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Fig. S1 The FTIR spectrum of the powder from Mn oxide on the surface of

A500.
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SEM HV: 15.0 kV WD: 9.96 mm

View field: 10.4 pm Det: BSE
SEM MAG: 20.0 kx Date(mld.'y) 01!19[15

 SEMHV:150kV | WD:9.96 mm
View field: 5.93 pm | Det: SE

SEM MAG: 35.0 kx |Date(m/dly): 01/19/15 |
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MIRA3 TESCAN SEM HV: 15.0kV | WD: 9.96 mm

View field: 5.93 pm | Det: BSE
RMRC SEM MAG: 35.0 kx |Date(m/dly): 01/19/15 |

< "
MIRA3 TESCAN SEM HV: 15.0 kV WD: 9.96 mm
View field: 2.77 pm Det: SE
RMRC SEM MAG: 75.0 kx | Date(m/dly): 01/19/15

Fig. S2 SEM images from uncoated FTO.
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WD: 747 mm MIRA3 TESCAN  SEM HV: 15.0 KV WD: 7.17 mm
InBeam SE SEMMAG: 150kx | Det:InBeam SE | 200 nm

View field: 13.8 ym |Date(m/dly): 01/11/16 View field: 1.38 pm | Date(m/dly): 01/11/16 |

Fig. S3 SEM images from AO0.5.

D1=0.52 pm

SEM HV: 15.0 kV ‘ WD: 14.84 mm MIRA3 TESCAN
SEM MAG: 35.0 kx ‘ Det: BSE 1pm
View field: 5.93 ym iDate(mldIy): 01/17/16 RMRC

Fig. S4 Cross-section of AO.5.
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| WD:7.18mm

50kx | Det:InBeamSE | 200 nm
View field: 13.8 ym Date(m/dly): 01/11/16 View field: 1.38 pm

|Date(m/dly): 01/11/16 |

Fig. S5 SEM images from Al.

D2 =0.56 pm

SEM HV: 15.0 kV WD: 12.47 mm MIRA3 TESCAN

SEM MAG: 35.0 kx Det: BSE
View field: 5.93 pm |Date(m/d/y): 01/17/16 RMRC

Fig. S6 Cross-section of Al.
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Det: InBeam SE | Det: InBeam SE
View field: 13.8 ym |Date(m/dly): 01/11/16 View field: 1.38 pm 1Date(mldly): 0111116

Fig. S7 SEM images from A2.

D1 =468.55 nm

D2 = 479.36 nm

SEM HV: 15.0 kV WD: 11.99 mm MIRA3 TESCAN

SEM MAG: 75.0 kx Det: BSE
View field: 2.77 pm Date(m/dly): 01/17/16 RMRC

Fig. S8 Cross-section of A2.
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SEMHV: 150kV | WD:595mm MIRA3 TESCAN  SEM HV: 15.0 kV WD: 5.95 mm MIRA3 TESCAN
View field: 13.8ym | Det: InBeam SE | View field: .38 ym | Det: InBeam SE | 200 nm
'SEM MAG: 15.0 kx | Date(midly): 10/13/ RMRC  SEMMAG: 150 kx |Date(midly): 10/13/15 RMRC

Fig. S9 SEM images from Ab.

SEM HV: 15.0 kV WD: 13.18 mm MIRA3 TESCAN

View field: 2.77 pm Det: InBeam SE 500 nm
SEM MAG: 75.0 kx | Date(m/dly): 11/07/15 FESEM - RMRC

Fig. S10 Cross-section of A5.
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MIRA3 TESCAN SEMHV: 15.0kV |

SEM MAG: 15.0 kx SEM MAG: 150 kx J Det: InBeam SE | 200 nm

View field: [ : RMRC View field: 1.38 pm |Date(m/dly): 01/11/16

Fig. S11 SEM images from A5 after one week in at a constant potential of

+1.9 V in KOH solution (0.1 M).

D1 =0.56 pm

D2 =0.53 ym

SEM HV: 15.0 kV ‘ WD: 11.86 mm MIRA3 TESCAN
SEM MAG: 35.0 kx ‘ Det: BSE
View field: 5.93 ym |Date(m/dly): 01/17/16 RMRC

Fig. S12 Cross-section of A5 after one week in at a constant potential of +1.9

V in KOH solution (0.1 M).
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SEM HV: 15.0 kV MIRA3 TESCAN SEM HV: 15.0 kV ‘ WD: 4.96 mm
SEM MAG: 15.0 k: Det: InB: SEM MAG: 150 kx

View field: 13.8 ym | Date(midly): 01/12/16 View field:

Fig. S13 SEM images from A10.

D1 =555.03 nm

D2 = 529.80 nm

SEM HV: 15.0 kV WD: 11.99 mm MIRA3 TESCAN

SEM MAG: 75.0 kx Det: BSE
.77 ym | Date(m/dly): 01/17/16 RMRC

Fig. S14 Cross-section of A10.
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MIRA3 TESCAN SEM HV: 15.0 kV WD: 5.89 mm MIRA3 TESCAN
| View field: 1.39 pm Det: InBeam SE 200 nm
SEM MAG: 15.0 kx |Date(m/d/y): 10/1 3I15‘ RMRC SEM MAG: 150 kx |Date(m/dly): 10/13/15 RMRC

Fig. S15 SEM images from A100.

SEM HV: 15.0 kV WD: 13.00 mm MIRA3 TESCAN
View field: 5.93 pm Det: InBeam SE
SEM MAG: 35.0 kx |Date(m/dly): 11/07/15 FESEM - RMRC

Fig. S16 Cross-section of A100.
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MIRA3 TESCAN SEM HV: 15.0 kV - ] MIRA3 TESCAN

SEM MAG: 150 kx | Det: InBeam SE | 200 nm
RMRC  View field: 1.38 ym |Date(m/dly): 01/11/16 RMRC

Fig. S17 SEM images from A500.

D1 =253.55 pm

AR Y

D2 = 0.58 ym

SEM HV: 15.0 kV WD: 10.85 mm MIRA3 TESCAN| SEM HV: 15.! ] WD: 11.10 mm
SEM MAG: 35.0 kx Det: BSE Det: BSE
View field: 5.93 ym |Date(m/dly): 01/17/16 View field: 415 ym |Date(m/dly): 01/17/16

Fig. S18 Cross-section of A500.
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WD: 5.89 m| i MIRA3 TESCAN SEM HV: 15.0 kV WD: 5.90 mm MIRA3 TESCAN
0 kx Det: InBeam SE SEM MA 50 kx Det: InBeam SE 200 nm
3.8 ym ‘Date(mldly). 01/13/16 RMRC View field: 1.38 ym |Date(m/dly): 01/13/16 RMRC

D1=64.17 ym

D2 =0.52 ym

SEM HV: 15.0 kV

| wb:11.75mm MIRA3 TESCAN SEMHV: 15.0kV | WD: 11.75mm MIRA3 TESCAN
SEM MAG: 2.00 kx | Det: BSE SEM MAG: 35.0 kx | Det: BSE
View field: 104 ym |Date(m/dly): 01/18/16 RMRC View field: 5.93 pm |Date(m/dly): 01/18/16 RMRC

Fig. S20 Cross-sections of A1000.
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Fig. S21 TEM images of the powder from Mn oxide on the surface of FTO

(A100).
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Fig. S22 XRD patterns from A500. The blue numbers show the related peaks

in birnessite.
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SEM HV: 15.0 kV ! 00 mm MIRA3 TESCAN
SEM MAG: 15.0 kx Det: InBeam SE |
View field: 13.8 ym  Date(m/dly): 01/25/16 | RMRC

Fig. S23 SEM image from calcined A100 at 100 °C.

SEM HV: 15.0 kV WD: 16.68 mm MIRA3 TESCAN

SEM MAG: 3.50 kx Det: BSE | 10 pm
View field: 59.3 pm Date(m/dly): 01/25/16 | RMRC

Fig. S24 Cross-section calcined A100 at 100 °C.
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SEMHV: 15.0kV | WD:8.84 mm MIRA3 TESCAN
SEM MAG: 15.0kx | Det: InBeam SE
View field: 13.8 uym |Date(m/dly): 01/25/16 RMRC

Fig. S25 SEM images from calcined A100 at 200 °C.

S18



SEM HV: 15.0 kV WD: 16.14 mm MIRA3 TESCAN

SEM MAG: 5.00 kx Det: SE 10 pm
View field: 41.5 pm Date(m/d/y): 01/25/16 | RMRC

Fig. S26 Cross-section calcined A100 at 200 °C.

SEMHV:15.0kV | WD: 9.12 mm MIRA3 TESCAN
SEM MAG: 15.0kx | Det: InBeam SE 2 pm
View field: 13.8 ym |Date(m/dly): 01/25/16 RMRC

Fig. S27 SEM image from calcined A100 at 300 °C.
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SEMHV: 150KV | WD: 14.81 mm MIRA3 TESCAN
SEM MAG: 2.99 kx | Det: BSE 20 ym

View field: 69.4 ym |Date(m/dly): 01/25/16 RMRC

Fig. S28 Cross-section calcined A100 at 300 °C.

SEM HV: 15.0 kV WD: 9.42 mm MIRA3 TESCAN
SEM MAG: 15.0 kx Det: InBeam SE | 2 ym
View field: 13.8 ym Date(m/dly): 01.’25!16% RMRC

Fig. S29 SEM image from calcined A100 at 400 °C.
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SEM HV: 15.0 kV ‘ WD: 13.88 mm | MIRA3 TESCAN

SEM MAG: 2.00 kx Det: SE
View field: 104 pm | Date(m/dly): 01/25/16 RMRC

Fig. S30 Cross-section calcined A100 at 400 °C.

~ 3 § B e
SEM HV: 15.0 kV ‘ WD: 9.35 mm

SEM MAG: 35.0 kx Det: InBeam SE
View field: 13.8 pm \Date(m.‘dly): 01/25/16 View field: 5.93 pm |Date(m/dly): 01/25/16

Fig. S31 SEM images from calcined A100 at 500 °C.
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SEM HV: 15.0 kV WD: 20.22 mm MIRA3 TESCAN

SEM MAG: 4.00 kx ‘ Det: SE
View field: 51.9 pym |Date(m/d/y): 01/25/16 RMRC

Fig. S32 Cross-section calcined A100 at 500 °C.
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Fig. S33 Amperometry (a) and oxygen measurement (b) from calcined A100
at 300 °C at 0.75 V (vs. Ag| AgCl). The arrows shows start for the related
experiments. Oxygen evolution from aqueous solutions was investigated
using an HQ40d portable dissolved oxygen-meter connected to an oxygen

monitor with digital readout.
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