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Introduction

Among I1-VI group compounds, zinc oxide (ZnO) is very popular with large number of applications [1-3]. In bulk form, it
possesses a wide direct bandgap of 3.3 eV [4-6]. In nanoform, the bandgap can be varied by varying the size of nanoparticle.
The bandgap engineering property of nanostructures makes them possible to use in verity of applications [2]. Properties of
nanostructures of ZnO can be tuned by changing its morphology and size [7-8]. Most common structure of ZnO is hexagonal
wurtzite with lattice constants a and b equal to 3.2495 A and ¢ equals 5.2062 A [9-10]. The ratio of c/a is 1.6. Wurtzite
structure has no center of symmetry [11]. Hexagonal close packed zinc and oxygen lattices intertwined to form wurtzite
structure [2]. Both zinc and oxygen ion has a coordination number of 4. Sp* hybridized crystals generally show n-type
conductivity [2,12].

ZnO has been recognized as pigment in paintings from earlier period itself. It is also applied as vulcanization accelerator in
rubber industries, as chemical in ointments and in skin protectors [2,9] etc. Recently, properties like high electron mobility,
stability and large specific surface area of ZnO are used in gas sensing applications [13-17]. Organic pollutants can be
removed from water by making use of ZnO as photocatalyst for photodegradation [18-19]. Because of high electron mobility
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of ZnO, it can be used in excitonic solar cells like hybrid [1] and dye sensitized solar cells [20] as charge transport material.
Low refractive index of 2.05, and high exciton binding energy of 60 meV attracts application of ZnO to Optical devices [2].
Since the exciton binding energy is inversely proportional to the square of Bohr exciton radius, large exciton binding energy
indicates the tight binding among excitons. So thermal degradation of exciton will not occur at room temperature and this
will help to design UV laser and detectors at room temperature.

Among wide bandgap semiconductors with similar structure and properties, ZnO with high exciton binding energy has an
advantage of room temperature excitonic transitions [7, 10, 21-24]. In piezoelectric devices, the large value of piezoelectric
coupling coefficient of ZnO is very useful [25-26]. The absorption capacity in UV range and non-toxic behavior [11,27] lead
to wide acceptance in cosmetics. Due to the electrochemical qualities, ZnO and its nanocomposites can also be used as
electrode in supercapacitors [28-29]. Studies also show that, ZnO has antibacterial properties to resist gram positive and
negative bacteria, Bacillus subtilis, e coli etc. [27-30]. In textile industry, ZnO nanoparticles act as UV light absorber [31].

Zn0 nanorods synthesis can be done by various methods. Y. Tak et al prepared ZnO nanorods by thermal evaporation and
solution method on silicon substrate [32]. L. Wang et al. [17], and O. Akhavan [19] synthesized nanorods by hydrothermal
treatment. W.1 Park et al synthesized nanorods of ZnO by electron beam evaporation method [33]. In this work, ZnO
nanorods are synthesized by economically feasible and simple [7] chemical precipitation method at room temperature.
Because of no need of templates or catalysts, chemical precipitation method is good among large scale production methods
[6]. Zinc acetate dihydrate and sodium hydroxide are used as precursors. Polyvinyl pyrrolidine (PVP) is used as capping
agent. The reaction is thermodynamically favourable with releasing of energy at the time of precipitation of ZnO [34]. A. M.
Pourrahimi et al. proved that nanostructure ZnO created from Zinc acetate is more stable than zinc chloride and zinc nitrate
and zinc sulphate [35]. In this article, cost effective preparation of ZnO nanorods by chemical precipitation method and
structure analysis of the synthesized nanostructure by various methods like XRD, W-H plot, TEM, SAED etc is reported.

Methods

0.2 molar of zinc acetate dihydrate (ZnC4Hs0,).2H,0 and 0.2 molar of sodium hydroxide (NaOH) were used as precursors.
Poly vinyl pyrrolidine (PVP) was used as capping agent. All the chemicals were of analytical grade. To get 0.2 molar of zinc
acetate solution, 2.2 g of it was dissolved in 50 ml deionised water. At the time of stirring in 1200 rpm, 1 g of PVP dissolved
in 50 ml water was poured drop by drop to the solution. After getting a uniform solution, 0.2 molar sodium hydroxide
solution was added drop by drop to the solution and it continually stirred for 3 hours at 1200 rpm to get precipitated. The
whole process was carried out at room temperature. The supernatant precipitate containing nano size zinc oxide is separated
and washed with water and iso propyl alcohol. The final product was dried in an air oven at 100°C for one hour.

The chemical reaction of synthesis is,

Zn (CHC0O0),.2H,0+2Na (OH) ZnO+2Na (CH; ——» CO0)+3H,0

Crystal structure of as synthesised ZnO was examined by Xray diffractometer (PANalytical X’Pert PRO) with Cu-K,
radiation. Wave length of radiation is 0.15406 nm and scan range was 10-90 degree, glancing angle scan. UV-Vis-NIR
spectrometer (Jasco-V-570, UV/VIS) with detector resolution of 0.1 nm in UV-Visible region and 0.5 nm in NIR region was
used to plot absorption spectra. Dynamic light scattering characteristics was done by (DLS, SZ-100, Horiba Scientific) for 40
ns, 80 ns and 120 ns gate delay times. Transmission electron microscopic (TEM) images were taken to analyse the
nanostructure formation. SAED was taken to confirm the crystalline structure and to find the d spacing.

Results and Discussions

The XRD pattern of synthesised ZnO is shown in FIG. la. The distinct peaks at angles (20) 32.0499, 34.7190, 36.5377,
47.8596, 56.8586, 63.1269, 68.1995, 69.3278 indicate the structure of ZnO as wurtzite hexagonal structure. Corresponding
crystallographic planes are (100), (002), (101), (102), (110), (103), (112), (203). It is verified using JCPDS data (card
number: 36-1451) and listed in TABLE 1. Interplanar distance (d-spacing) is calculated using Bragg’s diffraction equation
(1). Average crystalline size (D) is determined using the Debye-Scherrer equation (2) [10,36-40]. Where J is the full width at
half maximum (FWHM) of various XRD peaks. Crystalline sizes estimated are listed in TABLE 1. Crystalline size may
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different from particle size. Crystalline size is the size of crystal with coherent diffraction [41].

2dsin®=n\ 1)
D=KMpcos© 2

Average crystalline size and strain are calculated using Williamson-Hall method [36]. According to this method, the peak
broadening in XRD is not only due to crystalline size. Strain also contributes to peak broadening. The relation for peak
broadening is,

Br=PotPs 3)
Where Bp is the crystalline size peak broadening and Bs is the strain peak broadening and Bt is the total broadening.
Instrumental broadening is neglected here. Expression for crystalline and strain broadening are,

Bo=KA/Dcos®© (@)
Bs=4€tan® 5)

where A is the wavelength of radiation used in XRD (0.15406 nm), K is the particle shape dependent factor (K=0.9), € is the
strain and © is the angle of diffractions.
Putting equation (4) and (5) in (3) give,

Brcos®=KA/D+4esin® (6)
The plot between 4sin® along X axis and Br Cos® along Y-axis using equation (6) and linear curve fitting result in y
intercept as KA/D and slope as strain €. Williamson-Hall plot is given in FIG. 1b. Y intercept of the plot is 0.00566 which

result in a crystalline size of 24.50 nm and strain (slope) is -0.00047. The negative strain indicates the strain behaviour as
compressive and it may be due to the shrinkage of crystals [10,42-43].
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FIG. 1. (@) XRD of ZnO nanorods. (b) W.H Plot to find strain.

TABLE 1. XRD results.

XRD | 20 D-spacing | Crystalli | FWHM | BrCos® | 4sin® | Crystalli | Dislocation | Lattice Lattice

Peak | (observe | (Observed | ne size | (B) (Radians ne size | density (A) | constant | constan

(hkl) | d) ) (D) (Degree) | ) (D) ‘a’ (A°) t e
(A°) (nm) (nm) x 10%/m? (A°)

100 32.0499 | 2.7904 28.02 0.2954 0.0049 1.1042 | 28.02 3.8 3.2220 -

002 34.7190 | 2.5816 25.68 0.3236 0.0054 1.1935 | 25.68 4.55 - 5.1635

3
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101 36.5377 | 2.4573 28.02 0.299 0.0049 1.2539 | 28.02 3.8 - -
102 47.8596 | 1.8990 29.20 0.2973 0.0048 1.6212 | 29.20 3.52 - -
110 56.8586 | 1.6180 29.20 0.3092 0.0048 1.9043 | 29.20 3.52 3.2360 -
103 63.1269 | 1.4716 26.16 0.3549 0.0053 2.0938 | 26.16 4.38 - -
112 68.1995 | 1.3740 30.14 0.3187 0.0046 2.2425 | 30.14 3.3 - -
201 69.3278 | 1.3543 34.66 0.2773 0.0040 2.2750 | 34.66 - -

For hexagonal close pack structure, lattice constants and d spacing are connected by the equation (6) [36].

1 4 h%+hk+k? 12
=30 += (6)

Combining equation (1) and (6),

SinO=\(h*+hk+k?)/3a’+1%2/4c? 7
By equation (7), crystallographic planes with =0, lattice constant a is

A=\ (WP+hk+k) 2~ (8)
and crystallographic planes with h=k=0, lattice constant c is

c=IA/2sin® €)]
possible values of a and c calculated are listed in TABLE 1. It is in good agreement with the theoretical values.
By Williamson-Smallman’s formula [44], the minimum dislocation energy can be written in terms of crystalline size D as the
equation (10). Dislocation density is the total length of dislocation line per unit volume. Dislocation densities from equation
(10) also listed in TABLE 1

A=3/D? (10)
Absorption spectra of ZnO are shown in FIG. 2. A broad peak in UV range between 370 nm to 250 nm indicate the poly
disperse nature of powder. It is clear that as synthesised ZnO nanorods can absorb dangerous UV radiations and can be used
in textile and sun scream industries [31]. Peak of band is at 353 nm. Corresponding band gap calculated by the equation (11)
is 3.499 eV. Band gap is again verified by the Tauc relation (12) and the plot is inserted in FIG. 2. For direct band gap
crystals, Tauc plot is drawn between (0th)2 and hv [1,4,36,45]. Where o, v and h are absorbance, frequency of radiation and
Plank’s constant respectively. Ey is the band gap of ZnO crystal in the bulk (3.3 eV). Tauc plot also gives a band gap of 3.31
eV. A is a constant.

E=hc/A (11)

Ahv=A (hv — E,)*? (12)
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FIG. 2. Absorption spectra and Tauc plot

Dynamic light scattering (DLS) is a well-known method to find out size of nano particles. It works on the principle of
Brownian motion of particle in a solution. Since the smaller particle move in fast than bigger particles, the interference
pattern of scattered radiations varies with respect to the size of particles. From the interference the size of particles can be
estimated. The gate delay time represents the duration of pulse of radiation incident on the solution. Changing the gate delay
time determines the size of particles to be determined. Here, 40 ns, 80 ns and 120 ns are the chosen gate delay times.
Calculated hydrodynamic particle size and standard deviation are plotted. FIG. 3 shows the graphs of size estimation by DLS.
In FIG. 3a hydrodynamic particle size versus gate delay time and in FIG. 3b, frequency (%) of particles detected versus

average diameter is plotted.
Zn0
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FIG 3. (a) Dynamic Light Scattering Plots at different gate delay time (b) Frequency of particles plot with average
diameter as per DLS measurement for 40 ns gate delay.

Synthesized ZnO nanoparticles were further examined by Transmission electron microscopy (TEM) as shown in FIG. 4. It
shows the synthesized nanostructure is purely nanorods with length greater than 200 nm and diameter below 50 nm. FIG. 4c
shows the interplanar distance of 0.26 nm. Similar results are reported in the works by A. Medina et al. [6] and Y. Tak et al.
[32] as the interplanar distance of ZnO nanorods. FIG. 4d is the selected area electron diffraction pattern (SAED) of ZnO
nanorods. The bright spots are the clear indication of poly crystalline nature of synthesized nanorods, which agree the XRD
pattern. Interplanar distance can be calculated from the SAED pattern by the relation

D=2/distance between bright spots=1/r (13)
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where r is the radius of circle created by bright spots in SAED pattern. Calculated interplanar distance from the diameter of
8.861 nm™ in reciprocal lattice is 0.23 nm. Interplanar distance or d spacing in ZnO nanocrystals estimated from FIG. 4c and
FIG. 4d are in perfect match with the same calculated from XRD.

FIG. 4. (a, b, ¢) are TEM images in different scales. (d) SAED pattern

Conclusion

Zinc oxide nanorods synthesized by chemical precipitation method is polycrystalline in nature. XRD pattern verify that the
structure of synthesized ZnO crystals is wurtzite structure of ZnO. Crystalline sizes of nanorods are found near 29 nm from
XRD. Lattice constants, dislocation densities are calculated and tabulated. Interplanar distance calculated by XRD and SAED
are in well agreement with each other. SEAD image shows the clear poly crystalline with bright spots. TEM images prove the
nanorod structure with average diameter as 50 nm and length above 200 nm. Wide absorption spectra between 250 nm to 370
nm indicate that the as synthesized nanostructured ZnO is applicable in Ultraviolet preventing applications like sun creams,
windows and textile industries.
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