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In this study, core/shell structured ZnO/ZnS was grown by hydrothermal methods on 

silicon substrates. To study the effect of deposition time, multiple material analyses were 

performed on the nanostructures. Results indicate that ZnS/ZnO nanostructures with 

appropriate ZnS deposition time had the strongest ZnS crystalline structures. Moreover, 

the defect concentration would increase with the increase of the deposition time. The 

ZnS/ZnO nanostructures show promising for future development of sulfur-contained 

ZnO-based nanodevices in the future. 
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1. Introduction 

 

ZnO and ZnS, two direct band gap II-VI compounds, have been intensively explored as 

optoelectronic materials for manufacturing electronic and photonic devices since the end of the 

20
th
 century. Zinc oxide nanostructures such as nanorod, nanotube, and nanowire[1] have attracted 

great attention due to their promising merits of higher carrier mobility[2], ease of crystallization[3], 

facile production[4] and inexpensive [5][6]. Zinc oxide is an n-type semiconductor which has wide 

and direct band gap(3.37ev) with large exciton binding energy (60mev) has many promising 

applications[15], such as transductors[16], gas sensors[17], and optical devices[18]. On the other 

hand, ZnS is also an advantageous material, owing to its wide and direct band gap(3.67ev)[19]. 

Because of the existing of polar surface[20], well transport properties[21], and high electric 

mobility[22], ZnS nanostructures have attracted many attention in fabricating nanodevices, such as 

field emitters, light sensor, biological applications, optical devices electroluminescence, 

light-emitting diodes(LED), and electroluminescence[23]. ZnS nanotube structure has been 

attracted peculiar attention due to its superior properties, such as lower density, higher specific 

surface area, and better permeability compared with other nanostructure with high improvement 

for surface-related applications [24]. 

Combination of ZnO and ZnS structures might obtain the merits of the two materials. 

Recently, ZnS/ZnO nanostructures emerged as components of novel solar cells and photodetectors. 

Furthermore, core/shell structured ZnO/ZnS have been proposed to improve physical and chemical 

properties of ZnO nanostructures. Therefore, intensive studies have been made to control 

fabrication of ZnO/ZnS core/shell and obtain different morphologies [25]. In this study, we 

investigate the effect of deposition time on material properties of ZnO/ZnS Coreshell 

nanostructures. Multiple material characterization including FESEM, XRD, PL XPS, and surface 

contact angle measurements were used to study the influence of deposition time on the ZnO/ZnS 
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Coreshell nanostructures. Results indicate that ZnS/ZnO nanostructures with appropriate ZnS 

deposition time had the strongest ZnS crystalline structures. Moreover, the defect concentration 

would increase with the increase of the deposition time.  

 

 

2. Experimental 

 

In the beginning, silicon wafers were cut into 2x2 cm
2
 silicon substrates, and then carry on 

the cleaning procedure. There are six steps of cleaning procedure. After the substrates were 

cleansed in the mixture of H2SO4 and H2O2 for 10 minutes, they were immersed in the HF solution 

to remove the native oxide. To fabricate ZnO seed layers on the silicon substrate, 0.66 g of 

Zn(CH₃COO)₂ was dispersed in 60 ml of ethanol and then the solution was added with few drops 

of monoethanolamine (MEA). Then , the solution was stirred at 60℃ for 30 minutes and placed at 

room temperature for 24 hours. After 24 hours, the solution became transparent. To grow seed 

layer on the cleansed substrate, a few drops of the resultant solution was dripped on the substrate. 

Then, the substrate was spin-coating method for 30 seconds, then heated at 130℃ for 5minutes. 

To grow ZnO nanorods, 0.9468 g of Zn(NO3)2 and 0.9812 g of hexamethylenetetramine (HMTA) 

was dispersed in the 100 ml distilled water. The substrate was immersed in the growth solution and 

the ZnO nanorods were grown by hydrothermal method at 80℃ for 1 hour. In order to cover the 

surface of ZnO nanorods with ZnS, ZnO nanorods was immersed in the solution which contained 

2.4018 g of Na2S・9H2O for 5, 10, 20, and 30 minutes to form core/shell structured ZnO/ZnS. 

 

 

3. Results and discussions 

 

To characterize ZnS layer coated on ZnO nanorods growth for various time, FESEM 

images were taken to view the surface morphology of the ZnS/ZnO structures. For the ZnO 

nanorods without ZnS layer, smoothy and clean surface on the rod side and top surface could be 

observed as shown in Fig.1 (a). After ZnS was deposited for 5 min to 10 min, fluffy structures 

emerged to appear on the side surface as shown in Fig.1 (b) and (c). As the ZnS deposition time 

lengthened to 20 min to 30 min, the fluffy surface could still be observed as shown in Fig.1 (d) and 

(e), but the surface was not as uneven as the surface of the ZnS deposited for 5 and 10 min. 

To analyze the crystalline phases of the ZnS/ZnO nanocomposite, XRD was used to 

investigate the structures as shown in Fig.2. Obviously the ZnO crystalline phases became weaker 

and weaker as the ZnS deposition time increased. Since the deposited ZnS might cover ZnO NRs 

and transform the material properties, ZnO phases became weaker. On the other hand, ZnS (111) 

phases emerged after ZnS was deposited for 5 min. However, as the ZnS deposition time increased 

more than 10 min, the (111) ZnS phase disappeared. The result was consistent with FESEM 

images. The most fluffy structure occurred as ZnS deposited for 5 min. 
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(a)       (b)       (c) 

  

   (d)                           (e) 

Fig.1 FESEM images of the ZnS/ZnO nanostructures with deposition time of  

(a) 0 min (b) 5 min (c) 10min (d) 20min (e) 30min 
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Fig.2 XRD patterns of the ZnS/ZnO structures with different ZnS deposition time. 

 

To further analyze the material properties of the ZnS/ZnO structures, PL and XPS were 

used to analyze the presence of the defect and the chemical binding, respectively. PL 

measurements as shown in Fig.3 reveal that the defect luminescence, which was around 560 nm, 

increased drastically as the ZnS deposition time increased from 20 sec to 30 sec. The result 

indicated that plenty of defects in ZnS/ZnO might be generated during the growth time from 20 

min to 30 min. To further study the detailed mechanism, the S 1s XPS was used to analyze the S 

binding as shown in Fig. 4. In the S 1s XPS spectrum, the sudden increase of S as shown in Fig. 4 
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might cause the sudden increase of the defect luminescence. In addition, the appearance of defects 

might damage the original ZnS structure as revealed in the XRD and FESEM images. 
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Fig.3 PL measurements of the ZnS/ZnO structures with different ZnS deposition time. 
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Fig.4 The S 1s XPS spectra of the ZnS/ZnO with ZnS deposition time of 20 and 30 min. 

 

 

Finally, the surface contact angle measurements where performed for the ZnS/ZnO 

nanostructures with various deposition time. Fig. 5 (a)-(e) show the contact angle measurements 

for the ZnS/ZnO structures with ZnS deposition time of 0, 5, 10, 20, and 30 min, respectively. The 

results indicate that the longer the ZnS deposition time was, the larger surface contact angle would 

have, signifying that the ZnS and the defect nanostructure could enhance the hydrophobic 

properties. The graph of the ZnS deposition time versus the surface contact angle is shown in Fig. 

5 (f).  
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(e)                   (f) 

 

Fig. 5 Surface contact angle measurements of the ZnS/ZnO nanostructures with ZnS 

deposition time of (a) 0 (b)5 (c)10 (d)20 (e)30min (f)The graph of the contact angle versus 

the ZnS deposition time. 

 

 

4. Conclusions 
 

In this study, ZnS/ZnO nanostructures were formed by depositing ZnS layer on the ZnO 

nanorods. To characterize the material properties of the ZnS/ZnO structures, multiple material 

analyses including FESEM, XRD, PL, XPS and surface contact angle were performed. Results 

indicate that ZnS/ZnO nanostructures with ZnS deposition time of 5 min had the strongest 

crystalline ZnS structures.  

As the deposition time increased more than 20 mins, the increase of sulfur content might 

cnhance the generation of defects and damage the ZnS crystalline structures. The ZnS/ZnO 

nanostructures show promising for future development of sulfur-contained ZnO-based 

nanodevices in the future. 
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