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S1. Proton injection by APS 

 

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. 
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S2. Proton conductivity 
 

 
Figure S2. emfs for the hydrogen concentration cell as a function of logarithmic hydrogen partial 
pressure, p(H2), ratio. (a) 4Ge, (b) 6Ge, (c) 8Ge and (d) 10Ge glasses after APS. The p(H2)high was 
fixed at 4.9×103 Pa. The theoretical emfs calculated using the Nernst equation, E= 
(RT/2F)ln(p(H2)high/p(H2)low) are shown as black lines. 
 

 
Figure S3. DC polarization characteristics at 250 oC under 5%H2/95% N2 atmosphere of the glasses 
after APS. (a) 4Ge, (b) 6Ge, (c) 8Ge and (d) 10 Ge glasses.  
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S3. Glass structure 
 

 
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.S5 and ● ref. S6.  
 

 
Figure S5. Raman spectra of the glasses before and after APS. (a) 4Ge, (b) 6Ge, (d) 8Ge and (d) 10Ge 
glasses.   
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S4. XPS spectra of Ge 2p core level 
 

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