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In this study, ZnS/ZnO coreshell structures were electro-hydrothermally  

deposited on silver wires. To analyze the properties of the ZnS/ZnO nanostructures on 

silver wires, multiple material, optical, and biomedical analyses including FESEM, EDX, 

FTIR, XPS, and antibacterial effects were conducted. Multiple characterization results 

indicate that ZnS/ZnO shell could be optimally grown on silver at an appropriate 

deposition time. In line with the material characterizations, the best antibacterial effects 

exhibited at the ZnS growth time of 10 minutes. ZnO/ZnS/silver structures are promising 

for future biomedical antibacterial applications 
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1. Introduction 
 

ZnO sulfide/zinc oxide (ZnS/ZnO) nanostructures have been intensity studied due to their 

distinct material and optical properties [1-3]. Zinc sulfide is a non-toxic semiconductor with a 

direct wide band gap [4, 5], so that incorporating ZnS on ZnS nanorods (NRs) to form the 

ZnS/ZnO coreshell structures can have versatile optical and catalytic application [6-8].  Since 

ZnO NRs fabricated on the silver wire have been reported as light sensor [9], opto-isolator [10], 

and biosensor applications [11,12].  Including the core shell of ZnS [13,14] may further enhance 

the biomedical performance of the nanostructures on silver wires [15-18]. Based on literature 

research, one study has grown ZnS also directly on the silver structure [19]. However, 

ZnS/ZnO/silver structures have not been clearly reported yet.  In this study, ZnO NRs were firstly 

grown on silver wires [20] and then the ZnO NRs/silver wire structures were coated with ZnS shell 

to form the ZnS/ZnO coreshell structures.  To characterize the core-shell structures, multiple 

characterizations [21] were performed.  Field-emission scanning electron microscope (FESEM) 

was used to view the morphology of the core-shell structures, energy dispersive spectrometer 

(EDS) was used to examine the element compositions, and X-ray diffraction (XRD) was used to 

observe the crystalline structures. X-ray photoelectron spectroscopy (XPS) and Fourier-transform 

infrared spectrometer (FTIR) were conducted to examine the chemical bindings. Finally, OD 600 

antibacterial tests can be applied to evaluate the  antibacterial effects.  Results indicate that ZnS 

with deposition time of 10 minutes had the strongest crystalline structures and sulfur contents. 

Corresponding with the material analyses, ZnS/ZnO/silver wires with ZnS deposition time of 10 

minutes exhibited the strongest antibacterial properties. ZnO/ZnS core-shell structures on silver 
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wires with appropriate ZnS growth time show promise for future biomedical antibacterial 

applications. 

 

 

2. Experimental procedure 

 

To fabricate ZnS/ZnO core-shell structures on silver wires, we prepared five silver wires 

with a diameter of 2mm and a length of 3 cm in size as shown in Fig. 1(a) and (b). The wires were 

cleansed with ethanol, acetone, and isopropyl alcohol for 10 minitues. After that, we put five silver 

wires into a 100 ml solution containing 0.1 M zinc nitrate and 0.1M potassium nitrate, and then 

electro-deposited zinc oxide seed layers on the silver wires with a current of 18mA for 12 seconds 

one by one . After that, the five wires containing the seed layer was placed in serum bottle with a 

100 mal solution containing 0.05 M zinc nitrate hexahydrate and 0.07 M hexamethylenetetramine 

to hydrothermally grow ZnO NRs on silver wires at 85° C for one hour. 

 

 

a)                       b) 

Fig. 1. Photos of a silver wire with (a) 3 cm length and (b) 2 mm diameter. 

 

Then, four samples were put in the solution containing 0.1 M sodium sulfide 

nonahydrate100 ml and immersed for 5, 10, 15, and 20 minutes at 65° C, respectively.  ZnS/ZnO 

core-shell structures can be obtained by S
2-

 exchange O
2- 

during hydrothermal growth as shown in 

equation below.  

ZnO+2(OH)
-
 ⇌ ZnO2

2-
+H2O 

ZnO2
2-

+S
2-

 +2H2O⇌ZnS+4(OH)
-
 

 

3. Results and discussion 
 

To observe the ZnS/ZnO core-shell structures, FESEM images of various magnification 

rates and EDS analyse of the ZnS/ZnO/silver wires with ZnS deposition time of 0, 5, 10, 15, and 

20 minutes are shown in Fig. 2 (a), (b), (c), (d), and (e), respectively. FESEM results indicate that 

fluffy ZnS structures could be successfully grown on the ZnO NRS/sivler wires. In addition, ZnS 

core-shell could be clearly seen as the ZnS growth time was increased to 10 and 15 minutes. 

Furthermore, sulfur content could be clearly observed as a ZnS layer was coated on ZnO NRs 

indicative of reaction and interchanging between S
2-

 and ZnO2
2-

 to form ZnS/ZnO core-shell 

structures 
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Fig. 2a. FESEM images of various magnification rates and EDS analysis of the ZnS/ZnO 

core-shell nanostructures with deposition time of (a) 0 min  

 

 

 

Fig. 2b. FESEM images of various magnification rates and EDS analysis of the ZnS/ZnO 

core-shell nanostructures with deposition time of (b) 5 mins  

 

 

 

Fig. 2c. FESEM images of various magnification rates and EDS analysis of the ZnS/ZnO 

core-shell nanostructures with deposition time of (c) 10 mins 



174 

 

 

 

 

 

Fig. 2d. FESEM images of various magnification rates and EDS analysis of the ZnS/ZnO 

core-shell nanostructures with deposition time of  (d) 15 mins  

 

 

 

Fig. 2e. FESEM images of various magnification rates and EDS analysis of the ZnS/ZnO 

core-shell nanostructures with deposition time of (e) 20 mins. 

 

 

Moreover, to confirm the appearance of the ZnS crystalline structures, XRD was used to 
examine as shown in Fig. 3(a) and (b). Since the ZnS structures may not be as strong as ZnO and 
silver, ZnS could not be observed in 20 to 80 degree XRD patterns but the crystal structure of the 
zinc oxide NRs on the silver wire could be observed by in Fig. 3(a).  Therefore, we focused the 
XRD patterns between 20 to 30 degree as shown in Fig. 3(b). Results show that ZnS (111) 
crystalline structures could be observed. Moreover, the strong crystalline structures could be seen 
at the deposition time of 10 and 15 minutes and the strongest ZnS (111) peak could be observed 
for the ZnS deposition time of 10 minutes. 
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a)         b) 

Fig. 3.(a) 20-80∘XRD patterns of the ZnS/ZnO/silver wires with various ZnS deposition 

time (b) 20-30∘XRD patterns of the ZnS/ZnO/silver wires with various ZnS deposition 

time 

 

 

Moreover, to evaluate the chemical bindings of the ZnS core-shell structures, XPS was 

used to study the ZnS bindings as shown in Fig. 4. In line with previous characterizations, sulfur 

bindings of ZnS/ZnO structures with ZnS deposition could be observed. Moreover, the strongest 

ZnS binding could be seen for the ZnS deposition time for 10 minutes as shown in Fig. 4, showing 

that the appropriate time of ZnS growth was 10 minutes. 

 

 

Fig. 4. XPS measurements of ZnS/ZnO/silver wires with various ZnS deposition time. 

 

 

To further investigate the functional groups contained in the samples, FTIR was used for 

analysis for the ZnS/ZnO and ZnO strucutres as shown in Fig. 5(a) and (b), respectively. As for Fig. 

5(a), the pink point was with ZnS/ZnO deposition and the blue point was with the uncoated silver 

wire. Apparently, ZnS could be clearly detected with the signal around 1450 cm
-1

 and no ZnS 

signal appeared for the bare silver wire. Moreover, for Fig 5.(b) with only ZnO NR deposition, no 

ZnS peak could be seen as well [22, 23]. In addition, peak intensity around 2350 cm
-1

 was C-O 

signaland peak intensity near 3500-3900 cm
-1

. 
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a) 

 

b) 

  Fig. 5. FTIR measurement of (a) a ZnS/ZnO/silver wire and (b) a ZnO/silver wire. 

 

 

Finally, OD 600 antibacterial tests were studied for antibacterial effects of the a ZnO/silver 

wire and ZnS/ZnO/silver wires with ZnS deposition time for 5, 10, 15, and 20 minutes. To study 

antimicrobial activity, the above five samples were immersed in a solution prepared from E. coli 

bacteria in the growth medium,  while the solution was prepared from the E. coli bacterial growth 

media. Furthermore, the bacterial density of the collected bacterial solution was detected with 

spectrophotometer with 600 nm light optical density. Corresponding with all the previous 

measurements, the ZnS/ZnO/silver wire with ZnS deposition time of 10 minutes had the strongest 

antibacterial effect indicating that ZnS had the antibacterial properties. This result was consistent 

with all the previous analyses because ZnS contributed to strengthening of  the antibacterial 

effect [24], and reached the extreme value in 10 minutes. After the growth time of 10 minutes, ZnS 

gradually disintegrated so that the antibacterial effect was reduced. 
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Fig. 6. OD 600 antibacterial tests for the ZnS/ZnO/silver wires with various ZnS deposition time 

 

 

4. Conclusions 
 

In this paper, ZnS/ZnO core-shell structure on the silver wires were fabricated. To evaluate 

the properties of ZnS/ZnO/silver wires, multiple analyzes were carried out.  Results indicate that 

ZnS could be properly grown on ZnO NRs/silver wires with the ZnS deposition time of 10 minutes. 

Furthermore, the antibacterial OD 600 tests reveal that ZnS had antibacterial properties and the 

core-shell structure with deposition time of 10 minutes had the strongest antibacterial properties. 

ZnO/ZnS/silver wires with appropriate ZnS deposition time are promising for future biomedical 

antibacterial applications 
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