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Abstract Nanocrystalline zinc was electrodeposited by
reducing the Zn®>" ion from acid sulphate bath at room
temperature. The effect of reaction parameters on the
particle size, nature and spectral characteristics are delib-
erated. The surface morphology and texture of zinc nano-
particles (Zn NPs) were characterised by high resolution
scanning electron microscopy (HR-SEM) and high reso-
lution transmission electron microscopy (HR-TEM). SEM
and TEM images showed the Zn NPs were in hexagonal
structural morphology. Energy dispersive X-ray analysis
reveals the chemical stoichiometry, and purity of the par-
ticles formed. The powder X-ray diffraction data indicates
that the reflections of Zn NPs correspond hexagonal close
packing structure with space group of P63/mmc. The line
broadening was analysed by Debye—Scherrer equation and
the average crystallite size of the zinc Nps synthesised at
room temperature was in the range of 29 nm. Williamson—
Hall analysis was used to study the contribution of crys-
tallite size and lattice strain on the peak broadening. The
surface plasmon resonance peak for the Zn NPs was
observed near the blue shift with optical band gap of
3.38 eV. The influences of the current density, pH, addi-
tives, and concentration medium were analysed.
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Introduction

Nanomaterials have received a significant attention over the
past few decades due to their distinguished performance and
potential applications. Unique characteristics at nano-
dimension makes them suitable for multiple applications
such as bio sensing [1, 2], photovoltaic, medicine [3],
catalysis etc. Among these, metals with ultra-fine crystallite
size with structural radius <100 nm showed considerable
changes in mechanical, physical, and chemical properties in
comparison with the bulk materials. Metal nanoparticles are
particularly interesting nanoscale systems because of the
ease with which they can be synthesised and modified
chemically. Control of dimension and morphology of the
metal nanoparticles have aroused the interest of researchers
in the design of functional devices due to the optical and
electronic properties of nanometre-sized materials, which
determine their applications, and can be adapted by varying
their size and shape. So the synthesis and investigation of
properties of these nano materials have become the most
important research hotspot for the past few decades. Among
the various metal nanoparticles, zinc nanoparticles (Zn
NPs) have been widely investigated because of the unusual
properties due to their size and shape, which find wide range
of technical applications. Zn NPs have received a consid-
erable amount of attention for their applications in super
hydrophobic substrate [4], rechargeable electrical batteries
[5], gas sensor [6], corrosion resistance materials [7-9], and
as substrates in the studies of catalysis [10].

In general, it is difficult to synthesis nanoparticles of
reactive metal like Zn from electro-chemical method
directly. Since metals are deposited electrolytically from
solutions in the increasing order of their reduction potential
(inverse order of their position) in the electrochemical
series, and since hydrogen is positioned under zinc, it
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should, essentially, be depleted from a solution before any
zinc to be deposited. Though there is a possibility for both
hydrogen and zinc to be deposited simultaneously, zinc
alone is deposited since hydrogen has an overvoltage on
zinc. However, due to hydrogen overvoltage, hydrogen
becomes less noble than zinc, and this distinctiveness
makes it possible for the deposition of electrolytically less
noble metal like zinc. It often results in unique growth of
particles due to various reaction parameters used for elec-
trochemical method. Zinc has high hydrogen over potential
depending somewhat on pH. This kinetically hinders
hydrogen evolution reaction and renders zinc fairly stable
in aqueous solution. This fact makes it useful material for
negative electrode in batteries, corrosion protection of
steel, and so on. Also because of the high hydrogen over
potential, the zinc ion can be reduced to metal, permitting
quantitative determination of zinc by cathodic deposition.

The effects of additive agents and their influence on the
surface morphology of the Zn NPs and on hydrogen
overvoltage on cathode were also studied. The presence of
additives has been shown to influence physical and
mechanical properties of electrodeposits such as grain size,
brightness, internal stress, pitting and even chemical
composition. With increased acidity, the deposit becomes
smoother, but does not adhere any better to the cathodic
surface on which it is deposited.

The development of new-fangled methods for synthesis
of metal Nps has been one of the interesting areas of
research in the field of nanoscience. Of the various physical
and chemical methods, radiation chemistry, laser ablation
technique [11], thermal evaporation [12-14], biosynthesis
[15, 16], and electrodeposition [17-21] are often used to
synthesise zinc nanostructures. Of all the methodologies
developed for the preparation of Zn NPs, the electro-
chemical method (bottom-up approach) offers a simple
alternative mean for high yield of nanoparticles. This
technique offers a simple method for size and shape con-
trolled synthesis of metal nanoparticles.

Zinc can be electrodeposited from acid or alkaline [23],
cyanide, non-cyanide [22], and bromide, sulphate [21], or
chloride [24, 25] type of electrolyte. The sulphate type
baths are used for the high-speed deposition and chloride
baths are used for higher throwing power. Among the
acidic media, sulphate solution is used for electro deposi-
tion. Zinc sulphate is the most common acidic bath while
chloride and fluoro-borate-based media are used less fre-
quently. In the present electrochemical work, a simple,
cost-effective, and efficient method is proposed for the
synthesis of Zn Nps. In comparison with all the above
methods, electrodeposition technique can be used for the
large-scale nanoparticle synthesis. The effect of an elec-
trolyte concentration on the crystal morphology is also
studied by varying the concentration.
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The processing conditions, such as bath temperature,
pH, current density, additives, and bath composition, have
a profound effect on the properties of zinc electrodeposits
such as grain size, surface morphology, and preferred ori-
entation. In general, interrelated parameters such as current
density, electrode potential difference, bath temperature,
metal ion concentration, electrolyte conductivity, bath
additives, electrode material, and geometry, all contribute
to the nature and character of the deposition.

Many characterisation and analytical techniques have
been applied to the study of nanomaterial and nanostruc-
tures, only a few widely used methods are reviewed in this
paper. Structure morphology characterisations were carried
out using high resolution scanning electron microscopy
(HR-SEM), high resolution transmission electron micros-
copy (HR-TEM), Ultraviolet—Visible spectrum, energy
dispersive X-ray analysis (EDAX), and powder X-ray
diffraction (XRD), an excellent correlation was found
between particle sizes determined from theoretical and
experimental data.

Experimental
Materials and method

ZnS0O47H,O (99.5 % pure), hydrazine sulphate, and
CTAB of AR grade were purchased from M-merck, and
used as received without further purification. The two-
electrode cell was used for the electrodeposition process.
The cathode used was electrolytic grade zinc sheet
20 x 30 mm?, and the glassy carbon electrode was used as
a counter electrode in our electrochemical cell. Prior to the
electrolysis, both the electrodes were mechanically pol-
ished and washed with acetone followed by double distilled
water. Both the electrodes were immersed in the electro-
lyte, and are held parallel to each other at the distance of
3 cm. During electrolysis the electrolyte was frequently
agitated to allow the gases to escape and permit the zinc to
deposit on the cathode surface.

Before the electrolysis, the pH of the electrolyte was
also varied between 2.8 and 3.2 using hydrazine sulphate
buffer. A controlled-current electrolysis was used
throughout for a typical current of 10 mA, where the
constant current was drawn from the direct power supply
(regulated DC power supply). It was seen that the size of
the nanoparticles decreased with the decrease in the elec-
trolyte concentration because of the high applied voltage.
The temperature was controlled at 35 °C. At the end of the
reaction, the cathode with zinc deposit was repeatedly
washed with distilled water and dried under vacuum, and
carefully scratched from the cathode surface. The pH of the
zinc sulphate electrolyte was recorded before and after
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electrolysis and found to be decreasing due to decrease in
the concentration.

Synthesis of Zn NPs

The most speckled and versatile preparation route appears to
be the so-called ‘‘sacrificial anode’’, electrolysis that is usu-
ally carried out in the presence of the nanoparticle stabilisers.
The Zn Nps prepared in this method are present at zero oxi-
dation state, which seems to be a major problem with the wet
chemical methods involved in the zinc nanoparticle synthesis.
Electrodeposited Zn NPs has a matte dark grey appearance.
This provides a platform for new metallic nanoparticles syn-
thesis. As a fact, Zn is more reactive, and reduction of Zn>t
ions are found to be a slow reaction and longer time is required
for the Zn NPs deposition in comparison with the electrode-
position of other metal nanoparticles.

Several mechanisms have been proposed for the overall
cathodic reduction of Zn** ions. The charge transfer might
occur from the bivalent Zn”" ions in the electrolyte in two
successive mono-electronic steps involving mono-valent
Zn>" ion intermediate. There is a little evidence that, zinc
forms a univalent ion in solution, although it is postulated
as an intermediate for reaction scheme. Evidence in radi-
ation studies indicates a transitory stability of univalent
zinc of about 1, = 107° s in aqueous media. In aqueous
solution zinc seldom exist as the single ion and most
probably exists as the tetra-coordinate aqueous ion.

Zn*t + e~ — ZnT
Znt +e” — Zn

At the end of electrolysis, the deposited Zn NPs were
carefully removed from the cathode surface washed with
distilled water, dried, and weighed. During electrolytic
process any current causing changes are also considered.
The study of electrode reactions is unique in the sense that
within limits the rate of the reaction can be controlled by
simply increasing or decreasing the current throughout the
cell. According to Faraday’s law of electrolysis, the overall
chemical change produced by any given quantity of elec-
tricity can be accounted exactly. The current efficiency
(CE) as the ratio between the actual metal deposited (or
dissolved), M,, and that calculated from Faraday’s law, M|,
in percentage is given by the equation.

CE:%XIOO
M

t
And the cathodic current efficiency (CCE) for Zn NPs
calculated as
CCE :% x 100, where Oz, is the real charge esti-

mated from the quantity of zinc deposited and Qi is the
theoretical charge calculated from Faraday’s law.

Effect of reaction parameters
Effect of pH

The pH of the bath has remarkable effect on the nature
and size of the Zn NPs. Zinc forms basic zincate complex
with hydroxide ion at higher pH and it forms zinc ions at
low pH (below 3.0) conditions, which indicate the
amphoteric nature of zinc in solution. It was also
observed that, at high pH conditions the Zn deposit was
spongy or porous, whereas at low pH ranging 3.2-3.6, the
Zn NPs showed a hexagonal close packing (HCP) struc-
ture. The optimum acidity for the electrolyte lies between
3.2 and 3.6, and it was adjusted with hydrazine sulphate
buffer solution. In addition, hydrogen evolution and a
consequent decrease in current efficiency were observed.
The optimum pH for the Zn electrodeposition was found
to be 3.2.

Effect of current density

The results show that the cathode current efficiency
increases with current density and then decreases with
further increase in current density. This is due to the
hydrogen evolution occurring at the cathode along with
zinc deposition at the high current densities.

Effect of additives

To improve the quality of the deposit, cetyl trimethyl
ammonium bromide (CTAB) is added as a surfactant to the
electrolytic bath in millimolar concentrations. Increasing
the concentration of CTAB has a strong influence on the
cathodic hydrogen over potential and results in decrease of
hydrogen over potential. And it also causes hydrogen
evolution rather than zinc deposition and results in the
decrease in the current efficiency of the cell.

Hydrazine sulphate has been used as a strong reducing
agent and has widely been used for preventing corrosion.
The presence of hydrazine sulphate in the electrolytic
solution was found to decrease the pH of the solution. In
addition, the hydrazine binds dissolved oxygen in the
electrolytic bath through the following reaction. It also
reduces the metal oxide present in the electrolyte.

N>HSO4 + O — Ny T +2H,0 4 H,SO4 (1)
27n0 + N2H4 — 27Zn + 2H20 + N2 T (2)

With increased acidity, the deposit becomes smoother,
but does not adhere better to the zinc cathode surface on
which it was deposited. The presence of CTAB gives a

much smoother deposit, but does not particularly increase
the adherence to zinc.
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Influence of electrolyte

Bath composition has profound effect on the surface
morphology of the nanoparticles. When the concentra-
tion of the zinc ion increases, the particle size also
increases as the Zn>" ion population in the solution
increases. By changing the composition of the electro-
lyte, it was found that the nanoparticles can be single
crystal or polycrystalline. The morphology of the
deposits and crystallographic orientation (texture)

Fig. 1 HR-SEM micrographs
of electrodeposited zinc
nanohexagons at a pH 4.2 with
0.04 mM concentration of the
electrolyte without additives,

b pH 3.6 with 0.02 mM
concentration of the electrolyte
with hydrazine, ¢ pH 3.2 with
0.02 mM concentration of the
electrolyte with additives, d pH
3.6 with 0.04 mM concentration
of the electrolyte with additives,
e pH 3.2 with 0.02 mM
concentration of the electrolyte
with hydrazine, f pH 3.2 with
0.02 mM concentration of the
electrolyte with CTAB only

* @ Springer

strongly depend on the electrolytic concentration. The
texture is also found to depend on deposition time.
Well-defined geometric shapes such as hexagon with
clear sharp edges were obtained, when low concentra-
tion of the electrolyte is used. Various concentrations of
electrolytes were used to obtain effective deposition.
The optimised concentration of the electrolyte for the
finest crystalline Zn NPs is found to be 0.02 M.
Agglomeration is observed when a higher concentration
<0.02 mmol of the electrolytes is used.



J Nanostruct Chem (2014) 4:109-117

113

Results and discussions
HR-SEM/EDAX

The detailed structural characterisation was done by HR-
SEM. Surface morphology of Zn NPs was characterised by
HR-SEM (FEI Quanta FEG 200). SEM images of the Zn
NPs obtained from sulphate bath revealed valuable infor-
mation regarding the purity of a nanoparticle sample as
well as an insight on their degree of aggregation. From the
SEM images, it is seen that the crystalline morphology was
pure in composition. Furthermore, the SEM micrographs
clearly show the high degree of dispersion and uniformity
of Zn NPs. HR-SEM images of Zn NPs obtained with and
without additives at optimised conditions of the electrolyte
are shown in Fig. 1.

The quantitative chemical stoichiometry of Zn nano-
hexagons were investigated by energy dispersive X-ray
spectroscopy (HITACHI, and S-2400), which affirmed the
existence of an atomic zinc. Figure 2 illustrated the
chemical nature of electrodeposited Zn NPs. From the
peak, it can be understood that the zinc intensity is rich and
the intensity of oxygen is almost zero. Hence, it is under-
stood that the Zn NPs are not oxidised.

HR-TEM

TEM has been found to be a key method for the charac-
terisation of various types of nanomaterial in the size
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Fig. 2 The chemical stoichiometry of the Zn nanohexagons

ranging from 10 nm to 1 um. Figure 3, shows a bright-field
low magnification HR-TEM image of dendrite Zn nano-
hexagons, deposited under different concentrations. It is
also seen that the dendrite is composed of layered
nanohexagons.

UV-Visible spectroscopy

Metal nanoparticles resembles with those of bulk materials
in their optical properties even in very small dimensions.
When these materials are irradiated with suitable light
energy electrons are excited and move from valence band
to conduction band. Optical properties of the Zn NPs were
characterised by UV—Visible spectroscopy and the surface
plasmon resonance peak is seen in Fig. 4. It is very inter-
esting to investigate the optical properties of Zn nano-
crystals since it absorbs strongly in the visible region due to
surface plasmon resonance. The absorption spectrum for
the Zn NPs at different reaction conditions is also shown in
Fig. 4. It is also observed that the surface plasmon reso-
nance for the Zn NPs is dependent on the reaction condi-
tion. From figure, it is evident that the Zn nanocrystals
showed high absorbance in the wavelength (blue shift)
range of 366 nm in the absorbance spectrum. The energy
band gap of these Zn NPs was estimated using the relation,

e (3)

A

where E, is the band gap, 4 is the plank’s constant, ¢ is the
velocity of light and A is the maximum absorption wave-
length. The band gap energy for the Zn Nps synthesised at
optimum condition is 3.38 eV and the band gap energies
for the Zn Nps synthesised at various reaction conditions
are shown in Table 1. This can be demonstrated by
showing that nano materials have discrete quantized energy
levels due to quantum confinement effects and conse-
quently a larger band gap compared to that of bulk solids.
The smaller the band gap, the more electrically conductive
a material will be.

Eg

X-ray powder diffraction analysis

X-ray diffraction (XRD) is the most useful technique used
to characterise the crystallographic structure, crystalline
size and preferred orientation in polycrystalline sample.
XRD data were recorded using Seifert analyser with Cu ko
(4 = 1.5406 A) as incident radiation and intensity data
collected over a 26 range of 10°~70°. As can be seen in
Fig. 5, there are four peaks at Bragg’s angles of 36.31,
38.97, 43.23, and 54.33, respectively. These peaks corre-
spond to the 002, 100, 101, and 102 indicating the for-
mation of Zn Nps. The diffraction peaks were perfectly
indexed to the XRD pattern of pure zinc nano crystal
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Fig. 3 TEM micrographs of Zn
nanohexagons synthesised at

a pH 4.2 and 0.04 mM
concentration, with CTAB,

b pH 3.2 and 0.02 mM
concentration, with CTAB, ¢ pH
3.6 and 0.01 mM concentration,
without CTAB, d pH 3.2 and
0.02 mM concentration, without
CTAB

(JCPDS file no. 04-0831) with hexagonal close-packed
arrangement, which belongs to the space group P63/mmc.
X-ray diffraction pattern contains an intense peak at
20 = 43.23° (101), which is the characteristic of zinc
phase and it was present almost in all deposits with sig-
nificant intensity. The diffraction patterns for the Zn Nps
synthesised at different reaction parameters are also shown
in Fig. 5. XRD pattern indicating that the Zn Nps syn-
thesised by this method exhibit first-rate crystallinity and a
high purity.

Scherrer method

X-Ray peak broadening was used to estimate the grain size
with the help of Scherrer formula. The crystalline size of
the Zn NPs was determined by line broadening method
using Debye—Scherrer equation (Scherrer 1918) and the
average crystalline size for the Zn NPs synthesised under
optimum condition was found to be 29 nm.

_ Ki
o Prucost

(4)

* @ Springer

where D is the grain size (nm), A is the wavelength of
X-ray used (nm), 0 is the diffraction angle (°), f is the full
width half maximum (FWHM) of X-ray diffraction peak
(rad.). All the peaks are well defined pointing to the high
crystalline nature of the sample. A definite line broadening
of the diffraction peaks is an indication that the synthesised
materials are in nanometre range. The lattice parameters
calculated were also in agreement with the reported values.

Williamson—Hall method

Strain-induced broadening due to crystal imperfection and
distortion was calculated using the formula,

B

e= 0 (5)

The significant property of Eq. (4) is dependent on the
diffraction angle 6. Scherrer equation follows a 1/cosf
dependency but not tanf as Williamson—Hall method. This
elementary difference was that both microstructural cause
small crystallite size and micro-strain occur together from
the reflection broadening. From Eqs. 4 and 5, it is
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Fig. 4 a UV-Vis result of the Zn nanohexagons synthesised at
optimised condition, b UV-Vis result of the Zn nanohexagons
synthesised at pH 4.2 and .04 mM concentration, with CTAB, ¢ UV-
Vis result of the Zn nanohexagons synthesised at pH 3.2 and 0.02 mM
concentration, without CTAB

understood that the peak width from crystallite size varies
as ﬁ and the strain varies as tan 0, assuming that the
particle size and strain contributions to line broadening are
independent to each other and both have a Cauchy-like
profile. The observed line breadth is the sum of Egs. 4 and

Sa

K7 .
B = Deosd + 4¢sin 0 (6)

By rearranging the above equation,
KA
P cos 0 = ) +4esin 0 (7)

The above equation is known as Williamson—Hall
equation. A plot is drawn with 4 sin 0 along the x-axis and
P cos 0 along the y-axis as shown in figure. From the
linear fit to the data, the crystalline size was calculated
from the ordinate intercept, and the strain from the slope of
the fit. If the point in Williamson—Hall plot is scattered,
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Fig. 5 XRD patterns of the Zn nanohexagons synthesised at different
reaction conditions, a standard XRD pattern for Zinc (ICSD No.
064990), b pH 3.2 and 0.02 mM concentration, with CTAB, ¢ pH 3.6
and 0.01 mM concentration, without CTAB, d pH 4.2 and 0.04 mM
concentration, with CTAB

that is f3,;; cos 0 is not a monotonous function of 4 sin 0 the
broadening is termed as anisotropic. The uniform defor-
mation model of the above equation for the Zn NPs is
shown in Fig. 6. The results obtained from the William-
son—Hall plot showed that the line broadening was essen-
tially anisotropic. Anisotropic broadening of the diffraction
peaks usually arises from the strain field due to dislocation
in the sample. The actual particle size taking strain into
account is higher than that evaluated using Scherrer
equation which does not take strain broadening into
account. The geometric parameters of the Zn nanohexa-
gons synthesised at different reaction conditions are sum-
marised in Table 1.

The texture coefficient has been used to describe the
preferred orientation.

tc — kD) /To(hki)
A - 1(hkT) /o(hil)
where I(hkl); is the measured peak intensity of the (hkl)

plane for the ith peak, Io(hki); is the standard intensity
(JCPDS) of the (hkl) plane for the ith peak, and N is the

x 100 % (8)

Table 1 Geometric parameters

! Sample ZnSO,4 CTAB pH Scherrer Williamson-Hall method TEM grain  E, (eV)
of the Zn Nps synthesised at conc. (mM) conc. (mM) method, — - size, D (nm)
different reaction conditions D (nm) Grain size, Strain
D (nm) ex 107
I 0.02 0.005 32 29 33 11 50 3.38
II 0.01 - 3.6 34 37 9 67 3.47
111 0.04 0.01 42 38 42 6 100 3.46

N
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(a) Table 2 The texture coefficient for (101) plane for the Zn nano-
0.006 1 hexagons synthesised at different reaction parameters
| Sample FWHM (101) Grain size (nm) TCio
0.005 } .
; P I 0.2891 29 2.06
0.004 1 11 0.2415 35 1.48
% ; 1 0.2145 39 1.56
0.003 +
Q
Q. [
0.002 + y =0.0011x + 0.0031 ;
; R? = 0.4647 217 m —m— (101)
0001 T 2.0 4 —m— (002)
r at pH 3.2 & 0.02mM conc., 1.9 4 (100)
! with CTAB 1.8
0 T T T T 17
1 1.2 1.4 1.6 1.8 2 o
. 1.6 -
4 Sin0 15 .
2 1.4
= ]
(b) 0.005 £ 134
0.0048 12 1
0.0046 - 117
0.0044 b o
. 1 0.9 | u
o 0.0042 08 ] =
& 0004 - 07] B
@] L 4 T T T T T T T T T T T
@ 00038 1 y =0.0009x +0.0028 3.2 34 36 38 40 42
2
0.0036 - R? = 0.7465 oH
0.0034 -
t pH 3.6 & 0.01mM conc., . . .
0.0032 - =P without chnAB cone Fig. 7 Texture coefficient T'(hkl); of the Zn NPs deposited at
0.003 . . . . different pH
1 1.2 1.4 1.6 1.8 2
4 Sin® implies the preferred growth. The variation of TC for the
peaks of the Zn NPs lattice is presented in Table 2. The
(c) 0.005 texture coefficient finds the (101) plane as the preferred
orientation in the Zn nanohexagons. Table 2 shows the
texture coefficient of the (101) plane for different deposi-
0.004 - tion conditions.
/ To investigate the influence of the reaction parameter on
% the preferred orientation, the coefficients T'(hkl); of three
O 00031 intense lines, namely, 7(002), 7(100), and T(101) were
© yzoﬁ(Jzozogx;;g%oon used. Increasing the pH, the intensity of 7(101) decreases
rapidly and then showed a gradual increase, while the
0.002 1 pH 4.2 & 0.04mM conc., intensity of 7(002) increases and then slightly decreases
with CTAB and the intensity of 7(100) increases and decreases. The
0.001 preferred orientation along the (101) plane was exhibited at
T 12 14 16 18 ) pH 3.2, as shown in the Fig. 7.

4 Sin0

Fig. 6 The W-H analysis of Zn NPs synthesised at different
conditions are shown in Fig. 4a—c. Fit to the data, the strain is
extracted from the slope and the crystalline size is extracted from the
y-intercept of the fit

number of diffraction peaks. The value TC(hkl) = 1 rep-
resents deposition with randomly oriented crystallites,
while deviation of the texture coefficient from unity

o
% @ Springer

Conclusion

Zinc nanohexagons were synthesised by electrodeposition
method without any nanoparticle stabilisers. This method is
a rapid and eco-friendly technique to obtain Zn NPs. SEM/
TEM observations have shown that the morphology of
electrodeposited Zn nanocrystals is found to vary with
electrolytic concentration, pH, and additives. TEM
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investigations have shown that the grown nanoparticles are
crystalline in nature. Based on the electron microscope
images it is concluded that various forms of Zn NPs were
formed depending on the reaction conditions. The XRD
results indicated the HCP structure of the Zn Nps and the
line broadening observed in the sample synthesised at
optimum condition was due to small crystallite size and
lattice strain. Particle size was calculated using Debye—
Scherrer formula and W-H analysis. From the XRD results
it was observed that the crystallite size calculated by W—H
analysis was higher than that calculated from Debye-
Scherrer formula. It was also observed that the particle size
increased and strain value decreased deviating from the
optimum condition. A blue shift of the band edge for the
Zn Nps showed the influence of the reaction conditions.
Plasmon absorption of Zn Nps shows that they are the
potential candidates for wide band gap (3.38 eV).

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
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