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Abstract. Semiconductor material to biological system has a significant advance in recent 

research. The composite ZnS/CdS material with Fe doping has been grown by chemical route and there 

structural and composition has been analyzed by X-ray diffraction (XRD) and transmission electron 

microscopy (TEM). The surface was analyzed by scanning electron microscopy (SEM) and atomic 

force microscopy (AFM) method. The engineered band gap was calculated by absorption spectroscopy 

and found that absorption was blue-shifted. Photoluminescence analysis shows that luminescence of 

Fe2+ ions affected by the host crystal and symmetry leads to the emission color from green to orange/red. 

The band gap of the composite material depends on various parameter like doping concentration and 

composite material. From the established model the particles size was estimated and size becomes 

comparable with TEM and XRD. XRD patterns refined by the Rietveld method shows that the 

composite is hexagonal wurtzite structure. The structural analysis showed that doping concentration 

changes the size and transition level and create better efficiency in antimicrobial activity. The 

antibacterial observation showed that the 2.0 wt% Fe-doped with composite 2:3 ratio exhibited 

maximum antibacterial effect. 
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INTRODUCTION  

The composite semiconducting and magnetic material has lost of importance 

due to their large application in optoelectronic and biological process. Composite 

material has unique relevance to biomedical applications due to their ultra-small size 

with cell (5–50 μm), viruses (10–500 nm), proteins (10–50 nm) and gene (10–100 

nm) [7, 15, 27]. Semiconductor and magnetic biomaterials have different challenges 

for application in biological point of view. The surface to volume ratio of the 

nanostructured exhibit potent antibacterial properties due to physical, chemical and 
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biological properties that develop with tuneable size effects [2, 5, 8, 11]. Among the 

various compound semiconductor, zinc sulphide and cadmium sulphide 

nanoparticles have been found to be very effective antibacterial activity. Studies 

have shown that metal oxide nanoparticles such as ZnS and CdS NPs, have selective 

toxicity to bacteria and exhibit minimum effect on human cells [21, 24]. ZnS, being 

a wide band gap (3.37 eV) and CdS (2.42 eV) wurtzite-phase semiconductor, which 

has attracted a considerable scientific attention, due to its importance of suitable band 

gap and applications in the fields of opto-electronics properties [28]. The trap states 

inside the band gap were analyzed to recognize the sub-bandgap energy levels [9]. 

The defect level plays an important role in various properties like luminescence and 

chemical activity with fast photo absorption, transportation, and collection [23]. 

Photoluminescent properties of blue emission band centered at 418 nm in 

composite material is due to the host related defect states like Zn vacancies [26]. The 

suppressed green emission due to the incorporation of Fe2+ ions which is effective in 

antimicrobial activity. 

In developing countries, the bacterial contamination of drinking water 

becomes a major issue. The removal or inactivation of pathogenic microorganisms 

is important in water treatment. Application in semiconductor nanoparticles is the 

promising area for removal of microorganism due to the high chemical affinity with 

photocatalytic activity [12]. Lots of research is under process for purification of 

drinking water. 

MATERIALS AND METHODS  

The composite semiconductor biomaterials have different challenges than 

material used for other application. In vivo applications required strict 

biocompatibility. In vitro applications have less strict, but techniques involving 

living cell must consider the effect the material on the sample under the study. 

CHEMICAL PROCESS FOR COMPOSITE MATERIAL WITH DOPPING 

Un-doped and Fe-doped of composite ZnS/CdS nanoparticles with 0.5, 1.0, 

1.5, and 2.0 wt% of Fe were synthesized by chemical method using ZnS, NaOH, 

CdCl2 and Na2S. All the materials used were of analytic grade obtained from Merck, 

India, and used without further purification. The constituent in the desired 
proportions were dissolved in deionized water and stirred for 12 hours to obtain a 

clear transparent solution. It was then poured into a silica crucible, and then placed 

in a domestic microwave-oven and exposed to the microwave energy. The obtained 

samples were thoroughly washed with alcohol for several times to remove the ions 

possibly remaining in the final products and then dried in a hot air oven at 70 °C for 

2 hours. After preparation solution was caste in glass substrate and kept 24 hours for 

adhesion. 
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TEST AND PROCESS FOR ANTIBACTERIAL ACTIVITY 

E. coli (MTCC 739), Klebsiella pneumonia (MTCC 432), Pseudomonas 

aeruginosa (MTCC-424) were used for antibacterial activity. The bacterial cultures 

were maintained on nutrient agar slants and kept at −4 °C. 

1 mg of composite sample was weighed to prepare a solution of 1 mg/mL 

concentration. Antibacterial activity is performed in both doped and undoped 

composite. The pathogenic samples were cut in 8 mm diameter and added in 

composite material for inhibitory controls of gram-negative and gram-positive 

bacteria. All arrangement is performed at 37 °C for 24 h. After incubation period 

diameters were measured with high resolution travelling microscope. The data are 

analyzed using Origin graphic software. 

RESULTS  

XRD BY RIETVELD REFINEMENT TECHNIQUE 

Fe doped ZnS/CdS nanoparticles was prepared in powered form and analyzed 

by X’Pert Pro X-ray diffractometer operated at a voltage of 40 kV and a current of 

30 mA with Cu Kα radiation. The diffraction peaks are obtained at 2θ = 28.73 °, 

31.38 °, 37.22 °, 47.56 °, 57.59 °, 63.79 °, 67.43 °, 68.95 °, 70.08 °, 72.67 °, and 

77.05 °. The corresponding planes are (100), (002), (101), (102), (110), (103), (200), 

(112), (201), (004), (202) respectively. The diffraction peaks are indexed with the 

hexagonal wurtzite type structure (phase Zincite, syn). The sharp and intense peaks 

indicate the high crystallinity of the sample. It shows the that Fe2+ ions were 

systematically substituted into Zn2+ ions sites within the ZnS and CdS crystal lattice 

without changing the parent structure of composite which is in good agreement with 

the one reported earlier [17]. When samples were doped with Fe the peaks are 

broaden and shifted to higher diffraction angle indicates that particle size becomes 

smaller. The average crystallite size was estimated using Debyee Scherrer equation 

[4]. The average crystallite size of Fe doped ZnS/CdS NPs was found to be in the 

range of 5−8 nm. Refinement plots of Fe-doped ZnS/CdS nanoparticles are shown 

in Fig. 1. Refinement is based on the factor S = Rwp/Re, where, S indicates 

crystalline size, R is Rietveld factor, Rwp and Re are R weighted and R-expected 

patterns, respectively. The increasing of lattice parameters clearly indicates that Fe2+ 

ions are substituting Zn2+ ions on the ZnS and Cd2+ in CdS matrix [16].  
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Fig. 1. XRD Rietveld refinement spectrum of Fe doped ZnS/CdS. 

Table 1 

Fe doped ZnS/CdS angular correction 

 

Table 2 

Fe doped ZnS/CdS structure parameters 

Rwp (%) Rp (%) Re (%) S (%) Chi^2 Maximum 

shift/e.s.d. 

64.5600 55.4100 44.3200 1.3732 2.2643 0.0830 

 

The RR analysis gives the information about the variation of lattice parameters 

a and c, as a function of dopant concentration. In table 2, Rp represents the refinement 

fitting profile. The calculated lattice parameters are shown in Table 1 and structural 

parameter are shown in Table 2. 

A (Å) B (Å) C (Å) Alpha (deg) Beta (deg) Gamma (deg) 

3.268(6) 3.268(6) 5.260(11) 90.000000 90.000000 120.000000 
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TEM RESULT ANALYSIS 

The size of the particle was confirmed by HRTEM with direct image technique 

(Model-JEM-100 CX II, Jeol). Fig. 2 shows the different condition of the Fe doped 

ZnS/CdS nanocomposite. It is clear that size of the particles is uniform and uniformly 

distributed doped ZnS/CdS nanostructure showed that the sample had an average 

diameter 30 nm. From lots of observations, it is found that size of the particle 

depends on doping concentration and decreases when doping concentration 

increases which is a good agreement with optical effective mass approximation 

model. 

 

Fig. 2. TEM micrograph of ZnS/CdS nanoparticle (A) without doping, (B) after Fe doping, and (C) 

SAED pattern of the one-dimensional Fe dopped ZnS/CdS. 

 
A     B 

 

 
                    C 
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SEM AND AFM RESULT ANALYSIS 

Fig. 3(A) shows surface topography of ZnS/CdS composite and Fig. 3(B) 2.0 

wt% Fe-doped ZnS/CdS nanoparticles size ranging from 37 to 42 nm. 

It is observed that hexagonal grains are uniformly distributed at the surface. A 

slight decrease of the grain size is observed when doping concentration increases and 

the surface roughness remains same. From the SEM the particles are seen to be 

almost symmetrical. It is observed that when the sample is kept for long time exposer 

of electron beam agglomeration takes place and as a result size and shape of the 

sample changes. 

 

Fig. 3. SEM image of ZnS/CdS nanoparticle (A) without doping (B) 2.0 wt% Fe-doped ZnS/CdS. 

Fig. 4 shows the AFM 2.0 wt% Fe-doped ZnS/CdS nanoparticles. The AFM 

measurements are performed in contact mode in air by using a molecular imaging 

microscope (model PICO Scan 2500). The cantilever force constant 0.21 N/m was 

used and shows the 2D AFM image of composite nanoparticles of area 3000 nm × 

3000 nm. The surface appears nearly smooth as observed by AFM. 

 
A     B 
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Fig. 4. 2D AFM image at 2.0 wt% Fe-doped ZnS/CdS nanoparticles. 

PHOTOLUMINESCENCE STUDIES 

Figure 5 shows the room temperature PL spectrum of Fe2+ doped ZnS/CdS 

nanocomposite and the excitation wavelength of 325 nm. Luminescence of Fe2+ ions 

affected by the mother crystal structure and emission color becomes green to 

orange/red.  

 

Fig. 5. Photoluminescence image Fe-doped ZnS/CdS nanoparticles. 
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PL spectrum exhibits five characteristic and reveal the presence of two main 

peaks region is at 449 nm and visible region at 536 nm. Emission in 449 nm is due 

to the exciton recombination. The blue emission is due to the doping and trapping 

within the crystal. The Cd and Zn vacancy creates green emission [1, 6, 14, 18, 22]. 

UV ANALYSIS 

UV-Vis spectrum was recorded in the range 300 to 800 nm; it is shown in 

Figure 6.  

In the composite material CdS and ZnS has direct band gap 3.7 eV and 4.0 eV. 

In the Figure 6, A is undoped condition and B and C is the doping condition at 

concentration level 2 % and 3 %, respectively. It is found that at higher doping level 

ban gap increases and as result particle size decreases. 

The stability of synthesized particles is recorded at intervals of 1, 15 and 30 

days after storage at ambient temperature. There was no obvious change in peak 

position for two weeks. 

Fig. 6. UV-Vis absorption spectrum of Fe doped ZnS/CdS nanoparticle. 

 

To calculate the possible transition, (αhʋ)2 versus hʋ were plotted (Fig. 7) and 

corresponding band gaps were obtained by extrapolating the straight-line portion of 

the curves to (αhʋ)2 = 0. Using the established optical model size of the particle 

determined which is a good agreement with HRTEM. 
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Fig. 7. Band gap of different composite ratio of ZnO/CdS with Fe doping. 

 Egn= [ E2
gb+2ћ2Egb(π/R)2 / m*]1/2 (1) 

where m* is the average effective mass of the composite, Egb is the bulk band gap of 

both ZnS and CdS and Egn is the calculated band gap energy [3, 10, 13, 19, 20, 25]. 

The average particle size was found in the range 4−9 nm. Table 3 shows the amount 

of band gap energy and blue shift energy with concentration. 

Table 3 

Optimum composition ratio of Fe doped ZnS/CdS 

Sample 

no. 

Doping 

concentration 

Band gap 

energy 

(eV) 

Blue shift 

energy 

(eV) 

(a) undoped 3.8 0.12 

(b) 2 wt% 3.97 0.29 

(c) 3 wt% 4.02 0.34 
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ANTIMICROBIAL ACTIVITY 

 Antibacterial activity of composite material with doped and undoped are 

carried out with three water borne pathogenic bacteria. Tetracycline of 1mg/mL, 

concentration was used as a control antibacterial agent. Activity was determined on 

the basis of inhabitation area. Antimicrobial activity increases when particle size is 

decreases and doping concentration increases [20]. Table 4 shows the type of 

bacterial strain and zone of inhibition in nm along with dopped and undoped 

condition. Significant change was analyzed by one-way analysis of variance 

followed by Dunnett’s multiple comparisons test using Graph Pad Instat Software; 

**P < 0.01 compared to standard control. 

Table 4  

Antibacterial efficacy of ZnS/CdS nanoparticles and standard antibiotic against three bacterial strains. 

Values are plotted as the mean±SEM, n = 5, in each group 

 

Types of 

bacterial 

strains 

Zone of inhibition (in mm) Tetracyclin 

(1 mg·mL−1) 
Fe ZnS/CdS nanoparticles Undoped ZnS/CdS nanoparticles 

30 μL 70 μL 100 μL 30 μL 70 μL 100 μL 100 μL 

E. coli 5.00±0.14  11.00±0.11  18.00±0.13  6.00±0.14  11.00±0.11  20.00±0.11  35.00±0.08  

K. 

pneumonia 

8.00±0.11  12.00±0.16  20.00±0.15  9.00±0.13  11.00±0.16  22.00±0.13  32.00±0.09  

P. 

aeruginosa 

2.00±0.15  9.00±0.14  17.00±0.11  4.00±0.15  9.00±0.15 

 

17.00±0.11  31.00±0.09  

 

CONCLUSIONS 

Fe doped composite ZnS/CdS successfully synthesized by chemical method. 

The prepared sample is composed of two phases. Overlapping and void created in 

the crystal due to the ionic radii of Fe2+, Zn2+ and Cd2+ mismatching and leads to very 

slight shift in the main characteristic peaks of XRD pattern. The optimum ratio of 

ZnS and CdS found to be 2:3 for better antimicrobial activity. Optical band gap was 

calculated for different doping concentration Fe and ZnS/CdS compositions ratio and 

band gap changes from 3.7 to 3.9 eV. This current study was aimed to analyze the 

vital application of ZnS/CdS-NPs as antimicrobial agent for water treatment and 

efficient antimicrobial effect was found when size of the particles becomes smaller 

and smaller. The zone inhabitation found optimum when doping concentration 

becomes 2 wt% in the ratio of composite 2:3.  
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