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Table S1: Calculated structural parameters and formation energy (Ef) for X2PbO3 (X=Li, Na, K, Rb, 
Cs) compounds. Here, |∆a|, |∆b|, and |∆c| represent the relative error percentages of lattice parameters 
with respect to the experimental data. Also, * is the suited functional in reproducing the experimental 

lattice parameters more accurately.
Symmetry 

(Space 
group)

Employed 
Methodology

a (Å) b (Å) c (Å) α β γ |a| 
(%)

|b| 
(%)

|c| 
(%)

Ef  (Ha)

X=Li

C2/c PBE-GGA 5.50 9.49 5.57 90.00O 110.44O 90.00O 0.92 2.48 1.64 -0.126

B3LYP 5.52 9.39 5.58 90.00O 111.42O 90.00O 0.73 1.40 1.82 -0.159

HSE06 5.43 9.31 5.49 90.00O 110.70O 90.00O 0.37 0.54 0.18 -0.159

PBE0* 5.42 9.30 5.48 90.00O 110.68O 90.00O 0.55 0.43 0.00 -0.166

Exp. [1] 5.45 9.26 5.48 90.00O 111.22O 90.00O --- --- --- ---

X=Na

C2/c PBE-GGA 6.01 10.03 5.79 90.00O 111.42O 90.00O -0.123

B3LYP 5.98 9.94 5.75 90.00O 111.57O 90.00O -0.154

HSE06 5.93 9.85 5.68 90.00O 111.45O 90.00O -0.155

PBE0 5.92 9.83 5.67 90.00O 111.46O 90.00O -0.162

Exp. --- --- --- --- --- --- --- --- --- ---

X=K

Cmc21 PBE-GGA 10.93 7.09 6.13 90.00O 90.00O 90.00O 2.73 0.00 2.51 -0.140

B3LYP 10.88 7.06 6.10 90.00O 90.00O 90.00O 2.26 0.42 2.01 -0.170

HSE06 10.78 7.03 6.03 90.00O 90.00O 90.00O 1.32 0.85 0.84 -0.173

PBE0* 10.77 7.03 6.02 90.00O 90.00O 90.00O 1.22 0.85 0.67 -0.179

Exp. [2] 10.64 7.09 5.98 90.00O 90.00O 90.00O --- --- --- ---

X=Rb

Cmc21 PBE-GGA 11.16 7.51 6.16 90.00O 90.00O 90.00O 2.95 0.27 2.50 -0.166

B3LYP 11.12 7.49 6.13 90.00O 90.00O 90.00O 2.58 0.00 1.99 -0.197

HSE06 10.99 7.44 6.04 90.00O 90.00O 90.00O 1.38 0.67 0.50 -0.202

PBE0* 10.97 7.44 6.03 90.00O 90.00O 90.00O 1.20 0.67 0.33 -0.210

Exp. [3] 10.84 7.49 6.01 90.00O 90.00O 90.00O --- --- --- ---

X=Cs

Cmc21 PBE-GGA 11.62 7.96 6.22 90.00O 90.00O 90.00O 2.65 1.53 2.81 -0.172

B3LYP 11.64 8.01 6.20 90.00O 90.00O 90.00O 2.83 2.17 2.48 -0.204

HSE06 11.47 7.89 6.11 90.00O 90.00O 90.00O 1.33 0.64 0.99 -0.207



PBE0* 11.46 7.89 6.09 90.00O 90.00O 90.00O 1.24 0.64 0.66 -0.215

Exp. [5] 11.32 7.84 6.05 90.00O 90.00O 90.00O --- --- --- ---

FIG. S1: Calculated band structures for X2PbO3 using PBE-GGA, B3LYP, and HSE06 and PBE0 
functionals: (a-c) X=Li, (d-f) X=Na, (g-i) X=K, (j-l) X=Rb, and (m-o) X=Cs.



FIG. S2: Calculated DOS for X2PbO3 using PBE-GGA, B3LYP, and HSE06 and PBE0 functionals: (a-
c) X=Li, (d-f) X=Na, (g-i) X=K, (j-l) X=Rb, and (m-o) X=Cs.



FIG. S3: Calculated electronic contribution to thermal conductivity (κe) for X2PbO3 along x-axis using 
PBE-GGA, B3LYP, HSE06, and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, 

and (q-t) X=Cs.



FIG. S4: Calculated electronic contribution to thermal conductivity (κe) for X2PbO3 along y-axis using 
PBE-GGA, B3LYP, HSE06, and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, 

and (q-t) X=Cs.



FIG. S5: Calculated electronic contribution to thermal conductivity (κe) for X2PbO3 along z-axis using 
PBE-GGA, B3LYP, HSE06, and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, 

and (q-t) X=Cs.



FIG. S6: Calculated electrical conductivity (σ) for X2PbO3 along x-axis using PBE-GGA, B3LYP, 
HSE06, and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, and (q-t) X=Cs.



FIG. S7: Calculated electrical conductivity (σ) for X2PbO3 along y-axis using PBE-GGA, B3LYP, 
HSE06, and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, and (q-t) X=Cs.



FIG. S8: Calculated electrical conductivity (σ) for X2PbO3 along z-axis using PBE-GGA, B3LYP, 
HSE06, and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, and (q-t) X=Cs.



FIG. S9: Calculated Seebeck coefficient (S) for X2PbO3 along x-axis using PBE-GGA, B3LYP, 
HSE06, and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, and (q-t) X=Cs.



FIG. S10: Calculated Seebeck coefficient (S) for X2PbO3 along y-axis using PBE-GGA, B3LYP, 
HSE06, and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, and (q-t) X=Cs.

  



FIG. S11: Calculated Seebeck coefficient (S) for X2PbO3 along z-axis using PBE-GGA, B3LYP, 
HSE06, and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, and (q-t) X=Cs.



FIG. S12: Calculated power factor (PF) for X2PbO3 along x-axis using PBE-GGA, B3LYP, HSE06, 
and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, and (q-t) X=Cs.



FIG. S13: Calculated power factor (PF) for X2PbO3 along y-axis using PBE-GGA, B3LYP, HSE06, 
and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, and (q-t) X=Cs.



FIG. S14: Calculated power factor (PF) for X2PbO3 along z-axis using PBE-GGA, B3LYP, HSE06, 
and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, and (q-t) X=Cs.



FIG. S15: Calculated difference map of electron charge densities for X2PbO3 using PBE-GGA, 
B3LYP, HSE06, and PBE0 functionals: (a-d) X=Li, (e-h) X=Na, (i-l) X=K, (m-p) X=Rb, and (q-t) 

X=Cs. Here, a larger red circular region with high density represent O-atom, a smaller red region is Pb-
atom and  very fainted or empty region located in the interstitial site is X-atom.



FIG. S16: The potential energy (PE), kinetic energy (KE), and evolution of temperature (T) as a 
function of time steps calculated using MD-simulation based on nVT-canonical ensemble at T = 850 K: 

(a-c) X=Li, (d-f) X=Na, (g-i) X=K, (j-l) X=Rb, and (m-o) X=Cs.

Oxygen Vacancy in Cmc21-Li2PbO3 and C2/c-X2PbO3:

Table S2: Calculated structural parameters for  Cmc21-Li2PbO3 and C2/c-X2PbO3 under oxygen 
vacancy and electronic band gap.
Compound a (Å) b (Å) c (Å) α β γ Eg (eV)
Li2PbO3 5.65 9.25 5.70 90.00 111.03 90.00 0.86
K2PbO3 10.88 7.33 6.14 90.00 90.00 90.00 0.75

In the case of Li₂PbO₃, the creation of an oxygen vacancy leads to a distinct anisotropic lattice 
response, wherein the lattice constants a and c exhibit an expansion, while the b parameter undergoes a 
contraction. Conversely, for K₂PbO₃, the introduction of an oxygen vacancy results in a reduction of 
the a lattice constant, accompanied by an increase in both b and c. These structural distortions can be 
attributed to the redistribution of local bonding environments and relaxation effects around the vacancy 
site. In addition to the lattice modifications, the formation of oxygen vacancies induces a noticeable 
reduction in the electronic band gap (Eg) of both compounds, reflecting the creation of defect states 



and enhanced electronic delocalization. This band gap narrowing suggests that vacancy engineering 
could significantly influence the electronic and functional properties of X₂PbO₃ systems.

FIG. S17: Band structure and DOS for Li2PbO3 with oxygen vacancy calculated using GGA 
approximation.

FIG. S18: Band structure and DOS for K2PbO3 with oxygen vacancy calculated using GGA 
approximation.
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