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Abstract

Different ZnS nanostructures synthesized by a chemical solution process were deposited on the glass substrate by dip coating
technique. The effect of the sol-pH variation on the surface morphology, crystalline quality, optical band gap, and
photoluminescence of the ZnS nanosphere, nanorod and mixed hexagonal cubic and rectangular-like nano-grains were
investigated. It was found that the triethanolamine/ethanolamine played a key role to get desired nanostructure quality with
different surface morphology. All nanostructures, derived in acidic and basic medium showed mixed cubic and hexagonal
crystalline structure with preferred orientation along (111) plane of predominant cubic phase without oxidation.
Nanospherical grains, sharply increased in size observed in acidic medium, whereas nanorods and mixed hexagonal, cubic
and rectangular-like grains, slightly increased and then decreased in size, observed in basic medium with increased pH. The
increased/decreased in average crystallite size was confirmed by reduced/enhanced dislocation density and micro strain.
Comparatively, the band gap (E,) of the nano-grains, reduced by pH derived in acidic medium was higher than those derived
in basic medium. Comparatively, the higher surface defects related emission was observed in nanostructures derived in
acidic medium than those derived in basic medium, whereas a higher green emission was observed in nanostructures
fabricated at basic medium compared with the nanostructures synthesized in acidic medium. The results showed better
crystalline quality in nano-grains derived at acidic medium than those derived at basic medium, whereas better optical
quality in nanostructures derived at basic medium compared with the nanostructures derived at acidic medium. The observed
characteristics are highly attractive for solar cells and optoelectronic applications.
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Graphical Abstract

To get ZnS solution by chemical route, using glacial acetic (solvent) acid with triethanolamine (pH regulator) leads to the
spherical ZnS nano-grains at any pH value, whereas using 2-methoxyethanol (solvent) with ethanolamine (pH regulator) brings
about nanorods, undefined and mixed hexagonal, cubic and rectangular ZnS nano-grains at pH 8.0, 9.0, and 10.04, respectively.

Zinc acetate
dinydrate

Highlights

Annealing at 550°C
Coating 31300°C

e Growth of chemically deposited different ZnS nanostructures.

e Formation of ZnS nanorods without using any capping agent at pH 8.0.

e A higher crystalline quality in ZnS nanostructures derived in acidic medium than the others.

o Comparatively a better optical quality in the ZnS nanostructures derived in basic medium than the others.

e Enhancement of the optical constants of the ZnS nanostructures as growthing medium shifted from acidic to basic.

Keywords

1 Introduction

Recently, nano-grained semiconducting materials have gained
a huge interest of the researchers for their extraordinary
characteristics such as structural, optical, electrical, and elec-
tronics in various applications: LED’s; flat-panel displays;
sensors and lasers; non-linear optics; quantum, -electro-
luminescence, and photovoltaic devices; and infrared windows
[1-6]. In case of the nano-grained materials, some new phy-
sical effects can be observed with nano-grained thin films but
bulk materials. Sometimes the physical properties can be
depended on the functions of the nano-grain size in nano-
grained structures. For example, when the nano-grain size of
the nanostructures is comparable with the de Broglie wave-
length of the electron, the quantization of the electron levels
leads to new size effects.

Among the different II-IV semiconductors, ZnS has a
broad spectrum of applications as denoted above and it has
also wide band gap (3.60eV) with an exciton binding
energy of 40 meV. What’s more, it is a non-toxic material
and has n-type conductivity. Hence, it can be considered as
a good buffer layer alternative to CdS and convenient for
thin film solar cell based CdTe, CulnS,, and CuGaln(S,Se)
[7, 8]. Furthermore, it has a high refractive index (n~2.3),
which can be used in antireflective coatings. Moreover,
apart from these unique properties and marvelous versatility
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in optoelectronic applications it is relatively the most stable
compound with low toxicity. Nevertheless, at nanoscale,
surface states can play an important role in luminescent
characteristics and efficiency [9].

Till date, numerous technique have been used to synthesis
ZnS nano-grains and to control their morphology and crys-
talline quality such as chemical solution (sol-gel) [10], che-
mical bath deposition (CBD) [11], spray pyrolysis [12],
molecular beam epitaxy [13], sputtering [14], electro deposi-
tion [15], micro-emulsion [16], and capped precipitation [17]
etc. The method of chemical solution is intensively used to
obtain ZnS nanostructures due to its maneuverability, simpli-
city, low cost, reproducibility, facile procedure, and non-
toxicity via used soft chemicals. Therefore, this is relatively
one of the most preferred chemical methods to produce ZnS
nanostructures due to the some difficulties within the CBD. It
is highly attractive for the industrial production process, sug-
gesting a relatively higher growthing ratio through using low
cost equipments, very quick and proper to fabricate nanos-
tructures with a highly pure yield of starting raw materials.

To tune the morphology of the ZnS nano-grains different
factors have been proposed. For example, chemical reac-
tants [18], dopants [19], pH [20], growth rate [21], and
deposition technique [22]. Among them the effect of the pH
has been rarely investigated for the chemical solution
derived ZnS thin films. Recently, Shayesta et al. [23] have
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synthesized ZnS nanoparticles embedded in polyvinyl
alcohol (PVA) matrix as capping agent for different pH
(6-8) by using wet chemical process. The structural and
optical characteristics were improved but no change in the
surface morphology. More recently, Choudapur et al. [24]
have reported the influence of the pH values (3—10) on the
morphology, crystallinity, and optoelectronic properties of
ZnS thin films and nanoparticles. However, no significant
change in the surface morphology of the ZnS nanostructures
but crystallinity and optical quality. After that, Akthar et al.
[25] have also observed the change in optical properties of
sol-gel derived ZnS thin films depended on pH values
(1-7). Nonetheless, to the best of our knowledge research
on the effect of the pH, which can significantly change the
surface morphology (including nanorod, spherical, and
rectangular-like nano-grains) of the ZnS nanostructures, has
not been reported yet. A lot of the reported studies have
used capping agent or modified chemical solution technique
to get ZnS nanorods, spheres, etc. Most of them far from the
physical meaning behind the formation of different surface
morphologies including nanospheres, nanorods, and
rectangular-like nano-grains. Therefore, in the current study
we have studied the influence of the wide range pH varia-
tion (4-11) on the surface morphology, grain/crystallite
size, optical properties including optical, and dielectric
constants, as well as photoluminescence (PL) of the ZnS
nano-grains in more detail, which is highly promised for the
optoelectronic and solar cell applications.

2 Experimental

All precursors including zinc acetate dihydrate (Zn
(CH53C0O;,),2H,0), thiourea (CH4N,S), 2-Methoxyethanol
(CH30CH,CH,0H), glacial acetic acid (CH;CO,H), and
triethanolamine/ethanolamine (C¢H;5sNO3/C,H;NO) were
of analytical grade, purchased from Merck company and
used as received. 2-Methoxyethanol/glacial acetic acid and
ethanolamine/triethanolamine were solvent and stabilizer,
respectively, for preparation of the two type solution. Zinc
acetate dihydrate and thiourea were used as starting salt
powders to supply Zn*" and S*~ ions. In all, 0.2M Zn
(CH3C0O,),-2H,0 and 0.8 M CH4N,S were dissolved in 20 ml
of 2-Methoxyethanol (solution I); 0.2 M Zn(CH;CO,),-2H,0
and 0.8M CHyN,S were dissolved in glacial acetic acid
(solution II). These two mixtures were stirred for
20 min on magnetic stirrer at room temperature to get clear
and highly transparent solutions. To regulate the pH of the
each mixture, the different amount of the ethanolamine (for
solution I) and triethanolamine (for solution II) were used
for basic (pH=38, 9, 10, and 11) and acidic (pH =4, 5, and
6) conditions, respectively. After regulating the pH of the
total mixtures, they were continuously stirred for 24 h to get

the final solutions. To obtain desired nano-grains/nanos-
tructures, the final solutions were dip coated on the properly
cleaned glass sample holders by dip coating system at
300 C in air conditions. By this process, the sample holders
were deposited 10 times to get the intended thickness. The
deposited ZnS nano-grains were subjected to the post-heat
treatment at 550 'C in argon environment (Fig. 1).

In order to identify the crystal structure of the ZnS nano-
grains, the X-ray powder diffraction (XRD) type of Rigaku
Ultima IIT (40kV, 30mA, and 1.54 AO) power diffractometer
was employed. Surface morphologies were carried out by
scanning electron microscopy (SEM, Zeiss Evo 50). To
investigate the vibration characteristics of the produced
nanostructures Raman spectrophotometer was used (excitation
wavelength =785 nm). PL study was employed by using
Hitachi F-2500 FL spectrophotometer. Optical characteriza-
tions including absorption and transmission spectrums were
performed by Ultraviolet-visible (Uv-vis) spectroscopy (Per-
kin Elmer 45) in the wavelength range of 300-900 nm.

Dislocation density (6) and micro strain (¢) of the ZnS
nano-grains are calculated by following relations:

1
0= Dy m
P
€= 4tanf @)

where f shows the full width at half of the peak maximum
(FWHM), 4 is the wavelength of incident X-ray, and 6
represents Bragg’s angle.

Band gap energy (E,) of the nanostructures can be
obtained by using the following equation:

ahv = A(hv — Eg)" (3)

where a is known as absorption coefficient, n can variable
as 1 or Y2 in case of the direct or indirect transitions,
respectively, i represents the Planck’s constant and v is the
photon frequency.

3 Results and discussion
3.1 Surface morphology and composition analysis

The surface morphology of the nanostructures is shown in
Fig. 2a—d and Fig. 3a—f for the acidic and basic conditions
with different pH values, respectively. As seen in Fig. 2a—d,
a spherical nano-grain is observed for acidic conditions, in
which grain size of the particles (approximately ranging
between 20 and 60 nm) increases as the pH value increases
from 4 to 6.1. The attractive forces within ZnS nanos-
tructures bring about the aligning of the particles with
perfect coordination, which resulted in eliminated common

@ Springer



490 Journal of Sol-Gel Science and Technology (2019) 90:487-497

Fig. 1 Shematic presentative of chemically depositon details for different type of ZnS nano-grains

Fig. 2 Scanning electron
microscopy (SEM) images of
ZnS nano-grains at acidic
medium with pH of 4 a, 5.3 b,
6.2 ¢, and cross-section at pH
6.1d
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Fig. 3 Scanning electron
microscopy (SEM) images of
ZnS nano-grains at basic
medium with pH of 8 a, 9 b,
10.4 ¢, 11.07 d, and cross-
sections at pH 9 e and 11.07 £
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boundaries and then the formation of big particles with
well-defined morphology [26]. This idea is also supported
by XRD measurements as given in Fig. 4a. Compared with
the basic conditions, there is no significant change in the
surface morphology of the nanostructures synthesized in
acidic conditions with increased pH value. However, it is
noteworthy to note that there is a remarkable change in
surface morphology of ZnS nano-grains derived in basic
conditions with increased pH values from 8 to 11. 07 (Fig.
3a—f). The surface morphology of well-defined nanorods,
having sizes is between about 25-150 nm was observed at
pH 8.0 (Fig. 3a). At pH 9.0, it is found that the hetero-
geneous film surface with undefined grains with sizes
varying about 10 to 50 nm (Fig. 3b). Enhancing pH at 10.4,
it can be seen that well-defined clusters having mixed
hexagonal, cubic, and rectangular grains with sizes between
about 10 and 50 nm (Fig. 3b). At pH 11.07, approximately

the same clusters as those obtained at pH of 10.4, never-
theless these are smaller in size, non-compact and have less
dense surface grains compared with the pH 10.4. This is
also proved by XRD measurements in which higher average
crystalline quality is obtained for the nanostructures with
pH 10.4 than that of with pH 11.07.

For the pH range 9.0-11.07, the surface morphology
consists of the particles having rectangular, hexagonal, and
cubic crystallite shapes. Compared with the pH 8.0, this
new grain shapes is probably related to the increment of
(100) crystal plane direction with respect to the (111) plane
direction. The similar observations have been also reported
for chemically derived CuO, nanostructures [26]. Com-
paratively, the higher surface grain sizes are observed for
the acidic conditions than that of the basic conditions.
Moreover, the surface morphologies of the nanostructures
derived at acidic medium are uniform and there was no

@ Springer
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Fig. 4 X-ray powder diffraction Acidic medium (a)
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change in the shape of spherical nano-grains but in size.
However, in case of nanostructures derived at basic medium
nanorods (at pH 8.0) and mixed rectangular, cubic, and
hexagonal-like particles are found (at pH range 9.0-11.07).
Compared with the ZnS nanostructures derived at acidic
medium, there is no improvement in grain size of the ZnS
nanostructures  synthesized in basic medium as pH
increased, which is likely connected to the reduced atomic
density and increased porosity of the layers after critical pH
8.0 [27].

The origin of these different surface morphologies in ZnS
nano-grains is attributed to the large difference between the
surface energy of the non-polar (110) and the polar (111)

@ Springer
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planes [28]. It is reported that the used chemical precursors
[18] can also results in different surface morphologies due to
the variation in surface energy. In addition, the formation of
the Zn(OH),>~ anion, which is the main factor for the for-
mation of the nanorods and depends on pH value [29].
Moreover, Hafeez et al. [30] have reported that the formation
of the ZnS nanobelts and spherical nano-grains are depended
on the effective chemical tension, which is served for Gibbs
free energy. Accordingly, the formation of the different
surface morphologies in ZnS nano-grains is probably related
to the different surface energy of the different crystalline
orientation plane, which strictly depends on the above-
mentioned factors.
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3.2 XRD analyses

The XRD patterns of the ZnS nano-grains derived at acidic
and basic mediums with different pH values are presented
in Fig. 4a, b, respectively. It is seen that all nano-grains
have the pure ZnS phase with mixture hexagonal wurtzite
(JCPDS Card No. 36-1450) and cubic sphalerite structure
(JCPDS Card No. 05-0566), which are highly oriented
along (111).,, plane. The presence of the other diffraction
peaks corresponding to (100)pex, (101)pexs (220)eupn, and
(311)cyp planes, indicating the polycrystalline nature of the
films and predominance of the cubic sphalerite structure.
This fact was also previously observed [18, 31]. It is found
that among observed all planes, the (111) ., plane has the
most intensive peak at pH 6.1 in the nanostructures derived
at acidic medium reflecting well-improved crystalline
quality of the ZnS nano-grains. To confirm this, the average
crystallite (Dyy) size of the samples was calculated by using
Debye Scherrer’s formula and the obtained values are given
in Table 1. The D;;; of the ZnS nanostructures derived from
acidic medium is comparatively higher than those derived
from basic medium. It is found that the grain size of the
produced ZnS nano-grains is higher than the D;;; due to the
fact that grains are composed of many crystallites. As seen
in Table 1, there is a very small decrease in the lattice
parameters (for cubic system a = b = ¢) of the nano-grains
derived in acidic medium. However, the lattice constants of
the nanostructures derived at acidic medium are slightly
enhanced by pH connected to the accommodation of the
atoms within the crystal leads to relaxation of the crystal
lattice. These values are in well agreement with the standard
value (0.540 nm) reported in JCPDS Card No. 05-0566. It is
found that the 6 and ¢ are decreased by increasing pH of the
acidic medium, reflecting improved crystalline quality of
the nanostructures (Table 1). However, they have high
values for the nanostructures derived in basic medium
compared with acidic medium. This reflects worsening the
crystalline quality of the ZnS nanostructures by changing
pH from 8.0 to 11.07 at basic medium.

3.3 Raman analyses

Raman spectroscopy performed at room temperature was
used to obtain information about molecular vibrations and
other structural features such as the crystallinity of ZnS
nanoparticles and their secondary phases. The observed
Raman scattering spectra of the ZnS nano-grains were
illustrated in Fig. 6a, b. The mean peaks centered at 217,
349, and 658 cm™' are founded for the ZnS nanostructures
(Fig. 5a, b). The observed Raman peak at 217 cm ™! is likely
attributed to the tiny formation of C¢Hp4NgO4SZn with in
ZnS nanostructures [18]. Another Raman peak at 349 cm ™!
is identified as Al and E1 symmetry longitudinal optic (LO)

Table 1 Summary of some structural values of FWHM, 2-theta,
average crystallite size, lattice parameter, dislocation density, and
micro strain for ZnS nano-grains at different pH values

pH value FWHM 20 (deg) D@mm);;; a (m) 6 (x1073) & (x107%)
(Booz)
4 0.98 28.56 8.9 0.5413 112 962
5.3 0.82 28.54 10.6 0.5420 94.3 806
6.1 0.58 28.54 15 0.5423 66 570
8 1.74 28.60 5 0.5408 200 1711
9 1.08 28.62 8 0.5406 125 1062
10.04 1.24 28.64 7 0.5404 142 1214
11.07 1.45 28.66 6 0.5402 166 1420
3000 — pH=4 Acidic medium (a)
—— pH=5.3
-1
2500 { — pH=6.1 LO(349cm) 210658 cm)
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Fig. 5 Raman spectrum of ZnS nano-grains at acidic medium a, basic
medium b at different pH values

mode. A relatively broad Raman peak at 658cm™! is
assigned for the second ordered 2LO mode [32] assigned
for combination and overtone scattering at high two-phonon
density of state. The Raman peak intensities are increased
with increasing pH at acidic medium indicating improved
crystalline quality of the ZnS nano-grains as supported by
XRD and SEM analyses. However, at basic medium, the
observed main Raman peak intensities are comparatively
lower than that of acidic medium suggest worsening the
crystalline quality of the ZnS nano-grains derived from
basic medium (Fig. 5b). Apart from these observations, the
intensities of the main Raman peaks observed for the ZnS
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nanostructures at basic medium probably due to the varia-
tion in surface morphologies. For example, at pH 8.0 the
most intensive peak is observed for the 349 cm™' peak
position identified as Al and El1 symmetry LO mode.
However, at pH 10.4 the Raman peak observed for 2LA
optical mode phonons has the most intensive peak among
the others. Furthermore, at pH 9.0 and 11.07, the highest
peak intensity is observed for the 2LLO mode. These results
suggest that the different peak intensities for the observed
optical modes is likely due to the variation in surface
morphology as proved by SEM analysis, where the pre-
ferred crystallite orientation degree is different for the dif-
ferent pH values especially in the ZnS nano-grains
produced at basic conditions and they have different grain
shapes, respectively. The observed results are in well
agreement with the study on different surface morphology
of the ZnS nanostructures synthesized by solvothermal
technique using different reactants [18].

3.4 Optical characterizations

3.4.1 Uv-vis measurements

The room temperature Uv-vis transmittance spectra of the
ZnS nano-grains with different pH values for the acidic and

basic mediums are given in Fig. 6a, b. The nanostructures
grown at basic medium show sharper fundamental

100

(a) Acidic medium
80 4
60 1
= 40 -
= pH=4
20 e pH=5.3
e pH=6.1
0 T T T T T
300 400 500 600 700 800 900
Wavelength [nm)
100 Basic medium
80
60
[

20

0 4 T T T T T
300 400 500 600 700 800 900
Wavelength (nm)

Fig. 6 Transmission spectra for ZnS nano-grains at acidic medium a,
basic medium b at different pH values
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absorption band edge and higher average transmittance in
the Uv-vis range approximately over than 80% than those of
grown in acidic medium reflecting the better homogeneity
and uniformity of the nano-grains than those grown in
acidic medium. These results are comparable with high
quality spray prolysis ZnS nanostructures [33] and notably
better than previously reported results on ZnS nanos-
tructures by many researchers [22, 24, 33-35]. So, such
nano-grains can be used as attractive candidate materials for
using as a buffer layer for the chalcopyrite photovoltaic
solar cells, as well as several applications of the optoelec-
tronic devices. Comparatively, the more pronounced oscil-
lation in the transmission of the ZnS nano-grains derived
from basic medium (see Fig. 6b) are observed indicating
well homogeneity and thickness uniformity. The variation
curves of (ahv)’ and hv for the ZnS nano-grains are given in
Fig. 7a, b, upon on different pH values at acidic and basic
medium, respectively. The linear variation of the curves
exhibits the presence of the direct transition. The band gap
energy (E) of the nanostructures is found by extrapolation
of the linear part of the curve between (ahv)? and hv. As
seen from Fig. 7a, b, the E, of the nanostructures derived
from acidic medium decreases with increasing pH value,
whereas it increases for the nano-grains synthesized in basic
medium (see Table 2). In both cases, the E, values of the
nano-grains are lower than that of bulk ZnS (£, ~ 4.08 €V),
indicating the quantum size effect in the ZnS nano-grains.

%0 e pH=4 Acidic medium (a)

{ahv)?

27 28 29 3 31 32 33 34 35 36 37 38

hv (eV)
100 T pH=8 Basic medium (b)
80
« 60 -
=
- 40 -
20 A
0 T

31 3.2 33 34 35 36 37 38
hv (eV)

Fig. 7 The plots of (ocht))2 vs. (hvo) for ZnS nano-grains at acidic
medium a, basic medium b at different pH values
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Table 2 The variation of pH values versus optical band gap

pH value E, (eV)
4 3.600
53 3.506
6.1 3.394
8 3.446
9 3.483
10.04 3.494
11.07 3.525

The obtained E, values are in well agreement with previous
studies on ZnS nanostructures [22, 24, 31, 33]. It is well
known that increasing/decreasing of the E, is related to the
decrease/increase in the lattice parameters and grain size of
the materials. In case of the ZnS nanostructures derived
from acidic medium, the increase in D;;; and lattice para-
meter (a) results in reduced E, values, whereas decreasing
in them leads to the enhancement of the E, values for the
nano-grains produced at basic medium. This is due to the
fact that a decrease/increase in a causes decreased/increased
inter atomic distance, which brings about reduced/enhanced
binding forces of the valance electrons. This reflects the
less/more energy requires moving the electrons from the
valance to the conduction band, then reducing/enhancing
the E, value.

The optical reflectance spectra of the ZnS nano-grains at
room temperature are given in Fig. 8a, b. It is obvious that
all the nano-grains have the reflectance <25%. The differ-
ence in the reflectivity of the nanostructures is likely due to
the different transmittance and absorbance of the films
caused by different surface morphology and grain size or
D;;;. As seen in Fig. 8a, the reflectance increases as pH
value increasing from 4 to 6.1 in acidic medium, the same
trend is also observed for the nanostructures derived from
basic medium except for the pH at 11.07. Among all
nanostructures, the highest reflectivity is observed for the
nanostructure with pH 6.1 and 10.4 in acidic and basic
medium, respectively. This is probably related to poor
transparency in the visible range. Comparatively, the nano-
grains derived at basic medium have higher reflectivity, at
near ultraviolet region (between 300 and 400 nm) than those
of derived at acidic medium.

3.4.2 PL measurements

To investigate the luminescence characterizations for the
presence of defects related to green blue emissions bands,
room temperature PL spectra, at wavelength range of
350-700 nm, for the nano-grains, which are produced at
acidic and basic mediums are presented in Fig. 9a, b,

(a) Acidic medium

e pH=4

0 T T T T T
300 400 500 600 700 800 900
Wavelength (nm)
25 = =
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. pH=9
20 1 —— pH=10.4
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g 15 1
= 10 -
5 -
0 T . . . T
300 400 500 600 700 800 900
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Fig. 8 Reflectance spectra for ZnS nano-grains at acidic medium a,
basic medium b at different pH values
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Fig. 9 Photoluminescence spectra of ZnS nano-grains at acidic med-
ium a, basic medium b at different pH values
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respectively. The spectra were obtained by using an exci-
tation wavelength of 344 nm. It is obviously observed that
there are two main peaks centered at 418 and 550 nm for the
ZnS nanostructures derived from both mediums. The first
one is attributed to the formation of the surface defect states
of ZnS nanostructures [19]. Its energy is relatively lower
than the E, (3.39-3.60€V) of produced ZnS nano-grains.
The second one is probably due to the formation of Zn or S
vacancies [36].

As can be seen in Fig. 9a, as the pH increases the relative
intensity of the peak located at 418 nm also increases,
however, the relative peak intensity of 550 nm emission has
decreased confirming the improved the nanocrystalline
quality of ZnS nanostructures, being best at pH 6.1
(Table 1). The opposite trend has also been observed for the
nano-grains synthesized in basic conditions. The increased
emission intensity at 550 nm reflects the worsening nano-
crystalline quality of the nanostructures derived from basic
medium as pH enhanced due to the formation of more
crystalline defects (Table 1).

Comparatively, the higher PL is observed at 418 nm for
the ZnS nano-grains derived from acidic medium, whereas
at 550 nm the higher and broader PL emissions are observed
for the nano-grains derived from basic medium (Fig. 9a. b).
By changing pH at both medium, the peak position of 550
nm slightly shifts to higher/lower energies likely due to the
variation in OH™ concentration or the variation in sulfur
content has been reported [36].

4 Conclusions

A comparative study on the structural, optical and PL
characterizations of ZnS nano-grains with nanospherical,
nanorods, mixed hexagonal, cubic, and rectangular-like
nanostructures were successfully fabricated on glass sub-
strates by chemical solution route in acidic and basic
mediums with wide range sol-pH variation was presented. It
was found that the ethanolamine and triethanolamine played
a critical role to obtain ZnS nanostructures with different
surface morphology and crystalline quality, as well as
optical quality.

ZnS nanostructures produced in both of the medium had
mixed cubic and hexagonal crystalline structure having
preferred orientation along (111) plane of predominant
cubic phase. With increased pH, the average crystalline
quality of nano-grains derived in acidic medium enhanced,
which was supported by reduced dislocation density and
micro strain compared with the nano-grains derived in basic
medium. The lattice parameter was also increased for the
nanostructures synthesized in the acidic medium while it
slightly decreased for the nano-grains produced in basic
medium.

@ Springer

The variation of the lattice parameter/average crystallite
size was also supported by the band gap energy of the
nanostructures, which was decreased/increased for the
nanostructures derived at acidic medium while it increased/
decreased for the nano-grains synthesized at basic medium
as pH increased. A relatively higher and broad green
emission was detected for the nano-grains derived at basic
medium with respect to the nano-grains obtained at basic
medium, whereas the higher surface defects related emis-
sion was observed for the nano-grains derived from acidic
medium than those derived at basic medium. Compared
with the nano-grains derived at acidic medium, the better
optical quality was found for the nano-grains derived in
basic medium, whereas they had impaired crystalline
quality.

The observed results are in good agreement with pre-
vious reports on ZnS nanostructures produced by different
techniques. In addition, this is the first systematic and
comparative study on the structural, optical, and PL
properties of the ZnS nano-grains, as well as the first
observation of different surface morphology of ZnS
nanostructures with nanosphere, nanorod, and mixed
hexagonal cubic and rectangular-like nano-grains pro-
duced by chemical solution and dip coating process
without using any capping agent and other reactants or
equipments to get nanorods. The observed results on the
ZnS nano-grains might have a potential application in
chalcopyrite-based photovoltaic solar cells and optoelec-
tronic field.
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