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S'1. Derivation of the model

The solution given by eq. (11) is obtained from the Lagrange function £ (P,”) with the

Lagrange multipliers a, f, y, {y;} and {y;} corresponding to the following constraints,

ZP'”—1 ZEum—(E) Yrmen = 2x)
: T nm ;

mePm - Y@=

fE si> fab fp---}; nm

=k Z(Pmlan)+aZPm 1]+ﬁ[ZEmP’,’;- Al
+Z)/U[Z(l,])mpm k]

Differentiating £ (P,™) with respect to P,” would equal zero,
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Rearranging,
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Where ks and substituting eq. (A2) in eq. (10)
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Solving using the constraint equations,
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Comparing the above equation with the fundamental thermodynamic relation (A3),[S1]

dE = TdS - PdV + Z wdn,
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Therefore, substituting eq. (A4) and eq. (AS5) into eq. (A2) and rearranging gives,
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S2. Reduced number of units

a. Composition G

For composition G, the only units are 0», O3 and Q,. The number of combinations of

neighbouring units for each is calculated by,

0, (G)=C*27)=()-¢

0, (@) =C*4)=(9)-1s

Total number of units is 31. Number of constraint equations is equal to number types

of BOs 0. Calculated by,

Oj: (G))_3=(3+22_1)—3=(3)—3=6—3=3

Total number of network connectivity constraint equations is 3.
b. Composition G 4

For composition G,j, the only units are O, Q; Q, and Al"Y. The number of
combinations of neighbouring units for each is calculated by,
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Total number of units is 80. Number of constraint equations is equal to number types

of BOs Oy;. Calculated by,

0y (B)-2+3=C*F7)=(3)=¢

Total number of network connectivity constraint equations is 6.
c. Composition Gg

For composition Gg, the only units are Q,, O3, Oy, BV and B'l. The number of

combinations of neighbouring units for each is calculated by,

Oy ((i)) - (5 e =()="0



Total number of units is 141. Number of constraint equations is equal to number types

of BOs Oy;. Calculated by,

0;: ((3))_3+3+3=(3+22_1)+3=(§)+3=6+3=9
i

Total number of network connectivity constraint equations is 9.



83. Network volume for binary lithium silicate

The variation of NV for binary lithium silicate glass; the density data was taken from

Shelby [S2].
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Figure S1. Variation of density and network volume with composition.

S4. Differential thermal analysis

400 500 600 700 800 900
Temperature (°C)

Figure S2. DTA of experimental glasses
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S35. Values of energies (in Joules) used for simulations

o™ G G G o™ G Gy G oM G Gy G

S/ 6.43E-19  6.43E-19 6.43E-19 | /% 6.30E-19 6.30E-19 6.30E-19 | §5*#  3.50E-19 3.50E-19 3.50E-19
S5 6.43E-19 6.43E-19 6.43E-19 | S 6.30E-19 6.30E-19 6.30E-19 | $¥#  3.50E-19 3.50E-19 3.50E-19
S 6.43E-19 6.43E-19 6.43E-19 | §#% 6.30E-19 6.30E-19 6.30E-19 | S5  3.50E-19 3.50E-19 3.50E-19
S/%  6.43E-19 6.43E-19 643E-19 | §#%# 6.30E-19 6.30E-19 6.30E-19 | S  3.50E-19 3.50E-19 3.50E-19
8753335 6.43E-19  643E-19 6.43E-19 | S#  630E-19 6.30E-19 6.30E-19 | §*#  3.50E-19 3.50E-19  3.50E-19
S/ 6.43E-19 643E-19 6.43E-19 | S  630E-19 6.30E-19 6.30E-19 | S3%##  3.50E-19 3.50E-19 3.50E-19
SA%  6.43E-19 6.43E-19 6.43E-19 | S/ 6.30E-19 6.30E-19 6.30E-19 | $¥#  3.50E-19 3.50E-19 3.50E-19
S 6.43E-19 6.43E-19 6.43E-19 | S 6.30E-19 6.30E-19 6.30E-19 | S#  3.50E-19 3.50E-19 3.50E-19
§2%  6.43E-19 6.43E-19 643E-19 | S#% 6.30E-19 6.30E-19 6.30E-19 | $y#  3.50E-19 3.50E-19 3.50E-19
S/ 6.43E-19 6.43E-19 6.43E-19 | S/ 6.30E-19 6.30E-19 6.30E-19 | S5  3.50E-19 3.50E-19  3.50E-19
S/%  6.43E-19 6.43E-19 6.43E-19 | S/ 6.30E-19 6.30E-19 6.30E-19 | S##  3.50E-19 3.50E-19 3.50E-19
S/335 6.43E-19 643E-19 6.43E-19 | S/ 6.30E-19 6.30E-19 6.30E-19 | S, 2.00E-19  2.10E-19  2.10E-19
S/ 6.43E-19 643E-19 6.43E-19 | S 630E-19 6.30E-19 6.30E-19 | S, 2.00E-19  2.10E-19 2.10E-19
S/ 6.43E-19 643E-19 6.43E-19 | S/ 630E-19 6.30E-19 6.30E-19 | §,% 2.00E-19  2.10E-19  2.10E-19
S/ 6.43E-19 6.43E-19 6.43E-19 | S/ 6.30E-19 6.30E-19 6.30E-19 | S, 2.00E-19  2.10E-19  2.10E-19
S/ 6.30E-19 6.30E-19 6.30E-19 | S/ 6.30E-19 6.30E-19 6.30E-19 | S,% 2.00E-19  2.10E-19  2.10E-19
S7#%  6.30E-19 6.30E-19 6.30E-19 | S/ 6.30E-19 6.30E-19 6.30E-19 | S, 2.00E-19  2.10E-19  2.10E-19
S/ 6.30E-19 6.30E-19 6.30E-19 | S/#  6.30E-19 6.30E-19 6.30E-19 | S,* 3.00E-19  3.00E-19  3.00E-19
S/ 6.30E-19 6.30E-19 6.30E-19 | S  6.30E-19 6.30E-19 6.30E-19 | S,%* 3.00E-19  3.00E-19 3.00E-19
S/% 6.30E-19  6.30E-19 6.30E-19 | S% 6.30E-19 6.30E-19 6.30E-19 | S, 3.00E-19  3.00E-19 3.00E-19
SA%  6.30E-19 6.30E-19 6.30E-19 | S##  6.30E-19 6.30E-19 6.30E-19 | S, 3.00E-19  3.00E-19  3.00E-19
S35« 6.30E-19  6.30E-19 6.30E-19 | S## 6.30E-19 6.30E-19 6.30E-19 | S, 3.00E-19  3.00E-19  3.00E-19
S/ 6.30E-19 6.30E-19 6.30E-19 | S/  6.30E-19 6.30E-19 6.30E-19 | S, 3.00E-19  3.00E-19  3.00E-19
S/%%  6.30E-19 6.30E-19 6.30E-19 | S5  3.61E-19 3.60E-19 3.60E-19 | S,# 3.00E-19  3.00E-19  3.00E-19
S/ 6.30E-19 6.30E-19 6.30E-19 | S  3.61E-19 3.60E-19  3.60E-19 | S,% 3.00E-19  3.00E-19 3.00E-19

S/ 6.30E-19  6.30E-19  6.30E-19 | S  3.61E-19 3.60E-19 3.60E-19 | S/# 3.00E-19  3.00E-19 3.00E-19

S/%e 6.30E-19  6.30E-19  6.30E-19 | S5  3.61E-19 3.60E-19 3.60E-19 | A4/ - 4.00E-19  3.86E-19
S5%e  6.30E-19  6.30E-19 6.30E-19 | S5  3.61E-19 3.60E-19 3.60E-19 | A/ % - 4.00E-19 3.86E-19
S 6.30E-19 6.30E-19 6.30E-19 | S;%4  3.61E-19 3.60E-19 3.60E-19 | 4% --- 4.00E-19  3.86E-19
S 6.30E-19 6.30E-19 6.30E-19 | S5  3.61E-19 3.60E-19 3.60E-19 | 4/% --- 4.00E-19  3.86E-19
S/ 6.30E-19 6.30E-19 6.30E-19 | §;?#  3.61E-19 3.60E-19 3.60E-19 | 4/%% --- 4.00E-19  3.86E-19
S/%  6.30E-19 6.30E-19 6.30E-19 | §#  3.61E-19 3.60E-19 3.60E-19 | 4% --- 4.00E-19  3.86E-19
S7%  6.30E-19 6.30E-19 6.30E-19 | §¥#  3.61E-19 3.60E-19 3.60E-19 | 4/5% --- 4.00E-19  3.86E-19




S/%  6.30E-19 6.30E-19 6.30E-19 | S;*  3.50E-19 3.50E-19 3.50E-19 | 4% --- 4.00E-19  3.86E-19
S/ 6.30E-19 6.30E-19 6.30E-19 | S  3.50E-19 3.50E-19 3.50E-19 | 4/5% --- 4.00E-19  3.86E-19
S/ 6.30E-19  6.30E-19 6.30E-19 | S5%*  3.50E-19 3.50E-19 3.50E-19 | 4/ --- 4.00E-19  3.86E-19
S5 6.30E-19 6.30E-19 6.30E-19 | Sy  3.50E-19 3.50E-19 3.50E-19 | 4% --- 4.00E-19  3.86E-19
S 6.30E-19  6.30E-19  6.30E-19 | S;%*  3.50E-19 3.50E-19 3.50E-19 | 4% - 4.00E-19  3.86E-19
S 6.30E-19  6.30E-19  6.30E-19 | Sy**  3.50E-19 3.50E-19 3.50E-19 | 4/ -- 4.00E-19 3.86E-19
S/ 6.30E-19 6.30E-19 6.30E-19 | S5«  3.50E-19 3.50E-19 3.50E-19 | 423 - 4.00E-19  3.86E-19
SA%  6.30E-19  6.30E-19 6.30E-19 | S5« 3.50E-19 3.50E-19 3.50E-19 | 4/22 - 4.00E-19  3.86E-19
S#%  6.30E-19  6.30E-19 6.30E-19 | S5«  3.50E-19 3.50E-19  3.50E-19 _B;‘“_ _ t-_ o j—-_ o _3.4;8;1_9_
SA#%  6.30E-19 6.30E-19 6.30E-19 | S;**  3.50E-19 3.50E-19 3.50E-19 | B* -—- --- 3.48E-19
S/%  6.30E-19 6.30E-19 6.30E-19 | S5  3.50E-19 3.50E-19 3.50E-19 | B,* -—- --- 3.48E-19
S  6.30E-19 6.30E-19 6.30E-19 | S¥%  3.50E-19 3.50E-19 3.50E-19 | B** - --- 3.48E-19
SH#  6.30E-19 6.30E-19 6.30E-19 | S¥%  3.50E-19 3.50E-19 3.50E-19 | B,” - --- 3.48E-19
S/ 6.30E-19  6.30E-19 6.30E-19 | 5%  3.50E-19 3.50E-19 3.50E-19 | B,? - --- 3.48E-19

S86. States of broken phase space components

Component 1:
S, H444

Component 2:

S § 3344 § 3334 G 3333 G444 § 344 G 334 333
Component 3:

S P44 52344 § 2334 § 2333 G 244§ 2234 § 2233 § 2224 § 2223 G 2222 G244 G234 G233 G224
§;223 8,222 G 44§ 34§33 §.24 §.23 G 22
Component 4:

S4444a, S4344a} S4334a’ S4333a’ S4244a’ S4234a, S4233a, S4224a, S4223a} S4222a’ S444aa’ S434aa’ S433aa’ S424aa’
S 423(1(1’ S 422(1(1} S 44aaa’ S 430{(10{’ S42aa(x’ S4aazm, S 4444ﬂ, S4344/3’ S4334ﬂ, S 4333,8, S 4244/?) S4234/)’, S 4233/;’, S 4224/?,
S 42235, S 4222/%’ S 4440;/?’ S 434aﬁ’ S 433aﬁ’ S 424aﬁ, S 423aﬁ, S 422aﬁ, S 444ﬁﬁ) S 434/9/%’ S 433ﬁﬁ’ S 4245/3, S 423ﬂﬁ, S 422ﬁﬁ)
S Ao0p S aap § 200p S Aapp S 3088 S 2088 S PSS EB. S 208 S paaB S oo S aBBB. S pRBB, § e
S334a’ S333a, S324a’ S323a, S322a} S34aa’ S33aa, S32aa} S3aaa’ S344ﬁ, S334ﬁ, S333ﬁ, S324ﬂ, S323ﬂ, szzﬁ, S34aﬂ,
S33aﬂ, S}Z(xﬁ, S34ﬂﬂ, S}Sﬂﬂ, S32ﬁﬂ, S}aap’, S3aﬂ,8’ S3ﬂﬂﬁ} Sz4a, SZSa, SZZa’ Szaa, S24/3’ S23ﬁ, ngﬁ, Szaﬂ, SZ/?/?’
A44444, A43444’ A43344’ A43334’ A43333} A42444, A42344, A42334, A42333, A42244’ A42234’ A42233’ A42224}
A42223, A42222, B 244} 3234, B 233, B224’ B 223, B222



S7. Chemical shift values used for the simulation of *’Si NMR spectra

O i | O Oio | O Oio | O Oio
S/ 110 | /4% -105 | S 95 | §7%  -87
SAH 2109 | SA%H -104 | S22 94 | S22 -86
SA3# -108 | SF% -103 | S 95 | S3¥ =90
SA34 2106 | Sp%B« 2101 | Spma 94 | S -89
S/ 2104 | S/ -102 | Spee 92 | Sy -88
S 107 | S 100 | S, 90 | S -86
S 105 | S5 98 | Sy 95 | S, 82
23 103 | S22 99 | SpH 94 | S 8]
S35 101 | S%a 97 | S5 93| S8 80
S/ 2104 | S/ 93 | SP¥ 92 | S 78
SA34 2102 | S -100 | S 91 | S,B -77
S2233 100 | Sp%ae 99 | §23 90 | S22 75
S/#24 98 | §p%e 98 | S5 -89

S22 96 | Sptea 97 | S;224 88
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