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Supplementary Figure 1 | Relationship between concentration and counts of | CP-AES measur ement at
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Supplementary Figure 2 | Longitudinal modulus ¢;; and molar volumefor the ZP glass as a function of
ZnO amount. The ¢;; value was calculated using the relation ci1 = pm V2, where Pmisthe density of the
sample. The dashed line is a guide to the eyes.
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Supplementary Figure 3 | Partial structurefactors S;(Q) for the ZP glass obtained by RMC modelling.

Red, 60ZP glass; blue, 70ZP glass.
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Supplementary Figure 4 | Partial pair correlation functions g;(r) for the ZP glass obtained by RMC
modelling. Red, 60ZP glass; blue, 70ZP glass.
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Supplementary Figure 5 | Comparison between the ZP glasses and crystals in real space. (a) Fourier
transformed EXAFS spectra, RDF, of the ZP glass and ZnO crystal. (b) Neutron total correlation functions,
7(r), of the ZP glass, ZnO crystal and S-Zn,P,0; crystal. A phase shift correction of EXAFS spectra was not
performed. The T(r) of the f-Zn,P,0; crystal was calculated using PDFgui code [Farrow, C. L., Juhas, P., Liu,
J. W, Bryndin, D., Bozin, E. S, Bloch, J. Proffen, Th. & Billinge, S. J. L. PDFfit2 and PDFgui: computer
programs for studying nanostructurein crystals. J. Phys.: Condens. Matter. 19, 335219 (2007)].
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Supplementary Table 1 | Compositional analysis of the ZP glass using | CP-AES measurement.
Two samples were prepared for each glass in order to obtain the average ZnO fraction.

Concentration / pumol / L ZnO fraction / mol%

Composition Average ZnO fraction/ mol%

Czn cp f ZnO
240 348 58.0

58ZP 58.1
231 333 58.1

60ZP 239 315 60.3 50.9
124 169 59.5 ’
240 259 65.0

65ZP 65.0
238 256 65.0
221 192 69.7

70ZP 69.6
211 185 69.5

Supplementary Table 2 | Physical parameters of the ZP glass. The sound velocities were calculated
using values of the Brillouin shift vg, and refractive index of incident light.

Refractive index Sound velocity ¥

Composition (ig; S(C:) I()ier(l)sgil /ggc;H;; Mfiiiy:;}gﬁ ¢ at 532 nm /ms!
(£ 0.0001) (x1msT)

58ZP 424 3.14 34.0 1.5672 4,447

60ZP 431 3.26 324 1.5792 4,563

65ZP 437 3.49 29.4 1.6096 4,792

70ZP 461 3.77 26.4 1.6420 4,999




149

150
151
152
153
154  Supplementary Table 3 | Local coordination state of the ZP glass estimated from Zn-K edge EXAFS
155 analyss.
Composition Coordination number Bond length / A Debye-Waller factor / A
P (*0.1) (+0.01 A) (#0.01 A)
58ZP 3.7 1.96 0.07
60ZP 3.7 1.97 0.07
65ZP 3.7 1.96 0.07
70ZP 3.6 1.97 0.08
156
157
158
159
160 Supplementary Table 4 | Characteristics of the RM C models of the 60ZP and 70ZP glass.
161 Oy, terminal oxygen; Og, bridging oxygen; Oy, oxygen free of phosphorus.
Composition  Coordinati b Fraction of Fractions of Q" groups (in %)
O atoms (in %)
NP-{} N{]-I‘ JNII"-I" N(]-t) JM}’.n-]' ‘VI"J.'. NZn.Zr. Nln-t) MJ-?n N[\- M OD 0'I' O]i QJ 02 Ql 0‘}
(M=P, Zn)
G0ZP 398 122 150 392 386 290 142 3.62 0.83 2.06 05 766 229 0.4 49.0 498 0.8
TOZP 398 1.0% 071 388 404 4,71 2,39 378 1.20 2.29 0.4 905 9.1 = 0.4 658 338
162
163
164
165
166
167  Supplementary Table5 | Probabilities (%) for polyhedral connectionsin the ZP glass obtained from the
168 RMC models.
PO, -PO, PO, —-Zn-O Zn-O - Zn-O
Composition
Corner Edge Face Corner Edge Face Corner Edge Face
60ZP 100 0 0 96 4 0 85 15 0
70ZP 100 0 0 97 3 0 89 11 0
169
170



