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In this work, zinc oxide (ZnO) nanorods were obtained by a simple chemical precipitation method in the presence of

capping agent: polyvinyl pyrrolidone (PVP) at room temperature. X-ray diffraction (XRD) result indicates that the synthesized

undoped ZnO nanorods have hexagonal wurtzite structure without any impurities. It has been observed that the growth direction

of the prepared ZnO nanorods is [1 0 1]. XRD analysis revealed that the nanorods have the crystallite size of 49 nm. Crystallite

size is calculated by Debye-Scherrer formula and lattice strain is calculated by Williomson-Hall equation. Cell volume, Lorentz

factor, Lorentz polarization factor, bond length, texture coefficient, lattice constants and dislocation density have also been

studied. We also compared the interplanar spacings and relative peak intensities with their standard values at different angles.

The scanning electron microscope (SEM) images confirmed the size and shape of these nanorods. It has been found that the

diameter of the nanorods ranges from 1.52 µm to 1.61 µm and the length is about 4.89 µm. It has also been observed that

at room temperature ultraviolet visible (UV-Vis) absorption band is around 355 nm (blue shifted as compared to the bulk).

The average particle size has also been calculated by mathematical model of effective mass approximation equation, using

UV-Vis absorption peak. Finally, the bandgap has been calculated using UV-absorption peak. Electroluminescence (EL) studies

show that emission of light is possible at very small threshold voltage and it increases rapidly with increasing applied voltage.

It is seen that smaller ZnO nanoparticles give higher electroluminescence brightness starting at lower threshold voltage. The

brightness is also affected by increasing the frequency of AC signal.
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1. Introduction

In recent years one dimensional nanostructure

materials, such as nanorods, nanowires and nano-

tubes have received much attention due to their

remarkable properties. These properties are very

useful in all fields, such as optoelectronics, elec-

tronic nanodevices, etc. [1, 2]. To understand the

basic phenomena of quantum size effect on electri-

cal, optical, mechanical and magnetic properties,

some important semiconductor nanomaterials,

such as GaN [3], CdS [4], Si [5], SnO2 [6],

TiO2 [7], ZnO [8, 9] and CeO2 [10–13] have been

widely studied. Among them ZnO nanomaterials

have been chosen because of their remarkable

∗E-mail: singh nk24@yahoo.com

properties, like wide and direct bandgap

(Eg ∼ 3.4 eV) and large exciton binding en-

ergy (60 meV). UV lasing action is possible at

room temperature due to wide bandgap and large

exciton binding energy as explained by Park et

al. [14]. In ZnO, due to the extremely large binding

energy, the excitons are thermally stable. Due to

all these reasons ZnO has significant advantages

in optoelectronic applications, such as ultraviolet

(UV) lasing media [15]. The wide and direct

optical energy band gap of 3.37 eV is large enough

to transmit most of the useful solar radiation for

ZnO. ZnO is an n-type semiconductor belonging to

II – VI group which is very useful for transparent

electrodes in flat panel displays, solar cells and

a promising material for short wavelength light

emitting devices [16–18]. Its epitaxial films and
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nanostructures have been mostly studied for the ap-

plications in UV-emitters, solar cells, gas sensors,

varistors and surface electro-acoustic wave devices

as given by Ozgur et al. [19]. Low dimensional

nanostructures are now being extensively used in

the field of advanced devices.

For electroluminescence devices, ZnO is

one of the most widely investigated phosphor.

Ahmed [20] found that the EL performance of

alternating current devices is a strong function

of crystallinity of the phosphor, its interface

properties, space charge in the phosphor, the nature

of the luminescent centers and their coordinates in

the host crystal lattice.

For synthesis of nanomaterials there are various

methods, such as chemical vapor deposition [21],

laser ablation [22], vacuum arc deposition [23],

sputtering [24] and hydrothermal process [25, 26].

But most of these fabrication techniques have com-

plex steps, which require extremely sophisticated

instruments, precise experimental setup and ex-

treme experimental conditions. Hence, it is im-

portant to develop a very simple method to fabri-

cate ZnO nanorods in laboratory environment. The

chemical precipitation method provides a facile

route to fabricate multidimensional nanostructures

on a very large scale. This technique is inexpensive,

and it does not require any complicated processing

or huge infrastructure.

In this experiment, chemical precipitation

method has been used for synthesis of hexagonal

zinc oxide nanorods at room temperature, which

is simple and economical. In this method zinc ac-

etate and sodium hydroxide are used as precur-

sors, polyvinyl pyrrolidone is used as a capping

agent and deionised water as a solvent. Further,

the samples have been characterized by XRD and

SEM. Optical properties obtained by UV-Vis spec-

troscopy and electroluminescence of ZnO nanorods

are also discussed.

2. Experimental

2.1. Materials

Zinc acetate dihydrate Zn(CH3COO)2·2H2O,

sodium hydroxide (NaOH), polyvinyl pyrrolidone

(PVP) and absolute ethanol were used to synthesize

undoped zinc oxide nanorods. All these chemicals

were used as precursors which were obtained from

Merck Chemical Company. PVP was used as a cap-

ping agent. In this experiment, all the glassware

used was acid washed. The chemical reagents used

were analytical reagent grade which needs no fur-

ther purification. Ultrapure water was used for all

dilutions and sample preparation. The whole fabri-

cation process was done at room temperature.

2.2. Sample preparation

In a typical experiment, 2.2 g (0.2 mol/L) of

zinc acetate Zn(CH3COOH)2·2H2O was dissolved

in 50 mL deionized water. The stirring rate of

the solution was 1200 rpm and the process was

conducted at room temperature. Then 1g of PVP

was dissolved in 50 mL deionized water and was

added drop by drop to the constantly stirred solu-

tion for stabilizing the synthesized particles. The

mixture was stirred at room temperature until a ho-

mogeneous solution was obtained. After that 0.4 g

(0.2 mol/L) of 50 mL sodium hydroxide was added

drop by drop to the above mixture which gave

white voluminous precipitate. The stirring process

was continued for 3 hours till the white precipitate

deposited at the bottom of the beaker. This solu-

tion was kept overnight for settlement of precipi-

tate. Then the precipitate was filtered and washed 2

or 3 times with distilled water and 1 or 2 times with

absolute ethanol by using Whatmann filter paper.

After this process the products were finally dried

in a hot air oven at 100 °C for 1 hour. The pow-

der obtained was used for further characterization

process.

2.3. Characterization

The X-ray diffraction (XRD) patterns of the

undoped powdered ZnO sample was recorded by

X’Pert PRO diffractometer system using CuKα ra-

diation (λ = 1.54056 Å) at 45 kV and 40 mA.

The morphology and size of the particles were de-

termined by scanning electron microscopy (SEM)

using JEOL-EO microscope with an accelerating

voltage of 20 kV. The optical absorption spectra

of the particles were recorded using Perkin Elmer
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Lambda-45 spectrophotometer in the wavelength

range of 200 to 800 nm.

2.4. Formation of electroluminescence cell

The electroluminescence cell was prepared by

using a triple layer structure. In this cell nanopar-

ticle emission layer were sandwiched between two

electrodes. The transparent electrode was prepared

by depositing a thin film of indium tin oxide (ITO)

on a clean glass substrate. This ITO coated glass

behaved as an electrode. The surface resistivity of

this electrode was 70 to 100 Ω/sq and L (length)

× W (width) × T (thickness) was about 75 mm

× 25 mm × 1.1 mm. Then, a mica sheet having

a window of 2 × 2 mm was placed on a con-

ducting glass plate so that the window was on the

film of ZnO sample. An aluminium foil strip was

placed tightly over this window so as to provide

a good contact without an air gap with the ZnO

nanoparticles film. The aluminium strip acted as a

second electrode (area of 1 cm2 and thickness of

∼100 Å). The layer of nanoparticles should be uni-

form and thin. Alternating voltage of various fre-

quencies was applied and EL brightness (B) at dif-

ferent voltages (V) was measured with the help of

a photomultiplier tube and corresponding current

was also recorded.

3. Results and discussions

3.1. Structural studies

A typical XRD pattern of the prepared nanorods

is shown in Fig. 1. The pattern obtained has been

indexed as a hexagonal unit cell with wurtzite

structure (JCPDS Card No. 36-1451). The ob-

served relative peak intensities and interplanar

spacing have been compared to that of their stan-

dard values which is given in Table 1. All peaks

of the obtained product correspond to the hexa-

gonal wurtzite structure of Zn which was studied

by many researchers. In Fig. 1, the detected peaks

are at 2θ values of 31.8384°, 34.4937°, 36.40840°,

47.57920° and 56.65420° corresponding to the lat-

tice planes (1 0 0), (0 0 2), (1 0 1), (1 0 2) and

(1 1 0), respectively. It has been observed that there

is a small difference in the relative peak intensities

of the lattice planes (1 0 0) to (0 0 2) and in the

d-spacing of different peaks. It has also been ob-

served that the XRD patterns of the nanorods are

relatively broad because the crystals are randomly

arranged or have low degree of periodicity. Further-

more, no impurities were found in the XRD pat-

tern. This result shows that high purity hexagonal

ZnO nanorods could be obtained by this chemical

method.

Fig. 1. XRD pattern of undoped ZnO nanorods.

The interplaner spacing (d), which is given in

Table 1, has been evaluated using the relation 1 as

explained by Mazhdi et al. [27]:

1

d2
=

4

3

(

h2 +hk+ k2

a2

)

+
l2

c2
(1)

where a and c are the lattice constants defined as

follows:

a =
λ

√
3sinθ

(2)

For (1 0 0) plane, the lattice constant a has been cal-

culated by using equation 2 as explained by Cullity

et al. [28] and found to be a = 3.2428 Å, while:

c =
λ

sinθ
(3)

Similarly, for (0 0 2) plane, the lattice constant

c has been calculated by using equation 3 as ex-

plained by Cullity et al. [28] and found to be

c = 5.1960 Å.

Hence, the ratio c/a = 1.6023. Also, the diffrac-

tion peaks corresponding to the planes (1 0 0),

(0 0 2), (1 0 1), (1 0 2) and (1 1 0) obtained from

X-ray diffraction data are consistent with the
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JCPDS data of ZnO. The interplanar spacing (d)

calculated from XRD has been compared with

JCPDS data card and corresponding (h k l) planes

are summarized in Table 1.

The crystallite size (D) has been calculated by

Debye-Scherrer formula using the raw data from

XRD patterns. The formula is given in relation 4

and the calculated values are given in Table 2:

D =
kλ

β cosθ
(4)

where k is a constant (0.9), D is the crystallite size

(in nm), λ is wavelength (0.15406 nm), β is full

width at half maximum (FWHM in radian) and θ is

the Bragg diffraction angle [29].

Quantitative information concerning the prefe-

rential crystal orientation can be obtained from the

texture coefficient (Tc), which is defined as in rela-

tion 5 given by Ilican et al. [30]:

Tc(hkl) =
I(hkl)/Io(hkl)

1
n ∑

n
I(hkl)/Io(hkl)]

(5)

where Tc (h k l) is the texture coefficient, I (h k l)

is the XRD intensity, n is the number of diffraction

peaks considered and Io (h k l) is the standard inten-

sity of the plane which is taken from JCPDS data

as given in the literature [31, 32].

If Tc (h k l) ≈ 1 for all the considered (h k l)

planes then the particles are randomly oriented

crystallites which is similar to the JCPDS refer-

ences. If the values of Tc(h k l) is greater than 1,

it indicates that the abundance of grain is formed

in a given [h k l] direction. If 0 < Tc (h k l) < 1 it

indicates that there is a lack of grains in that given

direction. As Tc (h k l) increases, the preferential

growth of the crystallites in the direction perpen-

dicular to the (h k l) plane is greater. This is shown

in Table 1.

The relative percentage errors for all the parti-

cles which are shown in Table 1 have been evalu-

ated by equation 6 and JCPDS standard d-values as

given by Pathinettam et al. [33]:

Relative percentage error =
ZH −Z

Z
×100 % (6)

where ZH is the obtained actual d-value in XRD

pattern, Z is the standard d-value in JCPDS data.

The values of 2θ, d-values, and d % error for the

crystalline ZnO nanorods have been calculated by

using equation 4 and are given in Table 1. The aver-

age relative percentage error is found to be 0.21 %,

0.11 %, 0.33 %, 0.003 % and 0.083 %, respectively.

The experimental d-values and JCPDS d-values

are approximately equal and suggest hexagonal

structure [34].

The ZnO bond length L shown in Table 2 is

given by equation 7 as explained by Yakuphanoglu

et al. [35]:

L =

√

a2

3
+

(

1

2
−u

)2

c2 (7)

where u is the positional parameter in the wurtzite

structure which is related to c/a ratio, u is a mea-

sure of the amount by which each atom is displaced

with respect to the next, along the ‘c’ axis and is

given by:

u =
a2

3c2
+0.25 (8)

The dislocation density (δ) as given by Williamson

and Smallman’s formula, shown in Table 3, repre-

sents the amount of defects in the powder which is

determined by relation 9. The larger D and smaller

FWHM values indicate better crystallization of the

particles [36]:

δ =
1

D2
(9)

The volume (V) of the hexagonal cell has been cal-

culated by equation 10 and shown in Table 2 [37]:

V =

√
3

2
a2c (10)

The strain (ε) induced in the powders due to crys-

tal imperfection and distortion has been calculated

by Williamson-Hall method using equation 11 and

line breadth (βhkl cosθ), which is shown in Table 2,

has been calculated by equation 12 [38]:

ε =
βhkl

4tanθ
(11)
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Table 1. Comparison of X-ray diffraction peak intensities, 2θ, d-values, and d % error of the JCPDS data in

comparison with the observed data.

XRD peak 2θ (degree) 2θ (degree) Intensity Intensity d-spacing d-spacing Texture Coefficient Relative

(h k l) observed from JCPDS observed from JCPDS observed (Å) from JCPDS (Å) Tc (h k l) percentage error

1 0 0 31.8384 31.770 61.64 57 2.80842 2.81430 1.11 0.21 %

0 0 2 34.4937 34.422 76.20 44 2.60022 2.60332 1.7 0.11 %

1 0 1 36.4084 36.253 100 100 2.46775 2.47592 1.03 0.33 %

1 0 2 47.5792 47.539 21 23 1.91120 1.91114 0.94 0.003 %

1 1 0 56.6542 56.603 30.60 32 1.62337 1.62472 0.98 0.083 %

Table 2. Volume, bond length, strain, line breadth, FWHM and particle size.

Volume Bond length Strain Line breadth FWHM β Particle size D

V (Å)3 L (Å) ε β h k l cosθ (degree) (nm)

51.151 2.0281 0.007273 0.009503 0.1020 91

40.496 1.8763 0.014281 0.020002 0.1840 45.23

34.618 1.7807 0.017882 0.025949 0.2175 38.47

16.080 1.3791 0.036876 0.064840 0.3346 25.96

9.879 1.2052 0.060482 0.121686 0.4488 20.12

βhkl cosθ =
kλ

D
+4ε sinθ (12)

Integral breadth (β) of ZnO, which is given in Ta-

ble 3, has been obtained from XRD patterns using

relation 13 [39]:

β =
Area

Io

(13)

where Area = area under peak, Io = maximum

intensity.

The Lorentz-polarization factor is the most im-

portant of the experimental quantities that control

X-ray intensity with respect to diffraction angle.

In the intensity calculations, the Lorentz factor is

combined with the polarization factor and further

the variation of the Lorentz factor with the Bragg

angle θ [40–42]. The overall effect of Lorentz fac-

tor is to decrease the intensity of the reflections at

intermediate angles compared to those in the for-

ward or backward directions. Lorentz factor and

Lorentz polarization factor shown in Table 3 have

been calculated from equation 14 and 15:

Lorentz factor =
cosθ

sin2 2θ
=

1

4sin2 θ cosθ
(14)

Lorentz polarization factor =
1+ cos2 (2θ)

sin2 θ cosθ
(15)

3.2. Morphological study

Fig. 2 presents the SEM image of ZnO nanorods

at different magnifications. These pictures confirm

the formation of ZnO nanorods. It is clear from

Fig. 2a that the size of the nanorods is 10 µm.

From the amplified SEM image it is clear that

the ZnO nanorods are hexagonal in structure as

shown in Fig. 2b, 2c and 2d. The powder contains

ZnO nanorods of diameter 1.52 µm to 1.61 µm

and length of 4.89 µm. In this work, the two main

reactants used to fabricate ZnO were NaOH and

Zn(CH3COO)2·2H2O. The solubility of these reac-

tants in water (109 g/L and 30 g/L) is much higher

than in other solvents. The high solubility is the

main factor which decreases the number of nucle-

ation sites [43].

3.3. Optical properties

UV-Vis absorption spectra of the ZnO nanorods

are shown in Fig. 3. The optical properties are

strongly dependent on the particle size. The room
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Table 3. Dislocation density, integral breadth, Lorentz factor, Lorentz polarization factor.

Dislocation density Integral Lorentz Lorentz

(δ) (nm)−2 breadth (β) factor polarization factor

0.000120758 2.3772 3.4557 23.7987

0.000535093 4.5163 2.9778 20.0026

0.000675702 7.0045 2.6965 17.7724

0.001483852 2.3407 1.6791 9.7726

0.002470267 5.9797 1.2614 6.5701

temperature spectra exhibit strong excitonic ab-

sorption peak at 355 nm. The absorption spectrum

shows a well-defined exciton band at 355 nm and

a significant blue shift relative to the bulk exci-

ton absorption (373 nm) [44]. This blue shift phe-

nomenon is mainly related to the quantum confine-

ment effect due to the small size of ZnO [45]. The

most direct way of extracting the optical bandgap

is to simply determine the photon energy at which

there is a sudden increase in the absorption. For

bulk samples, the bandgap is estimated from the

(αhν)2 vs. (hν) plot, where α is the absorption

coefficient and hν is the photon energy. But for

nanocrystalline samples the bandgap is determined

from absorption maxima. The optical bandgap Eg

of the nanocrystalline samples is calculated from

the absorption peak using the formula, Eg = h- c/λ,

where h- is Planck’s constant, c is the velocity of

light and λ is the wavelength of the light at which

absorption peak is obtained. The bandgap of ZnO

has been found to be 3.4 eV.

The average particle size in a nanocolloid can

be calculated from the absorption onset of UV-Vis

absorption spectra (Fig. 3) by using effective mass

model [46, 47], where the bandgap E* can be ap-

proximated by:

E∗ =Ebulk
g +

ℏ
2π2

2er2

(

1

m∗
em0

+
1

m∗
hm0

)

−
1.8e

4πεε0r

−
0.124e3

ℏ2 (4πεε0)
2

(

1

m∗
em0

+
1

m∗
hm0

)−1

(16)

where Ebulk
g is the bulk bandgap expressed in eV,

h- is Planck’s constant, r is a particle radius, me

is the electron effective mass, mh is the hole

effective mass, m0 is free electron mass, e is

the electron charge, ε is the relative permittiv-

ity and ε0 is the permittivity of free space. Due

to the relatively small effective masses of ZnO

(me = 0.26, mh = 0.59) the bandgap enlargement

is expected for the particle having radii less than

about 4 nm [45, 46]. The following equation has

been derived from the effective mass model given

above with small mathematical simplification [48]

which has been used to find the size of the particle

from the absorbance spectra.

The average particle size of the nanoparti-

cles can be determined by using the mathematical

model of the effective mass approximation equa-

tion 17 as explained in the literature [48, 49]:

r(nm) =
−0.3049+

√

−26.23012+ 10240.72
λp(nm)

−6.3829+ 2483.2
λp(nm)

(17)

where r is radius of the particle, λp is the peak

absorbance wavelength for monodispersed ZnO

nanoparticles, me = 0.26 mo, mh = 0.59 mo, mo is

the free electron mass, ε = 8.5 and Ebulk
g = 3.3 eV.

The prepared ZnO nanorods show the absorbance

peak at 355 nm which corresponds to average par-

ticle size of 2.15 nm.

3.4. Electroluminescence studies

The voltage brightness characteristics for un-

doped ZnO nanorods are shown in Fig. 4. EL

studies of undoped ZnO nanorods show that light

emission occurs at a certain threshold voltage and

then increases rapidly with an increase in voltage.

It is noted that at lower voltages the increase in

brightness is comparatively slow, but becomes

quite fast at higher voltages. The threshold voltage

and maximum EL brightness depend on the value
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(a)

(b)

(c)

(d)

Fig. 2. SEM images of undoped ZnO nanorods at (a)

low, (b) high, (c) and (d) very high magnification

((d) includes nanorods dimensions).

Fig. 3. UV-Vis absorption spectrum of undoped ZnO

nanorods.

Fig. 4. Voltage-brightness characteristics of undoped

ZnO nanorods at frequencies of (a) 800 Hz, (b)

1000 Hz, (c) 1200 Hz.

of AC frequency. The reason of higher EL bright-

ness is that when the voltage increases, more elec-

trons and holes are injected into the emission layer.

Due to recombination, the brightness is increased

with increasing voltage. At high applied voltages,

electrons tunnel from the interface states into con-

duction band of the active layer. At a high electric

field, electrons accelerate and it excites the activa-

tor ions. As a result, the threshold voltage is re-

lated primarily to electrons tunneling which is in-

duced by electric field. The EL brightness behav-

ior with variation of voltage is in agreement with

excitation-collision mechanism and formation of

Mott-Schottky barrier.

I-V characteristics of ZnO nanorods at differ-

ent frequencies are shown in Fig. 5. It is found

that upon increasing frequency of an input AC sig-

nal, EL brightness increases continuously. This in-

dicates an ohmic contact between the sample and
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the electrodes. The relation between the current and

voltage is found to be linear in the frequency range

of 800 to 1200 Hz.

Fig. 5. Voltage-current curve for undoped ZnO

nanorods at frequencies of (a) 800 Hz, (b)

1000 Hz, (c) 1200 Hz.

4. Conclusions

ZnO nanorods with diameters of 1.52 to

1.61 µm and length of 4.89 µm have been suc-

cessfully prepared by a simple chemical precipi-

tation method at room temperature. In the sample

preparation zinc acetate dihydrate was used as a

precursor and polyvinyl pyrrolidone was used as

a capping agent. The XRD patterns obtained con-

firmed the formation of wurtzite hexagonal ZnO

nanostructures without any impurities. The XRD

studies of these nanorods revealed that their aver-

age size, which was calculated by Debye-Scherrer

formula, is about 49 nm for undoped ZnO. Also,

d-spacing and relative peak intensities have been

compared with their standard values. Relative in-

tensity for the lattice plane (1 0 1) and d-spacing

for the lattice planes (1 0 2) and (1 1 0) were found

nearly equal. The highest texture coefficient was

found for (1 0 1) plane for undoped ZnO. The bond

length of 1.7151 Å is consistent with ZnO unit cell.

The size and strain contribution has been analyzed

by the method of Williamson and Hall. Further, the

UV absorption at ∼355 nm was found blue shifted;

energy band gap of ZnO was calculated as 3.4 eV.

From UV-Vis absorption spectra, the calculated av-

erage size of prepared undoped ZnO nanorods was

found to be 2.44 nm from peak absorption wave-

length. Hence, it is concluded that in the presence

of deionized water as a solvent, the size of ZnO

nanorods is in micro range. EL studies have shown

that the light emission starts from undoped ZnO

nanorods at lower threshold voltage and higher EL

intensity is obtained in case of smaller particles.

Thus, high efficiency EL devices for display and

lightening can be fabricated by using small size un-

doped ZnO nanorods. This study provides a new

approach to change the optical properties, which

can be used for further optoelectronic applications.
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