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Experimental Section

1. Sample preparation

Synthesis of Mn2O3 and CMO

0.5 g C6H8O7 and 1 g Mn(CH3COO)2 are put into the deionized water (DI) (100 

mL). And then, stir the above solution with a glass rod to obtain a clear and colorless 

solution. Subsequently, add 5 M NaOH dropwise until the solution turns dark orange. 

Next, the above solution is transferred to the Teflon-lined sealed autoclave in order to 

conduct hydrothermal reaction, and set the temperature to 150 ℃ and time to 3 h. Then, 

centrifuge washing of the reacted solution with ethanol and DI three times. Put the 

product in a vacuum drying oven and dry at 60 ℃ for 12 h. Finally, transfer the dried 

powder to a muffle furnace and calcine at 500 ℃ for 1 h under the condition of 2 ℃ 

min-1 and the Mn2O3 can be obtained. As for the CMO, the only difference is that 0.1 g 

of CsCH3COO is added together with the 0.5 g C6H8O7 and 1 g Mn(CH3COO)2 in the 

initial hydrothermal process.

2. Electrochemical measurements

The electrochemical performances test of the electrodes and aqueous magnesium 

ion capacitors are carried out by NEWARE battery test system, multi-channel 

electrochemical analyzer (VMP3, Bio-Logic-Science Instruments) and CHI (760E, 

Chenhua) under the room temperature, including constant current charging and 

discharging (GCD) and galvanostatic intermittent titration technique (GITT) (The 

titration time of the charging process is 600.05 s, the titration time of the discharging 

process is also 600.05 s and the rest time is 600 s), cyclic voltammetry (CV), as well as 



                                                                 

Electrochemical Impedance Spectroscopy (EIS) electrochemical workstation which is 

tested under the open circuit potential from 10 mHz to 600 kHz. 

3. Details of assembling a three-electrode cell system

The cathode materials of Mn2O3 and CMO are tested in the three-electrode cell 

system with Hg/HgO as the reference electrode and graphite rods as the counter 

electrodes in the 0.5 M MgSO4. The preparation of working electrodes mainly involves 

taking the Mn2O3 or CMO, Super P and Polyvinylidene fluoride (PVDF) in a ratio of 

8:1:1 in the N-methylpyrrolidone (NMP) solution, making viscous slurry adhere on the 

surface of hydrophilic carbon paper, as well as putting it into the vacuum drying oven 

for 12 hours at 60 ℃. The loading amount of active material on each electrode which 

is approximately 1.5 mg and the electrode area of Mn2O3 and CMO in three-electrode 

cell are all 1.13 cm2.

4. Details of assembling the Mn2O3//AC and CMO//AC 

The preparation of the cathode electrode is consistent with the situation of the 

three-electrode cell system. As for the anode electrode, activated carbon (AC), Super P 

and PVDF are mixed in a ratio of 8:1:1 in the N-methylpyrrolidone (NMP) solution 

until they become a viscous slurry which will be coated on carbon paper dried in a 

vacuum drying oven for 12 h at 60 ℃. CR2032 type coin cells are assembled with the 

Mn2O3 electrode or CMO electrode (The loading amount of active material on each 

electrode which is approximately 1.5 mg and the electrode area of Mn2O3 and CMO in 

full cell tests are all 1.13 cm2), AC electrode and 0.5 M MgSO4 electrolyte by the 

traditional methods. In order to fully utilize the capacity potential of various electrodes, 



                                                                 

the load mass of anode electrode, AC, is calculated based on the following four 

equations[1]:

Csp =  
It

m∆U
(1)

Q -  =  Q + (2)

Q =  Csp ×  ∆U ×  M (3)

M -

M +
 =  

(Csp, + ) ×  (∆U + )

(Csp, - ) ×  (∆U - )
(4)

Where Csp represents specific capacitance, I represents the constant discharge current, 

t represents the discharge time, m represents the mass loading, ∆U represents potential 

window and M represents the mass loading of the working electrode.

Furthermore, the energy density (E) and power density (P) of the capacitors are 

calculated by equations as following:[2]

   
E =  

1
2
CspV2 (5)

P =  
E
t

(6)

Where Csp represents specific capacitance, V represents the voltage window of the cell 

and t represents the discharge time.

5. Material Characterizations

The phases purity of Mn2O3 and CMO are identified by XRD using a Rigaku 

Smartlab SE with Cu Kα radiation (α = 0.15418 nm). The chemical compounds of two 

samples are identified by XPS (Thermo Scientific K-Alpha) and the data is calibrated 



                                                                 

by referencing the C 1s peak value to 284.8 eV. The specific surface area and porosity 

analysis of two samples are identified by BET (Micromeritics Tristar Ⅱ 3020). The 

chemical structures of two samples are identified by FTIR (Thermo Scientific Nicolet 

iS20). The morphologies of two samples are observed by SEM (HITACHI, SU8010) 

and TEM (JEM-2100).



                                                                 

Table S1. The comparison of the peak area of Cs 3d Mn 2p, and O 1s of CMO

XPS peak area peak area

Cs 3d 1987.02 (Cs 3d3/2) 3093.14 (Cs 3d5/2)

Mn 2p 11460.45 (Mn 2p1/2) 22622.75 (Mn 2p3/2) 

O 1s 20819.856 \



                                                                 

Table S2. The comparison of capacity between this work and other previously reported 

literatures in the three-electrode cell system.

Electrode Materials Electrolyte
Current 
density
 (A/g)

Capacity 
(mAh/g) Ref.

CMO 0.5 M MgSO4 0.1 214.442 This work

AlxMnO2−z 0.5 M MgSO4 0.1 197.02 [1]

Ni0.3-Mg-1 0.5 M MgSO4 0.01 195.4 [2]

FeVO4/C 1 M MgSO4 0.05 184.2 [3]

Mg-OMS-1/graphene 0.5 M Mg(NO3)2 0.02 194.1 [4]

1.6-Mg-OMS-7 0.5 M MgSO4 0.01 150.8 [5]

Mg-OMS-1 0.2 M MgCl2 0.1 115 [6]

Mg-OMS-2/graphene 0.5 M MgCl2 0.1 117 [7]

Mg-OMS-1 0.2 M Mg(NO3)2 0.1 103 [8]

Prussian blue type nickel 
hexacyanoferrate (PBN) 1 M MgSO4 0.1 65 [9]

LVP 4 M Mg(TFSI)2 0.1 102.104 [10]

Mn3O4-M 2 M MgSO4 0.1 105.8 [11]

Mn3O4-A 1 M MgSO4 0.2 98.9 [12]

Mg2MnO4
1 M MgSO4+0.1 M 

MnSO4
0.16 116.1 [13]

Na0.7MnO2.05 1 M MgSO4 0.1 22 [14]

Li3V2(PO4)3 0.5 M Mg(ClO4)2/PC 0.5 85 [15]

FeVO4·0.9H2O/Graphene 1 M MgSO4 0.5 86.6 [16]

MO-2/MWCNT 0.5 M MgSO4 1 56.8 [17]

MgFe1.33Mn0.67O4(MFM-2) 0.5 M MgCl2 1 78.5 [18]

δ-MnO2@MWCNTs/CC 0.5 M MgSO4 1 64.8 [19]

V2O5
0.8 M Mg(TFSI)2-
85%PEG-15%H2O

1 54 [20]



                                                                 

Table S3. The comparison of energy density between this work and other aqueous 

energy storage devices.

Cathode//Anode Electrolyte Voltage 
(V)

Energy 
density 
(Wh/kg)

Ref.

CMO//AC 0.5 M MgSO4 1.9 124.91 This work

ECMB//polyimide 0.5 M Mg(ClO4)2 2.2 65.2 [21]

δ-MnO2@MWCNTs/CC//AC 0.5 M MgSO4 2 63.3 [19]

Mg2MnO4//PI 1 M MgSO4+0.1 M 
MnSO4

1.6 60.1 [13]

NiCo-120// AC 2 M KOH 1.6 50.5 [22]

AMO//AC 0.5 M MgSO4 1.9 104.86 [1]

Mg-OMS-1//FeVO4·0.9H2O/Graphene 1 M MgSO4 1.8 58.5 [16]    

MnNiCo2O4 NHB//YP-50 2 M Na2SO4 2 45.4 [23]

MnO2/CNTs//NaTi2(PO4)3
1 M Na2SO4-2 M 

MgSO4
1.8 46.5 [24]

Mg-OMS-2/Graphene//AC 0.5 M Mg(NO3)2 2 46.9 [7]

PBN//Polyimide 1 M MgSO4 1.55 33 [9]

Ni/SnS2@Ni(OH)2-CC//AC 1 M KOH+20 mM 
ZnO 1.6 35.3 [25]

Mn-Ni LDO-C//AC 1 M KOH 2 39.1 [26]

NaMnO2//NaTi2(PO4)3 2 M CH3COONa 1.8 30 [27]

Mn3O4-M//AC 2 M MgSO4 2 20.2 [11]

Ni-Zn-Fe-LDH//AC 6 M KOH 1.17 14.9 [28]

Mo-NiS2@NiCo-LDH//AC 6 M KOH 1.6 20.3 [29]

Nb2O5//AC 0.5M ZnSO4 2 60 [30]
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Fig. S1. The C 1s spectra of Mn2O3 and CMO



                                                                 

(a) (b)

Fig. S2. (a-b) SEM image of the Mn2O3.



                                                                 

(a) (b) (c)

(d)

Fig. S3. (a-d) The elemental mapping images and EDS images of the Mn2O3.



                                                                 

Fig. S4. (a-b) TEM image of the Mn2O3.

(b)(a)



                                                                 

Fig. S5. EDS images of the CMO.
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Fig. S6. GCD curves of the Mn2O3 at 0.1 A/g, 0.2 A/g, 0.3 A/g, 0.5 A/g, 0.8 A/g and 
1.0 A/g.
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Fig. S7. The relationship between current density and scan rate of Mn2O3 and CMO.



                                                                 

(a) (b)

Fig. S8. (a) SEM images of Mn2O3 after 900 cycles. (b) SEM images of CMO after 
1500 cycles.
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Fig. S9. (a) The CV curves of the Mn2O3 electrode at scan rates of 0.2, 0.4, 0.6, 0.8 and 

1.0 mV/s. (b) The log (i) versus log (v) plots of corresponding four redox peaks in the 

CV curves of the Mn2O3 electrode. (c) The capacitive contributions at scan rates of 0.2, 

0.4, 0.6, 0.8 and 1.0 mV/s of the Mn2O3 electrode in the 0.5 M MgSO4 electrolyte. (d) 

The proportion of capacitance contribution of total capacity of the Mn2O3 electrode at 

a scan rate of 1.0 mV/s.



                                                                 

0.0 0.5 1.0 1.5 2.0
-0.2

-0.1

0.0

0.1

0.2

C
ur

re
nt

 d
en

si
ty

 (A
/g

)

Voltage (V)

 0.2 mV/s
 0.4 mV/s
 0.6 mV/s
 0.8 mV/s
 1.0 mV/s

0 1000 2000 3000 4000 5000 6000
0.0

0.5

1.0

1.5

2.0
V

ol
ta

ge
 (V

)

Time (s)

 0.1 A/g
 0.2 A/g
 0.3 A/g
 0.5 A/g
 0.8 A/g
 1.0 A/g

(a) (b)

Fig. S10. (a) GCD curves of Mn2O3//AC at 0.1 A/g, 0.2 A/g, 0.3 A/g, 0.5 A/g, 0.8 A/g 
and 1.0 A/g. (b) CV curves of Mn2O3//AC at scan rate from 0.2 mV/s to 1.0 mV/s.
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Fig. S11. Comparison of Nyquist plots of Mn2O3//AC and CMO//AC at open-circuit 
voltage (the equivalent circuit diagram inset in the Figureure S8).



                                                                 

(a) (b)

Fig. S12. Images of successful applications in (a) a watch and (b) a mobile phone.
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