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In this study, ZnS/ZnO/graphene/sapphire nanocomposites were formed by sol-gel/ 

hydrothermal methods. To study the influence of various portions graphene layer on 

ZnS/ZnO/graphene nanostructures, we changed the graphene amounts on the ZnO seed 

layer solution. To investigate the ZnS/ZnO/graphene/sapphire nanocomposites, multiple 

analyses including field-emission scanning electron microscopy (FESEM), X-ray 

diffraction (XRD), photoluminescence (PL), raman spectroscopy (Raman) and contact 

angle (CA) were performed. Results indicate that denser and more orthogonal 

ZnS/ZnO/graphene/sapphire structures can be formed with incorporation of graphene.  
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1. Introduction 

 

Zinc oxide (ZnO) is a multifunctional semiconductor and a large exciton binding 

energy[1,2] of 60 meV, so ZnO related nanostructures[3] have been widely attracting intensive 

studies in optoelectronic applications[4-7] because of the wide bandgap[8] of 3.37 eV and it is a 

hexagonal wurtzite structure[9]. On the other hand, zinc sulphide (ZnS) [10,11] possesses two 

natural structural phases. One is the zinc blende (sphalerite) structure[12] with a cubic phase[13] 

and another is wurtzite structure with a hexagonal shape[14]. The bandgap of the cubic and 

hexagonal phases of ZnS are 3.54 eV and 3.80 eV, respectively. The ZnS/ZnO core-shell[15-17] 

nanostructures are synthesized by preparation of ZnO nanorods (NRs) and conversion of the ZnO 

surface into the ZnS shell on the sapphire substrate[18-20]. In this study, we have designed the 

ZnS/ZnO-based nanocomposites [21] consisting of a graphene layer [22,23] inserted between 

ZnS/ZnO structures and the sapphire substrate. To investigate the influence of the addition of the 

graphene layer on ZnS/ZnO core-shell structures, we varied the graphene addition conditions with 

different amounts of the graphene integrated. To characterize the ZnS/ZnO/graphene/sapphire 

nanocomposites, multiple material analyses including field-emission scanning electron microscopy 

(FESEM), X-ray diffraction (XRD), photoluminescence (PL), raman spectroscopy (Raman) and 

contact angle (CA) were used to examine the nanostructures. Results indicate that more 

perpendicular ZnS/ZnO core-shell structures can be grown on sapphire substrates with addition of 

graphene.  
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2. Experimental 
 

The sapphire substrates with an area of 2cm×2cm were prepared. To grow ZnO NRs with 

a graphene layer on the sapphire substrate, the precursor solution contained Zn(CH3COO)2 and 

two drops of monoethanolamine (MEA) with 60 ml of ethanol was mixed with  no graphene, 3 

portions (0.3 ml) of graphene, and 6 portions (0.6 ml) of graphene to form the seed layer, 

respectively. The above-mentioned mixed solutions were spin-coated on the various sapphire 

substrates. DV-100 (Ted Pella Inc.) pipettes were used to spread graphene on top of the sapphire 

substrate before the ZnO seed layers were deposited. After the ZnO seed layers with various 

amounts of graphene were formed, the samples with the ZnO seed layer were placed in solution 

containing zinc nitrate hexahydrate (Zn(NO3)2·6H2O) and hexamethylenetetramine (HMTA) by 

hydrothermal methods to grow the ZnO NRs at 80 °C for 1 hour. After that, the ZnO 

NRs/graphene on the sapphire substrates were immersed in solution of sodium sulfide nonahydrate 

(Na2S·9H2O) at 70 °C for 5 min. With Na2S dissolving out S
2-

 ion source to convert ZnO to ZnS 

[25], the ZnS/ZnO/graphene/sapphire nanocomposites can be formed based on the following 

chemical reaction formula: 

 

ZnO(s)+ S
2-

(aq)+H2O(l)=ZnS(s)+2OH
-
(aq) 

 

3. Results and discussion 

 

To observe the surface morphologies of the ZnS/ZnO core-shell grown in four different 

conditions, field-emission scanning electron microscope (FESEM) was used to view the 

morphologies of the nanostructures.  

 

     

(a)                                (b) 

     

(c)                                (d) 

 

Fig. 1 FESEM images of the surface of the ZnS/ZnO core-shell on the sapphire substrates 

with the seed layer (a) with a graphene layer (b) without graphene (c) with 3 portions (0.3 

ml) of graphene and (d) with 6 portions (0.6 ml) of graphene in various magnification  

rates. 
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As shown in Fig. 1 (a), arrays of ZnO nanorods with coated ZnS were synthesized on the 

sapphire with spreading a graphene layer on bottom of ZnS/ZnO structures. By contrast, ZnS/ZnO 

core-shell without a graphene layer showed better growth for NRs grown on sapphire substrates, 

as shown in Fig. 1(b). Moreover, ZnO NRs with the seed layer incorporated with 3 and 6 portions 

of graphene by Fig. 1(c) and (d). Compared with ZnS/ZnO nanostructures with spreading a 

graphene layer on bottom, ZnS/ZnO nanostructures with ZnO seed layer incorporating 6 portions 

of graphene possessed the densest and the most orthogonal structure. 

To study the crystalline structures of ZnS/ZnO incorporating graphene and without 

graphene, XRD was used to examine the material quality as shown in Fig. 2. Consistent with 

FESEM results, ZnS/ZnO structures with 6 portions of graphene added into the ZnO seed layer 

solution had the strongest (002) c-axis phase and (103). Moreover, ZnS/ZnO structures with 6 

portions of graphene added into the ZnO seed layer solution had strongest ZnS (111) phase.  

 

 

Fig. 2 XRD spectra of the ZnS/ZnO core-shell on the sapphire substrates with four 

different conditions of graphene. (1 portion = 0.1 ml of graphene) 

 

 

In addition, the optical properties of the ZnS/ZnO structures with adding various portions of 
graphene into the seed layer were investigated by PL measurements as shown in Fig. 3. The PL 
peak of the spectrum around 375 nm showed the near band edge (NBE) emission, and the peak 
around 570 nm in the spectrum represented the defect luminescence. The peak of NBE/defect 
emission ratio of the ZnS/ZnO structures with 6 portions of graphene added into the ZnO seed 
layer solution was stronger than that with 3 portions of graphene added into the ZnO seed layer 
solution .Therefore, the graphene-incorporated ZnS/ZnO with 6 portions had the better material 
properties corresponding with FESEM and XRD analyses. 

 

 
Fig. 3 PL measurements of the ZnS/ZnO core-shell on sapphire substrates with the seed 

layer incorporating various amounts of graphene. (1 portion = 0.1 ml of graphene) 
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Moreover, the Raman spectra of the graphene-incorporated ZnS/ZnO as shown in Fig. 4. 

Peaks of 475, 570, 1145, and 1720 cm
-1

 in Raman spectrum signifies the ZnO nanostructure while 

350 and 695 cm
-1

 of ZnS structures could be detected. The increase of graphene concentration 

resulted in a stronger peak of 1720 cm
-1

. The peak of 570 cm
-1

 represents C-axis for ZnO, while 

the peak of 1145 and 1720 cm
-1

 indicates multiple photon vibrations and asymmetric multiple 

photon vibrations, respectively. 

 

 

Fig. 4 Raman analysis of the ZnS/ZnO core-shell on sapphire substrates with the seed 

layer incorporating various amounts of graphene. (1 portion = 0.1 ml of graphene) 

 

 

Finally, contact angle measurements for the hydrophobicity of various nanostructures are 

shown in Fig. 5(a), (b), (c), and (d). Incorporating graphene into the ZnO seed layer solution might 

cause lower hydrophobicity of the ZnS/ZnO core-shell nanostructures so the contact angles 

became smaller as shown in Fig. 5(c) and (d). On the other hand, spreading a graphene layer on 

bottom of ZnS/ZnO structure may enhance the hydrophobicity as shown in Fig. 5(a).  

 

      

(a)                               (b) 

      

(c)                               (d) 

 

Fig.5 Surface contact angle measurements of the surface of the ZnS/ZnO core-shell on the 

sapphire substrates with the seed layer (a) with a graphene layer on bottom (b) without 

graphene  (c)  with 3  portions (0.3 ml) of graphene and (d) with 6 portions (0.6 ml) of  

graphene. 
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4. Conclusions 
 

In this research, ZnO/ZnS core-shell structures were grown on the sapphire substrates 

incorporating graphene. Results indicate that the morphology of ZnS/ZnO core-shell growth was 

modulated by addition of different amounts of the graphene into seed layer by hydrothermal 

method.  

In addition, multiple material characterizations show that stronger crystalline structures, 

higher hydrophilic properties, and higher near band edge  emission by incorporating graphene 

into the seed layer. The ZnS/ZnO core-shell nanostructures with graphene show promises for 

future optoelectronic and biomedical device applications. 
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