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Table S1. The obtained peak position, d spacing, cell parameters, and lattice volume 
variations in the BCCS samples 
 

Samples d-

spacing 

(Å) 

Cell 

parameters(Å) 

Volume 

(Å)3 

FWHM,𝛽 

(°) 

a = b c 

BS 2.0718 4.1418 28.6188 425.1601 0.1908 

BCCS-0.01 2.0974 4.1817 27.7331 420.42862 0.4348 

BCCS-0.05 2.0979 4.1832 27.7305 420.22979 0.6130 

BCCS-0.15 2.0993 4.1832 27.7219 420.11504 0.7662 
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Table S2. The calculated dislocation density induced by the counter doping for all the samples 

 

Samples 

Dislocation density (1015m-2) 

BS 0.6935 

BCCS-0.01 3.501 

BCCS-0.05 5.3756 

BCCS-0.15 7.991 
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Table S3. The stoichiometric calculation for all the synthesized samples 
 

Doping 
content 

Bi Ce Co Se Stoichiometry 

x = 0 2.017 0 0 2.983 Bi2.017Se2.983 

x = 0.01 1.989 0.011 0.022 2.980 Bi1.989Ce0.011Co0.022 Se2.980 
x = 0.05 1.948 0.052 0.04 2.973 Bi1.948Ce0.052Co0.04Se2.973 
x = 0.15 1.852 0.148 0.120 2.951 Bi1.852Ce0.148Co0.12Se2.951 

 

Table S4. Binding energies, intercomponent (spin-orbit ) energy separations for the measured 
peaks in this study compared with the literature [1–3] 
 

                    Ce (III)  3d5/2 

                  

Ce(III) 3d3/2 Reference 

𝒗𝒐 𝒗ᇱ 𝒖𝒐 𝒖ᇱ  

881.29 884.58 899.3 903.01 This 

work 

880.6 885.4 898.9 904.0 [2] 

880.9 885.2 899.1 903.4 [3] 

Inter-component (spin-orbit) energy separation ∆ (𝑣௢, 𝑢௢) ∆ (𝑣ᇱ, 𝑢ᇱ)  

18.1 18.46 This 

work 

18.3 18.6 [2] 

18.2 18.2 [3] 
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Table S5. The calculated effective mass of all the synthesized samples 
 

 

Samples 

 

Effective Mass (𝒎𝒔∗) 

BS 0.074 

BCCS-0.01 0.512 

BCCS-0.05 1.269 

BCCS-0.15 1.685 

 

Table S6. Comparison of pristine and doped Bi2Se3 thermoelectric materials with this work. 

 
Composition Synthesis Temperatur

e (K) 

PF 

(µW/mK) 

𝜿tot zT Reference 

Bi2-xCex𝐶𝑜ଶ௫ ଷൗ 𝑆𝑒ଷ Solvothermal 473 628 0.539 0.55 This work 

Bi2-xSbxSe3 Solvothermal 543 62 0.37 0.092 [4] 

Bi2Se3 Solution process 473 84 0.62 0.06 [5] 

Bi1.9In0.1Sb0.067Se3 473 305 0.31 0.472 

Ce0.3Bi1.7Se3 Solvothermal 473 188 0.52 0.17 [6] 

Bi2Se3 Solvothermal 523 152 0.83 0.096 [7] 

Bi1.84Er0.15Se2.99 solvothermal 480 100 0.41 0.11 [8] 

(Bi0.96In0.04)2Se2.7Te0.3 Melting 350 1900 2.4 0.28 [9] 

Bi2Se3 Solution 480 200 0.62 0.17 [10] 

Bi2Se3 Bridgman 

method 

320 410 2.1 0.063 [11] 

Cu0.01Bi1.99Se3 Melting and 

Hot press 

473 680 0.8 0.403 [12] 
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Figure S1. The EDX spectra of the BCCS samples (a)BS (b) BCCS-0.01 (c) BCCS-0.05 (d) 
BCCS-0.15 
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Figure S2. The EDX mapping of all the BCCS samples showing the presence of all the 
constitutients (a)BS (b) BCCS-0.01 (c) BCCS-0.05 (d) BCCS-0.15 
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Figure S3. The Survey spectra of all synthesized samples (a) 100 nm full spectral (b) Enlarged 
scale showing the presence of the Ce dopants 
 
 
Scattering Mechanism in the counter-doped samples 
 𝑆 =  ௄ಳ௘ ቂ𝑟 + ହଶ − ாಷ௄்ቃ --------------------(S1) 

where 𝐾஻ , e, EF, T, S, and r are the Boltzmann constant, electronic charge, Fermi energy, 

temperature, measure Seebeck coefficient and the scattering parameter. Notably, −1.5 ≥ 𝑟 ≤1.5 
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