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Photo-physical properties of of ZnS/PVA nanocrystals
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Polyvinyl-alcohol (PVA) has been used as the matrix to synthesize ZnS /PVA composite films by means of the Chemical
method. The as-obtained films were characterized by X-ray diffraction (XRD), Transmission electron microscopy (TEM),
Atomic force microscopy (AFM), Ultraviolet-visible (UV-VIS) absorption, and photoluminescence (PL) spectra. The results
confirmed that the size of the as-synthesized ZnS nanoparticles depends on the amount of ZnCl, salt. The
photoluminescence and UV-VIS spectroscopy revealed that the ZnS/PVA films showed quantum confinement effect. The
primary FTIR spectra of ZnS/PVA nanocomposite in different PVA:ZnCl, have been discussed. The results indicate that the

introduction of ZnS decreased the degree of crystallinity of PVA.
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1. Introduction

Nanoparticles are of great interest due to their
extremely small size and large surface-to-volume ratio,
which lead to both chemical and physical differences in
their properties, compared to bulk of the same chemical
composition. The physical properties of semiconductor
nanocrystallites are dominated by the spatial confinement
of excitations (electronic and vibrational). Quantum
confinement, the widening HOMO LUMO gap with
decreasing crystallite size, and its implications for the
electronic structure and photophysics of the crystallites
have generated considerable interest. The semiconductor
nanoparticles may find applications in nonlinear optical
devices, photocatalysis, etc. [1-3].
nanocrystals in a transparent matrix, particularly based on
polymers, have recently attracted interest due to their

Semiconductor

potential in applications in nonlinear optics such as
photonic switching [4] and [5]. The polymer matrix has
several important roles to play. It provides the
confinement potential in view of its larger band-gap
relative to the semiconductor material. It also hosts the
nanocrystal in the form of a stable matrix. As a transparent
host, it can also render the nanocrystals in a form suitable
for applications in linear and nonlinear optics. Various
polymers [6-10] have been used as host matrices for
embedding semiconductor nanocrystals. ZnS, an important
member of group II-VI semiconductor phosphor with
wide band gap energy of 3.7 eV, has attracted much
research interest due to its potential applications in
optoelectronic devices such as solar cells and infrared

windows. ZnS on account of being a versatile and

excellent phosphor material shows a variety of
luminescence properties that enable it to have applications
in the fields of flat displays, sensors, and lasers [11-14]. In
addition, ZnS behaves as an effective catalyst and has
attracted the attention in the fields of photosynthesis and
pollutant treatment [15—17]. Polyvinyl alcohol (PVA) is a
hydrophilic polymer frequently used as a matrix for
stabilization of ZnS nanocrystals extensively [18], [19].
PVA does not allow much scope for size tunability of ZnS
nanocrystals at room temperature due to the interaction
between polymer and inorganic phase.

In this article we report the synthesis of polymer-
capped nanocrystalline ZnS thin films by a chemical
synthesis process. We have studied the changes of
structural, optical and morphological properties of these

films with the variation of molecular content of the film.

2. Experimental studies

2.1 Preparation of ZnS-PVA nanocomposites

ZnS nanoparticle are synthesized in the polymer
matrix by an ion exchange reaction. A typical synthesis is
carried out as follows: 5 wt% solution of PVA, ZnCl, were
mixed with various concentration (1,2,3,4 wt%) under a
high stirring rate (200rpm) condition. The constant
temperature 70°C for 3 hours was maintained during the
process of stirring. The sample under preparation was kept
for 12 hours for complete dissolution to get a transparent
solution. To this solution 2 wt% Na,S was added till the
whole solution turns into milky The ZnS nanoparticle
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containing PVA were caste over glass slides to produce

thin film form and successive experiments for
characterization were carried out. The chemical reaction

occurs as follows
ZnCly+Na,S . ZnS +2NaCl
2.2 Characterization of ZnS-PVA nanocomposites

X-ray powder diffractograms (XRD) of the samples
are taken on a Philips X Pert Pro diffractometer operating
at 40KV-30mA The radiation source used was CuKa (A
=1.542A) and a Nickel filter was used to block Kj
Radiations. The diffractograms of the samples are
recorded in the step-scanning geometry, with a step width
0f 0.02° and 10 s count time so as to improve the signal-
to-noise ratio. XRD of polyvinyl alcohol is taken in the
continuous scan mode for the purpose of comparison.

Optical absorption spectra of the samples are recorded
using (HITACHI-U3210) double beam spectrophotometer
in the range 200-800 nm, at a wavelength resolution of 0.1
nm. The spectra are corrected for the base line.
Photoluminescence  spectra are recorded on a
Thermospectronic AMINCO Bowman (series2)
fluorescence spectrometer. The emission spectra are
recorded for different excitation energies greater than the
band gap of the samples. Excitation spectra corresponding
to the two emission bands observed in photoluminescence
emission are also recorded. All the spectra are corrected
for the instrumental spectral response. The PERKIN
ELMER Fourier transform infrared spectroscope (FTIR)
was employed to monitor the formation process of
ZnS/PV A nanocomposites films.

TEM observations of the ZnS nanocrystals are
performed by (model JEOL JEM-100cx)
transmission electron microscope, operating at 400 kV

using

accelerating voltage. The surface morphology and surface
roughness of the films was determined by AFM. The AFM
measurements were performed in contact mode in air by
using a molecular imaging microscope (model PICO Scan
2500). The cantilever force constant 0.21 N/m were used.

3. Results and discussion

Fig. 1 shows the XRD pattern of four different ZnS
nanocrystalline film under optimum growth conditions but
at different PVA:ZnCl, ratio 5:1,5:2,5:3 and 5:4. The
optimum pH value for minimum size was fixed at 1.7. All

the spectra included peaks at 20 = 19.6°, which

corresponded to the crystalline phase of PVA [20]. The
other peaks with 20 values of 28.6, 47.8 and 56.6
corresponded to the (111), (220), (311) crystalline planes
of ZnS and these peaks could be indexed to Cubic ZnS
with lattice constants of a = 5406 A °, which were
consistent with the literature data of JCPDS 5-0566. It is
known that the crystalline nature of PVA results from the
strong intermolecular interaction between PVA chains
through the intermolecular hydrogen bonding [21].
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Fig. 1 XRD patterns of the PVAfilms containing ZnS
nanoparticles, prepared at different PVA:ZnCl, ratio
(a) 5:1 (b) 5:2(c) 5:3 (d) 5:4.

It is seen in Fig. 1 that PVA lines were weaken with
the increasing amount of ZnCl, salt. It should be the
reason that the interactions between PVA chains and ZnS
particles led to the decrease of intermolecular interaction
of PVA chains, which would result in decreasing the
crystalline degree of PVA. The systematic errors in 20
were eliminated by applying the function determined by
Nelson and Riley in ZnS films from three prominent
reflections. The corrected value of lattice constant ‘a’ is
then obtained by extrapolating the function F(0) to
zero[22]. Where

_1 Cos’0  Cos’0 1)
F6) 2(Sm9 0 )

The diffraction peaks of ZnS nanoparticle at different
PVA: ZnCl, ratio can be indexed as face centered cubic
phase and the lattice constants are calculated as a=5.367
A, being close to the reported values (a=5.406 A, JCPDS
5-0566). Putting a., values against extrapolating function
F (0) we get the Nelson Riley plot as shown in Fig. 2.
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Fig. 2. Nelson Riley plot for ZnS nanoparticles, prepared at different amount of PVA: ZnCl, ratio (a) 5:1 (b) 5:2 (c) 5:3(d) 5:4.

Table 1. Values of lattice constant determined from Nelson Riley plot at different
PVA: ZnCl, values.

Sample | PVA:ZnCl, | hkl d value 20 F (0) ac (A) | Nelson Riley

No. (A) (degree) plot (A)
111 | 3.121 28.6 3.7819 | 5.40

(a) 5:4 220 | 1.967 46.14 2.1311 | 5.55 5.39
311 | 1.622 56.6 1.6022 | 5.37
111 | 3.098 28.8 3.7522 | 5.36

(b) 5:3 220 | 1.9413 46.7 2.0975 | 548 5.37
311 | 1.619 56.8 1.5939 | 5.37
111 |3.075 29 3.724 | 532

(c) 5:2 220 | 1.927 47.1 2.074 | 545 5.35
311 | 1.607 57.2 1.577 | 533
111 |3.034 29.4 3.729 | 5.25

d 5:1 220 | 1.898 47.8 2.033 | 537 5.303
311 | 1.601 57.5 1.564 | 531
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The values of lattice constant and d spacing at
different reagent concentration are shown in Table 1 It is
seen that as the amount of ZnCl, concentration decreases
the lattice constant decreases i.e. Increase in diffraction
angle is clearly a result of lattice contraction expected to
occur because of higher surface to volume ratio [23-24].

The average size (L) of the ZnS nanocrystallites and
the lattice strain (&) of these films were calculated using
the equation 2 given by Williamson & Hall [25].

BCosO  £Sind .

L 2
2 AL

where B is the measured FWHM in radians, 0 is the Bragg
angle of the diffraction peak.

A is the X-ray wavelength, L is the average particle size
and & is the effective strain. The plot of S cosé versus
sin@ for three different samples prepared at different

PVA: ZnCl, ratio (5:2-5:4) and pH of the samples 1.7 is
shown in Fig. 3.
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Fig. 3. Williamson-Hall plot for sample at (a) PVA

The FWHM parameter in the above equation must be
corrected with the instrumental broadening. The value of
Pinst Was determined to be 2.58x107° rad by using a
standard silicon powder. However, the broadening
(FWHM) observed in our sample are much higher then the
instrumental broadening. Thus the major contribution to
the line broadening in our sample should be arising from

strain and size effect. Thus, it is clear that when [ cosé

is plotted against siné a straight line with slope and
intercept is obtained, as shown in Fig. 3 (a)-(c) From the
slope of this straight line, the lattice strain and grain size
for different concentration of reagent is shown in the
Table 2.
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: ZnCl,=5:2 (b) PVA: ZnCl,=5:3. (c) PVA: ZnCl,=5:4.

Table 2. Particle size and strain at different PVA: ZnCl,
concentration.

Sample | PVA:ZnCl, Strain Crystallie
X 107 size (nm)
(a) 5:1 7.2 3
(b) 5:2 6.32 4
(© 5:3 3.4 6.8
(d) 5:4 2.63 8

It is seen from the Table that when the ratio of PVA:
ZnCl, decrease (i.e. amount of ZnCl, increases) the
crystallite size increases and strain decreases. The amount
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of reagent (ZnCl,) control the rate of reaction and hence
controls the size of the particle.

Optical absorption as a function of wavelength for the
PVA-ZnS composites at various ZnCl, concentrations is
shown in Fig. 4.
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Fig. 4. UV-VIS spectra of the PVA films containing ZnS

nanoparticles, preparedat different amount of ZnCl,:

Pure PVA; (@) 4wt%; (b) 3wt%; (c) 2wt%;
(d) 1 wt %.

It was found that the pure PVA film was a kind of
transparent material within the measured range. As
illustrated in Fig. 4, the ZnS/PVA nanocomposite films
obtained with the ratio of PVA:ZnCl, at 5:4 exhibited an
absorption peak of 312 nm, which was considerably blue-
shifted relative to the absorption peak of bulk ZnS (336
nm), which indicate indicates the formation of ZnS
particles in the PVA matrix in the nanometer regime .
With decreasing the amount of ZnCl, from 3wt% to 1wt%,
the absorption peak of the obtained ZnS/PVA
nanocomposite films decreased gradually from 308 to 295
nm. It was worth noting that accompanying the decrease of
the optical absorption edge of the nanoparticles is shifted
towards the shorter wavelength region with decrease in the
concentration of ZnCl,. Band-gap values were obtained
from the optical absorption spectra by extrapolating the
straight line plot of (ohv)® versus (hv) to the energy
axis(not shown) . Energy band gap of the nanocrystals as
given by [26]

w1 1, 17868 0.124e!
BB = o]~ -

s t— 3
m, m, eR re @

1 1
=+
mom,

where E(R)=E,,- E,, E,; is the bandgap of the ZnS
nanoparticle, E, the band gap of bulk ZnS (3.68 eV), m,
the effective mass of electron (0.34my ), mh* the effective
mass of hole (0.23my ), r the radius of the particle, €, the
dielectric constant (8.76 ) and €, is the permittivity of free

space. Using the above equation 3, we have estimated the
particle sizes of ZnS nanoparticles in PVA matrix prepared
under different concentrations of ZnCl, salt. Table 3 shows
the energy band gaps and estimated particle sizes of
nanoparticles. Variation in particle size with changing
concentration of ZnCl, for fixed PVA concentration (5
Wt%) is shown in Fig. 5.

Table 3. Size and band gap calculation from EMA model.

Sample | PVA:ZnCl, | Band gap | Particle size from
No. (eV) EMA model (nm)
(a) 5:1 4.1 3.8
(b) 5:2 4.02 5
(c) 5:3 3.97 7
(d) 5:4 3.8 8.8
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Fig. 5. Figure showing the variation of particle size
function of ZnCl, concentration.

The photoluminescence (PL) spectrum of the
ZnS/PVA film excited a 260 nm displays a broad emission
centered at 450 nm (Fig. 6). Photoluminescence in this
spectral region is attributed to the presence of sulfur
vacancies in the lattice [27] This emission results from
the recombination of photogenerated charge carrier in
shallow traps [27]

There is a blue shift in the luminescence spectrum of
ZnS nanoparticle embedded in a PVA matrix depending
on the amount of ZnCl, salt, as the ratio decrease the blue
shift was found to increases. Fig.6 shows the
pholuminescence of ZnS nanoparticle  prepared with
different size. The maximum emission wavelength was
found to decrease as the particle size decreased; this effect
may be related to the quantum confinement effects. The
larger ZnS/PVA Nanoparticle have a continuous surface
with localized trapping defects relative to the core lattice,
while smaller ZnS/PVA nanoparticles were found to have
discontinuous surface.
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Fig. 6. Photoluminescence emission spectra for the PVA
films containing ZnS nanoparticles, prepared at different
amount of ZnCl, salt: (a)4 wt% (b) 3 wt% (c) 2 wt% (d) 1

wt%.

Therefore, the valence and conduction bands are
replaced by more widely spaced individual energy levels
in the smaller size, the lowest of which give rise to the
observed luminescence [28]. The broad emission spectra
observed for all nanoparticle films can be explain as
follows. Photogenerated charge carriers, which have been
trapped in shallow and deep surface states, tunnel to each
other to recombine. Emission from recombination of short-
distance pairs (in shallow traps) appears at lower
wavelength than that from long distance pairs (in deep
traps).Broad emission bands represent a superposition of
the wide distribution of trap distance [29].

The ZnS nanoparticles may be bound by the chemical
interactions between ZnS and —OH units of PVA. The
interaction between Zn(S) and PVA was studied by FTIR
spectra, which were used to monitor the formation of
ZnS/PVA nanocomposite films. The FTIR spectra in PVA
and ZnS/PVA were shown in Fig. 7.
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Fig. 7. FT-IR spectra of pure PVA and as-prepared

PVA/ZnS composite  films: (a) pure PVA film,
(b) PVA/ZnS, nanocomposite (PVA:ZnCl, =5:1) film.

Two characteristic bands at 3353 and 1093 cm™ were
observed. The absorption band at 3353 cm™ in all spectra
was attributed to the O—H stretching vibration band. And
another absorption band at 1093 cm™ was attributed to the
hydroxy C-O stretching band. Notably, compared with
pure PVA, the absorption band at 3353 cm™ became wide
and the intensity of the absorption bands at 3353 and 1093

cm’ were weaken, also the peak at 3353 cm™  is shifted
to 3335 cm™  (see figure (curve(b)). This result indicates
the interaction between —-OH group and ZnS

nanoparticles.The intensity of the band at 1093 cm™ was
also a measure of the degree of crystallinity of PVA [30].
Thus, this result clearly supported the suggestion that the
introduction of ZnS decreased the degree of crystallinity of
PVA, which was consistent with the XRD results.
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Fig. 8. (a): AFM 2D plot of ZnS nanoparticles.
(PVA:ZnCly=5:2); (b) AFM 3D plot of ZnS
nanoparticles.(PVA:ZnCl,=5:3).

Fig. 8 (a) shows the 2D AFM image of a ZnS sample
at PVA:ZnCl, ratio 5:2 of scan area 3000 nmX3000 nm.
The surface appears nearly flat as observed by AFM. Fig.
8 (b) shows 3D view of another sample at PVA:ZnCl,=5:3
of scan area 2000 nm X 2000 nm. The film consisted
mainly of dispersed particles no larger than 8 nm in
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diameter except for a few odd large ones. For all the
samples, further AFM results (not shown) confirmed that
the particle size in the film did increase with increasing
PVA: ZnCl, ratio. With AFM color phase analysis, the
two different colors in all the samples of the AFM images
provide evidence that the film existed in two different
phases representing, respectively, the ZnS nanoparticles
and the PVA matrices Both the picture indicates that
PVA:ZnCl, ratio control the surface roughness and
particle size and its distribution.
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Fig. 9. TEM micrographs of the PVA films containing
ZnS nanoparticles (PVA:ZnCl,=5:4).

The morphologies of the nanocrystals were observed
by TEM. Fig. 9 shows the overview image of the
nanocrystals at PVA: ZnCl,= 5:4. The particles show
spherical shape and have nearly uniform size. The average
particle sizes were determined from TEM micrographs and
found to lie in the range of 3—12 nm, which is consistent
with the UV-visible and XRD results.

Conclusions

ZnS/PVA nanocomposite films were synthesized by
means of the Chemical synthesis method. XRD results
indicated the Cubic phase of ZnS nanoparticles were
formed within the PVA matrix. TEM image directly
showed the morphology and size distribution of ZnS
nanoparticles in the as-prepared ZnS/ PVA composite
films. With the amount of ZnCl, salt decreasing, the size
of ZnS nanoparticles in the PVA films decreased.
Compared with ZnS bulk material, all the UV absorption
spectra had shown explicit blue shift due to quantum
confinement. FTIR spectra were used to monitor the
formation of ZnS/PVA nanocomposite films. The PL
emission spectrum at 450 nm is slightly blue shifted which

is only due to quantum confinement effect of the
nanoparticle. The as obtained AFM image shows that
PVA:ZnCl, ratios control the surface roughness and
particle size and the size distribution.
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