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Fig. S1 Scheme of preparation of N-CSO/C using high-energy ball milling



Fig. S2 Thermogravimetric (TGA) spectra profiles of pristine CuSO4 and N-CSO/C composite



Fig. S3 (a) Charge/discharge curve, (b) differential capacity (dQ/dV) of initial cycle of N-

CSO/C at current rate of 12 mA g-1 in the voltage range of 1.1-4.1 V (vs. K+/K)



Fig. S4 Comparing (a) SEM images, (b) SAED patterns of N-CSO/C before cycle and after 

200 cycles 



Fig. S5 CV profiles of the N-CSO/C electrode measured at 1 mV s-1 .



Fig. S6. Charge/discharge curves of one- and two-times pre-cycled hard carbon in the voltage 

range of 0.01-2.0 V (vs. K+/K) at 30 mA g-1



Fig. S7. Cycle performances of N-CSO/C-based full-cell using one- and two-times pre-cycled 

hard carbon in the voltage range of 0.01-2.0 V (vs. K+/K) at 30 mA g-1. 



Fig. S8 (a) Charge/discharge curves of pristine CuSO4 at various current rates (b) Comparing 

cyclic performance between pristine CuSO4 and N-CSO/C during 200 cycles at 360 mA g-1 

after 1 cycle at 120 mA g-1

Before cycle test



Fig. S9 Electrochemical impedance spectra profiles of pristine CuSO4 and N-CSO/C composite



Fig. S10 Each voltage points of preparation samples on charge/discharge curve of N-

CSO/C for operand/ex-situ XRD, ToF-SIMS, XANES and EXAFS measurements



Fig. S11 Ex-situ XRD patterns of N-CSO/C electrodes with the expanded regions



Fig. S12 Electrochemical impedance spectra profiles of fully charged/discharged N-CSO/C 

electrode 



Table S1 (a) Predicted theoretical redox potentials of CuSO4 and CuO using first principles 

calculation (b) Formation energies of CuSO4, K2SO4, Cu and K obtained by first principles 

calculation





Table S2 Comparison of theoretical voltage of CuSO4 corresponding to counter metal of Na, 

Mg and K



Table S3 Lattice parameters of pristine CuSO4



Table S4 Comparison of electrochemical performances with previously reported various full 

cells for PRBs


