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1. SEM-EDS analysis

Figure S1. (a) SEM micrographs of 25V-35Nb glass-ceramic, (b) count X-ray mapping, (c) 

quantitative X-ray mapping, (d) count and (e) quantitative elemental mapping of O, Na, 

V, Nb and P from a selected area of the given glass-ceramic, (f, g) EDS spectra from se-

lected areas of 25V-35Nb glass-ceramic. 
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2. Vibrational spectroscopy – Raman and IR-ATR studies

Table S1. Assignment of Raman and IR-ATR bands. 

ν (cm–1) Assignment 

Raman Ref. IR-ATR Ref. 

60–90 [1] - - translational modes of the Na+ cation 

240–280 [2–4] - - distortion of octahedral NbO6 

270–285, 

365–380 
[2–5] 400–600 [6,7] δ(O=P–O) and δ(O–P–O) 

450 [1,2,4,8] 420–530 [6,9,10] P–O–Nb bonding 

450–550 [24] 450–550 [18,25–28] ν(V–O–V) in metavanadates 

555, 605 [1,2,4,8] 530–665 [6,9,10] 
coupled vibrational modes of intermediate Nb–O and O–P–O 

bonds 

630–660 
[2–5,8,11–

14] 
630–660 [13] 

ν(Nb–O) in 3D network of slightly distorted octahedral NbO6 

units shared via corners 

695 [2–5,8,11] 675–715 [6–8,15] νs(P–O–P), Q2 

640 [16,17] 640 [18] P–O–V bonding 

735 [2–5,8,11] 715–755 [6,8,15] νs(P–O–P), Q1 

600–700 [19] 600–700 [20] ν(V–O–Nb) 

740–770 
[2–5,8,11–

14] 
760 [13] ν(Nb–O–Nb) in corner-shared NbO6 octahedral units

755–780 [16] 755–800 [18] ν(V–O–V) bridging bond 

- - 880–920 [7,8,14,21,22] νas(P–O–P) 

850 
[2–5,8,11–

14] 
830–860 [13,23] ν(Nb–O–Nb) in NbO6 octahedra linked into chains 

945–965 
[2–5,8,11–

14] 
925–975 [13,23] ν(Nb–O) in highly distorted octahedral NbO6 units 

955–975 [24] 950–990 [18,25–28] ν(V=O) 

975–995 [4,8,11] 975–995 [6,8] νs (PO43–), Q0 

1045–

1075 
[4,8,11] 

1045–

1075 
[6,8,14,22] νas (PO43–), Q0 

1085–

1125 
[2–4,8,11] 

1085–

1125 
[8,21,22] νs (PO32–), Q1 

1135–

1155 
[2–4,8,11] 

1135–

1155 
[8,22] νs (PO2–), Q2 

1185–

1225 
[2–4,8,11] 

1185–

1225 
[8,14,21,22] νas (PO32–), Q1 

1225–

1275 
[2–4,8,11] 

1225–

1275 
[7,8,22] νas (PO2–), Q2 
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2. Scaling properties of conductivity spectra

Figure S2. Conductivity spectra of (b) 25V-0Nb, (c) 25V-5Nb, (d) 25V-10Nb, (e) 25V-15Nb, (f) 25V-

20Nb and (g) 25V-25Nb glass samples. The onset frequencies of conductivity dispersion, as defined 

by the equation σ'(ν0) = 2σDC, are represented by full black square symbols, while the straight black 

lines are obtained by linear regression of the log(σ'T) vs logν0 dependence. 
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