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Figure S1. The typical SEM images>! of pristine InTe: (a) reveals a dense structure with a
well-organized morphology composed of plate-like crystallites and the average grain
size at the surface is around 15 um, (b) clearly shows the layered structure in an
enlarged area of the grains.
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Figure S2. (a) HAADF image in an enlarged area in Fig. 2(a) and (b) an overlay of Sb’s

mapping on the HAADF image.
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Figure S3. An optical band gap®? of about 0.8 eV is estimated for pristine InTe.

Figure S4. The high symmetry points served to calculate electronic structure and lattice

dynamics for InTe in the Brillouin zone.



Figure S5. Schematic of localized vibrational modes in pristine InTe mainly originating
from In* cations (orange spheres). It is proposed that the lowest frequency Einstein

oscillators (Og; = 30.2 K/ 2.6 meV) is associated with the motion of the In+ cations along

c direction.
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Figure S6. Measured low-temperature lattice thermal conductivity k.,; of InTe and InTe-
Sbg o3, inset shows the negligible contribution from k.. We have observed pronounced
dielectric peak around 19 K which means our samples can still be considered
crystalline.>® Both of the two samples exhibit k., value around 1 W m* K near room
temperature, and are comparable to the well-known Cu;SbSe; compound (green line)>*

with ultralow k,; in the whole temperature range.
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Figure S7. DSC results for (a) InTe and (b) InTe-Sbg os. A weak exothermic peak is

observed around 610 K in InTe-Sbg o5 sample.
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Figure S8. Temperature-dependent thermal diffusivity of InTe and InTe-Sb, (x = 0.01,

0.03, 0.05) samples. The thermal diffusivity is measured along the same direction as

that for electrical transport measurement, parallel to the pressing direction.
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Figure S9. Temperature-dependent Lorenz numbers of InTe and InTe-Sb, (x = 0.01, 0.03,
0.05) samples. The Lorenz numbers are deduced from the Seebeck coefficient and

based on SPB model.>®
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Figure S10. The calculated average zT for InTe-Sbg ;. The fitting curve is fitted from the

data of zT values according to the below equation:
5
2T(T)= CT (s1)
i=0

where T the absolute temperature and G, the fitting constants for each power of T.

The zT,. is calculated by:
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where T, and T, are the minimum and maximum temperature, respectively in the

required temperature range.



Table S1. Atom parameters of InTe in tetragonal phase. Calculated unit cell formula

weight: 1939.360; density: 6.318 g cm™3. Rp = 0.0323; wRp = 0.0416.

Atom parameters for phase no. 1

frac X y z 100*Uiso

In  +1 Values: 1.00 0.00000 0.00000 0.25000 4.007
0 0 0 0

Sigmas: 0.083

Shft/esd: -0.01

In  +3 Values: 1.00 0.00000 0.50000 0.25000 0.265
0 0 0 0

Sigmas: 0.060

Shft/esd: -0.04

Te -2 Values: 1.00 0.18262 0.68262 0.00000 -0.164
0 7 6 0

Sigmas: 0.00009 0.00009 0.032

1 1
Shft/esd: 0.01 0.01 -0.07

Maximum atom shift: 0.00
Atomic parameter sum (shift/ error)*2 for phase 1: 0.01

Table S2. The coordinates of symmetry k-points.

xb, xb, xbs
r 0 0 0
M -1/2 1/2 1/2
N 0 1/2 0
P 1/4 1/4 1/4
X 0 0 1/2
4 n n -n
n = (1+c*/a’)/4




Table S3. Fitting parameters for modelling Cp vs. T plot.

Parameter InTe InTe-Sbg 3
y/103 ) molt K2 /
O/ K 30.2+£2.7K | ag1=0.009 | 40.3+3.0K | ag =0.045
O,/ K 55.7+3.2K | a;,=0.108 | 60.2+3.5K | ag=0.117
O/ K 76.5+51K | 0;3=0.318 | 97.5+5.4K | ai3=0.314
Op/ K 200 K ap=0.57 200 K ap=0.57

Table S4. Through fitting the k,; of pristine InTe, we obtain the pre-factor B of Umklapp
scattering relaxation time. The detailed calculation of point defects scattering can be
found elsewhere.>® A sound velocity ~1570 m/s reported by Jana et al. is used for the
fitting process and the Debye temperature value ~200 K is estimated from the Low-

temperature Cp in our study. By, is a high order four-phonon scattering coefficient.

Scattering type Parameter Value
Umklapp scattering B (10Y7 s/K) 4.4
Fexot 0.0233
Point defects scattering A (104! s3) 1.5
Sound velocity v, (m/s) 1570
Debye temperature O (K) 200
Four-phonon scattering By (1021 s/K?) 3.0
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