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Research Progress on Doping of One-Dimensional
ZnO Nanostructures
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(Key Laboratory of Efficient and Clean Energy Utilization, Education Department of Hunan Province,

School of Energy Science & Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: One-dimensional ZnO nanostructures have been extensively studied and applied in diverse fields, due to their

wide bandgap semiconductor property, piezoelectricity, large exciton binding energy, anisotropism and low dimensional

nanostructure characteristics. Many routes can be adopted to grow diverse morphological one-dimensional ZnO nanostructures

which have been used in different fields such as nanogenerators, solar cells, photoelectrochemical water splitting, light

emitting diodes, lasers, gas sensitive devices, spin electronics, etc. However, there are many shortcomings in one-dimen-

sional intrinsic ZnO nanostructures, which limit their applications. In recent years, the one-dimensional doped ZnO

nanostructures have drawn great attention since doping can enhance or give them some novel and peculiar characteristics.

This article gives a comprehensive overview of the progress of one-dimensional doped ZnO nanostructures that has been made

within the context of doping types, including n-doping, p-doping, diluted magnetic semiconductor doping, etc. Furthermore,

the problems for the doping of one-dimensional ZnO nanostructures have been discussed, and the prospect of further research

and development have been proposed.
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Fig. 1 Schematic illustration of the cell structure and growth model of the
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Fig. 2 Top view SEM images: (a) ZnO NWs, (b) WO;/ZnO, (d) AZO NWs, (e) WO;/AZO (insets are corresponding enlarged

top images) ; cross-sectional SEM images: (c¢) WO;/Zn0O, (f) WO3/AZO[43]
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Fig. 3 SEM images of Ga-doped ZnO NWs with different Ga doping
concentrations: (a) 0.2%, (b) 0.4%, (c)2%; micro-
structure of Ga-doped ZnO NWs with a concentration of
0.4%: (d) side view SEM image, (e)TEM image, (f)

HRTEM image and select area electron diffraction pattern!*%!
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Fig. 4 FESEM images of Sh-doped ZnO nanorods electrodeposited at
different applied potential: (a) -0.75 V, (b)-0.80 V,
(¢)-0.85V, (d)-0.90 VI
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Fig. 5 FESEM images of the Sh-doped ZnO nanorod arrays electrode-
posited at different SbCl; concentrations: (a) 0, (b) 0.125 mM,

(e) 0.185 mM, (d) 0.25 mM[3
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Fig. 6 The microstructure of flower-like self-supporting Ag-doped ZnO

nanoarrays: ( a) low magnification SEM image, (b, c)

enlarged SEM images and (d) EDS spectrum!®”]
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Fig. 7 SEM images (a~c) and TEM images (d, e) of Ni-doped branched ZnO NWs; lattice-resolved image of the dotted area (f)

(inset shows corresponding SAED pattern) and EDS elemental mapping of Zn (g), O (h) and Ni (i) [

18 Sn 1878 Zn0O S 24K SEM MR H-. (a, b) K5 RM
(¢, d)mfEi]

Fig.8 SEM images of the Sn-doped ZnO hierarchical nanorods:

(a, b) low magnification and (¢, d) high magnification [35]
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Fig. 9 TEM image of a single Sn-doped ZnO hierarchical nanorod assembly (a), HRTEM image of region A in Fig.9a (b),

HRTEM image from the top region in Fig. 9a (¢), EDS spectrum of the hierarchical nanostructures (d) and corresponding

SAED pattern of the top region ()3
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