Supplementary Information (SlI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2024

Supporting Information

Simultaneously boosting electrical and thermal transport
properties of CuGaTe, through XCl, (X = Cd, Zn) doping-
driven band and defect engineering

Sitong Luo’, Jingxuan Liang!, Zhibo Wei', Yifan Du', Liang Lv', Yuntian Jiang', Shuqi Zheng! *, Weiyu Song?,

Zipei Zhang>"
I College of New Energy and Materials, China University of Petroleum, Beijing, 102249, PR China
2 College of Science, China University of Petroleum, Beijing, 102249, PR China

3School of Materials Science and Engineering, Xiamen University of Technology, Xiamen, 361024, PR

China.
* Corresponding author. Tel.: +86 010 8973 3200. 2870; fax: +86 010 8973 3200

E-mail address: zhengsq09@163.com > 13260218917@163.com



mailto:zhengsq09@163.com

Calculation details

CU16G8.1 6TC32+ZHC12: Cu1 6Ga1 5ZnTe32+Ga+Cl+Cl

CU16G316TC32+ZHC12= Cu15ZnGa16Te31C1+Cl+Cu+Te

CU16G316TC32+ZHC12= Cu16Ga15ZnTe31C1+Cl+Ga+Te

CU16G316TC32+CdC12= Cu16Ga15CdTe3z+Ga+Cl+Cl

CU16G316TC32+CdC12= Cu15CdGa16Te31C1+C1+Cu+Te

CU16G316TC32+CdC12: CU16G315CdTC31C1+C1+GEI+TC

Eform1=Etotal (Cu16GasZnTess) +E ol (Ga)t Eal (C1)FE gt (C)-Eoral (CuisGaisTesn)-Eiorr (ZnCly) =-2.1 €V

E form1™— Etotal (CU15ZHG316TC31CI) +Etotal (C1)+Et0tal (Cu)+Et0tal (Te)‘Etotal (CuléGa16Te3z)—Etotal (Zl’lClz) =-0.9

eV

Eform?a: Etotal (CU16G315ZHT631C1) +Etotal (Cl)+Etotal (Ga)+Etotal (Te)'Etotal (Cu16Gal6Te32)'Etotal (ZnCIZ) =-1.5

eV

Eform4: Etotal (Cul6G315CdTe32) +Etota1 (Ga)+Etota1 (C1)+Etotal (Cl)'Etotal (Cu16Gal6Te32)'Et0tal (CdCIZ) =-1.7eV

Eforms= Erotal (Cu15ZnGay6Tes1Cl) +E gt (CFE gl (Cu)tE oral (T€)-Erora (CuisGarsTes2)-Erora (CACly) =-0.6

eV

Eform6: Etotal (CU15ZHG316T631C1) +Et0tal (Cl)+Et0tal (Ga)+Etotal (Te)'Etotal (Cu16Gal6T632)'Etotal (CdCl2) =12

eV

Efom represents formation energy and E,,,; stands for the total energy of each material.



Eform1< Eform3< Eform2

Eform4< Eform6< EformS

Single parabolic band model: for the calculation the experimental value of:
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In the equation, 1 represents the reduced Fermi level, kg is the Boltzmann constant, e stands for the electron

charge, r is the carrier scattering factor (r = -1/2 for acoustic phonon scattering), Ry represents the Hall

coefficient, and h represents the reduced Planck constant.



Supporting Table

Table S1. Transverse (v;), longitudinal (v;), mean sound velocity (vs) (m/s) of Cu;sGa;sTes;, CujsGasCdTes,

and CU16G315ZHTC32.
v{(m/s) v(m/s) vy(m/s)
Cu16G316TC32 1975 3795 2210
CU16G3.15CdT632 1864 3728 2086
Cuy¢Ga;sZnTes; 1900 3602 2050
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Figure S1. Temperature dependence of (a) Electronic thermal conductivity of (CuGaTe,),4(CdCL), (x = 0,
0.001, 0.0025, 0.005, 0.0075, 0.01), (b) Electronic thermal conductivity of (CuGaTe,),x(ZnCl,), (x = 0,

0.0025, 0.005, 0.01, 0.015, 0.02)



