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Abstract

In this study, Zinc Sulfide nanoparticles were synthesized using different reaction conditions and

capping agents. ZnS M1 were prepared by using 3-mercaptopropionic acid as capping agent
followed by reflux at 100°C for 6 h. ZnS M2 was prepared at heating temperature of 80°C using
capping agent polyvinyl pyrollidine. Further, ZnS M3 was prepared at room temperature under
constant stirring for 4 h without any capping agent. The resultant powdered samples were
characterized by XRD, UV- Visible absorption spectroscopy, photoemission spectroscopy, DLS,
FTIR and BET. XRD results show the cubic type structure of all the samples with approachable
lattice parameter to that of reported value (5.4 A). Particles size calculated from Scherrer
equation was found to be 2.1 nm, 10.26 nm and 2.4 nm for ZnS M1, ZnS M2 and ZnS M3
respectively. Small size of particles can also be predicted from TEM and SEM studies. The blue
shift in absorption spectra of all the samples was seen which is attributed to changing surface
properties with changing preparation conditions and capping agents. Nitrogen adsorption
desorption analysis for all samples resembles with type IV isotherm which is characteristic peak
of mesoporus nature. Specific surface area calculated from BET analysis was 252 m?g?, 205
m2gt and 32 m?g? for ZnS M1, ZnS M2 and ZnS M3 respectively. Further photoactivity was
also studied using crystal violet as model dye under UV and solar illumination. The study shows
that changing reaction conditions and capping agent of ZnS shifts its degradation property in

sunlight which is more efficient as is free of cost.

vii



Introduction and literature review

Zinc Sulfide is a 1I-VI type metal sulfide direct semiconductor photocatalyst with unique
properties. It is a chemically stable, water insoluble and a non-toxic intreninsic n-type
semiconductor. It is one of the most significant semiconductors of its type as it possesses wide
band gap energy (3.5 eV for blend and 3.8 eV for wurtzite), small bohr radius, high exciton
energy and comparatively high photoactivity ™. Their different nanosized structures act as good
photocatalyst for degradation of dyes, water splitting for production of H, and for photoreduction
of CO, ™M, Although, ZnS is highly UV active catalyst but it is also observed to show its activity
in sunlight due to the presence of UV radiation in sunlight. The absence of any toxic element in
ZnS and its remarkable photocatalytic activity shows as widespread use. Thus, various efforts
have been already made to make ZnS UV-Visible photoactive as well. Doping with various
transition elements 2, change in its morphology B! and capping agent are some factors which
may results in shifting its photocatalytic activity towards visible region.

There is a great influence of capping agents and method of preparation over the
size, shape, growth rate and optical properties of nanoparticles . The functionalities of capping
agent covalently bind with the surface of nanoparticles and controls their shape and size through
charge transfer. Capping of organic layer over nanoparticles increases its stability, thereby
resulting in much smaller size by decreasing its agglomeration and controls the crystallite
properties of the material ) Li et.al [ synthesized ZnS using EDTA as a surfactant at room

temperature and its hydrophilic nature contributed to effective degradation of water soluble dyes.

Furthermore, the synthesized route for preparation of nanoparticles also affects its
surface and catalytic property 'l .1t is widely studied that chemical co-precipitation method is one
of the easier methods to handle and produces less aggregated size controllable nanoparticles.
Wageh et.al 1 synthesized mercaptoacetic acid capped ZnS by changing reflux time. It was
observed that the position of band edge emission intensity was enhanced by increasing reflux
time and defect sites were increased by lowering the duration of refluxing. Similarly, Zhang et.al
[ prepared ZnS using different concentration of precursors (ZnO and thiourea) resulting in
enhanced degradation efficiency. The maximum efficiency was shown by 1:2 of ZnO and

thiourea respectively under visible light for 3 h due to shifting of ZnS towards visible region by
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the conversion of thiourea to thiocynauric acid. Sharma et.al X! reported the synthesis of
thioglycerol capped and uncapped ZnS and showed the effect of capping agent over band gap,
crystallity, luminescence intensity and monitored the photocatalytic activity of different dyes
under UV-Visible light.

Khan et.al [*Y synthesized polyvinyl acralydine (PVA) encapsulated ZnS films by
changing percentage of PVA and analyzed it by UV-Visible absorption, photoluminescence and
IR studies. Catalyst with 1% PVA showed maximum degradation of methylene blue under
sunlight for 660 min due to strong interaction of PVA with ZnS which resulted into increased
absorption in sunlight. Waghadkar et.al 2 changed the reaction time using hydrothermal
synthesis at 150°C and highly efficient nanoparticles were prepared from 24h reaction time and
showed effective degradation of methylene blue within 2h of solar irradiation. Moreover, Kaur
et.al ™ used sodium dodecyl sulphate as a surfactant for preparation of ZnS by simple co-

precipitation method for degradation of brilliant dye under sunlight.

2 Research Gap:

There are numerous reports in the literature for the synthesis of ZnS nanoparticles using different
methods showing higher activity mainly in UV source due its higher band gap (3.54 eV) value.
Moreover, metal nanoparticles are to be loaded/doped so as to activate ZnS particles [**lin visible
region as well. However, few research groups have made efforts to make bare ZnS
nanostructures sunlight active by using different capping agents. In this regard, ZnS was
prepared under different reaction conditions and capping agents which found to be photoactive in
both UV and solar irradiations due to strong interactions between functional groups of surfactant
and inorganic ZnS particles.

3 Objective:

e To prepare ZnS nanoparticles using different capping agents, synthetic routes and
reaction conditions.
e To study degradation of crystal violet with synthesized ZnS nanoparticles in both UV and

solar light.



4 Materials and Methods:

4.1 Materials Required:

Zinc nitrate hexahydrate (ZnNO3.6H.0), Thioacetamide (CzHsNS), Polyvinyl pyrrolidone
(CsH9NO)n was purchased from loba chemie. Zinc acetate (Zn(CH3CO2)2H20) and sodium
sulfide (Na2S) was purchased from s d fine-chem. limited and 3-Mercaptopropionic acid
(HSCH2CH2CO2H) was purchased from spectrochem. All the chemicals used here are of

analytical (AR) grade and are used without any further purification.

4.2 Methods:
4.2.1 Preparation of ZnS/3-MPA/100°C (M1):

In a 250 mL round-bottom flask, zinc acetate (0.878 g) was dissolved in de-ionized (DI) water
(100 mL) and heated at 100°C after the addition of 5 mL 3-mercaptopropionic acid (3-MPA)
under constant magnetic stirring. In a separate beaker 50 mL aqueous solution of thioacetamide
(TAA) (0.601 g) was prepared and injected into above prepared solution. The entire solution was
refluxed at 100°C for 6 h. The resulting white precipitates were washed several times with DI
water and ethanol followed by drying at 60°C for 6h [*°l. Similarly, 3-MPA uncapped ZnS (ZnS

M1 UC) nanoparticles were prepared without adding capping agent.

3-MPA capped

{ddition of 3-MPA to {ddition of TAA to ZnS Nanoparticles

zinc acetate solution the mixture

OHo _OH

N//
Heat at 100°C Washed several Ho~( \ =M
for 1 h time with ethanol o} / 0 oH
and water HO H%xo HO

Magnetic
bead

S
HO SH { 3-Mercaptopropionic acid : Thioacetamide (TAA)
W (3-MPA)

o H,;C NH,
Scheme 1. Synthesis of ZnS/3-MPA/100°C (M1)



4.2.2 Preparation of ZnS/PVP/80°C (M2):

In 25 mL of DI water 0.06 M of zinc nitrate and PVP (2% w/v) were dissolved and the solution
was set to magnetic stirring for 1 h at room temperature. To the above solution 0.4M of
thioacetamide (TAA) was added. The whole solution was heated at 80°C for 3 h with constant
stirring. The precipitates were formed which were washed several times with DI water and
ethanol followed by overnight drying in air [261, o,

Aqueous solution of ~) ya
Zn(NO3), and PVP ~ . ZnS

PVP cap}:)ed ZnS
nanoparticles

Magnetic strirrer - Magnetic
Bead

e & PVP
N (§)
P
H n

Scheme 2: Synthesis of ZnS/PVP/80°C (M2)

4.2.3 Preparation of ZnS/RT (M3):

For synthesis of uncapped ZnS, aqueous solution of 0.01M of zinc nitrate was prepared in 50 mL
of DI water. The pH of the solution was set to 10 by addition of sodium hydroxide. In a separate
beaker 0.01M of sodium sulfide was prepared in 50 mL of DI water and was then slowly added
to above solution. \

Aqueous solution of \

ZH(]VO})Z

ZnS

ZnS Nanoparticles

Magnetic
Bead

Magnetic stirring for 4 h

Magnetic stirrer

Scheme 3: Synthesis of ZnS/ RT



The whole solution was set to constant magnetic stirring for 4h. White color precipitates were
formed which were washed further 3-4 times with DI water and ethanol. The precipitates were
then dried at 80°C for 6 h 7],

4.3  Characterization techniques:

e X-ray diffraction: This technique is used for characterizing the crystal planes, phase,
structure a solid material. Further, Scherrer’s equation can be applied for calculating the
crystal size of solid. Herein, the analysis was done on Panlytical Xpert Pro X-ray
diffractometer (powder) in SAIF Labs (Panjab University, Chandigarh) which is
furnished with fast solid state detector and use Cu-Ka (4 = 1.54 A) radiation for
analysis.

e UV-Visible Spectrophotometry analysis: It helps in analyzing the optical (absorption)
properties of the catalysts. On the basis of absorption peaks the size, shape, band gap,
concentration and agglomeration state of nanoparticles can be estimated. Thus, it is
consequently is a useful characterization technique. These absorption studies were done
on Champion UV - visible spectrometer in TIET.

e Dynamic light scattering and Zeta Potential: Based on Brownian motion, DLS technique
helps in identifying the hydrodynamic size of the material. Zeta potential helps in
determining the charge over a particle which indirectly relates with the stability of the
particles. The analysis was done on Malvern ZEN3600 in TIET.

e Fluorescence spectrophotometry analysis: Perkin Elmer LS 55(TIET) was used for
determining optical and electronic properties of material. It is used to analyze surface
defects of nanoparticles and change in intensity of excitation and emission spectra after
capping.

e Scanning electron microscopy and Transmission electron microscopy: The SEM analysis
has been carried out on JSM-7600 F (0.1 to 30 KV) SAI labs, Patiala and TEM analysis
has been carried out from PAU, Ludhiana on Hitachi H-7650. These techniques help in
determining the size and surface morphology of nanoparticles by selecting the particular

area for analysis.



e FTIR: This technique has been used for analyzing the presence of various chemical groups
over nanoparticles and nanoparticles itself. Agilent Cary-600 series (TIET) was used to
carry out the analysis.

e BET: BET analysis is used to calculate the surface area and pore size/ value of catalyst by
adsorption of gas over its surface. From obtained curve after BET analysis predication
can be done regarding porosity of material. Autosorb-1, Quantachrome Instruments, USA

(TIET) was used for the analysis.

4.4 Photocatalytic activity of ZnS:

2 mg of ZnS was added to 10 mL of 0.025mM CV dye in 15 mL test-tube. The solution was set
to stir in dark for 60 min for attaining adsorption desorption phenomena followed by 3h
illumination under sunlight and UV radiations for photocatalytic degradation. Moreover, the time
scale analysis was also carried out after every 30 min for 3 h under the light source. In all the
cases degradation efficiency was evaluated by observing change in absorption value on UV-

Visible spectrophotometer. Schematic representation of reaction setup was represented in

scheme 4.
Light
Source
Test tube §
Crystal
& ] /Oz / Vquet
qeh
=

\

Model dye OH
co, |
Photocatalyst +H,0 /

H,0 y
Magnetic bead

s— Magnetic stirrer

Scheme 4. Schemetic representation of reaction setup



5 Results and discussion:

5.1 Structural and optical analysis:

Fig 1 shows the UV-Visible absorption spectra of ZnS prepared from different methods and
standard ZnS. This study was done by dispersing 1 mg of catalyst with help of ultrasonication
(2 h) in 5 mL of water. ZnS M1 showed the absorption edge at 308 nm whereas standard ZnS
showed absorption peak at 400 nm. The blue shift of ZnS M1 was attributed to quantum
confinement effect. Moreover, ZnS M2 and ZnS M3 also showed blue shift with respect to
standard with absorption edge at 341nm and 346 respectively whereas absorption edge was
observed at 365nm for ZnS M1 uncapped which showed the role of 3-MPA in optical properties
of ZnS M1.

(Ve

06 ZnS Ml —— ZnS Std.
—— ZnS M1luncapped
—— ZnS M2 5
059 — zns M3 3
80.10-
E ZnS Std.=400 nm
- 04- % /_\
: N 0,054
S *A\341 nm
8 0.3- ‘
% ) ) 0.00 , , . .
S 40 50 600 700  8fo
S Wavelength (nm)
3 0.2+ \308 nm
<
0.1+
0.0

360 400 440 480
Wavelength (nm)
Fig 1. UV-Visible absorption spectra of ZnS M1, ZnS M2, ZnS M3, ZnS M1 UC and ZnS Std.

280 320

Structural analysis of synthesized ZnS was carried out using XRD. Fig. 2 shows XRD of ZnS
prepared from method M1, M2 and M3. ZnS prepared from method M1 showed three
diffraction peaks at 26 28.45° 47.63° and 56.26° with corresponding planes (111), (220), and
(311). Similarly, ZnS M3 showed three peaks along 20 28.91°, 47.58° and 56.67° with similar

planes as that of ZnS M1. Further ZnS M2 showed peaks along 260 28.71°, 33.26°, 47.73°,
7



56.66°, 59.44° 69.53° and 76.86°. The peaks are attributed to planes (111), (200), (220), (311),
(222), (400) and (331) and showed cubic structure with computed average lattice parameter of
5.40 A, 5.39 A, and 5.38 A which was approachable to reported value of 5.40 A [18],

— ZnS M1
’:T —— ZnS M2
Z — ZnS M3
=)
N
e
=
El %
(19 —~ ~ —
~ () — =y -
= \
_.j IO i,
—/\M >
20 30 40 50 60 70 80

2-Theta (degree)
Fig 2: XRD pattern of ZnS/MPA/100°C (M1), ZnS/PVP/80°C (M2) and ZnS/RT (M3)

In case of PVP capped ZnS diffraction peak at 26 27° is attributing to wurtzite phase or stacking
defect in ZnS [*81. The various crystal planes along different angles obtained matches (JCPDS
NO. 05-0566) 1. The average particle size of ZnS M1, ZnS M2 and ZnS M3 calculated from
Scherrer equation D=KM\/dcos, (here, d is the particle size, A=.154 nm (Cu), K=crystalline
shape factor (0.9), d=FWHM, 6=angle in radian) is 2.10 nm, 10.26 nm and 2.40 nm respectively.

The DLS analysis was carried out to estimate the hydrothermal size (Fig 3(a)) of all
nanoparticles which was found to be 266 nm, 1.4 um, 297 nm, 567 nm and 1.2 um for ZnS M1,
ZnS M1 UC, ZnS M2, ZnS M3 and ZnS Std. respectively. Further the zeta potential was also
carried in order to find the charge over surface of the particles as shown in Fig 3(b). The highest
charge of -23 mV was observed in case of ZnS M1 which co-related its higher stability in

comparison to other catalysts.
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Catalyst
Fig 3(a): Hydrodynamic size and (b) zeta potential of ZnS M1, ZnS M2, ZnS M3, ZnS M1 UC

and ZnS Std.



TEM and SEM images of ZnS depicted below in Fig 4(a) and Fig 4(b) respectively showed the
small size of nanoparticles in case of both ZnS M1 and ZnS M2. Both TEM and SEM images of
particles showed agglomeration of particles.

Fig 4(a): TEM images of ZnS M1
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Fig 4(b): SEM images of ZnS M2
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S analysis Fig 5(a), 5(b) and 5(c) shows the presence of zinc, sulfur along with oxygen. The

presence of less percentage of sulfur in all cases showed the presence of sulfur vacancies.

’ (@) Element Weight (b) Element Weight
% ] %

OK 9.1 OK 4.03
SK 26.67 SK

Q ZnL 64.22

31.32
, Zn L 64.65

(C) Flement Weight Atomic
% %
OK 7.50 19.99
SK 29.00 38.58
Zn L 63.50 41.43

Fig 5(a): EDS spectra of ZnS M1 5(b) ZnS M2 and 5(c) ZnS M3
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Fig 6(a): Nitrogen adsorption desorption isotherm ot prepared catalysts
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'Y .‘.
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0.00 - .M':""'-..-'_._.'_' —u LI
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Fig 6(b): Pore size distribution curves of prepared catalysts

Furthermore, Brunauer-Emmett-Teller (BET) characterization showed nitrogen adsorption and
desorption isotherms of samples which followed type IV isotherms and depicted the
mesoporous nature of the samples as shown in Fig 6(a). ZnS M1 resulted in highest surface area
of 252 m?/g (Fig 6(a)) with mean pore diameter of 2.44 nm depicting the presence of 3-MPA as

13



in comparison to the 3- MPA uncapped ZnS showed lower surface area of 16.16 m?g™. BJH
curves of all samples in Fig 6(b) resulted in maximum pore size distributions in 0 nm-15 nm

range

Fig 7 depicted photoemission spectra of prepared ZnS catalysts at fixed excitation wavelength of
320nm. Samples were prepared in same manner as that for UV-Visible absorption all samples
showed luminescence in visible region except the standard ZnS because of vacancy defects.
Emission at around 420 nm is known from sulfur vacancies [°1. Other emission can be attributed

to electron transfer from different sulfur vacancy to zinc vacancy.
800

—7ZnS M1
—7ZnS M1 UC
—27ZnS M2

600 -

400 -

Intensity (a.u)

200 -

350 400 450 500 550
Wavelength (nm)

Fig 7: Photoemission spectra of ZnS M1, ZnS M2, ZnS M3, ZnS M1 UC and ZnS Std.

Fig 8 represents the FTIR spectra of commercial available and prepared ZnS particles. A broad
peak in the region 3600-3000 cmtin all cases was attributed to the presence -OH group in water
as well as acid in case of ZnS M1. In case of ZnS M1 strong peaks at 1549 and 1357 c¢cm!
showed the presence of acidic group —COOH on ZnS surface [l whereas peak at 1607 cm™
belonged to O-H stretching vibration and H-O-H bending vibration of water in case of ZnS M1
UC M. ZnS M2 showed transmission at 1284, 1429 and 1650 cm™* for C-N and C=0 of PP
.ZnS M3 showed similar peak at 1570 cm™ as that of ZnS M1 UC because of water. Moreover

peaks at 1084 and 669 cm™ are characteristics peaks of ZnS 29,
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Fig 8: FTIR spectra of ZnS M1, ZnS M2, ZnS M3, ZnS M1 UC and ZnS Std.

5.2 Photocatalytic degradation study:

The photocatalytic activity was monitored by degradation of crystal violet. The calibration graph
(Fig 9) was plotted between different dye concentration (0.010 mM, 0.015 mM, 0.020 mM and
0.025 mM) versus its absorbance. It helped in calculating the absorbance of unknown

concentration of dye following Beer Lambert law.

HaCw+ _CH,
1.6 N

1.4 1 ‘

1.2 4 H3C\N O O N/CHz

| |
CHy CHy

Structure of Crystal Violet Dye

Absorbance(a.u)
o =
oo o

o
(2]
1

o
SN
1

0.005 0.010 0.015 0.020 0.025
Concentration (mM)

Fig 9: Calibration graph of crystal violet and its color
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Fig 10(a), 10(b) and 10(c) depicted the photocatalytic degradation of CV dye in the presence of
UV light with gradual increase of time with catalyst ZnS M1, ZnS M2 and ZnS M3 respectively.
The absorbance value in case of ZnS M1 almost approaches to zero (Fig 10(a)) thereby showing
93% of degradation and the blue shift obtained here can be attributed to some intermediates
formation. In comparison ZnS M1, the absorbance values of ZnS M2 and ZnS M3 were higher
(Fig 10(b) and 10(c)) resulting in less degradation efficiency of 86% and 85% respectively. The
similar results can also be predicted from color change observed for ZnS M1as shown in Fig
11(a) and 11(b).

60ain 90 min

L-‘w-—!f

&
P min 150min 180 min

& Tt ’

Fig 11(a): Change in color of the dye under UV light with ZnS M1 upto 90 min and 11(b) after
90 min
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Fig 10(a): Change in absorption spectra of dye with time using ZnS M1 under UV light
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Fig 10(b): Change in absorption spectra of dye with time using ZnS M2 under UV light
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Fig 10(c): Change in absorption spectra of dye with time using ZnS M3 under UV light
Kinetic Study:

A comparative study of CV degradation from prepared catalyst as well as from ZnS Std. was
performed with changing reaction time under UV light irradiation. Time course plot (Fig 12(a)),
where C and Co are concentration after time t and initial concentration of dye, showed almost
approachable degradation of CV dye at 180 min with all the catalysts however at 90 min clear
difference can be seen with degradation percentage of 91%, 56% and 53% respectively for ZnS
M1, ZnS M2 and ZnS M3. In comparison to the prepared catalysts, ZnS Std. showed low
degradation value of 48%. The order of reaction was checked by fitting the values of
concentration change into different order plots. The linear fit (R?) values for different ZnS
nanoparticles suggested that ZnS M1 best matches with pseudo second order (Fig 12(c)) where C
is change in concentration with changing time t (t/C=(1/kCo?)+t/Co) while all others followed

first order reaction with equation (-InC/Co=kt) (Fig 12(b)).

The rate of degradation under UV, k for ZnS M1 was found to have maximum value
of 9.2x10t min* following pseudo second order. While the values for ZnS M2, ZnS M3 and ZnS

Std. were found to be 5.4x10° min’, 4.7x10° min't and 4.3x10° min* following first order of
18



reaction respectively. The change in the values of rate of degradation and order of reaction can

be attributed to the surface properties of the catalysts by changing the method of preparations.

(@) —a— 7ZnS M1
1.0 1 —e— 7nS M2
—A— 7ZnS M3
—v— ZnS Std.
0.8 4
0.6 -
o
O
3)
0.4 -
0.2 -
.-
0.0 T T T T T
0 30 60 90 120 150
Time (min)
LS4t
e ZnSM2 R?=0.50
A ZnSM3 k=3.1x10"min*
1.2 4
v ZnS Std. .
| ]
| |
0o R?=0.99
= k=5.4x10"min™*
O
o
2 0.6
- ] 2
=0.98
- 7R 0939 - R®=0.94
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Fig 12(a): Time course plot and 12(b) first order kinetics for degradation of dye under UV light

19



3500 A

= ZnSM1 ) «
e ZnS M2
28004 a4 ZnS M3
v ZnS Std.
R%=0.99
2100 - k=9.2x10"min*
)
* 1400

R2:0.841 1
k=1.6x10"min’

700 -

¥ R%=0.79
k=9.9x10*min™

30 60 90 120 150 180

Time (mins)
Fig 12(c): Pseudo second order kinetic Model for dye degradation under UV light

Sunlight contains 3% of UV light along with heat energy which favored degradation of reaction.
In general every 10 degree rise in temperature doubles the rate of reaction. Also, strong
interaction of ZnS with capping agent as well as the vacancy levels created in between energy
levels favored the dye degradation in visible region [*3l. Therefore, the similar manner reaction
was carried out under sunlight following same reaction condition in order to check the effect of
various reaction condition over ZnS. Fig 13(a), 13(b) and 13(c). Shows UV-Visible absorption
graph of CV dye degradation under sunlight irradiation with catalyst ZnS M1, ZnS M2,and ZnS
M3. The decrease in absorbance value with degradation is maximum for ZnS M1 though it

doesn,t approaches to zero as in case of ZnS M1 in UV illimunation

Fig 14: Change in color of dye under sunlight using ZnS M1
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Fig 13(b): Change in absorbance spectra of dye with time using ZnS M2 under sunlight
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Fig 13(c): Change in absorbance spectra of dye with time using ZnS M3 under sunlight
Kinetic Study:

The comparative study for degradation of CV was studied using time course plot showed in Fig
15(a). ZnS M1 showed maximum degradation efficiency of 82% under sunlight which is low in
comparison to 91% degradation under UV light. The increased degradation under UV light is
because of its high energy whereas degradation under sunlight is attributed to strong interactions
of 3-MPA with ZnS and sulfur vacancies levels. Also, the heat energy from sun contributed in
increased rate of degradation. ZnS M2 showed approachable degradation 77% whereas ZnS M3,

ZnS M1 uncapped and ZnS showed less degradation efficiency in sunlight.

Fig 15(b) and Fig 15(c) showed first order and pseudo second order kinetics of photodegradation
reaction under sunlight. ZnS M1 is following pseudo second order reaction and other catalysts
following first order which is similar to that under UV light. Further, for analyzing the role 3-
MPA in case of ZnS M1, ZnS M1 uncapped was also prepared showing surface area of 16.16

m2gL,
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Fig 15(c): Pseudo second order kinetics for degradation under solar illumination

Kinetic study of ZnS M1 uncapped was also studied under sunlight. Rate of degradation for ZnS
M1 was found to be maximum (2.6 x 10" min) following pseudo second order reaction.
Furthermore ZnS M2, ZnS M3, ZnS M1 uncapped and ZnS Std. followed first order reaction as
can be depicted from linear fit curve. ZnS M2, ZnS M3, ZnS M1 uncapped and ZnS Std. resulted
in with rate values of 3.92x10? min?, 2.2x10? min?, 1.62x10° min? and 1.3x10°min*

respectively
Photocatalytic mechanism of crystal violet using ZnS:

Zinc Sulfide absorbs light from UV source or sunlight and results in production of electrons and
holes. The holes produced in valance band and electrons move to conduction band. H.O and O>

present in solution absorb over catalyst surface. At valance band, photooxidation occur which
results in production of OH" free radical. At conduction band photoreduction occurs which

reduce oxygen to superoxide radical. This superoxide further produces hydrogen peroxide after
oxidized by holes and H2O: dissociate into OH- free radical. This free radical degrades dye into

minerals [21 as shown in scheme 4.
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Scheme 4: Photodegradation mechanism

Fig 16 (a) and (b) showed the change in degradation efficiency by changing
reaction time under UV and solar illumination for 90 min. The results depicted that ZnS M1
degraded CV with highest efficiency of 91% in 90 min under UV whereas ZnS M2, ZnS M3 and
ZnS Std. showed 56% 53%, 48% degradation respectively. After 90 min of degradation ZnS M1
doesn’t show much change in further degradation capacity while as ZnS M2 and ZnS M3 didn’t
attain more than 85 % of degradation even after 180 min. The other nanoparticles (ZnS M2, ZnS
M3 and ZnS Std.) shows comparable amount of degradation. Similar trend was obtained under

solar illumination as well.
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A comparative bar graph (Fig 17) showed percentage degradation of CV with prepared

nanoparticles under both UV and sunlight for 180 min. The maximum degradation efficiency
was observed for ZnS M1 followed by degradation efficiency of ZnS M2, ZnS M3 and ZnS Std.
ZnS M1lshows the degradation efficiency of 91% and 72% in UV and solar illumination

respectively.

I UV Light
1001 9304 B Sunlight

83%

Degrdation effeciency (%o)

ZnS M1 ZnS M2 ZnS M3 ZnS Std.
Catalyst

Fig 17: Comparison between degradation efficiency of catalysts under UV and sunlight
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6 Conclusion:

ZnS nanoparticles modified with various capping agents was prepared in different reaction
conditions using chemical precipitation method. Effect of capping agent and reaction conditions
over ZnS nanoparticles was studied thoroughly by using UV-Visible absorption spectroscopy,
photoluminescence spectroscopy, XRD analysis and DLS. Results reveal the blue shift in
absorption edge with emission peak in visible region in all cases. XRD studies account for cubic
structure with lattice parameter of about 5.4 A. Highest zeta potential of ZnS M1 with surface
area 252 m?g* shows its good stability. Presence of 3- MPA and PVP capping over ZnS was
confirmed by FTIR. EDS analysis reveals the presence of sulfur vacancy which account for good
degradation efficiency in UV as well as solar light. ZnS M1 formed nanoparticles and spherical
type morphology was observed for ZnS M2.

ZnS M1 showed degradation percentage of 93% and 72% in UV and solar irradiation and
follows pseudo second order kinetics. After 180 min of degradation all catalysts showed
approachable degradation efficiency whereas initially ZnS M1 shows degradation efficiency of
91 % in 90 min only. ZnS M1 UC showed only 44% of degradation which reveals the role of
capping agent in preparation method. Higher rate of degradation in case of ZnS M1 may be due
to strong interactions of ZnS with 3-MPA which increased the absorbance capacity of ZnS as

well as the more sulfur vacancy levels in comparison to ZnS.
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