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In this paper, three dimensional (3D) flower-like bismuth nanostructures constructed by nanorods were synthesized by a hydrothermal
method, using L-aspartic acid and bismuth nitrate as raw materials and deionized water as solvent. The morphologies, structures of as-

| respectively. The optimized reaction time, ratio of reactants and the pH value of the solution were given by different experimental
| conditions. The effects of reaction conditions on the morphologies of the products were investigated and the formed mechanism was also

premilarily discussed.

-
prepared products were tested by X-ray diffraction, field emission scanning electron microscopy, transmission electron microscopy, |
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INTRODUCTION

EXPERIMENTAL

Nowadays, as a kind of semimetal, bismuth materials with
micro and nano-structures have attracted much attention owing
to their unusual thermoelectric properties', large magneto
resistance’, efc. In order to investigate the change of properties
aroused from the varying of the morphology of bismuth, various
bismuth materials, including one-dimensional structures® of
nanotubes*’, nanowires®, nanorods’, nanobelts®; zero-dimen-
sional structures of nanoparticles”'’, nanospheres'', hollow
nanospheres'?, nanocubes' and three dimensional structures
of nanosheets', bunch-like nanostructures'’, have been
prepared by using diverse methodologies, such as electro-
deposition®", solvothermal method', chemical reduction
route'*'®, thermal decomposition’ , refluxing method", etc.
Up to now, there are few reports on synthesis of 3D bismuth
nanoflower formed by 1D nanorod. Herein, an easy L-aspartic
acid induced hydrothermal synthesis strategy was introduced
to prepare uniform 3D bismuth nanoflowers. Importantly, the
synthesized Bi nanoflowers can been changed into (BiO),COs
nanoplates by varying the reaction temperature and time, which
was not reported previously. The obtained Bi and (BiO),COs
nanomaterials have potential significant applications for
electrical field and environment remediation.

All chemicals were of analytical grade reagents and used
without further purification. A typical case as follows: 1 mmol
of Bi(NOs);-5H,0 and 2.5 mmol L-aspartic acid were dissolved
into 15 mL deionized water and 5 mL of 1 M NaOH. The
mixture was stirred for 15 min and then ultrasonic treatment
for 15 min at room temperature. Finally, the mixture was put
into a Teflon-lined stainless steel autoclave with a capacity of
25 mL. The autoclave was maintained in a digital-type
temperature-controlled oven at 140 °C for 6 h. As the autoclave
cooled to room temperature naturally and then, the as-obtained
black products were centrifuged, washed respectively with
absolute ethanol and deionized water several times and dried
at 60 °C for 5 h. By varying the molar ratio of the reactant,
the pH value of the solvents and the reaction temperature and
time; the obtained products were labeled by S1-S4 as shown
in Table-1.

X-ray diffraction pattern of samples were examined on a
Bruker D8-advance X-ray diffractometer with CuK, radiation
(A=1.54056 10\). FE-SEM images were measured on a Hitachi
S-4800 field emission scanning electron microanalyser emplo-
ying an operating voltage of 10 kV. TEM images and high-
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TABLE-1
SYNTHESIS PARAMETERS AND
MORPHOLOGIES OF THE PRODUCTS S1-S4
Molar HY Temp. Time
Sample o  OH  (°C) (h) Color Morphology

S1 1:2.5 - 180 10  White
S2 1:5 - 180 10 Gray
S3 1:25 OH 140 6 Black
S4 1:25 H 140 6 ‘White

resolution transmission electron microscopy (HRTEM) image
were carried out on a JEM-2100F transmission electron
microscope.

RESULTS AND DISCUSSION

The typical XRD pattern of the prepared 3D bismuth
nanoflowers is displayed (Fig. 1). All of the reflection peaks
of the XRD pattern in Fig. 1 can be well indexed to be hexa-
gonal rhomb-centered phase of bismuth structure (JCPDS card
No. 05-0519). No other peak appeared in the XRD pattern,
which showed that the obtained products have pure phase.
Additionally, the sharp and narrow XRD peaks indicated that
the prepared 3D Bi nanoflowers have good crystalline struc-
ture. In order to investigate the detailed morphologies and
structures of the samples, the obtained products were further
characterized by FE-SEM, TEM images and XRD patterns as
given in Figs. 2 and 3. A large number of the bismuth nano-
flowers structure with uniform sizes can be easily observed in
Fig. 2a, most of which have average sizes 2 um. The magnified
FE-SEM and the TEM images confirmed that the bismuth
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Fig. 1. XRD pattern of the prepared 3D Bi nanoflowers

nanoflowers exhibited irradiative flower-like structure and
were composed by many tiny nanorods with the diameter of
100 nm as shown in Fig. 2b-c. The as-obtained 3D bismuth
nanoflowers have good crystalline structures as illustrated in
Fig. 2d.
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Fig. 2. Low magnification (a), high magnification FE-SEM images (b),
TEM (c) and HRTEM (d) images of as-obtained 3D bismuth
nanoflowers

To further investigate the influences of experimental
conditions on the structures of the obtained products, we
carried out a series of experiments by varying the parameters
of the experiments shown in Table-1. When no NaOH in the
reaction system, the products can turn into (BiO),CO; nano-
plates with the increasing the reaction time and temperature
to 10 h and 180 °C, respectively. Keeping the other condition
constant, the products can also transfer into (BiO),CO;
nanoplates when the reaction NaOH was been changed into
nitric acid. Based on the above observations, we pointed out
that the pH value and the amount of L-aspartic acid were the
main important factors of the formation of 3D bismuth
nanoflowers. Herein, the added L-aspartic acid not only acts
as a solvent but also as a reducing and morphology directing
agent in this synthetic process. There are some similar function
reagents, such as ethylene glycol (EG) in the synthesis of
bismuth hollow nanospheres'?, glycine in the formation of 1D
LaOHCO; nanostrctures!”. However, the accurate formation
mechanism is still require further study.

Conclusion

An L-aspartic acid assisted hydrothermal method was
developed to obtain large-scale bismuth nanoflowers with
uniform morphology. The experimental results indicated the
reaction temperature, the pH value and the L-aspartic acid play
critical role in the formation of Bi nanoflowers. It is believed
that this amino acid-induced method can become a universal
route to manufacture other different metallic nanostructures,
such as Cu, Fe, Ag, efc.
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Fig. 3. XRD patterns and FE-SEM images of sample S1 (a) and S2 (b)
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