Nanostructured surfaces

Water Droplet Spreading Behavior for ZnO columnar Films
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ZnO thin films with various grains size and density were deposited onto glass substrates at room
temperature by radio-frequency (RF) magnetron sputtering under different sputtering powers. The
microstructures and surface wettability of the ZnO thin films were investigated by scanning electron
microscopy (SEM) and contact angle measurement. Recently, many reports [1] indicated that the
surface wettability was affected by microstructure and surface morphology. As shown in SEM images
of ZnO columnar films deposited under different sputtering powers, it can be seen that grain size of
ZnO columnar films increased with increasing RF powers, this improvement could be attributed to ion
bombardment of high Ar plasma energy that leading to the grain transformation. [2] The contact angle
(CA) of ZnO columnar films deposited from 50, 100, to150 W is 71.3, 89.9, and 73.6 deg, respectively.
The ZnO columnar films deposited at 100 W with the highest CA value is due to the aperture on ZnO
columnar films surface provide an opportunity to form air pocket, therefore, when the water droplet on
the surface with many air pockets, it is mostly in contact with air pockets rather than solid surface, thus
leading to high contact angle. On the other hand, the ZnO columnar films deposited at 50 W and 100 W
exhibited a poor water contact angle due to flat and rough surface, it is difficult to form air pockets on
flat surface, and the air pockets are large that can’t afford water droplet on the rough surface.[3] Fig. (e)
and (f) show that the CA switching rate of the ZnO columnar film with rough and flat surface, both CA
value obviously decreased with increasing the contact time. In several cases of the contact angle
measurements, the water droplet gradually spread out after contacting ZnO films. At first, this
phenomenon was observed unstable contact angle due to the attributed metastable liquid-air interface
of ZnO films. When a water droplet contacted the films surface, it sank into the gaps and holes between
the grains until stabilized. As the result, this research work demonstrates that the wettability of ZnO
can be controlled by sputtering power, and it is a good choice for self-cleaning device.
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Fig. SEM images and photographs of water droplets are for different RF powers of (a) 50 W, (b) 100
W, and (c) 150 W. The change rate of water contact angle with different ZnO films are shown in (d).
The water droplet spreading behavior for ZnO films is with different deposition powers of (e) 100 W
and (f) 150 W, respectively.
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