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Abstract: A surface with gradient wettability can realize the directional movement of droplets based on only its own characteristics
without any external energy input, which makes it suitable for use in water collection, microfluidics, and self-cleaning. Therefore,
flower-like ZnOHF films were prepared using a hydrothermal method and based on their photo-response characteristics, single-side
wettability gradient surfaces were prepared using UV irradiation under different irradiation times. The directional spreading behavior
of droplets on the gradient surface was then studied, and the phase composition of the product was characterized using an XRD
analysis. The results show that the product of the hydrothermal reaction was ZnOHF with high purity and crystallinity, whose
microstructure was observed using SEM. Based on the results, many flower-like ZnOHF were densely distributed on the surface of
the mesh, which was composed of many slender nanosheets. Many of the nanosheet monomers converged at the same center on one
end and diverged in all directions at the other end, indicating the structure is highly-branched. The morphology of the reaction process
was observed and combined with an existing branching crystal growth mechanism, and the results showed that the flower-like ZnOHF
was obtained via crystal separation. Moreover, the wettability of the ZnOHF films was characterized using contact angle measurement,
and the surface changes on the ZnOHF film before and after UV irradiation were characterized using FT-IR. Before UV irradiation,

the ZnOHF film was superhydrophobic, and the peak value of the -OH group was low, indicating that the number of-OH groups was
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less. After 3 h of UV irradiation, the peak value of the -OH group significantly increased, indicating that the number of -OH groups
adsorbed on the surface of the ZnOHF film had increased, which shows the transition from superhydrophobic to superhydrophilic.
However, the -OH group adsorbed on the oxygen vacancy was not stable, and the contact angle of the ZnOHF film with water was
restored to 152° after 5 days of darkroom treatment. Additionally, the surface could still be converted to a superhydrophilic state after
3 h of UV light treatment. This process was repeated multiple times, and the results showed that the wettability conversion of the
ZnOHF film is reversible. The gradient wettability surface was prepared by varying the UV irradiation time of the ZnOHF film, and
the spreading process of the droplets was recorded using contact angle measurement. The results showed that under UV irradiation,
the contact angle of the mesh first rapidly changes before decelerating, and it can be varied from 152° to 0° within 3 h. On the gradient
surface, the water droplets were spread 4.08 mm from the light initiation line to superhydrophilic at a speed of 7.42 mm / s, which was
faster (1.16 mm / s) and farther (3.82 mm) than that on the non-gradient surface. Moreover, the droplets on the gradient surface could
also overcome gravity, and their velocity (3.84 mm / s) was higher than that on the non-gradient surface. The main driving force for
the spreading of droplets on the gradient surface was the unbalanced surface tension; thus, the spreading of the droplets with different
volumes to the light boundary was accelerated. Additionally, the two-side wettability gradient surface can also make small droplets
converge in the hydrophilic region. When the droplets accumulated and reached a certain volume, they penetrated downwards to
achieve the effect of water collection. In this regard, the water collection capacity of the two-sided gradient wettability surface was
increased by 31% compared to that of the original surface. In summary, a gradient wettability ZnOHF film was prepared using
controlled UV irradiation, the directional spreading behavior of droplets on the gradient wettability surface was studied, and the
application of the two-sided gradient wettability surface in water collection was verified.
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