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Morphology Evolution Mechanism of ZnO Quasi-one-dimensional Nanostructures

SU Ying-Jie, ZHOU Ya-Jun, HUANG Li-Sheng, LIU Yun-Fei, SHI Shu-Zhe, LU Yi-Nong

(State Key Laboratory of Materials-Oriented Chemical Engineering, College of Materials Science and Engineering and College of

Science, Nanjing University of Technology, Nanjing 210009, China)

Abstract; Controlled growth of ZnO quasi-one-dimensional nanostructures with different morphologies were
accomplished by thermal oxidation of zinc vapor'in a vapor-deposition system. The products include uniform
nanobelts with different growth directions, [0110]<and [2110] orientated nanobelts with nano-teeth on one
side, micro-scale comb-like nanobelts and faceted- fibers with periodic junctions constructed by hexagonal
prisms or octagonal prisms along [0110] and [ 21107 directions, and so on. The morphologies and the crys-
tal structures were studied by X-ray diffraction (XRD) , scanning electron microscope (SEM) equipped with
electron backscatter diffraction ( EBSD.); high-resolution transmission electron microscope (HRTEM) in de-
tails. The basic configurations constructed the multiple ZnO nanostructures were discovered, the formation
mechanism and the, morphology multiformity of ZnO crystals were analyzed. The evolution processes of these
quasi-one-dimensional configurations were discussed based on the crystal growth mechanisms. It is found that
the ZnO fibers with periodic junctions and the comb-like nanobelts have an identity of crystal structure with
the nanobelts.
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Fig.1  (a) Crystal mode-of ZnO; (b) Basic configurations

evolved from ZnO hexagonal unit
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Fig.2  Micrographs, structure and mode of ZnO-nanobelts
(a)-(c) SEM, TEM and HRTEM micrographs of ZnO nanobelts; (d) Schematical illustrations of ZnO nanobelts in different growth directions

The product was prepared by oxidizing Zn grains at 900°C_for 30min at the oxygen flow rate of 10sccm
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Fig.3 Micrographs andmode of [0110] oriented ZnQ nanobelts

(a)-(c¢) SEM, TEM and HRTEM micrographs of [0110] oriented ZnO"nanobelts;, /the inset in (c) is the corresponding FFT;
(d) Schématical illustration of this configuration
The product was prepared by oxidizing Zn grains at 950°C<for 5min at the oxygen flow rate of 100sccm

[0001]

[2170]

[0110]

B4 [2110 )i A Zn0 4 [ AU A KN 5 S
Fig.4 Micrographs and mode of [2110] oriented ZnO nanobelts

(a)-(c) SEM, TEM and HRTEM micrographs of [2110] oriented ZnO nanobelts, the inset in (¢) is the corresponding FFT;
(d) Schematical illustrations of this configuration. The product was prepared by oxidizing Zn grains at 1000°C for 5min at the oxygen flow rate of 200scecm
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Fig.5 (a) SEM micrographs of ZnO comb-like microstructures;
(b)-(f) ZnO faceted fibers with junction-prisms and schematical
illustrations of these microstructures

The product was prepared by oxidizing Zn grains at 950°C for 90min at the

oxygen flow rate of 10scem. Nickel oxide was used as catalyst for the prod-

ucts shown in (b), (c¢), (e) and (f)
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Fig. 6 (a) SEM micrograph of a ZnO fiber with comb-like growth
head; (b) Optical micrograph of ZnO micro-belt with nanowire

teeth and prism junctions on one side
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