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S1. Proton injection by APS

(a) ¥ _  4Ge before APS '4Ge After APS " 4Ge After APS
@ 2 @ Anode @ w 2 Cathode
= = ™ 'S ©
= S | @ =] =
g g 2 g A
© @ @
= = =
2 2 5
g 5 L
= o = =

[ & oW
IEEREETENE FEE RS PR RS N
08 09 10 11 12 13 14 0.8 09 1.0 1.1 1. 2 1 3 1.4 08 09 10 11 12 13 14
Energy / keV Energy / keV Energy / keV
(b) < 6Ge before APS "6Ge After APS " 8Ge After APS
g « Cathode

(C) 8Ge before APS "8Ge After APS " 8Ge After APS
X Anode Cathode

o |

- o

3

(d) 10Ge before APS 10Ge After APS '1 OGe'Aﬂer 'APS
I . ® Anode 2 Cathode
= = = =
[ = m @© - cr h i T
2 = (W] = @ 3
g £ o =
© @© ©
2 2 b4 20
13 g = 8
£ = £

Intensity / arb. units

0.8 09 10 11

Intensity / arb. units

08 09 1.0 11

Intensity / arb. units

12 13 1.4
Energy / keV

Intensity / arb. units

sesulinaaliiasles
0.8 09 10 11

s la s e lauay
1.2 1.3 14
Energy / keV

1.2 13 14
Energy / keV

0.8 09 1.0 1.1

1.2 13 1.4
Energy / keV

0.8 09 10 11

12 13 1.4
Energy / keV

TR FEEEE FEE R Fwe
08 09 10 11

M TS Pt
12 13 14
Energy / keV

Intensity / arb. units

08 09 10 11 12 13 14
Energy / keV

Intensity / arb. units

0.8 09 10 11 12 13 1.4
Energy / keV

08 09 10 11 12 13 14
Energy / keV

Figure S1. EDX spectra of the glasses before and after APS. (a) 4Ge, (b) 6Ge, (c) 8Ge and (d) 10Ge
glasses. The right, middle and left panels show the glass before APS, the anode side and the cathode
side for the glass after APS, respectively.



S2. Proton conductivity
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Figure S2. emfs for the hydrogen concentration cell as a function of logarithmic hydrogen partial
pressure, p(H), ratio. (a) 4Ge, (b) 6Ge, (c) 8Ge and (d) 10Ge glasses after APS. The p(H2)nigh Was
fixed at 4.9x10° Pa. The theoretical emfs calculated using the Nernst equation, E=
(RT/2F)In(p(H2)nign/p(H2)10w) are shown as black lines.
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Figure S3. DC polarization characteristics at 250 °C under 5%H2/95% N> atmosphere of the glasses
after APS. (a) 4Ge, (b) 6Ge, (c¢) 8Ge and (d) 10 Ge glasses.



S3. Glass structure

Q [ _
(D 60 2
Y I
s} 2
o o
055 o . -
e °
S -
C el
c o
O50F o . ® 4
-— 'Y
© ;
£ i
_g . ',"'o
L S e -
g 4.5 J L
- ’ e ®
G ,.
S 4.0 eee » -

175 180 185 190
Mean Ge-O distance / A

Figure S4. Summary of the previously reported mean coordination number of Ge as a function of the
mean Ge-O distance. @ ref. S1, @ ref. S2, @ refS.3, @ ref. S4, @ ref.S5and @ ref. S6.
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Figure S5. Raman spectra of the glasses before and after APS. (a) 4Ge, (b) 6Ge, (d) 8Ge and (d) 10Ge
glasses.



S4. XPS spectra of Ge 2p core level
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Figure S6. XPS spectra of Ge 2p core level of the glasses (a) before and (b) after APS.
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