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1. Supporting figures
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Figure S1. Computed partial and total density of states plots. (a) Sns3,Ses;, (b) Snz;GeSes,,

(c) Sn3;GeSes,, and (d) SnyoGeGaSes,.



Figure S2. Scanning electron microscopy (SEM) and energy dispersive X-ray
spectrometry (EDS) results of pure SnSe powders. (a) SEM image of undoped SnSe powder.
(b) Enlarged SEM image of a SnSe microplate and corresponding EDS maps, including the

overlapped and individual Sn and Se elements.
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Figure S3. Thermoelectric properties of polycrystalline Sngos5Geg99sGagsSe bulk

material measured along different directions. Temperature-dependent (a) electrical

conductivity (o), (b) Seebeck coefficient (S), (¢) power factor (S%c), (d) thermal conductivity

(), and (e) ZT value.
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Figure S4. Temperature-dependent properties of polycrystalline Sn,_,,Ge,Ga,Se (x = 0,
0.005;y=0,0.01, 0.02, 0.03, and 0.04) bulk materials. (a) Thermal diffusivity (D), (b) Lorenz
number (L), (c) electronic thermal conductivity («.), and (d) ratio of lattice thermal conductivity

to total thermal conductivity (x/x).
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Figure S5. Characterization of the thermal stability of SnSe and Sngs55Geg 995sGag.04Se
under argon atmosphere. (a) Thermal gravity analysis (TGA) curves, (b) differential thermal
analysis (DTA) curves. Here Pnma indicates the low-temperature a-SnSe phase, and Cmcm

indicates the high-temperature S-SnSe phase.
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Figure S6. Reproducibility of thermoelectric properties in polycrystalline
Sny.055Geg00sGag.04Se bulk materials. Temperature-dependent (a) o, (b) S, (¢) S%0, (d) k, and

(e) ZT value.



2. Supporting tables.

Table S1 Comparison of defect formation energies in undoped and doped SnSe.

Defect Type Undoped/eV Doped/eV AE poped-Undoped)
Vi 1.87 1.28 -0.59
Geg, 0.58 0.59 +0.01

Gag, 0.34 —0.08 —0.42




Table S2. Lattice parameters and unit cell volume of Sn,.. ,Ge/Ga,Se powders

synthesized via solvothermal method.

Composition a (A) b(A) c(A) Unit-cell volume (A3)
x=0,y=0 11.489 4.145 4.440 211.50
x=0.005,y=0 11.495 4.152 44281 211.39
x=0.005,y=0.01 11.497 4.150 4.429 211.38
x=0.005, y=10.02 11.489 4.156 4.424 211.30
x=10.005,y=0.03 11.495 4.149 4.429 211.29

x=0.005,y=0.04 11.502 4.139 4.433 211.11




Table S3. Mass density (p) of Sn;_,,Ge,Ga,Se bulk materials. Theoretical density is 6.179

g/cm?.

Composition p (g cm™) relative p (%)
x=0,y=0 5.954 96.36
x=0.005,y=0 5.855 94.76
x=0.005,y=0.01 6.043 97.80
x=0.005,y=0.02 6.023 97.47
x=0.005,y=0.03 6.018 97.39

x=0.005,y=0.04 6.061 98.09
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Table S4 Comprehensive comparison of thermoelectric performance in doped polycrystalline

SnSe and theoretical predictions.

Material Structure ZT T o S K ref
K S uv Wm!
cm! K! K™!
Nayg 02Sng 9sSe Polycrystal 0.87 798 56.4 288.8 04 10
Nag 00sAgo.015SNg9gSe  Polycrystal 0.81 773 60.2 2882 0.48 11
0.1wt% Ag/SnSe Polycrystal 0.76 773 424 3072 042 12
Nag1Agoo1SngogSe  Polycrystal 0.96 673 48.8 3480 044 13
Sng 9z5Tlo.015S€e Polycrystal 0.6 725 77.0 290.2 0.84 14
Sng 94Big osSe Polycrystal 0.21 719 9 -285 0.34 15
Sng ogIng g2Se Polycrystal 0.07 773 6.23 389.6  0.63 16
Sng 9gPbg g2Se Polycrystal 0.6 723 11.04 360.5 0.44 16
SnSe Calculation 1.0 750 17
n-SnSe Calculation 1.20 800 18
SnpossGeoosGaopSe  Polycrystal 1 773 3420 37444 037 This

work
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