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Abstract: Recently, cupric oxide nanowires(CuO NWs) have drawn considerable attention owing to their unique properties and
potential technical applications, which are mainly derived from their small size and particular structure. In practical applications,
many methods have been employed to tailor the structure and composition of CuO NWs, and hence improve their performance.
Among these, ion beam technology, as a precise and controllable surface decoration technique, has attracted increasing research
interest for modulating the properties of CuO NWs. First, highly crystalline CuO NWs with high density and large aspect ratio were
prepared via thermal oxidation of a copper mesh in an oxygen atmosphere. Subsequently, the CuO NWs were bombarded with an Ar
ion beam for different durations (0, 5, 10, 15, and 20 min) at the energy of 860 eV. The effects of low-energy Ar ion beam treatment
on the microstructure, chemical composition, and surface wettability of the CuO NWs were investigated via scanning electron
microscopy(SEM), X-ray photoelectron spectroscopy(XPS), transmission electron microscopy(TEM), and contact angle measurement
(CA). The results show that the tips of the CuO NWs became bent, and the surfaces of the CuO NWs were rougher after the
low-energy Ar ion beam treatment. The bending of the CuO NWs may be due to the thermal stress generated by the temperature
gradient, caused by heat from the incident Ar ions. The surface roughness of the CuO NWs was attributed to the surface sputtering

effect. With an increase in treatment time, high-temperature fusion appeared between the adjacent CuO NWs because excessive
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energy precipitation cannot diffuse in a short time. With longer treatment times, the tip areas of the CuO NWs gradually changed from
a bicrystalline(monoclinic) to an amorphous structure. This structural change was due to the formation of crystal defects, such as
vacancies, from the surface sputtering effect, as well as the diffusion of defects into the inner CuO NWs induced by the
temperature-rising effect. In addition, some of the CuO on the surface of the CuO NWs was reduced to Cu,O after the ion beam
treatment. This is closely related to the preferential sputtering of oxygen in the metal oxide, and the vacancy-mediated diffusion of
copper atoms to the surface may also play a role in the formation of Cu,O. Furthermore, measurements showed that the static water
contact angle(SWCA) of the CuO NWs dramatically increased from (8642)° to (1524 3)°, and then slightly decreased to (141 £2)°
after treatment for different times. The largest SWCA approached (152+3)° with the optimal treatment time of 10 min, suggesting
that the surface of CuO NWs is super-hydrophobic. The shift in the surface wettability of the CuO NWs can be attributed to the
special rough structure created by modification with the low-energy Ar ion beam, which enables the surface of the CuO NWs to trap a
large amount of air, efficiently avoiding direct contact between the water droplets and CuO NWs. Therefore, low-energy Ar ion beam
surface treatment is a promising technique for achieving more precise modulation of the morphology, structure, chemical composition,

and properties of CuO NWs. The results of this study also provide a theoretical and experimental basis for accurately regulating the

properties of other one-dimensional nanomaterials using ion beam technology.
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Fig. 1 Schematic diagram of experimental process
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Fig.2 SEM images of CuO NW samples after low-energy Ar ion beam treatment
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Table 1 Average density, average length, Cu" to Cu? ratio, O.on; t0 Oy ratio of CuO NW samples

before and after low-energy Ar ion beam treatment

Treatment time ¢ / min 0 5 10 15 20
Average density p, / (10 / cm?) 411 3.99 3.87 3.85 3.75
Average height 7,/ pm 15.7 152 14.6 142 13.8
Ratio of element content (Cu’: Cu®") / % 0 0.794 3 0.806 3 0.604 0 0.567 3
Ratio of element content (Ogqp : Oae) / % 1.2333 6.220 3 5.626 7 5.894 4 6.1877
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Fig.3 TEM, HRTEM and SAED images of CuO NW samples before and after low-energy Ar ion beam treatment.
(a), (e) Low-magnification TEM images; (b), (f) HRTEM images;
(c), (g) Magnified images of the area in the red dashed rectangles; (d), (h) Corresponding SAED patterns.
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Table 2 Calculated f'of CuO NW samples after low-energy Ar ion beam treatment for various times from the Cassie-Baxter equation

Treatment time Static water contact angle of

cosd

Area fraction of

Static water contact angle of v
g air-liquid contact

cos b,

t/ min pristine CuO NWs ¢/ (°) treated CuO NWs 4. / (°) interface £/ %
5 86 0.069 7 139 -0.7547 0.770 6
10 86 0.069 7 152 -0.8829 0.890 6
15 86 0.069 7 143 —0.798 6 0.8112
20 86 0.069 7 141 -0.777 1 0.7912
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Fig. 7 Schematic illustration of the mechanism from surface wettability conversion of
CuO NW samples after low-energy Ar ion beam treatment.
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