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ZnO nanostructure has been one of the most popular nanomaterials being studied in the past decades due
to its widespread potential applications in photovoltaics, catalysis, flexible electronics, and solid state
lighting, etc. [1,2]. In micromachining and nanoelectronic field, etching is an important method to
selectively construct two-dimensional or three-dimensional nanostructure semiconductors by introducing
etchants or sacrificing the surface with powerful force [3]. To improve the ZnO nanostructure based device
performance, some research groups used acidic or basic wet etching to help to expose the high surface
energy crystal planes such as the semipolar {101} family surfaces [4]. However, it is hard to control the
surface exposure regularity of the etched ZnO nanostructures.

In this work, the in situ optical microscope is employed to help resolve the crystal shape change in the
acid etching process and reveal the morphology transformation process. To clarify the exposed crystal
facets after etching, transmission electron microscope (TEM) and scanning electron microscope (SEM)
have been used in combination with the optical microscope (OM) observation. By using such a
combination method, the etching process of ZnO nanostructures can be robustly and confidently analyzed
from atomic to nanometer scales and the etching mechanism can be simulated.

In order to prepare the sample which can be observed by the optical microscope, the high concentration
(100 mM) zinc acetate and HMTA are used for synthesizing the ZnO NAs. SEM image (Figure 1a) shows
the diameter of these ZnO microrods is around 1.4~2 um. ZnO nanoarrays are reacted with pH=2
hydrochloride acid (HCI) in a continuous flow system at a flow rate of 200 pL/min for 5 min. Figure 1b
indicates that the uniform pencil shape ZnO has been formed after the etching process. The volume of
ZnO decreases, and the diameter is 0.5~1 um. More new high energy facets are exposed.

The in situ etching process was video-recorded by an Olympus CKX41 and Chameleon®3 Monochrome
Camera, for which the time-resolved snapshots and analyzed data were shown in Figures 1c and 1d,
respectively. In the beginning, we can clearly observe that the hexagonal structure. After several seconds
when the ZnO NAs react with HCI, the nanorods are etched by HCI from the edge and the corner of the
region to the center simultaneously. After 60s, the high contrast surface is smaller than the dark area,
which indicates a prism structure is etched. It is attributed to the HCI firstly etches the top surface {001}
and the side edges {100} of ZnO.

The etched ZnO nanorod was captured by TEM (Figure 2). The pencil shape ZnO matches the SEM
images. Zooming in the tip of this etched ZnO nanorod, the high-resolution TEM images show that lots
of new facets are exposed after hydrochloride etching, and most of them are projected to be {101}
surfaces, which enclose the pencil shaped structure after etching.

In summary, ZnO nanoarrays are etched to construct different morphology by acid. In situ OM, TEM and
SEM are combined to reveal this etching process. The beam effect and resolution limitation could be
settled, which was beneficial to restoring the real scene without interfering factors. Large scale ZnO
nanostructures with high surface energy planes are prepared, which can be used as gas sensors, gas
catalysts, photovoltaic devices, photonic crystals, etc.
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Figure 1. (a) SEM image of wurtzite ZnO nanorods. (b) ZnO pencil shape structure after HCI etching. (c)
Optical microscope images of ZnO nanorod morphology evolution in acid solution. Scale bar: 1 mm. (d)
Quantification of ZnO nanorod size evolution.
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Figure 2. (a) TEM image of etched Zn0 nanrod d (b) corresponding diffraction pattern. (¢) HRTEM
image of the tip of pencil shape ZnO nanorod in (a). The insert of (c) is a simulate structure of ZnO.
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