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ABSTRACT

Nanocrystalline thin films of ZnS are depositedngscthemical bath deposition technique. Crystaliiee of
nanocrystalline film was determined from XRD data avas found to be 2 nm. The energy band galpeohano
thin film was determined from UV spectrograph, éswound to be 3.16 eV. The ZnS nano thin film emagloyed
for the photocatalytic degradation of water soluMietoria blue (VB) dye. Various parameters like, phitial dye
concentration and contact time have been studieti gotimized. The optimum pH was 8 and equilibrilontact
time was found to be 30 min for the photocatalgégradation of the VB dye.

Keywords: ZnS; Nano thin film; Chemical bath deposition; \iga blue; Photocatalytic degradation.

INTRODUCTION

Ever increasing industrial growth causes the irsgea environmental pollution and it attained higbel mainly in
developing countries. Different types of industriischarges colouring matter through effluent wtdalises severe
health problems through environmental pollution.e3dé contaminants in water are not easily decompmsab
nature. The untreated effluent causes cytotoxidity genotoxicity and reduces light transmissiorotigh aquatic
systems [2], they are responsible for increasegamic load and toxicity of wastewater [3]. Thussinecessary to
focus on reduction of environmental pollution. T¢wnventional biological treatment methods are ewffe for
removal and degradation of organics from wastewfdér Recent studies shows that, semiconductor base
photocatalysis was found to be one of the promis&atpnique for degradation of organics from wastewgb-8].
Photocatalysis is mainly based on advanced oxidagimcess which produces hydroxyl radical®H) and
superoxide radical anion ¢0), which are responsible for photocatalytic degtiaaeof dyes [9].

Thin films have gain gigantic importance due toitlevironmental applications. These thin films édow cost
and higher energy efficiency. ZnS is used in twanf® in photodegradation, either as suspended [esrtic as thin
film. When ZnS is used as suspended particles otqolegradation then there is a problem of separaifaznS
after completion of reaction cycle [7]. Such prableould be avoided by ZnS thin film. ZnS thin fiwas the
efficient photocatalyst used for photocatalytic id&tation of different dyes[]. Various methods ameptoyed for
preparation of ZnS thin films like chemical bathpdsition (CBD) [10,11], spray pyrolysis, physicapour
deposition, electrodeposition, magnetron sputt§tPlg successive ionic layer adsorption and reactio
(SILAR)[13]. Out of these methods CBD method wasofaable due to its simplicity, convenience, lowstcand
reproducibility of large thin film area.

VB is a photosensitizer, which induce a cytotoxésponse in several mammalian cell lines, thoughesdark
toxicity observed [2]. VB causes eye irritation amdingestion and inhalation shows hazardous &ffect
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Present study reports the preparation of ZnS thimldy CBD method and its application for the rerabef Victoria
Blue (VB) dye and optimization of parameters fanoval VB by photocatalytic degradation.

MATERIALSAND METHODS

2.1. Materials

Victoria Blue is a cationic dye with molecular wkid06.08g/mol (M.F.gH3,N3Cl). Stock solution of 500mg/L of
VB was prepared in distilled water. Stock solutieas diluted with distilled water to get, experin@rgolutions of
desired concentrations. Other chemicals, zinc seeadéhydrate, thioacetamide, ethylenediamine (AQRade)
procured from Loba Chemie India Ltd. and used withfurther purification. The molecular structure B is
shown in Fig. 1.

CHy
NH r\|1+ ¢l
CH,

/N\

H3C CHj

Figure 1. Molecular structure of the Victoria Blue

2.2. Preparation of ZnSthin Film

Commercial glass slides are used as substratefirstrecleaned by detergent, then sulfochromic asidution

followed by deionized water. Glass substrates tiréed in an oven. The deposition solution was pregdy first

mixing 5 mL of 1M Zn(OCOCH),2H,0, 20mL of 0.5M ethylenediamine, 30mL of 0.5M thietamide, then
resulting solution was diluted upto 100mL by dietll water. Finally pH of the solution was adjusted by HCI

solution [11]. Then cleaned glass substrate wasnteduvertically in solution for 90 min at Z5. After complete
formation of film, the substrate was removed frdma bath and washed with distilled water and thedréed.

2.3. Photocatalytic study

The photocatalytic degradation of VB was carried iouphotocatalytic reactor containing 400W merclagnp.
Cooling water jacket is used to maintain the terapee inside the reactor, which avoids the exceskaating of
reaction mixture. 50mL dye solution was kept in tagh with the ZnS thin film into reaction vessehg#d in
photocatalytic reactor. Desired amount of sample withdrawn after regular intervals. Then changeslye
concentration were determined after centrifugatismg UV-visible double beam spectrophotometer {f8p&cs
model-2203) aknx616nm. The percentage removal of VB can be caledlby equation 1,

Removal percentage = (%) 100 Q)

o

whereC, (mg/L) andC, (mg/L) are the initial VB concentration and thB \Yoncentration at timerespectively.

RESULTSAND DISCUSSION
3.1. SEM analysis
Morphology of ZnS thin film can be studied by Sciaugnelectron microscopy (SEM) Figure 2. shows tESof
ZnS thin film. SEM micrograph shows the ZnS thimfformed is uniform, does not contain any cracks.

3.2. X-ray diffraction analysis
The XRD diagram of ZnS thin film is shown in Fig. Bhe prominent ZnS peaks are observedaif22.2, 37.5,
43.7 [14]. Crystallite size of nanocrystalline film @emined by Scherrer equation was found to be 2 nm.
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Figure 2. The SEM micrograph of ZnS
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Figure 3. XRD diagram of ZnS

3.3. Effect of pH

Photocatalytic degradation of dye significantly eegs on pH of the dye solution. The effect of pH on
photocatalytic degradation was studied from 1 toal@00mg/L initial dye concentration. It was olvser that
percentage removal for pH 1 was 5% which increapés 35% at pH 8, then it again decreases dowrY 1692 at

pH 10.

3.4. Effect of contact time and initial dye concentration

Contact time and initial dye concentration playpdariant role in photocatalytic degradation of dyée rate of
photocatalytic degradation of VB by ZnS thin filmgas studied at different dye concentrations frond 10
400mg/L at pH 8. Figure 4 shows the effect of contime on percentage removal of dye. Initiallytiage increases
upto first 30min then thereafter it attains the igium. The equilibrium time was found to be 30inmAt
equilibrium time the percentage removal increasas 35 to 97.5% as dye concentration was increfteed 100 to

400mg/L.
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Figure 4. Effect of contact time and initial concentration of VB on percentageremoval; pH 8

3.5. Optical studies

The optical transmittance spectra and absorbaresrapof ZnS thin film was studied in wavelengthga 325-700
nm. The nature of transition during absorption wiaglied by relation between absorption coefficiemind photon
energyhv [15] as,

ahv =A (hv- Ey)" (2)

whereA is consantEy is band gap energyw is the photon energy) is % or 2 for direct or indirect transition.
Nature of transition takes place in ZnS thin filrasrdetermined from plot ¢&hv)® versushv as shown in Figure 5.
The straight line portion of the graph was extraped to théh axis ata = 0. The band gap energy was found to be
3.16eV.
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Figure5. Energy band gap deter mination of ZnSthin film

CONCLUSION

ZnS nano thin film was effectively synthesized bgOCtechnique. The crystallite size of ZnS thin fibalculated
by Scherrer equation was 2nm.energy band gap esdclfrom optical studies was 3.16eV. Nano ZnS fihimwas
employed for the photocatalytic degradation of W dThe photocatalytic degradation was achieved 9Et5%
for 400mg/L dye concentration at pH 8. It indicatgsod applicability of nano ZnS thin films for ermmental
pollution control by removal of dyes from aqueoakison.
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