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Experimental Section: 

Preparation of MnO2 Nanopowders (the control sample) 

α-MnO2 powder: The α phase MnO2 powders were synthesized as the control sample to 

observe the typical morphology of α-MnO2 using the hydrothermal method.[1] The solution 

was prepared by dissolving 0.1249 g KMnO4 and 0.0423 g NH4Cl in 40 mL of deionized 

water under mechanical stirring. The resulting solution was transferred to a 50-mL Teflon-

lined autoclave and then heated at 200 °C for 24 h. After cooling down to room temperature, 

the MnO2 products were washed with deionized water and ethanol several times and then 

dried in air at 80 °C for 12 h.  

δ-MnO2 powder: The δ phase MnO2 powders were synthesized using a hydrothermal method, 

which was similar to the reported one.[2] The solution was prepared by dissolving 0.9725 g 

KMnO4 in 40 mL of deionized water under mechanical stirring. The resulting solution was 

transferred to a 50-mL Teflon-lined autoclave and then heated at 220 °C for 12 h. After 

cooling down to room temperature, the MnO2 products were washed with deionized water 

and ethanol several times and then dried in air at 80 °C for 12 h.  

β-MnO2 powder: The β phase MnO2 powders were synthesized using a reported 

hydrothermal method[3]: 20 ml KMnO4 (0.1 M) and 20 ml MnSO4·H2O (0.6 M) were mixed 

with continuous stirring for 30 min at room temperature. The mixture solution was 

transferred to a 50-mL Teflon-lined autoclave and then heated at 140 °C for 12 h. After 

cooling down to room temperature, the MnO2 products were washed with deionized water 

and ethanol several times and then dried in air at 80 °C for 10 h. 
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Preparation of MnO2 Electrodes (the control sample) 

The working electrode for comparison was prepared by loading sample powders on nickel 

foam (NF). The NF was cleaned with hydrochloric acid (3.0 M) for 15 min to remove the 

nickel oxides, followed by rinsing with Milli-Q water and ethanol three times. Then, 5 mg of 

powders were dispersed into 2.48 mL of DI water and 20 µL of 5 wt% Nafion solution. After 

that, the mixture solution is put in an ultrasonic bath for 30 min to form a homogeneous ink. 

Then load 25 µL of catalyst ink on one side of a 0.5 ˟ 2 cm2 nickel foam (loading size 0.5 ˟ 

0.5 cm2, sample loading mass 0.2 mg cm-2). Finally, the electrode was dried in vacuum at 

room temperature.  
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Fig. S1. Photos of NF before and after hydrothermal reaction. 

 

Fig. S2. (a) XRD patterns of MnO2-NF-3h; XRD patterns of MnO2-NF-3h with 2θ from 10 to 

40 (inset); (b) XRD patterns of MnO2-NF-48h;(c) XRD patterns of MnO2-NF-3h, MnO2-

NF-12h, MnO2-NF-24h, MnO2-NF-36h and MnO2-NF-48h with the 2θ from 9 to 80; (d)XRD 
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patterns of MnO2-NF-3h, MnO2-NF-12h, MnO2-NF-24h, MnO2-NF-36h and MnO2-NF-48h 

with the 2θ from 9 to 46. 

 

Fig. S3. (a) XRD patterns of alpha MnO2 nanopowder; (b) Morphologies of alpha phase 

MnO2 nanopowder. 

 

Fig. S4. XPS survey spectrum for (a) MnO2-NF-3h, and (b) MnO2-NF-48h. 

S-5



 

Fig. S5. EDS spectra of element compositional analysis: (a) MnO2-NF-3h, and (b) MnO2-

NF-48h. The Cu peak is from the TEM copper grid for loading samples. 

 

Fig. S6. Photo of solution after 3 hours hydrothermal reaction.  
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Fig. S7. CVs for (a) MnO2-NF-3h, (b) MnO2-NF-24h, and (c) MnO2-NF-48h measured in a 

potential window without Faradaic processes at different scan rates: 5, 10, 20, 30, and 40 mV 

s-1. 
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Fig. S8. Chronopotentiometric curve of MnO2-NF-48h for OER and HER at 100 mA cm−2. 

 

Fig. S9. XRD patterns of post-MnO2-NF-48h for OER and HER test. 
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Fig. S10. SEM results of MnO2-NF-48h after 12 h stability test, (a) OER test, (b) HER test. 

Table S1 Comparison with catalytic performances of selected previously reported MnO2 

electrocatalysts.  

Catalysts

HER OER

Electrolyteη (V) at     
j=100 mA 

cm-2

Tafel slope 
(mV/dec)

η (V) at 
j=100 mA 

cm-2

Tafel slope 
(mV/dec)

MnO2-NF-48h  
(This work)

0.18 110 0.48 123 1 M KOH

NS-MnO2 [4] 0.35 66 ~ 0.44 40 1 M KOH

NF-Ni3S2/MnO2 [5] 0.197 69 ~ 0.37 61 1 M KOH

U-CoNi-S-NSA/MnO2 [6] ~ 0.33 158.2 ~ 0.33 73.8 1 M KOH

MnO2-CoP3/Ti [7]  / / ~ 0.37 65 1 M KOH

MnO2/NiCo2O4/NF [8] / / ~ 0.44 139 1 M KOH

Ni/DMTD/MnO2 [9] / / > 0.47 / 1 M KOH

S-9



                     

                                       Fig. S11. XRD patterns of δ-MnO2 and β- MnO2. 

 

Fig. S12. (a) OER LSV curves of NF, α-MnO2, δ-MnO2 and β-MnO2; (b) HER LSV curves of 

NF, α-MnO2, δ-MnO2 and β-MnO2. 

It is well known that the MnO2 powder exhibits lower catalytic performance compared to in-

situ grown samples.[4] As shown in Fig S12a and b, α-MnO2 exhibits the best catalytic 

performance, which is consistent with the previous report.[10] In addition, both α-, β-, and δ- 

MnO2 exhibit relatively weak HER performance. The poor contact between active material 
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and NF, and weak conductivity leads to poor catalytic performance, which proved the 

advantages of in-situ growth of MnO2 on NF.  

 

F i g . 

S13. 

Electronic band structure comparison of α-MnO2, δ-MnO2, α-MnO2-x and δ-MnO2-x based on 

first-principles DFT calculations. 
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