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Figure S1. Calculated configurational entropy of the x=0.00 and x=0.02 compositions.

Nominal composition is from the respective stoichiometric concentration whereas

experimental composition is from the EPMA’s matrix composition.
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Figure S2. (a) Low and (b) high magnification SEM BSE images, (c-g) corresponding EDS
elemental mapping for the x=0.02 composition of (b) and (h) line scan data along the yellow
arrow showing the composition of the CulnTe, ternary phase within the matrix for the x=0.02

composition.
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Figure S3. (a) Low and (b) high magnification SEM BSE images, (c-g) corresponding EDS
elemental mapping for the x=0.02 composition of (b) and (h) line scan data along the yellow
arrow showing the composition of the CulnTe, ternary phase within the matrix for the x=0.04

composition.
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Figure S4. Calculated lattice parameter for the Sn;_3,BiCu,In,Te compositions.

Figure S5. BSE images from EPMA for the compositions (a) x=0.00 at the matrix and (b, ¢)
x=0.02 at the matrix and second phase, respectively. The white spots shows where the

composition analysis was done.
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Figure S6. DSC profiles for the Sn;_3,Bi,Cu,In,Te compositions.
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Figure S7. Figure. (a) Temperature-dependent power factor, PF for the Sn;;Bi,CuyIn,Te
compositions. (b) Comparison of the maximum power factor of the EMMCA low entropy
x=0.01 composition in this work with other high entropy alloys with an equivalent number of
elements  including  Sng,sPbgosMng2sGegasTe,!  (Sng7GegaPbg1)ooMng i Te,>  and
Sng 5oPbg 15Gey2SboosTe,> CuSnsInTey composite,¥ and CulnTe,/SnTe coated grain

nanocomposite (CG-5Cu:5In).’

Figure S8. Electronic structure of Snj;BilnCuTes.
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Figure S9. Temperature-dependent thermal diffusivity for the Sn;_3BiyCuxIn,Te compositions.
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Figure S10. Temperature-dependent Lorenz number for the Sny_3,BiCu,In,Te compositions.
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Figure S11. (a) BF image (b) HRTEM image obtained at the interface between the SnTe matrix
and the CulnTe, precipitate. (i & ii) corresponding intensity and (iii & I'V) strain tensor maps

obtained using geometric phase analysis (GPA)° of (b).
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Figure S12. Comparison of the thermal conductivity of this work and CulnTe,’ from our

previous study.
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Figure S13. (a) SEM image of the FIB sample during the lifting process, (b) Schematic

illustration of the grains seen in the FIB sample and (c) average grain size in the FIB sample.
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Band gap approximation

The band gap for all the compositions was approximated using the Goldsmid-Sharp equation
S1,8 where e is the charge of an electron, T, is the the temperature at which the maximum

experimental Seebcek coefficient, S,,,, occurs. A summary of the calculation is given in Table

S1 below.

Eg=2eSmaTmax (S1)

Table S1. Summary of band gap calculation.

Composition S, (VK) T, (K) E,(eV)
x=0.00 1.10 x 104 823 0.1813
x=0.01 1.50 x 10 823 0.2473
x=0.02 1.58 x 104 773 0.2443
x=0.03 1.57 x 104 773 0.2431
x=0.04 1.52 x 104 723 0.2203

Debye-Callaway model

According to the Debye-Callaway model,’ the lattice thermal conductivity is computed in the

flowing way.
kg (kBT)3 J‘BD/T . x*exp (x) . (82)
Kigt = —|—5— Teor(X X
fat 2m?v\ h tot( }[exp (x) — 1]2

The integrand item of the equation above is the spectral lattice thermal conductivity, g which

is calculated as below.10-12

kg (kgT x*exp (x) (S3)
K ( d

3
= — | Tror(x) X
2m?y\ h ) tor( }[exp (x) — 1]?
In the above equations, x is a dimensionless variable given by x = hw/ kgT where w is the

phonon frequency.6), is the Debye temperature which is calculated using kgfp = hv(6n2N)1/ 3
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where N is the number of atoms per volume and v is the average sound velocity.'>!3 7., is the
combined relaxation time obtained after considering relaxation times due to the Umklapp
process (U), Normal process (N), grain boundary scattering (GB), point defect scattering (PD),
and nanoprecipitates scattering (NP). This is represented by Matthiessen’s rule below.

Tor = (tg + T + 6 + TR + ThE) (S4)
Specific relaxation times are determined as described below.

Umklapp process:!'%12

TU_1=

hy2x2T (kBT)Z ( HD) (S5)
2 exp| — 55—
Matomv BD\ h 3T

Where kg,h,y,T, and M 4., are the Boltzmann constant, reduced Planck constant, Griineisen
parameter,'? absolute temperature (300 K), and average atomic mass, respectively.
Normal process:!0:12

' =Pt (S6)
Where f is the ratio of Umklapp scattering to Normal phonon scattering.'”

Grain boundary scattering:!%-12

=t (87)
Where L is the average grain size taken from SEM images as shown in Figure S13.
Point defect scattering:!4
1 Vatoma)4 M;— M 2 T, — 1T 2 (S8)
T ym ZiXi( M ) +8( r )]

Where V 4¢om is the average atomic volume, x; is the mole fraction of i cation at the Sn sub-
lattice, M; and M are the molar mass of i cation and Sn, r; and r are the radius of the i cation

and Sn and ¢ is the phenomenological parameter obtained from the literature.!’
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Nanoprecipitates scattering:'6

)+ (w55 (5 )

Where R is the average radius of the precipitates, AD is the difference in density between the

~l=v N, (S9)

matrix and precipitates, D is the density of the matrix and N, is the number density of the

precipitates.

Table S2. Input parameters used in the Debye-Callaway model.

Input parameter Value
Debye temperature, 8p (K) 169.40
Average sound velocity, v (m s!) 1800!%13
Griineisen parameter, y 2.210
Average atomic mass, M (Kg) 2.05 x 10%
Average atomic volume, V ;o (M3) 3.17 x 10%°
Ratio of Umklapp scattering to Normal phonon scattering, 8 1.810
Average grain size, L (m) 1.95 x 10¢
Phenomenological parameter, & 8315

Density of the matrix (SnTe, g cm™) 6.457
Density of the precipitates (CulnTe,, g cm) 6.043
Average radius of precipitates, R (m) 6.5 x 107
Number density of precipitates, N, (m) 7.0 x 1018
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