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3. Results and discussion
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Fig. S1. (a)-(f) Grain size distribution statistics of LMTO, LNaMTO (x = 0.0375), LMCaTO (x = 0.0375), LMAITO (x = 0.0250),
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LMGeTO (x = 0.0250), and LMTNDO (x = 0.0250) ceramics.
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For complex chemical bond theory calculations, the intricate crystal structure of LMTO-based ceramics must be

deconvoluted into a set of binary bond units. The resulting binary bond subsystems are represented by Formula (1):

LngO.STiO.SOZ = Li02/3 + Mgl/202/3 + Til/202/3

Bond ionicity is calculated as follows:
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The variables in the theoretical framework are defined as follows: @" and b" correspond to chemical bond length and

(- Ker)

uy *
its empirical correction factor. The Thomas-Fermi screening is expressed through the term € 3 , while @

Ky * . .. “
and (45) represent effective valence electron numbers. The average valence electron density is denoted by "e and

u
Yb describes the bond volume. Fundamental constants include the Bohr radius a = 0.5292 A, Planck's constant / =

4.13566 x 10715 eVes, and elementary constants e = 4.8x10710 esu and m = 9.1x1028 g. Structural parameters include

. s H . . . . .
coordination numbers V¢4 and N¢B for cations and anions, with b, accounting for d-electron corrections and Ay

representing the Penn dielectric correction. Electronic structure parameters comprise Fermi energy EF and Fermi

k"

wavevector " F, wit 5,

AA AB &4
h 1, and “# as system-specific coefficients.

The lattice energy is calculated as follows:
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Ube and Ubi represent the lattice energy contributions from ions and covalent bonds, respectively, while 2% and 2-

denote the valences of the cations and anions involved in the chemical bonding.



The bond energy is calculated as follows:
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where S and r are the electronegativity and covalent radius respectively, and E 4 and Ep g are the homonuclear bond

energies.



