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Table S1  Glass transition temperature (7,) of 35Na0;,,-1WO3-8NbOs/,-5La03/,-xMO -
(51=x)POs;, (MO,, = GeO, and BOs), and x = 0, 1 and 3) glasses. 7, was determined by
differential thermal analysis (DTA).

Compositions T,/ °C
35Na01/2-1W03—8Nb05/2-5LaO3/2-51PO5/2 (.Xf = 0) 420
35N301/2-1W03-8Nb05/2-5LaO3/2-1G€Oz-50PO5/2 (MOy = GGOz,x = 1) 437
35Na01/2-1W03—8Nb05/2-5LaO3/2-1B03/2-50PO5/2 (MOy = B03/2’x = 1) 427
35N301/2-1WOg-SNbO5/2-5LaO3/2-3G602-48PO5/2 (MOy = GGOz,x = 3) 469
35Na01/2-1WOg—8NbO5/2-5LaO3/2-3B03/2-48PO5/2 (MOV = BOg/gﬂx = 3) 441
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Fig. S1  Electromotive force (emf) as a function of logarithmic py, ratio of Gas (I) to Gas (II) of

the hydrogen concentration cell using 36H-glass as the electrolyte measured at 320 °C. Gas (I) was

constant at 100% H, gas. The dashed black line indicates the theoretical emf determined using the

RT I
following Nernst equation: £ = _h{pL()j .
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Fig. S2 Optical images of 36H-glass (a, c, e, g) before and (b, d, f, h) after the conductivity
measurements at 280, 320, 360 and 400 °C, respectively. The numbers in the image indicate,
respectively, 1: 36H-glass, 2: ceramic paste used to hold the glass on ceramic support, 3: Pd

electrode, 4: Ag conductive paste, and 5: ceramic support.
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Fig. S3  XRD pattern of 36H-glass before (black line) and after the conductivity measurement at
400 °C for 152 h (pink line). The XRD pattern of the sample after the conductivity measurement

(pink line) may contain some backgrounds from the glass sample holder because the amount of the

sample was small.
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Fig. S4 DTA curve of 36H-glass obtained in dry 3% H»/97% Ar at a heating rate of 10 °C min!.
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Fig. S5  Time evolution of the output current of the ITFC with the structure dry 100% H,, Pd |

36H-glass | Pd, dry air at a fixed voltage of 0.7 V.



Viscosity of 36H-glass at 280 °C

The viscosity of typical glasses at glass transition temperature (7;) is known to be ~10'? Pa s, and
the viscosity at dilatometric softening temperature (7y) can be calculated from the thermal expansion
curve using following equation [K. Asaoka et al., Dent. Mater. J., 1990, 9, 193.]:
n = lloxa(Ty)*q. (S1)

where 7 is viscosity at Ty in Pa s, ¢ is applied load in N m™2, a(7,) is thermal expansion coefficient
at Ty in °C™! and ¢ is heating rate in °C s™!. In this study, o was 3.5x10* N m2, a(7Ty) was determined
to be 6.1x107° °C™! from the thermal expansion curve (Fig. 2 in the main text), and ¢ was 0.167 °C
s 1. Assigning these values to the equation S1, 5 at Ty was calculated to be 10°> Pa s. The viscosity
at T, and T4 were plotted as a function of 7,/T, as shown in Fig. S5. Of course, it is well known that
the viscosity of glass forming liquid generally deviated from Arrhenius behavior [C. A. Angell, J.
Non-Cryst. Solids., 1991, 131-133, 13.]; however, the deviation is not significant in the temperature
range between 0.8<T,/7<1, especially in oxide glasses that are categorized as “strong” glass.
Therefore, the viscosity at 280 °C corresponding to 7/T = 0.817 was extrapolated to be 107> Pa s

based on the plot shown in Fig. S5.

13
1ol T (179°C)

> |

S 11t

- 10_— T4 (230°C)

-B: 9' ’

2

8 8 2s0c

2 71 L

(@] J

2 |

° o
5- A ] A ] A ] A ] A
06 07 08 09 10 1.1

Tg/ T

Fig. S6  Viscosity of 36H-glass as a function of 7,/ T.



Reactivity of 36H-glass with Pd electrode

We checked the reactivity of 36H-glass with Pd electrode by cross-sectional Pd element mapping
image (STEM-EDX image) of the Pd/36H-glass interface after the fuel cell test at 300 °C, and we
confirmed that Pd did not dissolve into the glass-melt (Fig. S7). This indicates that the acidity of the
present glass-melt is sufficiently low to suppress the reaction with Pd, so that various materials can

be applicable in the fuel cell using glass-melt electrolytes.
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Fig. S7  (a) Cross-sectional STEM image and (b) STEM-EDX Pd element mapping image of the

Pd/36H-glass interface after the fuel cell test at 300 °C.



