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Abstract
We report the facile synthesis of zinc oxide (ZnO) nanostructures with different sizes and morphologies by a rapid micro-
wave assisted synthesis using ethylenediaminetetraacetic acid (EDTA) and/or trisodium citrate as chelating agents and their 
characterization. The obtained ZnO nanostructures having hexagonal Wurtzite structure with different morphologies. With 
the aid of EDTA and/or trisodium citrate, flowers, flakes, solid spheres and porous spheres were obtained by controlling the 
crystal growth habit and the concentration of ZnO growth units under microwave irradiation. The optical behaviour was 
analyzed using UV–Vis spectroscopic technique which indicates that the prepared ZnO nanostructures exhibit band gap 
between 3.27 and 3.37 eV due to potential fluctuations in electronic band structure of ZnO owing to surface-related defects 
and/or adsorbed species.

1 Introduction

Zinc oxide (ZnO) is one of attractive II–VI compound semi-
conductor material due to its wide direct band gap (3.37 eV) 
and large excitonic binding energy (60 meV) at room tem-
perature [1, 2]. Generally, ZnO crystallizes in the hexagonal 
Wurtzite-type structure at ambient conditions, in which the 
Zn or O atoms are tetrahedrally coordinated to 4-O (or Zn) 
atoms. Owing to its unique chemical and physical charac-
teristics, ZnO is widely used in various applications such 
as gas sensors, light emitting diodes, field effect transistors, 
ultraviolet lasers, photodetectors, solar cells, photo catalysts, 
and so on [1–7]. The physical and chemical characteristics 
of ZnO nanostructures are significantly influenced by size 
and morphology and they play an important role on the 
above mentioned applications [1–7]. Hence, lot of process-
ing techniques such as sol–gel, biosynthesis, hydrothermal, 
co-precipitation, electrochemical deposition, microwave 

assisted method, etc., have been developed to prepare ZnO 
nanostructures with different sizes and morphologies [7–13]. 
It is important to mention that surfactants/chelating agents 
such as methenamine, polyvinyl alcohol (PVA), trisodium 
citrate, ethylenediaminetetraacetic acid (EDTA), ethylen-
ediamine, cetyltrimethyl ammonium bromide (CTAB) and 
polyethylene glycol (PEG) were widely employed to control 
the size and shape of ZnO nanostructures during the precipi-
tation in above methods.

Trisodium citrate is a typical anionic chelating agent and 
it can be used to obtain different ZnO micro/nanostructures. 
Citrate anions can easily chelate with divalent zinc ions, 
thereby controlling the growth of ZnO during the precipita-
tion [13–15]. Similarly, EDTA is a strong complex reagent 
and it can form stable complex with zinc ions which effec-
tively controlled the growth of ZnO micro/nanostructures 
during the period of precipitation [8, 16].

Microwave is a part of electromagnetic radiation in the fre-
quency range 0.3–300 GHz. The commonly used frequency 
and energy of microwave in laboratory oven for synthesis is 
2.45 GHz and  10−5 eV, respectively [17, 18]. Under microwave 
heating, microwave photonic energy is transferred to the reac-
tion mixture via the interaction of the electromagnetic field 
at the molecular level resulting in rapid volumetric heating 
[17, 18]. Consequently synthesis of controlled nanostructures 
using microwave technique has received much attention from 
researchers among the various synthesis methods. This method 
offer some unique characteristics such as rapid volumetric 
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heating, high reproducibility, high purity, high yield, con-
trol in size and shape of nanostructures [17, 18]. The present 
study is focused on rapid and facile synthesis of different ZnO 
nanostructures using trisodium citrate and/or EDTA under 
microwave irradiation and their optical properties towards the 
optoelectronic applications.

2  Experimental procedure

Chemicals such as zinc nitrate [Zn(NO3)2], trisodium cit-
rate  (C6H5Na3O7·2H2O), sodium hydroxide (NaOH), EDTA 
were obtained from Merck, India and used without further 
purification. Distilled water was used as the solvent. Zinc 
oxide nanostructures with different morphologies were 
prepared by microwave assisted method as follows: 0.1 M 
Zn(NO3)2 was first dissolved in 100 ml distilled water under 
constant stirring and then 100 ml of chelating agent with 
0.01 M concentration was added with zinc nitrate solution. 
Consequently, 0.5 M NaOH was added to adjust the pH of 
reaction mixture to 10. The obtained reaction mixture was 
then put into microwave oven and irradiated at 800 W for 
15 min. After microwave irradiation, the obtained reaction 
mixture was centrifuged to remove byproducts and dried at 
100 °C for 5 h to get final product. In order to prepare ZnO 
with different morphology, 0.01 M citrate, 0.01 M EDTA 
and 0.01 M citrate/EDTA mixture as a chelating agent 
were added with zinc nitrate before addition of NaOH and 
obtained samples were named as TZO, EZO and TEZO, 
respectively. Also ZnO without addition of chelating agent 
was prepared for comparison and referred as CZO.

The X-ray diffraction (XRD) pattern of samples was 
obtained using Rigaku MiniFlex II powder X-ray diffrac-
tometer with voltage and current setting of 30  kV and 
15 mA, respectively. The XRD patterns were recorded in 
the range 20° ≤ 2θ ≤ 80° using CuKα radiation (1.5406 Å). 
The FTIR spectrum of prepared samples was obtained 
using Bruker Tensor 27 FT-IR spectrometer in the range 
of 400–4000 cm−1 with the aid of KBr technique. JSM 
JEOL-6390 scanning electron microscope (SEM) and JSM 
JEOL-2100 transmission electron microscope (TEM) were 
used to examine the morphological features of the prepared 
samples. The elementals present in the prepared sample 
were analyzed using Oxford INCA energy dispersive X-ray 
fluorescence (EDX) micro analyzer. The optical absorption 
by the prepared samples is measured using UV–Vis–NIR 
Spectrophotometer (Make: Varian, Model: Cary 5000).

3  Results and discussion

Crystalline phases present in the prepared samples was 
determined by comparing the experimental XRD pattern 
with Join Committee Powder Diffraction standard (JCPDS) 

data compiled by International Centre for Diffraction Data 
(ICDD). XRD pattern of synthesized samples are shown 
in Fig. 1. The observed 2θ values of diffraction peaks for 
all the samples well matched with standard JCPDS data for 
ZnO (JCPDS No. 89-1397). All XRD patterns shows the 
presence of diffraction peaks around 2θ values of 31.6°, 
34.3°, 36.1°, 47.4°, 56.5°, 62.9°, 66.3°, 67.8°, 69.1°, 72.4° 
and 76.9° corresponds to (002), (100), (101), (102), (110), 
(103), (200), (112), (201), (004) and (202) Miller’s planes 
of ZnO, respectively. This observation indicates that the pre-
pared samples contain only ZnO as crystalline phase having 
hexagonal Wurtzite structure. However significant variation 
in the intensity of diffraction peaks (Fig. 1) were observed 
between samples prepared with different chelating agents 
which indicates that chelating agents plays an important role 
in the growth of ZnO crystallites. The lattice parameters 
(a and c) of the ZnO crystalline phase having hexagonal 
Wurtzite structure were calculated using the following rela-
tion [19]. 

where d is the spacing between the planes in the atomic lat-
tice. The interplanar spacing (d) was calculated according 
to Bragg’s equation (2d sinθ = nλ). The volume (V) of the 
hexagonal unit cell was determined by using the following 
relation V = 0.866 a2c [19]. The calculated lattice parameters 
and unit cell volume are shown in Table 1. The value of a 
decreased and c increased when trisodium citrate or EDTA 
or combination of trisodium citrate/EDTA were added dur-
ing the synthesis of ZnO. Moreover, addition of chelating 

1

d2
=

4(h2 + hk + k2)

3a2
+

l2

c2

Fig. 1  XRD pattern of prepared samples (a) CZO (b) TZO (c) EZO 
and (d) TEZO
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agents has significantly reduced the volume of unit cell and 
increased the lattice distortion (c/a). These results indicate 
that chelating agents significantly control the crystallization 
of ZnO by formulating an interaction with free zinc ions 
during the microwave synthesis.

FTIR spectrum of the sample acquired at 400–4000 cm−1 
is shown in Fig. 2. The band between 400 and 555 cm−1 
correspond to stretching vibrations of Zn–O bond which is 
typical characteristic band of ZnO with Wurtzite hexagonal 
structure [6, 19, 20]. The broad band extending from 2600 
to 3700 cm−1 and a strong band at 1620 cm−1 are attributed 
to the stretching and bending modes of the adsorbed water 
molecules by the prepared samples, respectively. The peaks 
located at 2844 and 2918 cm− 1 are due to the symmetric and 
asymmetric C–H bonds, respectively. The stretching vibra-
tion of C–O is observed at 884 cm−1. The peak at 1375 cm−1 
is attributed to symmetric vibrations C–O bond. The band 
at 1450 cm−1 is overlap of both C–H and C–O bonds. The 
band at 2350 cm−1 is due to absorption of atmospheric 
 CO2 molecules by prepared samples [6, 19, 20]. Hence 
water molecules along with some organic impurity may be 

adsorbed on prepared zinc oxide nanostructures during the 
synthesis process under microwave irradiation. According 
to Akhavan et al. the surface of the ZnO synthesized by 
chemical route is usually covered by OH groups resulting in 
formation of a thin layer of Zn(OH)2 [21]. FTIR results of 
all samples clearly shows that presence of vibration due to 
OH of adsorbed water molecules indicating the surface of 
the ZnO is covered by a thin layer of Zn(OH)2.

Zinc oxide nanostructures with different size and mor-
phologies can be produced by microwave assisted precipita-
tion method with aid of various chelating agents. Morpho-
logical features of prepared ZnO nanostructures at different 
magnifications are shown in Fig. 3. It is found that CZO 
consist of microflowers (Fig. 3a, b) in which leaf-like pet-
als having 100–300 nm width and 0.5–1 µm length are 
extending radially from center. These leaf-like petals are 
composed of very fine nanocrystal which is evident from 
its TEM image (Fig. 3c). Figure 3d, e obviously reveal that 
EZO consist of irregular shaped nanoflakes with dimension 
of about 100–300 nm. TEM image shown in Fig. 3f indicates 
that these irregular nanoflakes are composed of nanocrystals 
with irregular shape. Conversely, TZO is composed of solid 
microsphere with large number of spikes projecting outward 
from a core in all directions which is clear from its SEM 
images (Fig. 3g, h). TEM image shown in Fig. 3i evidently 
indicates that the spikes are made of fine nanocrystals. Fig-
ure 3j clearly demonstrates that TEZO contains uniform 
porous microspheres with diameter of about 0.5-1 µm. Mag-
nified SEM image in Fig. 3k shows that this microspheres 
are constructed from nanosheets having 10–20 nm thickness. 
TEM image in Fig. 3i illustrates the morphological feature 
of individual nanosheet.

Figure 4 shows the EDX spectrum of prepared ZnO nano-
structures which clearly indicate that Zn and O are present in 
prepared samples. The calculated elemental composition is 
shown in Table 2. The EDX spectrum revealed that atomic 
ratio of Zn to O in all samples were about 1 which was con-
sistent with stoichiometric ratio of ZnO and it effectively 
proves the formation of stoichiometric zinc oxide.

UV–Vis absorbance spectra of the prepared ZnO nano-
structures in the wavelength range of 200–1200 nm are 
shown in Fig. 5. It is important to note that significant vari-
ation was observed between the samples prepared with dif-
ferent chelating agents. The optical band gap  (Eg) of the 
semiconductor is related with the incident photon energy 
and optical absorption coefficient (α) as follows [19, 22, 23].

where A is a proportionality constant and n is a constant 
exponent which is equal to ½ for ZnO semiconducting mate-
rials. As a consequence, the following relation is obtained

�h� = A(h� − Eg)
n

(�h�)2 = A(h� − Eg)

Table 1  The calculated crystalline parameters for synthesized ZnO 
nanostructures using different chelating agents

Sample code Chelating agent Crystalline parameters

a = b (Å) c (Å) V (Å3) c/a

CZO Nil 3.2258 5.3366 48.09 1.6543
TZO Citrate 3.2141 5.3549 47.90 1.6660
EZO EDTA 3.1925 5.3661 47.36 1.6808
TEZO EDTA/citrate 3.1923 5.3763 47.44 1.6841

Fig. 2  FTIR spectrum of prepared samples (a) CZO (b) TZO (c) EZO 
and (d) TEZO
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Using the above relation, graphs were plotted between 
(αhν)2 and hν and the linear region was extrapolated 
to (αhν)2 = 0 to obtain a value of the energy gap. A plot 
between (αhν)2 versus hν for the prepared ZnO nanostruc-
tures by microwave irradiation with aid of chelating agents 
is shown in Fig. 6 and the values of the band gap obtained 
for CZO, TZO, EZO and TEZO are 3.29 ± 0.05, 3.32 ± 0.04, 
3.27 ± 0.03 and 3.37 ± 0.05 eV, respectively. It is found that 
band gap energy is significantly influenced by method of 
processing as well as size and morphology of ZnO nano-
structures. This may be due potential fluctuations in elec-
tronic band structure of ZnO due to surface-related defects 
and/or adsorbed species [22, 23].

There are several reports available on synthesis of ZnO 
nanostructures using various additives/modifiers [6, 13, 
23–29]. Table 3 shows the recent progress in synthesis of 
ZnO nanostructures by microwave irradiation method using 

various additives/modifiers. To the best of our knowledge, 
there is no report on the effect of EDTA and/or trisodium 
citrate under microwave treatment. However, the effect of 
EDTA and trisodium citrate on the formation of ZnO nano-
structure under hydrothermal treatment was well established 
[8, 13]. In this study, we have studied the effect of EDTA 
and/or trisodium citrate on the formation of different ZnO 
nanostructures under microwave treatment for the first time. 
Microwave heating is an alternative method for conventional 
heating which induce rapid nucleation leads to formation of 
complex ZnO nano/microstructures. In other words, the role 
of microwave is not only to accelerate the reaction between 
the precursor materials but also to lead to formation of three 
dimensional complex ZnO nano/microstructures. When 
sodium hydroxide was added with zinc nitrate solution, the 
zinc cations can react with hydroxide anions and form stable 
Zn(OH)4

2− complexes which could act as the growing unit 

Fig. 3  Morphological features of prepared ZnO nanostructures at different magnifications are shown in a–c CZO, d–f TZO, g–i EZO and j–l 
TEZO
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for growth of ZnO nanostructures [9, 10, 30]. Hence, forma-
tion of ZnO from zinc nitrate and sodium hydroxide mixture 
under microwave irradiation is as follows.

The formation of zinc oxide nanostructure mainly 
depends upon the number of active sites that are available on 
formed Zn(OH)4

2− species and the number of growth species 
surrounding those sites [9, 10, 30]. Under microwave irra-
diation, growth of the ZnO is in a random way which leads 
to formation of flower-like 3D structure as shown in Fig. 3b.

Citrate anions have one to three carboxylate groups in 
solution depending on the pH of the medium. They can eas-
ily generate complexes with  Fe3+,  Ca2+,  Ag+,  Mg2+, and 
 Zn2+ ions [13–15]. Thus, citrates have been used as organic 
modifier in the synthesis of nanocrystals with controlled size 
and morphologies [31]. When trisodium was introduced in 
zinc nitrate solution, the zinc cations can form zinc citrate 
and control the formation of Zn(OH)4

2− species and growth 
of ZnO units. Consequently solid microsphere with large 
number of spikes was formed as shown in Fig. 3.

EDTA, a member of the polyamino carboxylic acid fam-
ily, is a complex reagent and it forms metal–EDTA com-
plexes with metal precursors [8, 16]. When EDTA was 
added with zinc nitrate, the zinc cations can strongly chelate 

Zn
(

NO
3

)

2
+ 2NaOH → Zn(OH)

2
+ 2NaNO

3

Zn(OH)
2
+ 2H

2
O → Zn(OH)

4

2− + 2H
+
→ ZnO + 3H

2
O

Fig. 4  EDX spectrum of pre-
pared samples a CZO, b TZO, c 
EZO and d TEZO

Table 2  The calculated elemental composition of synthesized ZnO 
nanostructures

Sample code Elemental composition

Zn (at%) O (at%) Zn/O ratio

CZO 50.60 49.40 1.02
TZO 50.20 49.80 1.01
EZO 50.22 49.78 1.01
TEZO 51.45 48.55 1.05

Fig. 5  UV–Vis absorbance spectra of the prepared ZnO nanostruc-
tures
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with EDTA and form stable Zn-EDTA complexes at base 
condition which inhibit the development of Zn(OH)4

2− spe-
cies and formation of ZnO. Under microwave heating, the 
microwave energy about  10−5 eV is transferred to Zn/EDTA/
NaOH mixture at molecular level by the interaction of the 
electromagnetic field resulted in rapid volumetric heating. 
Due to rapid microwave heating, Zn ions were released from 

Zn-EDTA complexes rapidly and develop Zn(OH)4
2− spe-

cies under base condition in rapid manner. Consequently 
irregular shaped ZnO nanoflakes were formed due to het-
erogeneous nucleation and growth of ZnO units under rapid 
microwave heating. On the other hand, porous microspheres 
constructed from nanosheets were obtained when EDTA 
and trisodium citrate were added with zinc nitrate solution 

Fig. 6  Plot between (αhν)2 
versus hν for the prepared ZnO 
nanostructures a CZO, b TZO, 
c EZO and d TEZO

Table 3  Recent progress in synthesis of ZnO nanostructures by microwave irradiation method using various additives/modifiers

S. no Authors and year Precursors Microwave power/time Morphology Ref.

1 Tong et al. (2003) Zinc acetate, NaOH, glutamic 
tetrofluoroborate

1000 W and 10 min Hierarchical [24]

2 Wang et al. (2004) Zinc nitrate, NaOH, imidazolium 
salt

10 min Needles
Flowers

[25]

3 Cho et al. (2008) Zinc nitrate, methenamine, ethylen-
ediamine, triethyl citrate

50 W with different periods Nanoneedles, nanocandles, nano-
disks, and nanorods

[13]

4 Ma et al. (2008) Zinc nitrate, pyridine 10 min Hexagonal columns, hexagonal 
needles, hexagonal nanorings and 
hollow structures

[26]

5 Krishnakumar et al. (2009) Zinc nitrate, PVP, liquid ammonia 1KW and 10 min Star-like [6]
6 Cao et al. (2011) Zinc nitrate, urea 850 W Flower-like [27]
7 Peralta et al. (2011) Zinc nitrate, NaOH, hexamine 475 W and 5 min Rod, twisted-needle, petals and 

flower-like
[23]

8 Hamedani et al. (2011) Zinc acetate, NaOH, acetyl acetone 800 W and 2 min Rod-like [28]
9 Debbarma et al. (2013) Zinc sulphate. hydrazine hydrate, 

urea sodium borohydride
360 W and 4–6 min Spherical, rectangular hexagonal [29]

10 Anas et al. (2015) Zinc nitrate, CTAB, methenamine 30 min Nanoplates –
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during microwave synthesis. The chelating effect of EDTA 
and/or trisodium citrate plays a key role in controlling the 
size and morphology of ZnO nanostructures. The size and 
morphology controlled ZnO nanostructures were obtained 
in this study by controlling the crystal growth and the con-
centration of ZnO growth units with the aid of EDTA and/
or trisodium citrate under microwave irradiation.

4  Conclusion

A rapid and facile microwave assisted method was developed 
to synthesize ZnO nanostructures with different sizes and 
morphologies. With the aid of EDTA and/or trisodium cit-
rate, flowers, flakes, solid spheres and porous spheres were 
obtained by controlling the crystal growth habit and the con-
centration of ZnO growth units under microwave irradiation. 
Moreover, the obtained ZnO nanostructures exhibit band gap 
between 3.27 and 3.37 eV due potential fluctuations in elec-
tronic band structure of ZnO owing to surface-related defects 
and/or adsorbed species. Consequently, developed method 
can be a potential method to obtain ZnO nanostructures for 
wide spectrum of applications.
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