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1. Introduction 

Zinc oxide (ZnO) nanostructures which is transparent semiconductor oxide is a promising material [1] that has been 

studied widely due to its properties such as wide bandgap (3.37 eV) and high exciton binding energy of 60 meV [2], 

environmental-friendly material [3] and can be produce abundantly due to its low cost of material. ZnO has various types 

of nanostructures, such as nanorods, nanowires, nanoparticles, nanobelts, nanopillars nanoflowers, and nanotubes [4-5]. 

The different types of ZnO nanostructures, size, morphology, and shape resulted in different application [6]. The potential 

application of ZnO nanostructures, such as gas sensor may occur due to its piezoelectric and pyroelectric properties [7]. 

ZnO nanostructures also suitable for electronic and laser technology due to its high thermal and mechanical stability at 

room temperature [8]. ZnO is suitable for biomedicine and in the pro-ecological system due to its low toxicity, 

biocompatibility, and biodegradability properties. This study is focusing on analyzing the growth of ZnO structures by 

varying the molar ratio of ZNH and HMT during the hydrothermal process. The size of ZnO rods differs at different 

concentration of growth solution [9]. A high concentration of HMT in growth process resulting in a high density of ZnO 

nanorods while a high density of zinc salt concentration causes the bigger size and larger surface area of ZnO nanotubes 

and slowly changing into other morphology [10]. Flake-like and rod-like ZnO structure in a high concentration of HMT 
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also had been reported [11]. ZnO structure grown via hydrothermal method was indexed to hexagonal wurtzite structure 

[12].  Initially, ZnO seed layer must be deposited onto the substrate such as micro slide glass substrate [13], indium tin 

oxide (ITO) substrate [4], zinc substrate [14], Si substrate [15] and soda-lime glass substrate [16]. There are different 

method deposition of ZnO seed layer onto the substrate, such as spin coating [17], dc-magnetron sputtering [18], and 

thermal deposition [19]. Next, ZnO structures are grown via different methods, such as chemical vapor deposition, 

electrochemical deposition, vapor-liquid-solid, and hydrothermal [20]. Among all of these methods, hydrothermal are 

consider the most favorable method due to the simplest procedure methodology and cost-effectiveness for large scale of 

ZnO structures production [21]. Unlike other methods, hydrothermal does not require pressure and high temperature to 

fabricate ZnO structures makes them the most economical method. The influence of hexamethylenetetramine (HMT) and 

zinc nitrate hexahydrate (ZNH) molar ratio on the growth of ZnO structures are analyzed. 

 

2. Experimental Methods 

2.1 Preparation of seed solution using the sol-gel technique 

A mixture solution of zinc acetate (ZnAc), diethanolamine (DEA), Isopropanol (IPA) and distilled water was 

prepared by sol-gel technique. ZnAc which act as a precursor to synthesis ZnO seed was dissolved in IPA alcoholic 

solvent. The function of using IPA alcoholic solvent is to reduce the viscosity of the solution without altering the end 

product of ZnO seed. By using magnetic stirrer, the solution was stirred continuously for about 30 minutes. Next, DEA 

which act as a stabilizer and distilled water was added drop by drop into this mixture solution containing ZnAc and IPA 

to obtain a clear solution. The solution was stirred again at 60 – 70 °C until the cloudy color solution turns colorless and 

aged for 24 hours to yield homogenous mixture. The mixture composition of ZnO sol-gel was summarized as Table 1 

below: 

 
Table 1 - The mixture composition of zinc oxide sol-gel 

Material Molecular 

weight 

(g/mol) 

Ratio Molecular 

weight to 

the ratio 

(g/mol) 

Weight 

ratio 

Weight (g) Mol 

ZAD 219.50 1.00 219.50 0.14 7.00 0.03 

DEA 105.14 1.00 105.14 0.07 3.50 0.03 

IPA 60.10 20.00 1202.00 0.78 39.00 0.65 

H2O 18.02 1.00 18.02 0.01 0.50 0.03 

Total   1544.66 1.00 50 0.74 

 

2.2  Preparation of Microscope Slide Glass Substrate 

Microscope slide glass with dimension 2.5 cm x 2.5 cm was prepared. Glass cutter had been used to cut the 

microscope slide glass substrate to obtain the desired dimension. Every piece of the glass substrate should have the same 

size. Next, the glass substrates were cleaned using acetone follow by rinsing using distilled water. For further cleaning, 

the substrates then were cleaned again by using ethanol and rinsing using DI water and dry using air blower. It is essential 

to clean the glass substrate to ensure no residual attached to the glass substrate that can affect the result of ZnO crystal. 

 

2.3 Deposition of ZnO Seed Layer  

Deposition of ZnO seed layer was obtained by using sol-gel spin coating deposition techniques. Spin coating is a 

process where the seed layer is deposited onto the flat surface of the glass substrate. Put the prepared solution drop by 

drop on the glass substrate until it’s fully covered the surface of the glass substrate and spin coating at 3000 rpm for 30 

s. Heat-treated then were applied to the glass substrate at 250 °C in air for 5 minutes. The deposition method was repeated 

for five times to get 5 layers on the same substrate. For the final layer, ZnO seed layer was heated on the hot plate at 

250°C for 1 hour to obtain a uniform seed layer. Fig. 1 shows an experimental set-up for deposition of ZnO seed layer 

using a spin coating technique. 
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Fig. 1 - Deposition of ZnO seed layer via spin coating technique 

 

2.4 Preparation of ZnO Crystal using the Hydrothermal Method 

ZNH and HMT were used synthesis ZnO hexagonal rod. ZNH and HMT with various molar ratio were mixed in 50 

ml distilled water under room temperature to form a mixture solution. The molar ratio for ZNH:HMT used in this study 

are 1:1, 1:2, and 2:1. The solution then was poured inside Teflon-lined autoclave. Table 2 below shows the weight 

composition of precursors for molar ratio 1:1, 1:2, and 2:1. 

 

Table 2 - The weight composition of precursor for molar ratio 1:1, 1:2 and 2:1 

Weight composition of ZNH: HMT for molar ratio 1:1 

Material 

Molecular 

weight 

(g/mol) 

Ratio mM Mol 

Mol x molar 

mass = 

weight (g) 

ZNH 297.48 1 10 0.01 2.97 

HMT 140.19 1 10 0.01 1.40 

Weight composition of ZNH: HMT for molar ratio 1:2 

Material 

Molecular 

weight 

(g/mol) 

Ratio mM Mol 

Mol x molar 

mass = 

weight (g) 

ZNH 297.48 1 10 0.01 2.97 

HMT 140.19 2 20 0.02 2.80 

Weight composition of ZNH: HMT for molar ratio 2:1 

Material 

Molecular 

weight 

(g/mol) 

Ratio mM Mol 

Mol x molar 

mass = 

weight (g) 

ZNH 297.48 2 10 0.01 2.97 

HMT 140.19 1 5 0.005 0.70 

  

ZnO seed layer coated substrate was kept inside autoclave in a vertical position. The autoclave then was sealed and 

maintained at 90 °C for 3 hours in the oven. Next, the sample was taken out from the autoclave and wash using distilled 

water to remove any residual materials. The sample was put on the hot plate for post heat treatment at 90 °C for 5 minutes.  

Fig. 2 shows an experimental set-up image for the position ZnO seed layer coated substrate inside the autoclave. 
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Fig. 2 - The vertical position of ZnO seed layer coated substrate inside an autoclave 

 

3. Results and Discussion 

X-ray diffraction (XRD) range pattern between 20 - 80° was used to analyze the crystal structure of ZnO synthesis 

at a different molar ratio of ZNH:HMT using the hydrothermal method. The diffraction peak to be indexed to the Joint 

Committee on Powder Diffraction Standards (JCPDS) card no 36-1451 which drive the ZnO sample to exhibit hexagonal 

wurtzite structure. Fig 3 shows the intensity and diffraction peaks of each sample. 
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Fig. 3 - XRD pattern of ZnO samples for the different molar ratio of ZNH:HMT at 90°C for 3 hours; (S1) 2:1, 

(S2) 1:1, and (S3)1:2 

 

From Fig. 3, the primary diffraction peaks observed at 2θ value with higher intensity value are 36.3°, 31.8° and 34.4° 

corresponding to the planes (101), (100) and (002). Since all the ZnO sample major peaks are indexed to the plane (101), 

(100) and (002) refer to the JCPDS card no 36-1451, it is indicated that the result obtained from ZnO sample exhibit 

hexagonal wurtzite structure with good crystallinity particles [21]. S1 had lower intensity peaks compare to S2 while S3 

had higher intensity peaks compare to S2. This is because S1 had a higher concentration of ZNH compare to S2, while 

S3 had a higher concentration of HMT compare to S2. This observation showed that S3 had the best crystalline structure 

among the samples. The crystalline structure of the ZnO hexagonal rods structure had a strong dependency on the 

concentration of ZNH and HMT. The higher concentration of ZNH and the lower concentration of HMT in S1 cause Zn2+ 

unable to react with OH- comes from HMT to form ZnO crystal. ZnO chemical reaction is as below: 

 

C6H12N4 + 6H2O →6CH2O + 4NH3                             (1) 

 

NH3 + H2O ↔ NH4
+ + OH-                                                                  (2) 

 

2OH- + Zn2+ ↔ ZnO + H2O                                          (3) 

 

Upon heating, HMTA decomposes to form formaldehyde and ammonia. Ammonia then reacts with water to produce 

OH- which is the main factor of crystallization of ZnO [9]. There was an impure peak between the plane (100) and (002) 

in S1 graph which strongly supports the idea that Zn2+ unable to react with OH- to form ZnO crystal. The impure peaks 

exist in S1 between the plane (100) and (002) may due to the free Zn2+ in the sample. Meanwhile, S3 had higher intensity 

diffraction peaks than S2 due to the high concentration of HMT in S3. The formation of ZnO crystal structure involved 

a reaction between 2 mol of OH- and 1 mol of Zn2+. The high concentration of HMT and enough amount of zinc precursor 
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determination guide the orientation and lateral growth of ZnO structures [22]. Fig. 4 shows FESEM image is used to 

analyze ZnO sample surface morphology of ZNH:HMT precursors at molar ratio 2:1, 1:1, and 1:2. 

 

   
 

Fig. 4 - FESEM images of ZnO sample for the various molar ratio of ZNH:HMT at 90°C for 3 hours; (S1) 2:1, 

(S2) 1:1, and (S3)1:2 

 

The images result from Fig.4 can be concluded that the ZnO sample had a strong dependency on ZNH:HMT molar 

ratio. Different growth solution molar ratio had different length and diameter size of ZnO samples. However, all the ZnO 

samples exhibit hexagonal rod-like shape structure. The length and diameter size of S1 ranging between 3.83 to 9.74 μm 

and 1.25 to 2.96 μm, respectively. The significant difference between structure range size explained that S1 had an uneven 

size of ZnO structures. Various size of ZnO hexagonal rod structure exists in S1. This may due to the low concentration 

of HMT in growth solution resulted in an insufficient supply of OH- to react with Zn2+ to form ZnO hexagonal rod 

structures. The previous study stated that ZnO hexagonal nanorods were grown unevenly at 1.5:1 molar ratio of 

Zn2+:HMT ranging size between 60 to 70nm [10]. The growth of ZnO hexagonal structure depending on OH- supply 

from the decomposition of HMT. The length and diameter size of S2 ranging between 6.69 to 7.04μm and 2.32 to 2.58μm, 

respectively. There were not much different in length and diameter of ZnO hexagonal rod structures. The size of ZnO 

hexagonal rod structures was considered much similar to each other. The length size of S3 ranging between 8.48 to 9.89 

μm and the diameter size ranging between 5.41 to 6.58 μm. The length and diameter size of S3 was considered larger 

than S2 due to the higher concentration of HMT in S3. The size of ZnO rods depends on the concentration of HMT 

because of critical monomers diffusion and limited growth [9]. Table 3 and Fig. 5 shows that EDS analysis is used for 

the elemental analysis to confirm the presence of ZnO hexagonal rod-like shape on the glass substrate. 

 

Table 3 - Percentage of weight element composition of ZnO sample for different ZNH: HMT molar ratio at 90°C 

for 3 hours; (S1)2:1, (S2)1:1 and (S3)1:2 

S1 S2 S3 

Element Weight (%) Element Weight (%) Element Weight (%) 

O 22.37 O 22.72 O 22.40 

Zn 72.44 Zn 71.89 Zn 73.39 
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Fig. 5 - EDS analysis of ZnO sample for different ZNH: HMT molar ratio at 90°C for 3 hours; (S1)2:1, (S2)1:1 

and (S3)1:2 

 

All the samples above contain element Zn and O. The presence of higher weight percentage of Zn and O as the main 

element composition indicates that pure ZnO hexagonal rod-like shape does exist on the glass substrate meanwhile the 

present of Si may due to the element component on the glass substrate itself. 

 

4. Conclusion 

The result obtained can be summarized as follows: 

1. It is indicated that the result obtained of ZnO sample exhibit hexagonal wurtzite structure with good crystallinity 

particles since all the ZnO sample major peaks are indexed to the plane (101), (100) and (002) refer to the JCPDS 

card no 36-1451. 

2. SEM images showed that ZnO sample had a strong dependency on ZNH:HMT molar ratio. Sample S1 with a high 

concentration of ZNH showed uneven structure size meanwhile sample S3 with a high concentration of HMT showed 

more significant and constant ZnO structure. 

3. The higher elemental percentage of zinc and oxygen confirmed the presence of ZnO hexagonal rod-like shape on the 

glass substrate. 
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