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Abstract—Synthesis of zinc oxide (ZnO) nanorods by chemical 

bath deposition (CBD) was presented in this study. In this study, 

indium tin oxide (ITO) was used as the substrate, and the thickness 

of ZnO seed layer was varied, by varying the number of spin 

coating layers (1, 2, 3, 4 and 5 layers) while other growth 

parameters were remained constant. Based on the result obtained, 

the quality of ZnO nanorods was when te number of seed layer 

was increase. Based on the transmittance and absorbance value 

obtained, the optical energy band gap for all the growth ZnO 

nanorods were calculated. All of the ZnO nanorods thin films have 

the optical energy band gap in the range of 3.34-4.10 eV, which is 

approaching the theoretical band gap of ZnO (3.37 eV).  

Index Terms—chemical bath deposition (CBD), seed layer, sol-

gel spin coating, ZnO nanorod 

I. INTRODUCTION

HE EVOLUTION of morphology, microstructures and

nanostructrures of films have essential effects on the 

performance of functional surfaces. Materials can be classified 

as nanostructured, when materials their structure were in 

nanometer scale (1-100) at least in one dimension, two or three 

domensions [1]. In recent years, nanostructured materials had 

drawn an extensive interest among researchers, either in basic 

scientific research or commercial development area. Novel 

properties and superior performance in certain areas have 

become a motivation among researchers to explore and study 

nanostructured material. The study of nanostructures, which is 

known as nanotechnology, has widely evolved in many 

applications, especially in traditional science and engineering 

field [2-4]. 

 There are lot of nanostructures that had been explored in 

previous studies. Nanotube, nanorods, nanosheet, nanocomb, 

nanowire, as well as nanoflower are parts of nanostructures that 

are common in nanostructure fields [5-7]. There are many 

materials that could produce these type of nanostructures such 

as  titanium dioxide (TiO2), nickel oxide (NiO), zinc oxide  

(ZnO), graphene, and silicon [8-10]. Among all these materials, 

ZnO is an intriguing materials that posseses numerous family 

of nanostructures. Many studies shows that ZnO could be 

synthesized to produce nanowires, nanoring, nanobelts, 

nanocombs, and also nanorods [11-13]. 

 The nanostructures of Zno could be prepared based on the 

need and requirements of the applications. A recent research 

has demonstrated that creation of highly oriented and ordered 

array of ZnO nanostructures has greatly stimulate interest in 

development of novel devices [15]. Nanorods is one of the ZnO 

nanostructures that had been greatly explored by researchers. 

ZnO nanorods is a one-dimensional (1D) type of 

nanostructures, with fascinating physical properties. 

Furthermore, 1D structure such as ZnO nanorods is believed to 

have more surface volume to ratio than 2-dimensional (2D) 

structure, hence this type of nanostructures could enhance and 

increase the sensitivity in many applications [14]. However, 

this ability is depending on the desired application 

 ZnO nanorods could be produced via various chemical, 

physical and electrochemical deposition techniques such as 

chemical vapor deposition (CVD), electrochemical deposition 

(ED),  and chemical bath deposition (CBD) [16-18]. Some of 

these methods required very high temperature and has 

complicated handling. Hence, CBD method is more preferable 

this is because it low temperature (60-100℃), low cost, high 

yield, controllable, excellent well-defined structure and simple 

method.  

 CBD is a chemical-wet method that has the ability to 

control the nanostructures of the materials [19]. As reported by 

Q. Li et. al, well-allign ZnO nanorods can be produced via CBD

method [20]. In their study, the concentration of the solutions

were varied. By varying the concentration of the solution, they

managed to obtain dense and well-aligned ZnO nanorods when

the concentration was being increased. The properties of ZnO

nanostructures are highly dependent on its morphology and

shape [21]. This morphology can be controlled using few

parameters. It is evident that experimental condition such as

growth temperature, growth time, precursor concentration and

pH value of the solution could alter the ZnO nanorods. In a

study reported by D. Polsongkram et. al, ZnO nanorods

obtained in their study became larger when the deposition
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temperature was reduced from 75℃ to 65℃ [22]. Besides that, 

approach such as using seed layer as the base for the growth of 

ZnO nanorods is one of the crucial factor to produce well- allign 

and high quality nanorods [23]. J. B. Cui also stated that the 

presence of seed layer will enhance the growth of anaorod and 

thus determine the size of the grown ZnO nanorods. 

Considering this, the thickness of the seed layer was believed 

to have significant effect towards the growth of nanorod. Well-

allign ZnO nanorods could be controlled and produced by 

optimizing the thickness of the seed layer, as reported by S. 

Pokai et. al [24].  

The number of layers were varied for the purpose of 

exploring its effect towards morphological, thickness, optical 

and structural properties. The properties and characteristics of 

the ZnO nanorods were characterized using field emission 

scanning electron microscope (FESEM), surface profilometer 

(SP), ultraviolet-visible spectrometer (UV-Vis) and x-ray 

diffraction (XRD). 

II. EXPERIMENTAL

ZnO nanorods was grown on the ITO substrate by a two-step 

procedure process. . In the first step, ZnO was deposited onto 

the substrate, to be the seed layer using sol-gel spin coating 

technique. Then the ZnO nanorods were deposited on the seed 

layer using CBD method. This two-step process of growing 

ZnO nanorods is thoroughly explained in detail in the next 

subsection.  

A. ZnO Seed Layer Deposition Process

ITO substrate with the dimension of 2 x 1 cm was cleaned 

using standard cleaning process by immersing it in 100 mL 

beaker containing ethanol solution (C2H5OH) and was 

sonicated for duration of 10 minutes. After that, C2H5OH was 

removed, and deionized water (DI water) was poured into the 

beaker to undergo second sonicating process. Then the cleaned 

ITO was blown using Argon (Ar) gas, to ensure that all the 

moisture was eliminated. 

To prepare the ZnO solution, precursor zinc acetate dihydrate 

(ZnAc2) was dissolved in  2-methoxyetanol (C3H8O2) and MEA 

was used as stabilizer. This 0.4 M solution was magnetically 

stirring and 80 ℃ heat was applied. After 3 hours, the heat was 

switched off, and the solution was stirred at room temperature 

for 24 hours, to get a clear and homogenous solution.  

For the spin coating deposition process, 10 drops of ZnO 

solution were dropped onto the center of ITO substrate and spun 

at 3000 rpm for 60 seconds duration. After that, the spin coated 

ZnO was dried in a furnace for 10 minutes at 150 ℃ sto remove 

all the moisture and residual from the solvent.  

In this study number of seed coating layers were varied, 

where 1, 2, 3, 4 and 5 different layers were fabricated. Each of 

the seed layer was dried, before the next layer was deposited. 

At the end, annealing process was performed. Annealing 

process is important as it can help restructuring abd rearranging 

the atoms that may resulted in materials with better properties 

of the deposition, for the final step, the annealing process is 

important to restructure the atom arrangement for better 

properties. 

B. Growth of ZnO Nanorods

0.1 M growth solution was prepared by dissolving zinc

nitrate hexahydrate (Zn(NO3)2·6H2O, 99%) and 

hexamethylenetetramine ((CH2)6N4, 99.5%) in deionized water 

(DI water). The molar ratio of Zn(NO3)2·6H2O and  (CH2)6N4 

was standardized to 1:1, and DI water was added until 500 mL 

solution was prepared. This solution was sonicated for 30 

minutes at 50 ℃. Then, the aging process was continued by 

stirring the solution at 300 rpm at room temperature. When the 

solution was ready, it was poured into 5 different schott bottles 

with the volume of 100 mL in each bottles. ITO substrate with 

different number of ZnO seed layers were placed upside down 

in the schott bottles filled with the ZnO solution.  

All of the schott bottles were put in the water bath that was 

already preheated at 95 ℃. The growth process of ZnO nanorod 

swas set for 1 hour, where all the grown samples were taken out 

after the growing process completed. Then the samples were 

dried at 150 ℃   for 10 minutes. Finally, the dried samples were 

annealed at 500 ℃ for 1 hour. The growth mechanism of ZnO 

nanorods using chemical bath deposition can be described using 

chemical equation below : 

Zn(NO3)2 + C6H12N4  ↔  [Zn(C6H12N4)]2+ + 2NO3
-          (1) 

C6H12N4  + 4H2O  ↔  C6H12N4
+ + 4OH-      (2) 

[Zn(C6H12N4)]2+ + 4OH-  ↔ Zn(OH)4
2- + C6H12N4         (3) 

    Zn(OH)4
2-  ↔  Zn2+  +  4OH-  (4) 

Zn2+  +  2OH-  ↔  ZnO +  H2O      (5) 

Or Zn2+  +  2OH-  ↔  ZnO(OH)2  +  H2O ↔ ZnO + H2O 

C. Characterization of ZnO Nanorods Thin Film

To examine the morphological of the grown ZnO nanorods,

field emission scanning electron microscope (FESEM) was 

used. To study the optical properties, ultraviolet-visible 

spectrometer (UV-Vis) was chosen to determine the samples’ 

transmittance, absorbance, as well as the optical band gap. For 

structural properties, the crystallinity of the prepared thin films 

was examined using x-ray diffraction (XRD) while the thin film 

thickness was measured by a surface profiler.   

III. RESULTS AND DISCUSSIONS

TABLE I 

THE THICKNESS OF ZNO SEED LAYER DEPOSITED WITH DIFFERENT NUMBER 

OF LAYERS 

NUMBER OF LAYER Thickness (nm) 

1 58.52 
2 123.23 

3 195.03 

4 236.85 
5 384.2 

Table 1 shows the different thickness value that were attained 

when the number of seed layers were varied. According to the 

results obtained using surface profilometer (SP), the thickness 

of the films changes significantly with the different number of 

seed layers. The thickness measurement was performed to 
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determine either the different number of seed layers would 

affect the thickness of the seed layer. For the thickness 

determination process, only the thickness of the different layer 

of seed layers were measured. During the measurement, three 

different spots were taken, then the average thicknesses for 

these three spots were calculated and tabulated in the Table 1.  

As can be observed, the thickness value is increased, when 

the number of seed layer is increased. Notable changes were 

discovered when the deposition layer was increased from 1 to 2 

layers. The same condition happen when further layers were 

deposited, which is the thickness change from 123.23 nm (2 

layers) to 384.62 nm (5 layers).  This obvious changes proved 

that the film become thicker when more layers been deposited 

on the existing layer. This condition lead the increase number 

of ZnO particles settling on the substrate, thus, the film 

thickness would rise, significant with the increment number of 

ZnO particles [25]. Other than that, the increment of the 

thickness with the increase of seed layer might attribute from 

the drying effect. M. Addamo et al, reported in their study that 

when the layers is dried step-by-step, each of the layer would 

grew over an irregular and preformed crystalline surface, which 

will resulted larger final thickness [26].   

As the number of seed layer was increased to 5 layers,  the 

growth of nanorods become more uniform and densely packed. 

We can also observe the changes in the diameter of the 

nanorods.  

Fig. 1.The difference number of seed layer produce different diameter size of 
nanorods. Fig. 1 (a) is the ZnO nonorod grown at 1 layer of seed layer, Fig. 1 

(b) diameter of nanorods 1 layer seed layer, Fig.1. (c) ZnO nanorods grown on 

3 layers of seed layer, Fig. 1 (d) nanorods diameter for ZnO on 3 layers of seed 
layer, Fig. 1. (e) growth of ZnO nanorods on 5 layer seed layers and Fig. 1 (f) 

diameter value for ZnO nanorods on 5 layer seed layer

TABLE II 
AVERAGE OF DIAMETER VALUES FOR ZNO NANORODS GROWN ON 

DIFFERENT LAYER OF SEED LAYER 

NUMBER OF LAYER Average Diameter (nm) 

1 179.56 

3 79.57 

5 67.76 

We can also observe the changes in the diameter of the 

nanorods. Based on the results, the diameter of the nanorods 

decrease, inversely proportional with the number of seed layers. 

The diameter values for ZnO nanorods grown on 1 layer, 3 layer 

and 5 layers of seed layer are recorded in Table 1. Distribution 

and diameter of the nanorods changes might due to the 

differentiation of seed layer’s thickness. B. Ikizler claimed that 

the surface seed of the parent seeds may serve as nuclei for 

further growth of the rods [28]. This statement can be referred 

to explain that the uniformity of nanorods distribution improve 

when the number of the seed layer is increased.  

 Increasing number of seed layer would produce uniform 

surface of seed layer, thus dense and uniform nanorods may be 

produced because nanorods will grown based on the seed layer 

that act as the nuclei. A contrast changes was observed, between 

surface morphology of 1 layer seed layer, and 5 layer of seed 

layers in Fig. 2 (a) and (b). The decreasing value of the nanorods 

diameter might related to the growth process, where there are 

multiple rod that originate from a single seed, despite the 

general explanation, which each of the rod originates from a 

single seed. The growth from the surface nuclei seems to have 

two different consequences, which is misalignment of the rod 

and the decreas of the rod diameter, as describe by B. Ikizler et 

al [27]. This description is an agreement to the results obtained 

in this study, which the diameter of the rod decrease, as the 

number of layer is increased. In addition, it also could be 

observed that there are misalignment of few rods, which prove 

that there are multiple rods might originates from a single seed. 

Fig. 2. (a) Surface morphology of 1 layer of seed layer and (b) FESEM images 

for 5 layer seed layers. 

To investigate the effect of the number of seed layers towards 

crystallinity of ZnO nanorods, XRD analysis was conducted. 

Based on the results shows in Fig. 3, it could be observed that 

all of the ZnO shows crystalline structure. All of ZnO nanorods 

films exhibit (100), (002) and (101) crystalline peak. The (002) 

peak represent the structural characteristics of ZnO particles in 

c-direction, the growth direction of the nanorods due to the

minimum energy of the plane.

(a) (b) 

(c) (d) 

(e) (f) 

1L 5.0 kV 4.8mm x30k SE(UL)   500nm 1L 5.0 kV 4.8mm x100k SE(UL)   500nm 

3L 5.0 kV 4.8mm x30k SE(UL)   500nm 3L 5.0 kV 4.8mm x100k SE(UL)   500nm 

5L 5.0 kV 4.8mm x30k SE(UL)   500nm 5L 5.0 kV 4.8mm x100k SE(UL)   500nm 

(a) (b) 

1L 5.0 kV 4.8mm x30k SE(UL)   500nm 5L 5.0 kV 4.8mm x30k SE(UL)   500nm 
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Fig. 3. X-ray diffraction patterns of ZnO nanorods grown at various layers of 

seed layers. 

The presence of   peak (002) in all of the growth thin films 

indicates that the growth direction is in the perfect alignment 

[28]. Besides (002) peak, the growth in direction other than the 

c-direction is (100) and (101) peak. These peaks are normalized

by the intensity of (002) peak. As can be observed, (100), (002)

and (101) peak were improved when the number of seed layer

was increased. The highest peak intensity could be seen when

ZnO grown on 3 layers of seed layer. The increase of peak

intensity is reasoning from the thickness of the seed layer, that

affect the degree of the crystallinity. Crystallinity of the seed

layer improved with the increment number of the layers, hence

lead to the higher peak intensity for ZnO nanorods.

 The improvement of this crystallinity phase might 

reasoning from the crystallinity and thickness of the seed layer 

[29].  S. Pokai stated that the cumulative energy on ZnO surface 

will increase when the ZnO seed layer is increased, thus will 

resulting in high crystallinity of ZnO seed layer [24]. This 

finding also can be supported with the morphology obtained by 

FESEM images. The distribution and growth of ZnO nanorods 

enhanced with the increase of seed layer number.  However, the 

peak intensity decrease when further number of seed layer 

increased. This condition might occur due to the misalignment 

of the ZnO nanorods during growth process. The explanation 

behind this occurrence is the seed/rod number ratio in the 

formation of single rod. As correlated with morphology and 

diameter value obtained, misalignment could happen when 

there are multiple nanorods that growth from a single seed. This 

type of growth process may lead to the misalignment rod, thus 

affect the crystallinity of ZnO nanorods. This finding is 

supported with the study reported by  B. Ikizler et al. They also 

obtained the same finding, when the thickness of the seed layer 

is increased.  

For optical properties, the characterization was conducted 

using UV-Vis. The transmittance and absorbance of the grown 

ZnO nanorods are shown in the Fig. 4 (a) and (b), in the 

wavelength range of 350-800 nm. Based on the results, the 

transmittance of the ZnO nanorods grown shows high 

percentage with the range of 50 ~ 95% in the visible range. As 

present in Fig. 4 (a), the transmittance of the ZnO nanorods 

decrease with the increasing number of seed layers. ZnO 

nanorods grown on 1 layer of seed layer gave highest 

transmittance value, which is ~95%. This percentage decrease 

significantly when further number of seed layer increase, 

because of the higher absorption capacity of thicker films. 

Besides, B. Ikizler et. al, stated that the percentage of 

transmittance would decrease in the UV region due to the onset 

of excitoic absorption [28]. Other than that, the increase in the 

sharpness of the transition from the UV to the visible region 

transmittance can be considered as the crystalline quality 

improvement for the films [30]. 

As for the optical absorbance, the absorption properties of the 

ZnO nanorods with different layer of seed layer increase 

proportionally to the seed layer numbers at UV region (below 

400 nm) and lower at visible region (400-800 nm). According 

to the result, ZnO nanorods grown on 5 layers of seed layers 

shows maximum UV absorbance value. Based on the 

transmittance and absorbance value, the optical energy band 

gap, Eg for ZnO grown on different seed layer could be 

determined using Eq. (6) below : 

𝐸𝑔 =  
ℎ𝑐

𝜆
  (6) 

Where,  

h = Plank constant 

c = light constant 

λ = Wavelength 

Based on the calculation, the Eg of the ZnO nanorods grown 

in this study were found to be in range of 3.34 -  4.10 eV. These 

findings were presented in Table 3. Optical energy band gap of 

ZnO nanorods increase directly proportional with the number 

of seed layers. This increment occur due to the thickness of the 

films that increase when the number of seed layer was 

increased. Increasing number of layer would produce thicker 

film, which influence the transmittance, absorbance, as well as 

optical energy band gap. Other than that, the increase in band 

gap value is also might attribute to the increase of grain size and 

strain, as stated by B. Ikizler [28].  This grain size would 

increase if the thickness or chemical composition is increased. 

These two factors will directly changed the material (thin film) 

band gap [31]. Even though the same material was used, the 

optical energy band gap would changes significantly with the 

changes of thickness and chemical composition. Other than 

that,  crystallinity, temperature, particles size and few other 

factors will also affect the value of the energy band gap of thin 

film [32]. 

TABLE III 

OPTICAL ENERGY BAND GAP FOR ZNO NANORODS GROWN ON DIFFERENT 

LAYER OF SEED LAYER  

NUMBER OF LAYER Optical band gap (eV) 

1 3.34 
3 3.43 

5 4.10 
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Fig. 4. (a) Transmittance of ZnO nanorods with different seed layer and (b) 

Absorbance for all ZnO nanorods grown on different number of seed layer 

IV. CONCLUSION

ZnO nanorods with various number of seed layers were 

successfully grown via two-step process; spin coating technique 

and chemical bath deposition. Based on the investigation, it is 

proved that physical, morphology, structural and optical 

properties of the ZnO nanorods were influence by the thickness 

or number of seed layers. The film become thicker when 

number of layers were added, thus affect the surface 

morphology of the ZnO nanorods. Nanorods are dense and 

well-align at thicker film, as shown by the FESEM images 

obtained. The increment number of layer contribute to the 

uniform distribution of the ZnO seed layer on the surface of the 

substrate. Deposition of another layer of seed layer can improve 

the previous deposited layer in order of uniformity, hence 

thicker seed layer with dense surface will be produced. Other 

than that, the crystallinity quality was improved also when the 

thickness increase, which the intensity of (100),(002) and (101) 

peak gave highest value at ZnO nanorof grown on 3 layers of 

seed layer. However, ZnO nanorods grown on 5 layer seed layer 

exhibit lower intensity, compared with 3 layer of seed layer. 

Misalignment of the grown nanorods and decrease of the 

nanorods diameter maybe are the causes to this occurrence. The 

transmittance and absorbance value also gave better value when 

the seed layer is increased, hence produce high optical energy 

band gap with the average value of 3.53 eV. 
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