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a b s t r a c t

Flower-like zinc oxide nanostructure was successfully synthesized by a facile solution route with dextran
((C6H10O5)n) assistance. This ZnO nanoflower consists of several petals, and each petal is composed of
many nanorods. If not using dextran in the preparation process, only larger fragments could be obtained.
The effects of dextran on the conversion of zinc species and the formation of flower-like ZnO
nanostructure were discussed and the possible growth mechanism was tentatively proposed based on
the experimental results. Furthermore, this flower-like ZnO nanomaterial exhibits higher activity than
ZnO fragments obtained without dextran on the photocatalytic degradation of methyl orange, which
shows the potential application for wastewater treatment.

& 2013 Elsevier B.V. All rights reserved.
1. Introduction

Zinc oxide, a semiconductor with a direct wide band gap
(3.37 eV) and large exciton binding energy (60 meV) [1], is one
of the most promising functional materials in photochemical
catalysis, solar cells, gas sensors and so on [2,3]. In recent years,
various morphological nanostructures of ZnO have been fabri-
cated, such as nanorod, nanobelt, nanotube and nanocomb [4,5]. It
is well known that morphology of nanomaterials is one of the key
factors that affect its properties. Therefore, synthesizing ZnO
nanomaterials with controllable morphology is presently the
subject of intense researches. Many methods have been adopted
to fabricate ZnO nanostructures, for example, chemical vapor
deposition [6], electro-deposition [7] and hydrothermal methods
[8]. However, most of the synthetic approaches involve high
temperature, long reaction time, toxic templates or other rigid
conditions. Among these synthesis methods, the solution
approach has been proved to be an efficient way in obtaining
these nanostructures for its simplicity, commercial feasibility and
good potential for scale up [9].

In this work, we report a simple solution-based method with
dextran assistance for the preparation of 3D flower-like ZnO
nanostructures. In order to investigate the morphologic transfor-
mation of ZnO nanostructures, experiments with varied amount of
ll rights reserved.
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dextran were carried out, while the other conditions were kept
unchanged. The activity tests of flower-like ZnO were also mea-
sured for the photocatalytic decolorization of methyl orange
aqueous solution under the UV light illumination.
2. Experimental

All of the chemical reagents were of analytic-grade and used
without purification. In a typical procedure, 0.23 g zinc acetate
dihydrate (Zn(Ac)2 �2H2O) and calculated amount of dextran were
dissolved in 40 mL deionized water. Then 18 mL of 0.5 M NaOH
aqueous solution was added dropwise to the pre-mixed solution
under vigorous stirring. The obtained suspension was aged at
90 1C for 1 h. The white products were separated by centrifugation,
washed and dried at room temperature in air. The amounts of
dextran were 0 g, 0.1 g, 0.5 g, 1 g and 2 g, respectively.

The X-ray powder diffraction (XRD) patterns of the samples were
provided using a Bruker D8 advanced X-ray diffractometer equipped
with graphite monochromatized Cu Kα radiation (λ¼1.5418 Å). The
surface areas of these samples were determined via nitrogen adsorp-
tion at −196 1C with the Brunauer–Emmett–Teller (BET) method using
a Micrometrics ASAP-2020 apparatus. Scanning electron microscopy
(SEM) characterization was performed on Hitachi S-4800 at 15 kV.
Transmission electron microscopy (TEM) images were obtained with a
JEOL JEM-2100 F transmission electron microscope operating at an
acceleration voltage of 200 kV.
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The photocatalytic experiments were carried out by degradation of
methyl orange under a high-pressure mercury lamp (125W). 20 mg
ZnO nanoflowers and 100 mL solution of methyl orange (10 mg−1)
solution were mixed and stirred for 30 min in the dark to establish an
adsorption/degradation equilibrium. The mixture was subsequently
exposed to UV light irradiation, and was sampled periodically for the
UV-analysis with a UV-1750 spectrophotometer operated at 462 nm.
Analogous control experiment was performed either in the presence
of ZnO fragments prepared without dextran, or without ZnO (blank).
3. Results and discussion

Fig. 1 shows the XRD patterns of samples with varied addition
amount of dextran. When dextran is not used, only ZnO diffraction
peaks can be observed (Fig. 1a). While dextran is added, a changing
process of Zn species occurs. When 0.1 g dextran is added in the
synthesis process, only Zn(OH)2 diffraction peaks can be observed
(Fig. 1b). With the increase of dextran amount, Zn(OH)2 diffraction
peaks disappear gradually and ZnO peaks become obvious (Fig. 1c). As
the amount of dextran increases to 2 g, only ZnO diffraction peaks can
Fig. 1. XRD patterns of samples synthesized with different addition amounts of
dextran: (a) 0 g, (b) 0.1 g, (c) 0.5 g, (d) 1 g, and (e) 2 g.

Fig. 2. SEM images (a–f) and TEM images (g, h) of samples synthesized with differen
be observed, indicating that pure ZnO is obtained (Fig. 1d). It could be
identified from XRD results that the products change from Zn(OH)2 to
pure ZnO with the increase of dextran amount. Compared with the
process without dextran, dextran has the function to slowing down
the conversion from Zn(OH)2 to ZnO. This action is beneficial for the
growth of ZnO with uniform flower-like nanostructure.

SEM images of the products obtained from varied addition amount
of dextran are shown in Fig. 2. When dextran is not included in the
synthesis, only irregular ZnO fragments with 1 μm average size can be
observed (Fig. 2a). While in the dextran assistance process some
different morphologies can be observed with different amounts of
dextran. As shown in Fig. 2b, with the addition of 0.1 g dextran, only
nonuniform bulks are observed. When the amount of dextran is 0.5 g,
two kinds of morphologies can be observed in Fig. 2c, that are eroded
bulks and nanoflowers with a few rod-like petals. With the increase of
dextran amount, bulks disappear and nanoflowers increase gradually
(Fig. 2d). As the amount of dextran increases to 2 g, the flower-like
nanostructure has been formed completely, and the petals are much
thicker than before (Fig. 2e). As shown in Fig. 2f, each ZnO flower
consists of oriented petals derived from the center of 3D nanostructure
with 500–800 nm in diameter. In TEM images (Fig. 2g and h), it can be
observed that the ZnO flowers are nanograined and contain very
developed free surfaces as well as grain boundaries. On the basis of
evolution process with different morphologies, it is obvious that the
presence of dextran with an appropriate amount is crucial for the
formation of this unique ZnO flowers.

Based on the above results the formation mechanism of ZnO
nanoflowers is tentatively proposed as follows (Fig. 3). The initial
reaction between Zn(Ac)2 and NaOH leads to the formation of Zn
(OH)2. When the Zn(OH)2 nuclei are formed incipiently, low amount of
dextran could surround Zn(OH)2 nuclei rapidly with hydrogen bond
(H-bond), which protects Zn(OH)2 from reacting with base in the
solution. Then Zn(OH)2 nuclei could grow to bulk material (step 1).
However, with the increase of dextran amount, Zn(OH)2 bulks are
corroded gradually and fall into nanoparticles (step 2). It can be
explained that excessive hydroxyl of dextran around Zn(OH)2 could
attract more hydroxyl from the basic solution by the function of
H-bond, which leads to the erosion of Zn(OH)2 bulks and formation of
ZnO seeds. With the assistance of dextran ZnO seeds gradually grow to
nanorods (step 3). It is well known that the wurtzite-structured
ZnO crystal is composed of alternating planes with tetrahedrally
t addition amounts of dextran: (a) 0 g, (b) 0.1 g, (c) 0.5 g, (d) 1 g, and (e–h) 2 g.



Fig. 3. Schematic of plausible mechanism of formation of ZnO architectures.

Fig. 4. Methyl orange concentration changes over (a) ZnO flowers obtained with
2 g dextran, (b) ZnO fragments without dextran, and (c) photocatalyst-free solution
(blank).
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coordinated O2− and Zn2+ ions, which produce positively charged
(0001)-Zn and negatively charged (000−1)-O polar surfaces [10]. Due
to the hydroxyl functional groups, dextran could form H-bond on the
(000−1) plane with negatively charged O2− ions [11], but not form H-
bond on the (0001) plane with positively charged Zn2+ ions, leading to
the faster growth of (0001) plane than (000−1) plane. Thus, ZnO seeds
grow along [0001] and the small rods in petals are formed. As the
small rods have high surface energy due to large surface/volume ratio,
so the rods tend to attach together along the c axis to form a relatively
big petal to reduce surface energy (step 4), which may be elucidated
by oriented attachment mechanism [12]. Finally, several petals
assembled into multi-petals ZnO nanostructure and ZnO nanoflower
is formed (step 5).

ZnO nanoparticles are often used as catalysts for photocatalytic
degradation of water pollutants [13,14]. In order to demonstrate
the potential availability of the flower-like ZnO nanomaterial, its
photocatalytic activity with the degradation of methyl orange in
aqueous solution by UV irradiation was tested, as shown in Fig. 4.
For comparison, ZnO fragments obtained without dextran were
also performed. It is clear that the photocatalytic ability of flower-
like ZnO nanostructures is higher than that of the ZnO fragments,
which is related to the BET area differences between the flower-
like (101 m2/g) and the fragments (18 m2/g). Additionally, the
higher photocatalytic activity of nanograined ZnO flowers may
be connected with the defects arranged in grain boundaries [15],
amorphous surficial and intergranular layers [16]. This result will
contribute to the potential application of flower-like ZnO nano-
material in the treatment of wastewater.
4. Conclusions

Flower-like ZnO nanostructure has been successfully fabricated
by a convenient solution route with the assistance of dextran.
Dextran plays an important role in the conversion of zinc species
and the morphologic evolution. Moreover, the flower-like ZnO
nanostructure has potential significance for application in photo-
catalytic degradation of methyl orange.
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