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Abstract: ZnS nanoparticles were obtained by the pyrolysis of 

Zinc (II) complex at 280 ˚C to generate ZnS nanoparticles. The 

as-prepared ZnSnano particles were further incorporated into 

the polymer matrices of polyvinyl alcohol (PVA) to generate 

ZnS/PVA nanocomposites via electrospinning technique. The 

electrospun fibre (ZnS/PVA) was employed as a catalyst in 

photocatalytic degradation of methylene blue. The nanofiber was 

observed to have an impressive ability on photo degradation of 

methylene blue; as the methylene blue solution became 

completely colourless when ZnS/PVA was used as catalyst. 

Fourier transform infrared (FTIR), scanning electron 

microscope (SEM), and UV-vis spectroscopy were used to 

characterise the ZnS nanoparticles and ZnS/PVA 

nanocomposites. 
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I. INTRODUCTION 

onoanionic chelating ligands have a remarkable 

property of forming stable complexes with most metals 

in actinide and lanthanide groups and all the transition metals 

[1].The nature of complexation determine the overall 

properties of the metal complexes. Thus, the versatile property 

of the ligands to form monodentate, bidentate chelating or 

bidentate bridging molecules is responsible for their varying 

properties [2-4].  

Polymers are remarkably used in the synthesis and 

modification of nanoparticles. The properties of most 

polymers such as being lightweight constituents which allow 

easy processing and could be shaped into thin layers by 

numerous techniques have made them suitable for the 

application.  

Incorporation of polymers into nanoparticles either as capping 

agents or as properties’ enhancers has been a common trend in 

nanoscience. The combined properties of both the polymer 

and the inorganic nanoparticles leads to a more developed 

functions of the nanocomposites produced [5,6]. For instance, 

Mohammed et al.,(2014)[7] have reported the use of 

polyacryloylated starch as capping agent in the production of 

nanoparticles from CdS. In such case the functional groups of 

the polymeric material is very important because they 

determine some important properties of the nanoparticles such 

as stability, solubility, strong luminescence and even 

electronic properties of the nanoparticle. 

Another factor that affects the physical and chemical 

properties of nanoparticles is the surface modification of the 

particles. The surface nature of composites produced from 

nanoparticles of transition metal salts and polymer matrices is 

dependent on the nature and structure of the surface ligand 

layer, which determine the interaction between the inorganic 

core and polymer ligand layer and the structure of inorganic 

nanoparticles [8,9] 

The applications of nanoparticles in different industries such 

as pharmaceutical, electronics, agricultural, energy and 

cosmetics have been reported. Furthermore, their application 

in environment and health care researches is one of the most 

interesting today [9,10.11,]. 

Incorporation of inorganic nanoparticles to polymer matrices 

yields a product that is affordable, available, and 

environmentally friendly. Moreover, the desirable 

physicomechanical properties of the nanocomposite such as 

light weight, mechanical elasticity and stability have made the 

nanocomposites a promising product in different industries. 

The versatile applications of nanofibers range from 

nanosensors, tissue engineering, filtration media, to drug 

delivery in pharmaceutical industry [11]. The common 

techniques used in the synthesis of nanofibers include 

electrospinning, interfacial polymerization, electrostatic 

spinning and melt processing [12]. 

Water being one of the requirements of life has become one of 

the greatest media through which pollution gets its way into 

ourenvironment. Several approaches have been considered in 

limiting the effects of these harmful materials to the 

environment. However, most of thetechniques being used are 

met with some limitations which include operational costs or 

the high cost of the materials[13].Efficient and more 

affordable approaches are readily approved to produce a safe 

and portable drinking water [14].  

The remarkable features of nanofibers such as small pore 

sizes, high specific surface areas,high porosity and 

photocatalytic properties have made nanofibers a suitable 

option for waste water treatment [15]. 

M 
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In this study, the production of nanocomposites from ZnS and 

PVA using electrospinning process and application of the 

spun fiber as a catalyst in the purification of waste water 

containing methylene blue has been reported.   

II. EXPERIMENTAL SETUP 

2.1 Materials and Method 

Materials: Polyvinyl alcohol, n-butanol, polyacrylonitrile, 

carbondisulfide, dimethyl formamide, methylene blue, zinc 

chloride, ethanol were all purchased from Sigma-Aldrich. 

The structure and morphology of the nanofibers were studied 

using SEM machines. FTIR spectra were recorded on ATR 

mode, while UV spectrophotometer was used to obtain the 

absorption spectra.. 

2.1.1. Synthesis of potassium butyl xanthate (KBX)  

The ligand (KBX) was synthesised using the procedure 

reported by Mohammed et al. (2003)[16].KOH (1.12 g) was 

suspended in an oven-dried Schlenk flask containing n-

butanol (50 mL),the mixture was stirred vigorously with 

nitrogen gas blown to keep an inert atmosphere.Carbon 

disulfide  (1.2 mL) was added gradually to the mixture for a 

period of 30 min. The solution became yellow and later 

cloudy with more CS2 in the reaction mixture. After 2 h, the 

mixture was fitered and washed with n-butanoland put in a 

vaccum oven to dry overnight. 
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 Fig.1 Resonance forms of alkyl xanthate moiety 

2.2.2. Synthesis of the complex, (Zn(L
1
)2 

20 mL of aqueous solution of ZnCl2  (5 mmol) was slowly 

added to 50 mL of aqueous solution containing 1.88 g of KL
1
 

(10 mmol) with contant stirring. Precipitates began to form 

immediately. The mixture was continously stirredfor further 

45 min, filtered, washed with water and dried at room 

temperature under vaccum [17]. 

2.2.3. Synthesis of  ZnS nanoparticles  

Typically, 7.50g of hexadecylamine was added into a three-

necked round bottomed flask equipped with a condenser. 

Nitrogen was slowly purged into the flask while the 

temperature is slowly raised to 280 ˚C. 0.50 g of the zinc 

complex dispersed in tri-n-octylphosphine was injected into 

the hot hexadecylamine. The solution turned to a bright 

yellow color with a drop in the temperature. The temperature 

was gradually raised to 280 ˚C and maintained for an 1 h. The 

mixture was allowed to cool to 70 ˚C. Methanol was added to 

the solution which resulted in the formation of the capped 

nanoparticles. The colloidal mixture was separated using 

centrifugation followed by dispersion in toluene. The process 

was repeated three times to remove excess hexadecylamine 

[17].   

2.2.4. Synthesis of nanofibers 

Polyacrylonitrile (1 g) was dissolved in dimethylformamide (2 

mL) and stirred for 1h. ZnS nanoparticles (10 mg) were added 

to the mixture with continuous stirring until homogeneity was 

achieved after 12 h (Equivalent to 13% w/w of the colloidal 

solution). The solution was loaded in a syringe equipped with 

a capillary wire needle. 20 kV of voltage was connected to the 

needle tip. A tip collector (20 cm) covered with aluminium 

foil was connected to a ground electrode. Under this high 

voltage the polymer jet produced fibers that are collected on 

the aluminium foil. The collector is further heated to 50 ˚C for 

the solvent to evaporate[18]. 

2.2.5. Degradation of methylene blue 

The nanocomposite (ZnS-PVA) and ZnS nanoparticles were 

tested on waste water containing methylene blue 10 mg/L. 

PVA was used as a control in the experiment. 20 mg of each 

of PVA, ZnS/PVA and ZnS nanoparticles were separately 

mixed with the waste water in a beaker followed by agitation 

using a magnetic stirrer until a uniform dispersion of the 

catalysts was achieved. 2 mL of the aliquot of each sample 

was taken after 1 h. The catalysts (PVA, ZnS/PVA and ZnS 

nanoparticles) were separated using a centrifuge at 3500 rpm 

for 10 min. A UV source (250-W Xe) discharge lamp with a 

circulating water source in the reactor vessel was used for the 

study [11]. 

III. RESULTS AND DISCUSSION 

3.1. FTIR analysis 

The FT-IR spectrum of KBX, Zn(L1)2, ZnS/PVA and PVA 

are shown in Table 1. The absorption peaks at 2957 cm
-1 

and 

2869 cm
-1

 correspond to assymmetric and symmetric 

stretching of C-H bond in terminal CH 3 group. The absorption 

bands at 1460 cm
-1

 and 1375 corresponds to assymmetric and 

symmetric deformation of C-H bond in CH3 group. The peak 

at 1061 cm
-1

 is due to C=S stretching vibration, while at 1173 

cm
-1

 and 1102 are attributed to –C-O-C- symmetric stretching 

vibration.The spectra of the xanthate complex shows a 

characteristic peak at around about 1000–1200 cm
-1

which is a 

characteristic of xanthate group, and another peak at 2929 cm
-

1 
due to C-H stretching mode. The virgin PVA and ZnS/PVA 

show absorption band at 3301 cm
-1

 due to OH stretching 

vibration, 2927 and 2926 cm
-1

 due to C-H vibrations for the 

pure PVA and the nanocomposite respectively. There is also a 

noticeable shift in the peak assigned to C=C stretching 

vibrations from 1582 cm
-1

 in PVA to 1566 cm
-1

 in the 

ZnS/PVA nanocomposite. This observed changes in the 

characteristic band shows that there is an interaction between 

the ZnS nanoparticles and the polymer.  
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Table 1: FTIR spectroscopic result of the samples 

Compound 

IR (cm-1) 

ν(O-

H) 
ν(C=S) ν(O-C-O) ν(C=C) ν(C-H) 

PVA 3301 – – 1582 2927 

KBX (L1) – 1061 
1173, 

1102 
– 

2957, 

2869 

Zn(L1)2 – 1065 1201 – 2929 

ZnS/PVA 3301 – – 1566 2926 

 

3.2. UV analysis of the ZnS nanoparticle 

Optical properties of nanomaterials was observed using 

Ultraviolet-visible spectroscopy. Figure 2 shows the UV 

absorption spectrum of the ZnS nanoparticles. It shows a 

maximum absorption band at 240 nm consisting of a long 

wavelength tail which decreases with time. This shift (blue-

shift) in the absorption wavelength compared to a bulk ZnS 

molecules shows that the particles are formed at quantum 

confinement size regime. Moreover, time increase doesn’t 

affect the position of maximum absorption [17]. 

 

Fig. 2: UV-vis spectrum of ZnS nanoparticles 

3.3. SEM analysis of the particles 

The SEM images of the samples are shown in figure 2 a and 

b. There is noticeable change in morphological feature of the 

pure PVA and the ZnS/PVA nanocomposite. The long-hairy 

rod-like fibrous nature of the PVA polymer in figure 2 (a) has 

now changed to a slightly more clustered and longer fibers 

after the incorporation of ZnS nanoparticles from 86 µm to 90 

µm. This show the nanoparticles affects the shape, width and 

length of the PVA surface. 

 

Fig. 2 SEM images of (a) PVA and (b) PVA/ZnS nanocomposite 

3.4. Photodegradation of methylene blue 

The efficacy of the samples on degradation of the dye solution 

was studied using UV-Vis machine at 666 nm which 

corresponds to the maximum absorption of methylene blue 

[19,20]. From figure 3, there is a noticeable reduction in the 

absorption peak in both the control (PVA) and ZnS/PVA 

nanocomposite. Moreover, the nanocomposite showed the 

highest reduction in the absorption peak. In addition there was 

decolourisation of the dye solution when the nanocomposite 

was used.  

 

Fig. 3 Photodegradation of methylene blue, PVA and ZnS/PVA 

nanocomposite 

IV. CONCLUSION 

Nanocomposite from Zn (II) complex and PVA showed a 

promising performance in waste water treatment containing 

methylene blue. UV-visible spectroscopy confirmed the blue 

shift in the absorption band as well the effect of the 

nanocomposite on the dye molecule in the aqueous media. 

ZnS/PVA showed a more decrease in the intensity of the 
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absorption peak compared to the pure PVA.  Scanning 

electron microscopy showed that there is a change in the 

surface morphology of the polymer surface before and after 

the impregnation with ZnS nanoparticles. FTIR analysis 

showed further evidence of nanocomposite formation from the 

precursor compounds.  

ACKNOWLEDGEMENTS 

The authors are grateful to Tertiary Education trust fund 

(TETFUND) Nigeria and Potchefstroom Campus of the 

North-west University, South Africa for financial support and 

samples’ analyses respectively. 

CONFLICT OF INTEREST 

Authors declares no conflict of interest 

REFERENCES 

[1] O.V. Loseva, T.A. Rodina, A.I. Smolentsev, A.V. Ivanov, 

Synthesis, supramolecular self-organization, and thermal behavior 

of the heteropolynuclear complex 
([H3O][Au{S2CN(CH2)6}2][Au2{S2CN(CH2)6}4][ZnCl4]2) nJournal 

of Structural Chemistry, 55 (2014) 901-909. 

[2] M. Green, P. O’Brien, synthesis of nano-particulate chalcogenide 
semiconductors containing cadmium, Adv. Mater. Opt. Electron. 7 

(1997) 277-279.  

[3] B. Ludolph, M.A. Malik, P. O’Brien, N. Revaprasadu, Novel 
single molecule precursor routes for the direct synthesis of highly 

monodispersed quantum dots of cadmium or zinc sulfide or 
selenide,  Chem. Commun. 17 (1998) 1849-1850. 

[4] L.D. Nyamen, A.A. Nejo, V.S.R. Pullabhotla, P.T. Ndifon, M.A. 

Malik, J. Akhtar, P. O’Brien, N. Revaprasadu,The syntheses and 
structures of Zn(II) heterocyclic piperidine and 

tetrahydroquinolinedithiocarbamates and their use as single source 

precursors for ZnS Nanoparticles, Polyhedron 67 (2014) 129-133. 
[5] N. Cheong, Y. Chan, R.R. Schrock, R.E. Cohen, Synthesis of 

single silver nanoclusters within spherical microdomains in block 

copolymer films, Journal of the American Chemical Society 114 
(1992) 7295-7296. 

[6] M. Moffitt, L. McMahon, V. Pessel, A. Eisenberg,Size Control of 

Nanoparticles in Semiconductor-Polymer Composites. 2. Control 
via Sizes of Spherical Ionic Microdomains in Styrene-Based 

Diblock Ionomers, Chemistry of Materials 7 (1995) 1185-1192 

[7] A.D. Mohammed, D.C. Onwudiwe, D.A. Young, H.C.M. Vosloo 
Synthesis of highly-confined CdS nanoparticles by 

copolymerization of acryloylated starch mater. Lett. 114(2014) 
63–67. 

[8] W. Guo, J.J. Li, Y.A. Wang, X. Peng, Luminescent CdSe/CdS 

Core/Shell Nanocrystals in Dendron Boxes:  Superior Chemical, 
Photochemical and Thermal Stability, Journal of the American 

Chemical Society 125 (2003) 3901-3909 

[9] J. M. Berg, P.M. Claesson,Forces between Surfaces Coated with a 
Polymerizable Surfactant before and after Polymerization Journal 

of Colloid and Interface Science 163 (1994) 289-298 

[10] W.T. Liu, Nanoparticles and their biological and environmental 
applications, Journal of Bioscience and bioengineering, 102 (2006) 

1-7. 

[11] S.W. Kuo, Y.C. Chung, K.U. Jeong, and F.C. Chang, The Journal 
of Physical Chemistry C, 112 (2008) 16470-16477. 

[12] S. Li, M.M. Lin, M.S. Toprak, D.K. Kim, and M. Muhammed, 

Nano Reviews & Experiments, Nanocomposites of polymer and 
inorganic nanoparticles for optical and magnetic applications, 

DOI: 10.3402/nano.v1i0.5214 1 (2010). 

[13] A.D. Mohammed, J. Hendriks, Effective Removal of Heavy Metal 
Ions Using Glycerol and Starch Xanthate. JOTCSA, 4 (2017) 

1031–44. 

[14] K.M. Mostafa, M. Samarkandy, A.A. El-Sanabary, Graft 
Copolymers and their Application in Waste Water Treatment. 

Journal of Applied Polymer Science, 112 (2009) 2838-46. 

[15] X. Qu, P.J. Alvarez, and Q. Li, Applications of nanotechnology in 
water and wastewater treatment, Water research, 47 (2013) 3931-

3946. 
[16] A.A. Mohamed, I. Kani, A.O. Ramirez, J.P. Fackler, Synthesis 

Characterization, and Luminescent Properties of Dinuclear Gold(I) 

Xanthate Complexes: X-ray Structure of [Au2( nBu-xanthate)2.  
Inorganic Chemistry, 43 (2004) 3833–39. 

[17] D.C. Onwudiwe, A.D. Mohammed, C.A. Strydom, D.A. Young, 

A. Jordaan, Colloidal synthesis of monodispersed ZnS and CdS 
nanocrystals from novel zinc and cadmium complexes 

Superlattices and Microstructures 70 (2014) 98–108 

[18] L. Saravanan, S. Diwakar, R. Mohankumar, A. Pandurangan, R. 
Jayavel,Synthesis, Structural and Optical Properties of PVP 

Encapsulated CdS Nanoparticles, Nanomaterials and 

Nanotechnology 1 (2011) 42-48 
[19] M.A. Rauf, M.A. Meetani, A. Khaleel, A. Ahmed, Photocatalytic 

Degradation of Methylene Blue Using a Mixed Catalyst and 

Product Analysis by LC/MS, Chem. Eng. J. 157 (2010) 373-378. 
[20] N. Soltani, E. Saion, W.M. Yunus, M. Navasery, G. Bahmanrokh, 

M. Erfani, M. Zare, R.E. Gharibshahi, Photocatalytic degradation 

of methylene blue under visible light using PVP-capped ZnS and 
CdS nanoparticles, Sol. Energy  97 (2013) 147-154. 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.3402/nano.v1i0.5214

