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Theoretical methods
1. Calculations of Lorenz number (L) and electrical thermal conductivity (#.:.)

Measured D for pristine Cu3SbSes and CusSb(Sei-xSx)4 (x=0.1-1) samples are
shown in Figure S4. The lattice thermal conductivity (xu.t) is obtained by subtracting

electrical thermal conductivity (&ele) from it using Wiedeman-Franz relationship [1].

Kele:Lo-T (Sl)

where L is the Lorenz number and it can be expressed as equation (2) [2,3].

L=15+exp [I{Sﬂ

The estimated Lorenz number of CusSb(Sei-xSx)4 (x=0—1) samples are listed in

(82)

Figure S5.
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Supporting figures

1. SEM, BSE and EDS spectrum of Cu3Sb(Sei1-xSx)4 (x=0.3) sample

The four constituent elements Cu, Sb, Se and S are uniformly distributed in the
selected area (marked A), and the atomic ratio (%) of Cu, Sb, Se and S is 40.07: 12.68:
31.26: 15.59 (Figure Slc), demonstrating that the formation of a solid solution of
CusSbSes-CusSbSs (x=0.3), which is consistent with XRD results.
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Figure S1 (a) SEM, (b) BSE and (c) EDS spectrum

sample.
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2. TEM morphology and EDS mapping images of Cu3Sb(Sei1-xSx)4 (x=0.3) sample.

Element Weight % Atomic %o
Cu 3267 38.68
Sb 19.93 12.32

Se 44.65 4255

2.75 6.45
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Figure S2 TEM morphology images of CuzSbSe,sS;.2 sample.

3. Band gap (E¢g) of Cu3Sb(Sei-+Sx)4 samples
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Figure S3 Band gap (£;) of CusSb(Se;.«Sy)4 (x=0-0.6) samples.
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4. Measured D
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Figure S4 Temperature-dependent D of CuzSb(Sei-Sy)s (x=0—1) samples.

5. Calculated L
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Figure S5 Temperature-dependent Lorenz number (L) of CusSb(Se;.Sy)4 (x=0—1) samples.
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Supporting table

Table S1 Relative density, carrier concentration, Hall mobility and carrier effective
mass for CuzSbSes(1-1Sax(x=0—1) samples at room temperature (300 K).

Hall

. Relative Carrier . Carrier

Samples D(ensn?/} density concentration mOblh;[y 1 effective

gom™) (%) (108 cm3) (Sclr;1 v mass (me)
x=0 5.79 98.8 1.08 62.2 0.68
x=0.1 5.53 94.3 1.55 24.7 2.48
x=0.2 5.39 92.0 1.69 26.2 4.45
x=0.3 533 91.0 6.28 48.6 2.12
x=0.4 49 83.6 437 37.5 3.36
x=0.5 4.72 80.5 3.35 352 4.77
x=0.6 4.65 79.4 0.88 304 5.03
x=0.8 4.56 77.8 0.77 15.1 2.78
x=1 0.15 12.5 3.62

Table S2 The Refined parameters and quality factors of CuszSbSes1-xS4x (x=0-1)
samples.

Nominal Space a c vV Ry Rup Rexp .
composition  group A) A) (A% (%) (%) (%) chiz
x=0 142m 5.6537 11.252 359.66 5.97 8.06 2.35 11.8
x=0.1 I42m 5.6505 11.246 359.06 5.39 7.18 2.34 9.43
x=0.2 142m 5.6035 11.136 349.66 6.47 8.77 4.82 3.11
x=0.3 I42m 5.5718 11.106 344.78 291 3.73 2.19 291
x=0.4 142m 5.5491 11.033 339.73 5.77 7.40 4.64 2.55
x=0.5 I42m 5.5238 11.005 335.79 5.77 7.32 4.62 2.51
x=0.6 142m 5.4980 10.863 328.37 7.43 9.80 4.69 4.37
x=0.8 I42m 5.4492 10.806 320.87 6.64 8.58 4.82 3.17
x=1 142m 5.3866 10.750 311.92 7.69 9.78 4.57 4.59
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Table S3 Parameters of CuszSbSes1-nSax(x=0—1) samples obtained by fitting the
experimental lattice thermal conductivity data to the Debye-Callaway model using
v=1991.2m/s, and Ob =13 1K, respectively [4-6] .

Nominal Kiat Kexp
. I'm I r u
composition W 1 Kil) W Kil)
x=0 0 0 0 — 3.0 —
x=0.1 0.0171 0.0427 0.0597 1.5468 1.9335 2.015
x=0.2 0.0323 0.0724 0.1047 2.0420 1.6387 1.636
x=0.3 0.0452 0.0901 0.1353 2.3146 1.5074 1.521
x=0.4 0.0552 0.0969 0.1521 2.4465 1.4504 1514
x=0.5 0.0616 0.0940 0.1556 2.4674 1.4417 1373
x=0.6 0.0635 0.0831 0.1466 2.3879 1.4752 1.707
x=0.7 0.0684 0.0755 0.1438 2.3580 1.4882 —
x=0.8 0.0492 0.0449 0.0941 1.9014 1.7144 1.880
x=0.9 0.0300 0.0220 0.0520 1.4093 2.0301 —
x=1 0 0 0 — — _
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