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Calculation Methods: 

The specific capacitance (C, F g-1) of the working electrode was calculated from 

the GCD curve according to the following equation: 

𝐶 =
𝐼×∆𝑡

𝑚×∆𝑉
                  (1) 

where I (A) is discharge current, Δt (s) is the discharge time, m (g) is the mass of the 

active materials, ΔV (V) is the potential range. 

For ASC, the ZnCo2O4 nanoflowers served as the positive electrode while the 

negative electrode was CuCo2S4 hollow spheres.It is necessary to maintain charge (Q) 

balance between positive and negative electrodes according to the charge balance 

equation: Q+ = Q- (Q=m×C×△V). The mass ratio (m+/m-) is expressed as follows: 

𝑚+

𝑚−
=

𝐶−×△𝑉−

𝐶+×△𝑉+
               (2) 

where m is the mass loading, C is the specific capacitance, and ΔV is the potential 

range. 

In addition, the specific capacitances (Cs, F g-1), coulombic efficiency (η) energy 

density (E, W h Kg-1), and power density (P, W Kg-1) were calculated using equation 

(3) – (6) [1]: 

𝐶𝑆 = 2
𝐼×∆𝑡

𝑚×∆𝑉
              (3) 

𝜂 =  
𝑡𝑑

𝑡𝑐
× 100%           (4) 

𝐸 =
𝐶𝑠×(∆𝑉)2

2×3.6
              (5) 

𝑃 = 3600 ×
𝐸

∆𝑡
            (6) 

where I (A) is discharge current, Δt (s) and td (s) are the discharge time, m (g) is the 

mass of the active materials, ΔV (V) is the potential range, tc (s) is the charge time. 



The battery-type specific capacity (Cg, C g-1) of the ASC were calculated as 

follows [2-4]:  

𝐶𝑔 =
𝐼×∆𝑡

𝑚
              (7) 

where I (A) is discharge current, Δt (s) is the discharge time, m (g) is the mass of the 

active materials. 

The specific discharge capacity (Cm, mAh g-1) of the ASC were calculated as 

follows [5-7]:  

𝐶𝑚 =
𝐼×∆𝑡

3.6×𝑚
              (8) 

where I (A) is discharge current, Δt (s) is the discharge time, m (g) is the mass of the 

active materials. 

The adsorption energies (Ead) of OH on the ZnCo2O4 [111] surfaces were 

calculated as [8]: 

∆𝐸𝑂𝐻∗ = 𝐸(𝑂𝐻∗) − 𝐸(∗) − (𝐸𝐻2𝑂 − 𝐸𝐻22
1 )     (7) 

where E(𝑂𝐻∗), E(*) are the total energy after 𝑂𝐻∗ adsorption and the ground state 

energy of the surface before 𝑂𝐻∗  adsorption. 𝐸𝐻2𝑂  and 𝐸𝐻2
 are the computed 

ground state energies of H2O and H2 molecules in the gas phase. 

 

 

 

 

 

 

 

 

  



Table S1 Elemental compositions for Zn, Co, O of ZCO NF 

C (%) Co (%) O (%) Zn (%) 

30.29 18.37 42.15 9.19 

 

 

 

Fig. S1 SEM image of bare nickel foam. 

 

 

Fig. S2 (a) Nitrogen adsorption-desorption isotherms of ZCO NF. (b) The plot of pore size distribution calculated 

by BJH model. 



 

Fig. S3 UV-vis diffuse reflectance spectra of ZCO NF. 

 

 

 

Fig. S4 Kubelka-Munk plot of ZCO NF. 

 

 



 

Fig. S5 Mott-Schottky plot of ZCO NF. 

 

 

 

Fig. S6 CV curves for ZCO NF at different scan rates under dark condition. 

 

 



 

Fig. S7 CV curves for ZCO NF at different scan rates under light illumination. 

 

 

 

Fig. S8 The linear relation between log(i) and log(ν) under dark condition. 

 

 

 



 

Fig. S9 GCD curves for ZCO NF at various current densities under dark condition. 

 

 

 

 

Fig. S10 GCD curves for ZCO NF at various current densities under light illumination. 

 

 

Table S2 The specific capacitance of the ZCO NF positive electrodes at various current densities with and without 

light illumination 

 1 A g-1 2 A g-1 3 A g-1 5 A g-1 10 A g-1 

Light on 563 F g-1 532 F g-1 507 F g-1 463 F g-1 435 F g-1 

Light off 456 F g-1 445 F g-1 425 F g-1 383 F g-1 363 F g-1 

 



 

 

Fig. S11 Low- and high-magnification SEM images of ZCO NNF. 

 

 

Fig. S12 GCD curves for ZCO NF and ZCO NNF at 1 A g-1 with and without light. 

 

 

Fig. S13 GCD curves for the ZCO NNF at different current densities under dark (dash curves) and light (solid 

curves). 

 



 

 

 

Scheme S1 Schematic illustration of multi-absorption within ZCO NF. 

 

 

 

Fig. S14 Low-magnification SEM images of CuCo2O4. 

 



 

Fig. S15 High-magnification SEM image of CuCo2O4. 

 

 

Fig. S16 (a) Nitrogen adsorption-desorption isotherms of CCS HS. (b) The plot of pore size distribution calculated 

by BJH model. 

 

 



 

Fig. S17 UV-vis diffuse reflectance spectra of CCS HS. 

 

 

Fig. S18 Kubelka-Munk plots of CCS HS. 

 

 

 

 

 

 

 

 

 



 

 

Fig. S19 Mott-Schottky plot of CCS HS. 

 

 

Fig. S20 CV curves for CCS HS at different scan rates under dark condition. 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. S21 CV curves for CCS HS at different scan rates under light illumination. 

 

 

 

 

Fig. S22 GCD curves for CCS HS at various current densities under dark condition. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Fig. S23 GCD curves for CCS HS at various current densities under light illumination. 

 

 

Table S3 The specific capacitance of the CCS HS negative electrodes at various current densities with and without 

light illumination 

 1 A g-1 2 A g-1 3 A g-1 5 A g-1 10 A g-1 

Light on 305 F g-1 245 F g-1 208 F g-1 174 F g-1 127 F g-1 

Light off 174 F g-1 155 F g-1 141 F g-1 123 F g-1 90 F g-1 

 

 

 

Fig. S24 Low- and high-magnification SEM images of CCS NHS. 

 



 

Fig. S25 GCD curves for CCS HS and CCS NHS at 1 A g-1 with and without light. 

 

 

Fig. S26 GCD curves for the CCS NHS at different current densities under dark (dash curves) and light (solid 

curves). 

 

 



 

Fig. S27 The photo of ZCO NF//CCS HS ASC. 

 

 

Fig. S28 The photo of photo-assisted ZCO NF//CCS HS ASC. 

 



 

Fig. S29 Photo of the radiometer measuring the light intensity. 

 

 

Fig. S30 UV-vis spectra of ZCO NF. 

  



 

Fig. S31 CV curves of CCS HS and ZCO NF at a scan rate of 20 mV s-1. 

 

 

Fig. S32 CV curves of the ZCO NF//CCS HS ASC with the increase of the potential window. 

 



 

Fig. S33 CV curves for the ZCO NF//CCS HS ASC at different scan rates under dark condition. 

 

 

Fig. S34 CV curves for the ZCO NF//CCS HS ASC at different scan rates under light illumination. 

 

Table S4 The specific capacitance of the ZCO NF//CCS HS ASC at various current densities with and without 

light illumination 

 1 A g-1 2 A g-1 3 A g-1 5 A g-1 10 A g-1 

Light on 

448 F g-1 

(314 C g-1) 

(87 mAh g-1) 

380 F g-1 

(266 C g-1) 

(74 mAh g-1) 

326 F g-1 

(228 C g-1) 

(63 mAh g-1) 

244 F g-1 

(170 C g-1) 

(47 mAh g-1) 

142 F g-1 

(99 C g-1) 

(28 mAh g-1) 

Light off 

340 F g-1 

(238 C g-1) 

(66 mAh g-1) 

290 F g-1 

(203 C g-1) 

(56 mAh g-1) 

256 F g-1 

(180 C g-1) 

(50 mAh g-1) 

196 F g-1 

(135 C g-1) 

(38 mAh g-1) 

124 F g-1 

(87 C g-1) 

(24 mAh g-1) 

 



 

Fig. S35 GCD curves of the ZCO NF//CCS HS ASC at 1 A g-1 with the increase of the potential 

window with and without light illumination. 

 

 

Table S5 The specific capacitance of the ZCO NF//CCS HS ASC at 1 A g-1 with and without light 

illumination 

0-1.4 V 0-1.2 V 0-1.0 V 0-0.8 V 

Light on Light off Light on Light off Light on Light off Light on Light off 

448 F g-1 340 F g-1 291.6 F g-1 134.8 F g-1 254.8 F g-1 127.4 F g-1 184 F g-1 100 F g-1 

 

 

 

Fig. S36 Ragone plots of the ZCO NF//CCS HS ASC with and without light. 

 



 

Fig. S37 Photo-response stability of ZCO NF//CCS HS ASC for 2000 cycles. 

 

 

 

Fig. S38 Cycling stability and coulombic efficiency of the ZCO NF//CCS HS ASC over 5000 cycles at 10 A g-1 

under dark. Inset shows the cycling stability and coulombic efficiency of the ZCO NF//CCS HS ASC over 1000 

cycles at 10 A g-1 under light. 

 

 

 

Fig. S39 SEM images of the ZCO NF electrode after cycling. 



 

 

Fig. S40 SEM images of the CCS HS electrode after cycling. 

 

 

 

Fig. S41 The charging process of the photo-assisted ZCO NF//CCS HS ASC device. 

 



 

Fig. S42 Optimized geometric structures of ZnCo2O4 [111] with only exposed Co atoms (a), [111] with only 

exposed Zn atoms (b) and [111] with exposed Co and Zn atoms (c). 
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