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Zinc Sulphide (ZnS) nanoparticles were successfully synthesized by the cost effective
Chemical co-precipitation method at room temperature. The structural studies were carried
out using X-ray diffraction (XRD),Dynamic Light Scattering (DLS) studies were used to
analyze particle size, Functional group, optical properties and Morphological study were
characterized by FTIR,UV-Vis, PL and Scanning Electron Microscope (SEM) .In this
work also probe the crystallite development in nanostructure ZnS by X-ray peak
broadening analysis. The individual contributions of small crystallite sizes and lattice
strain to the peak broadening in Uncapped and L-Cysteine Capped ZnS nanoparticles were
analyzed using Modified Williamson-Hall (W-H) analysis. The modified form of W-H
plot assuming the uniform deformation model (UDM), uniform stress deformation model
(USDM) and uniform deformation energy density model (UDEDM). The root mean
square (RMS) lattice strain <g,,s> calculated from the interplanar spacing and the strain
estimated from USDM and UDEDM are different due to consideration of anisotropic
crystal nature.
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1. Introduction

The X — ray diffraction analysis gives the details of measure the average spacing between
layers or rows of atoms, determine the orientation of a single crystal or grain. Find the crystal
structure of an unknown material and measure the size, shape and internal stress of small
crystalline regions. ZnS is a promising semiconductor among 11-VI group semiconductors, ZnS
has interesting physical, chemical, optical, and electrical properties so that it is using for advanced
electronics and optoelectronics devices [1]. Zinc Sulphide exhibits cubic zinc blende and
hexagonal wurzite phases and Zinc blende has a stable in room temperature and its significant
value of band gap energy (3.63-3.92 eV). The considerable physical properties changes formed
duo to their low dimension size range with quantum confinement. The Zinc sulphide nanoparticles
have flexible applications in optoelectronics, ultraviolet light-emitting diodes, photo catalysis, flat-
panel displays, thin film electroluminescent devices, solar cells, field emitters, injection lasers,
spintronics, infrared windows, sensors [2-4]. The applications of ZnS nanoparticles have used as
anti microbial agents because of its high surface-to-volume ratio which increases their interaction
with micro organisms [5].
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The ZnS nanoparticle synthesized by various methods are green synthesis [6], simple co-
precipitation method[7-10], microwave irradiation method[11], sonochemical method, chemical
vapor deposition [12], mechanochemical, solid state reaction, microwave hydrothermal,
microwave assisted solvothermal, sol-gel and green synthesis [13]. Among this method, co-
precipitation method has enhanced nano property and tunes the size and shape of nanoparticles.
Here, the solute is frequently dissolve in the solvent and the reaction can be process in normal
temperature and pressure [14]. In order to control size and shape of nano particles capping agents
are used and to prevent agglomeration of synthesized nano particle [15].

In this study, a simple and cost effective chemical co-precipitation method was described
to prepare pure and L-Cysteine capping agent assisted ZnS nanoparticles. The capping agent
effects on structural, optical and morphological studies were investigated in detail.

2. Experimental

2.1.Sample synthesis

Zinc acetate dihydrate [Zn(CH3;C0OO),.2H,0], Sodium sulphide [Na,S.X H,O] and L-
cysteine extrapure [CsH;NO,S] (L-Cys MW:121.16 g/mol) were used as precursors and distilled
water was used as solvent. Synthesis of uncapped ZnS nanostructures, Zinc acetate with distilled
water magnetically stirred for 1 hour 30 minutes and Sodium sulphide (Na,S) with distilled water
magnetically stirred for 40 minutes then Na,S solution taken into separating funnel and mixed into
Zinc acetate solution as drop wise. This mixture magnetically stirred for 2 hours to get white
precipitation. Distilled water and ethanol are used to purify the obtained samples and it’s filtered
by whatman filter paper properly to remove impurities of precipitation. Final product was dried in
a hot air oven 120 °C for 4 hours.

For Synthesis of capped ZnS nanostructures, Zinc acetate with distilled water
magnetically stirred for 1 hour 30 minutes and required amount of L-cysteine extra pure with
distilled water magnetically stirred for 20 minutes, then zinc acetate solution and L- Cysteine
solution mixed and magnetically stirred for 20 minutes and Sodium sulphide (Na,S) with distilled
water magnetically stirred for 40 minutes then Na,S solution taken into separating funnel and
mixed into Zinc acetate and capping agent matrix solution as drop wise. This mixture magnetically
stirred for 2 hours to get precipitation. Distilled water and ethanol is used to purify the obtained
samples and it’s filtered by whatman filter paper properly to remove impurities of precipitation.
Final product was dried in a hot air oven 120 °C for 4 hours.

2.2. Characterization for uncapped and capped ZnS nanostructures

XRD were used to obtain the textural parameters of the materials, such as size, shape and
crystal structure, in order to understand the enhanced properties of capped and Uncapped ZnS
nanoparticles. XRD was performed by powder X-ray diffraction (RIGAKU Diffractometer) using
Cu Ka radiation (1.5406 A) in a 0 - 20 configuration and its range from 10° to 70°. Particle size
analysis were performed by Dynamic light scattering (DLS) studies using the instrument made by
Micromeritics with the model of Nano plus.FTIR spectra were recorded in an FTIR spectrometer
(Perkin Elmer make - model of Spectrum Two) in range of 4000cm™ to 400cm™. UV-Vis
measurements were done with UV spectrometer Thermo fisher Evaluation 220 in the wave length
range of 190 to 1100 nm. The photoluminescence (PL) with its excitation wavelength analysis was
recorded on Varian Cary Eclipse Photo Luminescence spectrophotometer model. Further the
morphological properties were carried out by Scanning Electron Microscopy (SEM) analysis using
the instrument of Jeol JSM 6390.
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3. Result and discussion

3.1. XRD analysis

Infinite of extension is available in perfect crystal in all direction but uniform extension it
is not available in the finite size of crystal. Diffraction from the uncapped and L-Cysteine capped
ZnS nanoparticle sample occurs, based on Bragg's law nA = 2d sin6, where n is an integer, A is the
wavelength of Cu Ka radiation, d is the interplanar spacing and 6 is the diffraction angle [16]. The
XRD peak width shows two main properties there are crystallite size and lattice strain.
Imperfection leads to broadening of diffraction peaks. Figure 1 shows the intrinsic Structural
behavior of the synthesized uncapped and L-Cysteine capped ZnS nanoparticles used powder X-
ray diffraction pattern in the 20 range of 20° to 70° at room temperature. All the diffraction peaks
from uncapped and L-Cysteine capped ZnS nanoparticles could be indexed to Cubic structure of
ZnS (JCPDS # 05-0566). No diffraction peaks associated with any other impurities related to the
capped agent were observed in all the samples within the detection limit of the XRD. The lattice
parameters of the uncapped and L-Cysteine capped ZnS nanoparticles was found that a=5.368 A
and a=5.385 A respectively. XRD can be utilized to evaluate peak broadening with crystallite size,
and lattice strain due to dislocation. The breadth of the Bragg peak is a combination of both
instrument and sample dependent effects. To decouple these contributions, it is necessary to collect
a diffraction pattern from the line broadening of a standard material such as silicon to determine
the instrumental broadening [17]. The observed data
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Fig.1.XRD pattern of (a) Uncapped ZnS nanoparticles (b) L-Cysteine Capped ZnS nanoparticles.
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Fig.2. The W-H analysis of (a) Uncapped ZnS nanoparticles (b) L-Cysteine Capped ZnS nanoparticles
assuming UDM.
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The instrumental corrected broadening Bng ZnS nanoparticles, corresponding to the
diffraction peak of ZnS was estimated by using the relation [18]

Bth: [(Bhkl)zmeasured - (lenstrumental) ]1/2 (1)

Scherer formula [19],
D, = sy )

where D, is the volume weighted crystallite size, k is the shape factor (0.9), A is the wavelength of
Cu K,radiation, By is the full width at half maximum in radian, and 0 is the angle of reflection (in
degrees) was utilized to relate the crystallite size to the peak broadening. The average crystallite
size of uncapped and L-Cysteine capped ZnS nanoparticles was obtained from the XRD peaks
using Scherer formula (Equ.2) and it was found to be the range of 2 — 3 nm.

Strain induced broadening arising from crystal imperfection and distortion were related by

B

€ =
tan 0

@)

From Egs. (2) and (3) it was clear that the peak width from crystallite size varies as 1/cos
0,whereas strain varies as tan 6. Williamson and Hall proposed a method of deconvoluting size and
strain broadening by looking at the peak width as a function of diffracting angle 26 and obtained a
mathematical expression as

kA
Bhkl :—Dv g +4¢tan 0 (4)

_k .
Brcos 6 = s 4¢ sin 0 (5)

A plot is drawn with 4 sin 6 along the x-axis and By cos 0 along the y-axis for uncapped
and capped ZnS nanoparticles. For the entire experiment, the plot is drawn only for the preferred
orientation peaks are (1 1 1), (2 2 0) and (3 1 1) of ZnS with the cubic phase. From the linear fit to
the data, the crystallite size Dv was extracted from the y-intercept and the strain € from the slope
of the fit. Eq. (5) represents the UDM, where the strain was assumed to be uniform in all
crystallographic directions, thus considering the isotropic nature of the crystal, where all the
material properties are independent of the direction along which they are measured.

The UDM for uncapped and capped ZnS nanoparticles are shown in Fig. 2. From the plot
it the strain associated with uncapped and capped ZnS nanoparticles was 0.01734 and 0.01926
respectively. The generalized Hooke's law states to the strain, keeping only the linear
proportionality between the stress and strain, is given by ¢ = Ee This equation is merely an
approximation that is valid for a significantly small strain. Assuming a small strain to be present in
the uncapped and capped ZnS nanoparticles, then the ZnS samples obeys Hooke's law to a
reasonable approximation. Here, the stress o is proportional to the strain £ with the constant of
proportionality being the modulus of elasticity or Young’s modulus, denoted by E. With a further
increase in strain the particles deviate from this linear proportionality. As a result, Eq. (5)

kA  4sinbo

Bricos 6 = v + E (6)

Eq. (6) represents USDM, where ¢ is replaced by o/E and Eyy is the Young's modulus in
the direction perpendicular to the set of crystal lattice planes (hkl). The uniform stress can be

calculated from the slope line plotted between 4sin 8 and B cos 6 and the crystallite size Dv from

E
the intercept.
The strain € can be measured if Eyy of Cubic ZnS nanoparticles are known. For samples
with a cubic crystal phase, Young's modulus Ey is related to their elastic compliances s;; as
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Young’s modulus of each plane (Eyy) can be expressed for cubic

27,2 272472 B2
ﬁzsu = 2[(S11- S12) 5344][%] (10)
Here Cy3,C1, and Cygare the elastic constants of ZnS and their values are 10.79 x 10 ™
dynes/cm?, 7.22 x 10 ™ dynes/cm? 4.12 x 10 ™ dynes/cm?[20].USDM for uncapped and capped
ZnS nanoparticles are shown in Figure 3. The USDM values of strains for capped and uncapped
ZnS nanoparticles are 0.009148 and 0.010164 respectively. The stress calculated from the slope of
the line is slightly greater for the capped ZnS sample than for the Uncapped ZnS nanoparticles.
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Fig.3. The W-H analysis of (a) Uncapped ZnS nanoparticles (b) L-Cysteine Capped ZnS
nanoparticles assuming USDM.
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Fig.4. The W-H analysis of (a) Uncapped ZnS nanoparticles (b) L-Cysteine Capped ZnS
nanoparticles assuming UDEDM.
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Fig.5. DLS pattern of (a) Uncapped ZnS (b) L-Cysteine capped ZnS.

From Eq. (5) the crystal has been considered as the homogeneous Isotropic nature. But, in
many cases, the assumption of homogeneity and isotropy is not fulfilled. Moreover, all the
constants of proportionality associated with the stress strain relation are no longer independent
when the strain energy density (u) is considered. According to Hooke's law the energy density u

2
(energy per unit volume) as a function of strain € is u =E*‘%£. Therefore, Eq. (6) can be modified
to the form

4sin0 (2u)l/2

KA
=24
Priacos 6 = — B2

(11)
: 1/2
From UDEDM Fig. 4 shows that, a plot is drawn with %

Bra cos O along the y-axis for uncapped and capped ZnS nanoparticles. The anisotropic energy
density u can be estimated from the slope of the line, and the crystallite size Dv from the intercept,

and the strain € from EL From the above equations the energy density u and stress ¢ are related
hkl

along the x-axis and

2
by the equation u= %W.There is a slight difference in the energy density value u obtained in the

case of uncapped and capped ZnS nanoparticles. Hence, in anisotropic cubic crystal the strain
calculated from the peak position is different from the uniform stress deformation model and
uniform deformation energy density model. This result is confirmed from the plot of RMS lattice

strain <g, s > =(2/1)"? (#;iz)) whereA d= dj;—doni s a function of interplanar spacing, and

the strain estimated from USDM and UDEDM for the uncapped and capped ZnS nanoparticles
which are shown in Figs. 3 and 4 respectively. The strain values estimated from the peak position
in USDM and UDEDM differ to a greater extent due to the inclusion of anisotropic nature and
their values are tabulated in Table 1. Crystalline matter can contain a number of varieties of
imperfections, each of which affects the properties of a polycrystalline aggregate.
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By W-H models the strain due to the dislocation received at the time of synthesis of ZnS
nanoparticles were calculated and tabulated in Table 2. The main contribution is from the chemical
reaction and synthesis parameters such as capping agent, pressure and time factor. However, the
strain arising from these contributions as calculated from W-H models are very small and have a
very minimum effect on peak broadening.

Table 1.Structural analysis of Uncapped and Capped ZnS Nanoparticles.

Sample 20 Plane | d-spacing | Lattice Unitcell | FWHM | Avg. dislocation Average Stacking fault
degree | (hkl) A contant | volume | (B) crystallite | density strain (m) SF=[(2n?/
@A) | @%A)° Size (8= 1/D? (es=Bcotd/4 | 45(3tan ©)Y2p
(D)(nm) (lines/m?)
Uncapped | 28.92 | (111) | 3.08485 3522
ZnS 48.86 | (220) 1.89906 5.368 154.68 3.688 2.1448 21.7383x10%® | 7.753 x10°® 0.0284
56.57 | (311) | 1.62559 5.107
L-Cysteine | 28.65 | (111) | 3.11330 3.526
Capped 48.07 | (220) | 1.89125 5.385 156.15 | 3.788 2.1142 22.3721x10'® | 7.849x10® 0.0281
ZnS 56.31 | (311) | 1.63248 5.246
Table 2. Young's modulus Epystress calculation for uncapped and Capped ZnS nanoparticles.
hkl Eng (GPa) Strain USDM Strain UDEDM RMS strain
-3 -3
x 10 x 10 <eme>=(2/m)” () 10°
do(hki)
Uncapped Capped Uncapped | Capped | Uncapped | Capped | Uncapped Capped
(111) 106.25 106.25 9.1482 10.1647 1.2494 1.3840 | 0.0097459 0.002477
(220) 82.9 82.9 11.7249 13.0277 1.6071 1.7738 | 0.0053998 0.008658
(311) 66.6 66.6 14.5945 16.2162 1.9932 2.2079 | 0.0036199 0.000254
Table 3.Geometric parameters for uncapped and Capped ZnS nanoparticles.
Samples | Scherer W-H Method DLS
method
D, UDM USDM UDEDM Particle Size
nm Distribution
D, €no D, X €no D, U c €no nm
nm unit nm | MPa unit nm Kim® | MPa unit
x10™ x10™ x10™
Uncapped | 2.144 | 3.511 | 0.01734 | 2.950 | 972 | 0.009148 | 3.165 | 82.94 | 132.75 | 0.001249 25.08
2.114 | 3.652 | 0.01926 | 2.993 | 1080 | 0.010164 | 3.236 | 101.76 | 147.05 | 0.001384 22.61
Capped

3.2. Particle Size Analysis Using Dynamic Light Scattering (DLS)
Dynamic light scattering (DLS) also known as Quasi Elastic Light Scattering (QELS) is an
ideal technique used to estimate the hydrodynamic particle size of samples like gold nanoparticles,
The instrument can measure (Dilution Method) the particle size of samples suspended in liquids in
the range of 0.1 nm to 12.3 um with sample suspension concentrations from 0.00001% to 40%,
and a sensitivity for molecular weight to as low as 250 Da. Particle size analysis is used to
characterize the size distribution of particles in a given sample. At the same time so many methods
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are available to measure particle size and some methods can be used for specific applications and
some other methods can be used for wide range of samples. This analysis is based on the concept
of light scattered from a solution, undergoing some specific changes in their intensity which is
used to as specifically and the size of particles that scatter the light. The average hydrodynamic
diameter of the as synthesized ZnS nanoparticles was measured via DLS in ethanol medium [21-
25].

Prior the measurement was taken and the sample was first uniformly dispersed in ethanol
using ultra sonication for 20 minutes. The obtained dispersed solution was taken in quartz micro
cuvette and three measurements were taken from which the average result was recorded. Fig.5.
illustrates the average hydrodynamic particle size distribution of the sample with respect to
differential Intensity for uncapped ZnS and capped ZnS nanoparticles.The full width half
maximum of observed peak was analyzed to expose the particle size using GaussMod fitting
calculation. The obtained particle size is to be in the range of uncapped and capped ZnS
nanoparticles are 25 nm and 22 nm respectively.

3.3. FTIR Analysis

FTIR Spectrum of ZnS nanoparticles were shown in the Figure 6.In this analysis the IR
absorption due to the various vibration modes. When the beam incident on powdered sample,
particular frequencies absorbed. At the time inferogram intensities are reduced and proceeding
Fourier transform is the sample of infrared absorption spectrum .The IR spectrum showed that the
stretching bending corresponding to the characteristic peak at 1500-1600 cm™correspond to the
carboxyl group (COOH) [26]. C-O around 1350 — 1450 cm™ and the C-C linkages around 1000-
1200 cm™ for the capped and uncapped sample. This pointed that the ZnS nanoparticles could be
capped with the L-cysteine. The bending vibrations at 3000 to 3500 cm™ band related to O-H
stretching vibrations.Zn-S vibrations found in nearer range of 450 cm™[27].
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Fig.6. FTIR spectra of (a) Uncapped ZnS Nanoparticles (b) L-Cysteine capped ZnS Nanoparticles.
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3.4. Photoluminescence analysis (PL)

Photoluminescence analysis analysis of ZnS nanoparticles was shown in the Figure 7. The
semiconductor materials photo generated electrons and holes transfer behavior studied by
Photoluminescence characteristics [28]. The broad emission of PL intensity in the range of 400 to
600 nm. From the PL spectra it was observed that Uncapped ZnS and L-Cysteine Capped ZnS
nanoparticles showed the emission spectra analyzed and these nanoparticles recorded at room
temperature with an excitation wavelength An.x Of 412nm. Broadening of the emission peak is
exhibited to both increase the surface states and size distribution owing to increase the surface to
volume ratio for nanoparticles [29]. It is considerable thing to mentioning that the presence of
dangling bonds and surface state-related imperfections on or near the surface of nano crystals has a
valuable effect on their structural and optical properties. In ZnS nanoparticles, significant types of
structural and surface defects such as sulfur and zinc vacancies or interstitials result in various
emission mechanisms due to the recombination of photo generated electrons and holes [30].
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Fig.7. Photoluminescence emission spectra of (a) Uncapped ZnS Nanopatrticles (b) L-Cysteine
Capped ZnS Nanoparticles.

3.5. UV-Vis Analysis

Ultraviolet (200-400 nm) and Visible (400-800 nm) radiation are found towards the short
wavelength, high frequency end of the electromagnetic spectrum.Electronic excitation of electrons
between molecular orbital of UV-Vis Absorption spectroscopy measures the percentage of
radiation that is absorbed at each wavelength.Typically scanning the wavelength range and
recording the absorbance. The ZnS nanoparticles band gap energy can be evaluated from the UV-
Vis spectra by using the Tauc relation

ohv = A (hv -E4 )" (12)

where, o is the absorption coefficient, hv is the incident photon energy, A is the constant and Eg is
the band gap energy of the material. The exponent n depends on the type of transition. The
transitions direct and indirect were measured with the n values are %2 and 2 respectively [31].The
band gap energy is estimated by extrapolating the linear portion of the (ahv)?and (ahv)*® vs. hv
axis to o =0 as shown in Figure 8. The Direct band gap values of uncapped and L-Cysteine capped
ZnS nanoparticles are 3.36 eV and 3.45 eV and the indirect band gap values of uncapped and L-
Cysteine capped ZnS nanoparticles are 4.43 eV and 4.52 eV. From the analysis L-cysteine amino
acid capping played important role for modification in energy gap that is uncapped ZnS has lower
band gap compared with L-Cysteine capped ZnS. These results were revealed that particles size
decreases band gap increases due to quantum confinement effect.
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Fig.8. Direct band gap of (a) Uncapped ZnS Nanopatrticles (b) L-Cysteine capped ZnS Nanoparticles.

3.6.SEM analysis
The morphological of the Uncapped and L-Cysteine capped ZnS Nanoparticles are

investigated by SEM as shown in Figure 9. The ZnS Nanoparticles are the shape with narrow
particle size distribution and the nanoparticles formation was varied duo to capping agent.From
these magnification the considerable agglomeration process were controlled in L-Cysteine amino
acid capped Zinc sulphide nanoparticles compared with Uncapped ZnS nanoparticles. The more
number of triangle,rhombus,trapzoidal and oval size structures were found in Uncapped sample

compared with L-Cysteine amino acid capped ZnS nanoparticles.
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Fig.9. SEM analysis of (a) Uncapped ZnS nanoparticles (b)L-Cysteine capped ZnS Nanoparticles.

4. Conclusion

It is concluded from this work that uncapped and L-Cysteine Capped ZnS nanoparticles
were successfully prepared using chemical co-precipitation method, which was further
investigated via XRD study for crystallite size analysis along with lattice strain, besides this the
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particles size distribution was studied from DLS analysis, which is obtained to be in the range of
uncapped and L-Cysteine capped ZnS nanoparticles are 25 nm and 22 nm respectively. The
behavior of DLS and Debye Scherer calculation results are similar because their results revealed
that size of L-Cysteine capped nanoparticles are smaller than the uncapped nanoparticles.

The average crystallite size and lattice strain has been evaluated through the peak
broadening analysis via Uniform Deformation Model (UDM), uniform stress deformation model
(USDM) and uniform deformation energy density model (UDEDM) and these from modified form
of W-H plot. In the FTIR analysis O-H,C-C,C-O,COOH,Zn-S stretching vibrations were found in
both samples.These UV-Vis results were revealed that particles size decreases band gap increases
due to quantum confinement effect and the PL excitation wave length are 412 nm .The SEM
analysis were revealed that structure variation due to capping effect. The observed data of
Structural analysis, Young's modulus Ey stress calculation and Geometric parameters for
uncapped and L-Cysteine Capped ZnS nanoparticles tabulated in table 1, 2 and 3 respectively.
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