substrate, and (D) 

ZnO NRs grown on FTO-coated glass. 

 

 
Figure 3. Diameter distribution of the ZnO NRs grown on 

the (A) glass and (B) FTO-coated glass substrates. 

 

The cross-sectiona1 SEM s of the grown0 ZnO 

NRs are shown in Figure 4. The ZnO NRs 

developed densely on the FTO-coated glass 

substrate with uniform morphology. The average--

length of the ZnO NRs was 1000, nm. ZnO NRs 

were successfully grown and covered the FTO-

coated glass substrate. The ZnO NRs on the glass 

substrate had an average length of 980 nm. 

However, The avarage diameter , density and 

average length of  prepared ZnO NRs grown on 

glass and FTO –coated glass substrates are listed in 

Tabel 1. 

 
Figure 4. Cross-sectional SEM images of ZnO NRs on the 

(A) glass and (B) FTO-coated glass substrates. 
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Table 1. The Average diameter , Density and Average 

length of  ZnO NRs grown on glass and FTO –coated glass 
substrates were calculated from morphology examination. 

 Glass 
substrate 

FTO_coated glass 
substrate 

Avarge diameter (nm) 95 110 

Density (NR/μm²) 62 32 

Avrage length( nm) 980 1000 

 

3.3. Optical properties of ZnO. 

    The absorption-,behavior of ZnO NRs was 

studied by analyzing,, the ultraviolet–visible (UV–

,vis) spectra. The typica1 UV,–vis spectra of the ZnO 

thin-film are shown in Figure 5. 

Optica1 absorbance edge appeared at around 

(367nm), and (370nm) was observed on the glass 

and FTO-coated glass substrates, respectively. The-

band 0gap of the ZnO thin film was ca1cu1ated from 

the absorption spectra using the Tauc 02equation as 

follows [28]: 

ℎ𝑣 =  𝐷0(ℎ𝑣 −  𝐸𝑔 )^𝑛,              (1)      

where,,,h is the energy of the 0photon, Eg is the 

bandm_ gap of the material, and D is a constant<. 

The,,_transition data 0provide the best linear ,fit for n 

<= 1/2 ,in the band edge 0region. The _plot of (,hν)2 

versus hν is shown in Figure 6. The bandgap was 

ca1culated by extrapo1ating the 01inear portion of 

the p1ot on the hν 0axis00in the high, absorption_ 

region and found to be 0,  3.28 ,eV for the glass 

substrate, which is smaller than that,  of the bulk_ ZnO 

(3.37 ,eV). This band 0gap enhancement is_because of 

the 0size effect of the nanoparticles in the thin fi1m. 

The FTO-coated glass had a band gap of 3.97 eV, 

which is consistent with the Eg value reported by 

Ocakoglu (3) and Ghoshal (18) in their investigation 

of-- ZnO NRs synthesized through 0CBD.  

 
Figure 5. UV–vis spectra of the ZnO NRs on the (A) glass 

and (B) FTO-coated glass substrates. 

 

Figure 6. Tauc plot for the band gap determination of ZnO 

NRs on the (A) glass and (B) FTO-coated glass substrates. 

 

4. Conclusions 

In this study, ZnO NRs were prepared 
through CBD, and their surface morphology, 
optical, and structural properties were 
investigated. The ZnO seed layer was prepared 
on well-cleaned glass and 0FTO-coated glass 
substrates through CBD. The ZnO seed 
substrates were immersed in aqueous zinc 
nitrate solution and HMT at 90 °C for 2 h. The 
XRD results showed that the ZnO NRs have 
three sharp peaks at (100), (002), and (101), with 
(002) as the preferred orientation. The band_ 

gaps of the prepared 0ZnO NRs were calculated 
and were found to be 3.28 and 3.97 eV for the 
glass and FTO-coated glass substrates, 
respectively. The SEMimages show that the 
ZnO NRs grown on the glass substrate have 95 
nm diameter and 980 nm length, whereas the 
ZnO NRs grown on the FTO-coated glass 
substrate have 110 nm diameter and 1000 nm 
length. The ZnO NRs grown on different 
substrates are suitable to be used in different 
optoelectronic devices, particularly in 
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improving organic solar cells, because of their 
optical characteristics. 
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