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Abstract ZnO nanosheets with the wurtzite structure

have been successfully synthesized via a microwave-

assisted solution method. The thicknesses of ZnO

nanosheets are in the range of 5–10 nm and lateral

sizes up to 1 lm. The surfaces of ZnO nanosheets are

�ð1210Þ planes of wurtzite structure. The as-prepared

products were characterized by X-ray diffraction

(XRD), transmission electron microscopy (TEM),

high-resolution transmission electron microscopy

(HRTEM). The optical and thermal properties were

investigated with UV–Visible absorption spectra, ther-

mogravimetric analysis (TG) and differential scanning

calorimetric analysis (DSC).

Introduction

In recent years, many efforts in the field of nanomaterials

have been focused on fabricating one-dimensional

nanowires, nanorods and nanotubes [1]. Two-dimen-

sional nanosheets can be regarded as a new class of

nanostructured materials due to their high anisotropy

and nanometer-scale thickness, possessing interesting

properties [2–4]. Nanosheets are considered as ideal

systems for investigating dimensionally confined trans-

port phenomena and regarded as the ideal base to

build functional devices on them. However, only a few

kinds of metal oxide nanosheets have been reported up

to now. For example, nanosheets of titania [3], man-

ganese dioxide [5], KCa2Nb3O10 [6] and K4Nb6O17 [7]

were synthesized by delamination of the layered

precursor. Ga2O3 nanosheets and nanoribbons were

synthesized by evaporating GaN at high temperatures

in the presence of oxygen [8].

ZnO, a semiconductor with a direct band gap of

3.37 eV, has attracted increasing attention in recent

years because of its excellent physical properties and

thus many applications. ZnO has applications in gas

sensors [9], catalysts [10], solar cells [11], transparent

conductive oxides [12], optoelectronic devices [13] and

piezoelectric devices [14]. Additionally, nanolasers

based on highly oriented ZnO nanowires were

reported [15]. Nanowire transistors were also reported

recently [16]. To date, most synthetic efforts on ZnO

have been directed towards its nnaowires, nanorods

[17, 18], and nanoribbons [19]. Compared with one-

dimensional ZnO nanostructures, relatively few studies

on two-dimensional ZnO nanostructures have been

reported [4, 20–23]. The reported methods were

usually carried out at high temperatures.

Since the first reports of microwave-assisted liquid

phase organic synthesis in 1986 [24, 25], the applica-

tion of microwave heating in synthetic chemistry has

been a fast growing area of research. Compared with

conventional heating methods, microwave heating has

been accepted as a promising method for rapid

volumetric heating, higher reaction rates, and shorter

reaction times. As a result, this has opened up the

possibility of realizing fast synthesis of nanomaterials

in a very short time [26, 27]. Recently, we have

successfully synthesized single-crystalline NiO nano-

sheets by a precursor convention method [28]. Herein,
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we report the synthesis of ZnO nanosheets by room-

temperature decomposition of a layered precursor,

which was synthesized using zinc acetate and ethylene

glycol by microwave heating. The strategy for synthe-

sis of ZnO was illustrated in Fig. 1. The combination

of microwave-heating and our synthetic strategy

makes the preparation process convenient, simple

and efficient. The preparation was carried out at

relatively low temperatures without using any tem-

plate, surfactant or seed, which avoided the subse-

quent complicated workup procedure for removal of

the template or seed.

Experimental procedure

All chemicals were analytical grade and used as

purchased without further purification. Zinc acetate

and ethylene glycol (EG) were purchased from Shang-

hai Chemical Reagents Company. ZnO nanosheets

were synthesized by two steps. The precursor was

synthesized by the following step (step 1): 0.44 g of

Zn(CH3COO)2 � 2H2O was added into 20 ml EG in a

50-ml round-bottomed flask. The mixture was heated

by microwave. The microwave oven (2.45 GHz) used

was a focused single-mode microwave synthesis system

(Discover, CEM, USA). The temperature was con-

trolled by automatically adjusting microwave power.

After the mixture was cooled to room temperature, the

product was separated by centrifugation and washed

with absolute ethanol twice and dried in a vacuum at

60�C. ZnO nanosheets were synthesized by the second

step: the precursor synthesized by above method was

added to 20 ml deionized water. The mixture was

stirred for 24 h at room temperature or heated by

microwave at 100�C for 10 min. The products were

separated by centrifugation, washed with deionized

water three times and dried in a vacuum. Experimental

conditions for preparation of some typical ZnO nano-

sheet samples were given in Table 1.

X-ray diffraction (XRD) patterns were carried out

on a Rigaku D/max 2550V X-ray diffractometer with

CuKa radiation and on a Huber G 670 diffractometer

using graphite-monochromatized high-intensity CuKa1

radiation. Transmission electron microscopy (TEM)

images and electron diffraction (ED) patterns were

obtained on JEOL JEM-2010 and JEOL JEM-2100F

field-emission transmission electron microscopes. Dif-

ferential scanning calorimetric analysis (DSC) and

thermogravimetric analysis (TG) were carried out with

a STA-409PC/4/H Luxx simultaneous TG-DTA/DSC

apparatus (Germany) with a heating rate of 10�C min–1

in flowing air. UV–Vis absorption spectra were carried

out on a UV-2300 spectrophotometer (Techcomp,

China).

Results and discussion

Synthetic temperature of the layered precursor has

important effect on the formation of the products. No

solid products were obtained while the synthetic

temperature was lower than 150�C. The product

synthesized at 165�C or higher was typical of layer-

structured compound. Figure 2a shows the XRD

pattern of the precursor synthesized by microwave

heating 0.1 M Zn(CH3COO)2 � 2H2O in EG at 176�C

for 5 min. The strong peak in XRD pattern of the

precursor corresponds to an interlayer spacing of

10.9 Å, which is typical of the layer-structured com-

pound. The thermal behavior of the layered precursor

was investigated with TG and DSC measurements

(Fig. 3). The TG curve showed that the weight loss

began at 60�C. The major weight loss occurred rapidly

between 320 and 390�C. The total weight loss was

measured to be ~35%, which was close to the value

(34.1%) calculated from the following reaction:

Zn5ðOHÞ8ðCH3COOÞ2 � 2H2OþO2

! 5ZnOþH2Oþ CO2

ð1Þ

The DSC curve showed an exothermic peak with a

maximum located at 376�C, which fits well with that of

weight loss in the TG curve, corresponding to exother-

mic behavior during the decomposition of zinc acetate

hydroxide Zn5(OH)8(CH3COO)2 � 2H2O to ZnO. The

layered precursor prepared by our method may be

Zn5(OH)8(CH3COO)2 � 2H2O.

It was interesting that the layered precursor was

unstable in water and was able to decompose to ZnO.

According to this property, aqueous solution route was

used to synthesize ZnO nanosheets from the layered

precursor. Figure 2b–d show XRD patterns of the

products synthesized from the layered precursor at

different conditions. No peaks due to the layered

precursor were observed in XRD patterns and all

peaks can be indexed to a single phase of crystalline

ZnO with the hexagonal structure (JCPDS No.

Microwave

heating

Zn(CH3COO)2·2H2O/EG

H2O

Layered precursor ZnO nanosheet 

Fig. 1 Scheme of the strategy for synthesis of ZnO nanosheets
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80-0075). These results show that the layered precursor

can completely decompose and form crystalline ZnO

in water or in NaOH aqueous solution.

The morphologies of ZnO samples were investi-

gated by TEM, as shown in Fig. 4. TEM micrograph of

sample 2 synthesized from the precursor prepared at

165 �C for 5 min was shown in Fig. 4a, one can see that

nanosheets as well as nanoparticles were observed.

Compared with sample 2, sample 3 synthesized under

the same condition except that synthetic temperature

of the precursor was increased to 176�C. Sample 3

(Fig. 4b) was mainly composed of ZnO nanosheets

with lateral sizes up to 360 nm. In a few cases, curled

ZnO nanosheets were observed (the top right corner of

Fig. 4b). The thickness of ZnO nanosheets was about

5 nm estimated from standing and curled ZnO nano-

sheets. Figure 4c shows sample 4 synthesized from the

precursor prepared at 176�C for 10 min. Compared

with sample 3, the lateral sizes of ZnO nanosheets in

sample 4 were larger and up to 1 lm. Figure 4d shows

several overlapped ZnO nanosheets and their ED

pattern. The ED pattern can be indexed as the ½1210�
zone axis of single-crystalline hexagonal wurtzite ZnO.

High-resolution transmission electron microscopy

(HRTEM) image (Fig. 4e) is consistent with the ED

pattern in Fig. 4d, indicating ZnO nanosheets were

single-crystalline with structural defects. Some ZnO

nanosheets were curled (Fig. 4f), indicating ZnO

nanosheets were very thin. The thicknesses of ZnO

nanosheets was about 10 nm estimated from standing

and curled nanosheets, which was larger than that of

sample 3. Sample 5 (Fig. 4g), which was synthesized at

the same condition as sample 3 except that the

precursor was prepared at 176�C for 30 min, consisted

mainly of multi-layered nanosheets with elliptical

shape and with lateral sizes ranging from 200 to

500 nm. Figure 4h shows a typical ZnO nanosheet

with elliptical shape. Figure 4i shows another single

multi-layered nanosheet. The corresponding ED pattern

and HRTEM image shown in Fig. 4j, k, respectively,

were recorded with electron beam perpendicular to the

nanosheet surface. The ED pattern can be indexed as

the ½1210� zone axis of single-crystalline hexagonal

Table 1 Experimental conditions for preparation of some typical ZnO nanosheet samples and their morphologies

Sample Step 1 Step 2 Morphologies

T (�C) Time (min) Solvent T (�C) Time

1 <150 5 No products
2 165 5 H2O 25 24 h Nanosheets, particles
3 176 5 H2O 25 24 h Nanosheets
4 176 10 H2O 25 24 h Nanosheets
5 176 30 H2O 25 24 h Multi-layer nanosheets
6 176 10 0.05 M NaOH 25 24 h Nanosheets
7 176 5 H2O 100 10 min Nanosheets

10 20 30 40 50 60 70 80

(d)

(c)

(b)

20
2

20
111

2
20

0

In
te

ns
ity

 / 
a.

 u
.

2θ / degree

10
0

00
2 10

1

10
2 11

0

10
3

(a)

Fig. 2 XRD patterns of samples. (a) The layered precursor
prepared by microwave heating 0.44 g Zn(CH3COO)2 � 2H2O in
20 ml EG at 176�C for 5 min; (b) sample 3; (c) sample 4; (d)
sample 7
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Fig. 3 Differential scanning calorimetric analysis (DSC) and
thermogravimetric analysis (TG) curves (a) the layered precur-
sor; (b) sample 3
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wurtzite ZnO, consistent with the XRD result. ED

patterns taken from different nanosheets were essen-

tially the same, suggesting the plane of ZnO nano-

sheets was �ð1210Þ. HRTEM images taken from

different nanosheets are essentially the same as

Fig. 4k. The interplanar spacings were measured to

be 5.2 and 2.8 Å, corresponding to ð0001Þ and ð1010Þ,

respectively. These results further verified the �ð1210Þ
orientation of ZnO nanosheets.

A further experiment using NaOH aqueous solution

to investigate the effect of an alkaline environment on

the ZnO morphology, it was found that ZnO immedi-

ately formed in aqueous NaOH solution at room

temperature. The lateral sizes of ZnO nanosheets were

Fig. 4 TEM, HRTEM images and ED patterns of ZnO samples. (a) Sample 2; (b) sample 3; (c)–(f) sample 4; (g)–(k) sample 5; (l)–(o)
sample 6; (p) sample 7
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in the range of 50–200 nm (Fig. 4l). Figure 4n, o show

an ED pattern and a HRTEM image of a single ZnO

nanosheet in Fig. 4m. The ED pattern and HRTEM

image indicates that the ZnO nanosheets were single-

crystalline in structure.

Sample 7, prepared by microwave-heating the lay-

ered precursor in deionized water at 100�C for 10 min,

was composed of small ZnO crystallites with sizes

ranging from 10 to 50 nm (Fig. 4p). ZnO crystallites

had sheet shape and they overlapped each other.

Base on the experimental results, we propose the

formation mechanism of ZnO nanosheets as follows:

In step 1, the layered precursor Zn5(OH)8(CH3-

COO)2 � 2H2O was formed by microwave-heating a

EG solution of Zn(CH3COO)2 � 2H2O. The reaction

equation is as follows:

5ZnðCH3COOÞ2 �2H2O¼Zn5ðOHÞ8ðCH3COOÞ2
�2H2Oþ8CH3COOH

ð2Þ

In step 2, the layered precursor Zn5(OH)8(CH3-

COO)2 � 2H2O was decomposed in water to form ZnO

nanosheets. The reaction equations involved in the

formation of ZnO nanosheets are shown below:

H2O ¼ Hþ þOH� ð3Þ

Zn5ðOHÞ8ðCH3COOÞ2 � 2H2Oþ 2OH�

¼ 5ZnðOHÞ2 þ 2H2Oþ 2CH3COO� ð4Þ

2ZnðOHÞ2 ¼ 2ZnOþ 2H2O ð5Þ

CH3COO� þHþ ¼ CH3COOH ð6Þ

The nanosheets could be easily prepared for those

compounds with a layered structure. For the com-

pound without a layered structure, a layered precursor

conversion method has been successfully demonstrated

for the preparation of nanosheets [28, 29]. ZnO has a

hexagonal structure instead of a layered structure. The

layered precursor conversion strategy is used for the

preparation of ZnO nanosheets here, as shown in

Fig. 1. In aqueous solution, CH3COO– in the precursor

was replaced by OH–, resulting in the formation of

Zn(OH)2, which decomposed to form ZnO

nanosheets. The reaction rate was greatly affected by

OH– and temperature. In deioned water at room

temperature, the reaction was slow due to low con-

centration of OH–. The pH value of the solution after

reaction was measured to be about 5, which is

consistent with the aforementioned reaction equations.

In NaOH aqueous solution, the reaction was rapid due

to high concentration of OH–, resulting in rapid

formation of ZnO nanosheets. At an elevated temper-

ature, the layered precursor rapidly decomposed and

break up due to the increased reaction rate, resulting in

the rapid formation of small ZnO nanosheets.

The thermal properties of ZnO nanosheet samples

were investigated by TG/DSC measurements. TG

curve of sample 3 (Fig. 3b) shows that the total weight

loss is less than 3% up to 480�C. The corresponding

DSC curve has no obvious exothermic or endothermic

peak in the temperature range measured. TG/DSC

curves of other samples are similar to sample 3. These

results further demonstrates the layered precursor

have decomposed completely to form ZnO. The weight

loss may be due to the water adsorbed on the surface of

ZnO nanosheets.

Fig. 5 shows the UV–Vis absorption spectra of ZnO

nanosheets dispersed in absolute alcohol. Figure 5a

shows the UV–Vis absorption spectrum of the precur-

sor whose absorption edge was close to 200 nm.

Figure 5b–f shows the absorption spectra of samples

3–7, respectively. One can see that the absorption

spectra of these ZnO nanosheet samples are similar,

with centers of absorption peaks around 358 nm

(3.46 eV).

Conclusions

In summary, powders of ZnO nanosheets with the

hexagonal structure have been successfully synthesized
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Fig. 5 UV–Vis absorption spectra of samples dispersed in
absolute ethanol. (a) The precursor; (b) sample 3; (c) sample 4;
(d) sample 5; (e) sample 6; (f) sample 7
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by room-temperature decomposition of a layered

precursor which was synthesized using zinc acetate

and ethylene glycol by microwave heating. The thick-

nesses of ZnO nanosheets are in the range of 5–10 nm

and lateral sizes up to 1 lm. The surfaces of ZnO

nanosheets were parallel to the �ð1210Þ planes of the

wurtzite structure. This method is fast, simple, low-

temperature and low-cost for synthesis of ZnO nano-

sheets. The method can be easily scaled up for large

scale production. We expect that this method can also

be extended to synthesize nanosheets of other kinds of

metal oxides.
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