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1. Electrochemical performance calculation
Based on GCD curves, the areal specific capacitances of the as-synthesized electrodes were calculated according to the equation S1:
                                  (S1)
where Cg (F g-1) is the specific capacitance of the working electrode, I (A) is the discharge current, Δt (s) is the total discharge time for one complete cycle, ΔV (V) is the voltage window during the reaction, and m (g) is the mass of the electrode material involved in the reaction.
For the fabrication of ASC device, areal capacitance (Ccell, F cm-2), energy density (E, mWh cm-2) and power density (P, mW cm-2) of device were calculated from current charging/discharging curves using the following equations, respectively.
	                                                            (S2)
	 	                                                        (S3)
		                                                         (S4)
where I, S, Δt, ΔV are the discharge current (A), area of the device (cm2), discharge time (s), and voltage window (V) of the discharge process, respectively.


2. Characterization
Powder X-ray diffraction (XRD, Rigaku SmartLab Cu Kα radiation λ=1.5406 Å) was used to analyze composition of the electrodes. Field-emission scanning electron microscopy (FE-SEM, JSM 7500F) and transmission electron microscope (TEM, Tecnai, G220 UTWIN) were used to observe micromorphology of the electrodes. X-ray photoelectron spectroscopy (XPS) were performed on a PHI Quantera II spectrometer to characterize the chemical composition and valence state information. 


3. Electrochemical Measurements
The electrochemical performance was tested using Shanghai Chenhua's 760e instrument. The performance of a single electrode was measured using three electrodes, in which the prepared sample (MnO2, Mo-MnO2 or Mo-MnO2/AC) was the working electrode, the saturated calomel electrode (SCE) was the reference electrode, the platinum sheet electrode was the counter electrode, and 1 M CH3COONH4 solution was the electrolyte. The performance of the device was tested using a two-electrode system, with Mo-MnO2/AC (1.0 cm×1.0 cm) materials as the positive electrode and the ACC (1.0 cm×1.0 cm) as the negative electrode.


4. Supplementary figures 

[image: S1]
Fig. S1. (a)CV curves of the MnO2 anode at 5−50 mV s−1. (b) GCD curves of MnO2 sample at 2−20 mA cm−2
[image: S2]
Fig. S2. (a)CV curves of the Mo-MnO2 anode at 5−50 mV s−1. (b) GCD curves of Mo-MnO2 sample at 2−20 mA cm−2
[image: S3]
Fig. S3. (a)CV curves of the Mo-MnO2/AC anode at 5−50 mV s−1.
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