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Fig. S1 XRD patterns of different CuO nanostructures.
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Fig. S2 a, b) SEM images and c) XRD pattern of the sample synthesized in pure EG.



Fig. S3 Typical XPS spectra of three different nanostructures. CuO nanoflakes: a) survey spectra, 

b) Cu2p region, and c) O1s region; CuO nanourchins: d) survey spectra, e) Cu2p region, and f) O1s 

region; CuO nanoflowers: g) survey spectra, h) Cu2p region, and i) O1s region.

The survey XPS spectra indicates that the sample only contain Cu and O elements. The high-

resolution XPS spectrum for the Cu 2p shows the binding energies of the Cu 2p3/2 and Cu 2p1/2 

peaks at ca. 934 eV and 954 eV, respectively, which are typical values for Cu2+ in CuO.36 The 

satellite peak at ca. 943 eV is evident of an open 3d9 shell, corresponding to shell Cu2+ state.37 In 

addition, the fitted O 1s spectrum is characterized by two bands. The peak at about 530 eV is 

assigned to the CuO lattice oxygen, and the binding energy ~ 532 eV has been assigned in the 

literature to the presence of water.36 Therefore, the obtained nanoflowers is pure CuO, which is 

consistent with the XRD result.



Table S1 The atomic ratios of Cu and O elements calculated from the XPS spectra.

Fig. S4 EDS spectrum of different CuO nanostructures. 



Fig. S5 a-d) SEM images and e) XRD patterns of CuO nanoflakes after different reaction time: a) 

20 min; b) 40 min; c) 1 h; d) 4 h. 



Fig. S6 a-d) SEM images and e) XRD patterns of CuO nanourchins after different reaction time: a) 

15 min; b) 30 min; c) 45 min; d) 2 h. 



Fig. S7 a-d) SEM images and e) XRD patterns of CuO nanoflowers after different reaction time: a) 

40 min; b) 1 h; c) 1.5 h; d) 4 h. 



Fig. S8 a) A schematic of a CuO primary crystal, and b–d) atomic arrangements in (100), (010), 

and (001) planes, respectively.

Fig. S9 a) TEM and b) HRTEM images of nanowires synthesized at 40 min during the formation 

of CuO nanoflowers.



Fig. S10 SEM images and XRD patterns of the products prepared in different solvent by using 

NaOH instead of n-butylamine under the same pH values: a) DIW, b) VDIW : VEG = 16:6, c) VDIW : 

VEG = 6:16.



Fig. S11 SEM images of the products prepared by different solvent and content of n-butylamine: a, 

b) DIW, 0.5 mL; c, d) DIW, 4 mL; e, f) VDIW : VEG = 16:6, 0.5 mL; g, h) VDIW : VEG = 16:6, 4 mL; 

i, j) VDIW : VEG = 6:16, 0.5 mL; k, l) VDIW : VEG = 6:16, 4 mL.



Fig. S12 Variation of specific capacitance versus scan rate for the CuO nanoflake, nanourchin, 

and nanoflower electrodes.



Fig. S13 a) The GCD curves of different CuO nanostructures after 8000 cycles, and SEM images 

of the active materials after 8000 charge-discharge cycles: b) nanoflakes; c) nanourchins; d) 

nanoflowers.



Table S2 The electrochemical performance of as-prepared 3D ordered CuO nanostructures 

compared with other CuO nanosturtures and other materials such as NiO, Co3O4, MnO2, and RuO2 

using standard three-electrode system.



Fig. S14 a) Magnitude vs. frequency plots and b) Bode phase of different CuO electrodes.



Table S3 Internal resistance (Rs) and charge transfer resistance (Rct) of different CuO 

nanostructures after 1 and 8000 charge–discharge cycles.



Ion diffusion calculation. 

Diffusion flux is determined by Fick’s first law as following equation. 

where J is diffusion flux, D is diffusion coefficient. J is proportional to concentration gradient. 

Diffusion coefficient is related to the mobility of the diffusion ions and is proportional to the 

squared velocity of diffusing ions, which means the faster diffusion of ions with higher diffusion 

coefficient. The electrochemical impedance spectroscopy (EIS) can be used to estimate ion 

diffusion at electrode surface. The straight spot of the imaginary impedance against the real 

impedance in the low-frequency region indicates the ion diffusion controlled system due to the 

fractal geometry effects on the electrode surface.S3,S4 Therefore, the Warburg impedance (Zw) 

from a semi-infinite diffusion of ions can be evaluated as follow: S3

where σ is the Warburg coefficient and ω is the angular frequency. It can be seen that the linear 

plot of the real (Z′) or imaginary (Z″) part against the angular frequency (ω-1/2) determines the 

Warburg coefficient (σ) value from the slope of the plot, as shown in Fig. 5d. The diffusion 

coefficient (D) of electrolyte ions at the interfacial region is calculated according to the following 

equation 2:S4

where R is the gas constant, T is the absolute temperature, n is the charge-transfer number, A is the 

area of the electrode surface, and C* is the electrolyte concentration. 



Fig. S15 CV curves of the CuO nanoflowers//AC asymmetric supercapacitor within different 

potential windows at a scan rate of 50 mV s-1.
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