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In this research, ZnO@ZnS core-shell structures are fabricated on ITO substrates. To 

characterize the ZnO@ZnS nanostructures, multiple material and optical characterizations 

are performed. Results indicate that fluffy ZnS shell can be grown on ZnO nanorods. 

Moreover, the defect luminescence can be suppressed by coating ZnS shell on the ZnO 

nanostructures. ITO/ZnO@ZnS structures are promising for future optoelectronic device 

applications. 
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1. Introduction 

 

Owing to chemical stability, wide-bandgap and high exciton binding energy, 1D ZnO 

nanostructures [1] have been widely utilized in optoelectronic applications. However, high defect 

concentration in ZnO related materials [2] may cloud the development of ZnO electrical and 

optical devices. To enhance ZnO-based optoelectronic material performance [3,4,5] and suppress 

defect luminescence, ZnO@ZnS core-shell structures [6,7] are proposed as hetero-nanostructures 

[8,9] to boost electro-optical conversion efficiency [10,11,12,13]. ZnO@ZnS core-shell 

nanostructures are formed by coating ZnS on the surface of ZnO nanorods [14,15]. It can be seen 

that the solgel/hydrothermal growth of ZnO NRs and ZnO@ZnS core-shell NRs are shown in Fig. 

1(a) and (b), respectively. ZnS has a bandgap of 3.6 eV [16,17,18], which is larger than ZnO of 

3.37 eV. ZnO@ZnS cores-shell can be formed by anion exchange on ZnO nanorods during 

hydrothermal growth [19,20]. In this study, we fabricate ZnO@ZnS nanostructures on indium tin 

oxide (ITO). To characterize the core-shell, scanning electron microscope (SEM), energy 

dispersive X-ray spectroscopy (EDX), contact angle analyze, X-ray diffraction (XRD), 

photoluminescence (PL), Raman analysis and X-ray photoelectron spectroscopy (XPS) are 

performed on the nanostructures. Results indicate that ZnS can be appropriately coated on ZnO 

NRs with growth time of 20 min. Furthermore, sulfur content and ZnS crystalline phases can be 

confirmed by EDX and XRD. Furthermore, defect luminescence suppression can be observed by 

PL and XPS measurements. ITO/ZnO@ZnS structures show promises for future optoelectronic 

device applications [21, 22, 23, 24].  
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(a)                                      (b) 

Fig. 1 Illustrations of (a) ZnO NRs (b) ZnO/ZnS core-shell NRs structures. 

 

 

2. Experimental 
 

ITO transparent conductive substrates are cut into 2 cm * 2 cm size. Then, the substrates 

were cleansed with ethanol, acetone, and isopropyl alcohol for 10 mins. To obtain uniform and 

high-quality ZnO NRs, ZnO seed layers were spread by sol-gel methods. The sol-gel solution 

contains Zn(CH3COO)2 0.05 M and several drops of monoethanolamine (MEA). After the seed 

layer is spin coated on the substrate, ZnO NRs are grown by hydrothermal methods with 100 ml 

solution containing Zn(NO3)2 0.05 M and 0.07 M hexamethylenetetramine (HMTA). In this 

process, HMTA stably releases OH
-
 and forms a complex with Zn

2 +
, and then the complex 

dehydrates to precipitate the ZnO crystal. In order to minimize the free energy in the system, ZnO 

will grow along the non-polar plane, and promote the anisotropy growth in the c-axis direction to 

form a one-dimensional nanocolumn structure on the ITO substrate. The temperature of the 

solution is kept at 80 
o
C for the growth time of 1 hour. After ZnO NRs are grown on the substrates, 

ZnS shell is deposited on the ZnO NRs by a second-step hydrothermal growth. The second-step 

hydrothermal solution contains 0.1 M Na2S・9 H2O 100 ml. ZnS shell structures are grown at a 

temperature of 60 
o
C for the growth time of 20 and 30 mins. ZnO@ZnS core-shell structures can 

be obtained by anion exchange during hydrothermal growth. 

 

 

3. Results and discussion 

 

To reveal the surface morphologies of ZnO and ZnO@ZnS, FESEM is used to view the 

microstructures. Fig.2 (a) shows that high-quality ZnO nanorods are grown along the c-axis on a 

ITO substrate and the diameter of ZnO NRs are 30 to 40 nm. After the ZnS shell is grown for 20 

mins, ZnS nanopowder is spread on the surface of ZnO NRs as shown in Fig.2 (b) and the the rod 

diameters on the ITO/ZnO@ZnS structure increased to 40 to 60 nm. Fig. 2 (c) shows the ZnS is 

further grown for 30 mins, the fluffy-like ZnS nanostructure can be observed along the side 

surface of the ZnO NRs and the rod diameter of the NRs of the ITO/ZnO@ZnS structure was 

further increased to 60 to 70 nm. Consistent with the FESEM images, EDX analysis for the 

ZnO@ZnS structure with the growth time of 20 mins as shown in Fig.3 (b) reveals that the content 

of sulfur is around 5.19 %. As the growth time of ZnS increases, the content of sulfur is increased 

to 9.55 % as shown in Fig.3 (c). 



65 

 

   

(a)                         (b) 

 

(c) 

Fig. 2 FESEM images of the ZnO/ZnS core-shell nanostructures with 

deposition time of (a) 0 min (b) 20 min (c) 30min. 

 

 

   

(a)                                   (b) 

 

(c) 

Fig. 3 EDX analysis for the ZnO/ZnS structures with the ZnS  

growth time of (a) 0 min (b) 20 min (c) 30min 
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On the other hand, to study hydrophobicity of the nanostructures, Fig.4 (a), (b), and (c) 

show the contact angle measurements. Results show that ZnS can cause the surface to have 

hydrophilicity and cause the contact angle smaller. Furthermore, since ZnS layer with growth time 

of 20 mins as shown in Fig.4 (b) may spread near the surface, ZnO@ZnS nanostructures with 

growth time of 20 mins has the least surface contact angle. 

 

     

(a)                             (b) 

 

(c) 

Fig. 4. Surface contact angle measurements of the ZnO/ZnS nanostructures 

with ZnS deposition time of (a) 0 (b) 20 (c) 30 min. 

 

 

Furthermore, to examine the crystalline structures of ZnO and ZnS, XRD is used to 

analyze the ZnO@ZnS core-shell structures. Fig.5 shows the crystalline phases of ZnO, 

ZnO@ZnS nanostructures with the growth time of 20 mins and 30 mins. Results indicate that ZnS 

(220) appear after the ZnS is coated on ZnO NRs. Furthermore, ZnS (220) are enhanced as the 

growth time increased to 30 mins which represents the stable growth of ZnS shell. 

 

 

Fig. 5. XRD patterns of the ZnO/ZnS structures with the ZnS deposition time of 20 and 30 mins 

(c) 29.1 o 

(c) 46.1 o 
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Moreover, to study the optical properties of ZnO and ZnO/ZnS structures, PL is used to 

examine the near band-edge (NBE) emission with PL peak around 395 nm, and oxygen- related 

defect luminescence with PL peak around 560 nm. As shown in Fig.6, results indicate that 

NBE/defect luminescence ratio can be strengthened after ZnS is coated. Furthermore, as the ZnS is 

grown for 20 mins, defect luminescence can be greatly suppressed. Since ZnS can compensate 

oxygen related defects as previous studies indicated, defect luminescence can be greatly 

diminished. In addition, the NBE peak slightly blue-shift from 392 nm to 388 nm after ZnS is 

deposited on ZnO NRs. 

 

 

Fig. 6. PL measurements of the ZnO/ZnS structures with different ZnS deposition time 

 

Moreover, Raman analysis reveals that ZnO peak around 578 cm
-1

 is present for the ZnO 

NRs as shown in Fig.7. Furthermore, after ZnS is coated on the ZnO NRs, ZnS-like LO, peak 

around 345 cm
-1

 emerges [25]. Moreover, ZnS-like LO, peak is enhanced as the ZnS growth time 

increases from 20 mins to 30 mins. 

 

 

Fig. 7. Raman measurements of the ZnO/ZnS structures with different ZnS deposition time 

 

Comparison of XPS spectra of NRs before and after sulfuration process is shown in Fig. 8, 

the S 2p peak and S 2s emerged as the ZnS structures grown on ZnO NRs in contrast to the pure 

ZnO NRs, while all the other O and Zn spectra were similar.    
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Fig. 8 The XPS spectra of ZnO NRs and ZnO/ZnS core-shell NRs  

 

4. Conclusions 
 

In this study, ZnS is successfully synthesized on the ZnO NRs to form ZnO@ZnS 

core-shell structures on ITO substrates. Multiple material and optical analysis indicate that the 

appropriate coating of ZnS can enhance ZnS crystalline structures and suppress defect 

luminescence. The ITO/ZnO@ZnS nanostructures show promises for future optoelectronic device 

applications. 
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