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1. Magnified XRD results of as-synthesized Bi,Te; powder and as-sintered Bi,Te; pellet

Te vacancy can be manifested from the peak shift in our magnified XRD results in the Fig. S1.
Specifically, Te vacancy can lead lattice shrinkage in Bi,Te; due to the absence of Te atoms.
According to Bragg’s Law, this will accordingly induce higher 8 of the XRD peaks, which is

reflected from the shifted (0 0 15) peaks of both powder and pellet samples towards higher

degree.
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Fig. S1. Magnified XRD results of as-synthesized Bi,Te; powder and as-sintered Bi,Tes

pellet, where peak shift towards higher degree is observed.



2. XPS spectra of as-synthesized Bi,Te; powder and as-sintered Bi,Te; pellet

Full X-ray spectroscopy (XPS) spectra of as-synthesized Bi,Te; nano-powder and as-sintered
porous nanostructured Bi,Te; pellet are shown in Fig. S2a and Fig. S2b, respectively. The
presences of Bi 4f and Te 3d energy states were exclusively determined, without any energy
states detected for other elements, except C 1s and O 1Is. Corresponding high-resolution XPS
scans of Bi in the as-synthesized Bi,Te; nano-powder and as-sintered porous nanostructured
Bi,Te; pellet are shown in Fig. S2¢ and Fig. S2d, respectively. No obvious difference was
found after the sintering. The existence of single valence state Bi** in both Bi,Te; nano-powder
and porous nanostructured Bi,Te; pellet was verified, where peaks of Bi 4fs/, and Bi 4f7, were

detected at 162.5 eV and 157.2 eV, respectively.!
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Fig. S2. Full XPS spectra of (a) as-synthesized Bi,Te; nano-powder and (b) as-sintered porous
nanostructured Bi,Te; pellet. High-resolution XPS scans of Bi in the (c) as-synthesized Bi,Te;

nano-powder and (d) as-sintered porous nanostructured Bi,Te; pellet.



3. Lorenz factor and measured thermal properties

Fig. S3a shows the SPB-calculated Lorenz factor (L) of as-sintered porous nanostructured
Bi,Tes pellet. L was found to be around 1.8 x 10® v K-2, with no obvious change within the
temperature between 300 K and 550 K. Fig. S3b shows calculated electrical thermal
conductivity (x.) of as-sintered porous nanostructured Bi,Te; pellet. Similar values were found
compared with dense nanostructured Bi,Te; pellet.> Fig. S3c¢ shows measured thermal
diffusivity (D) of as-sintered porous nanostructured Bi,Te; pellet. Fig. S3d shows measured
heat capacity (C,) of as-sintered porous nanostructured Bi,Tes pellet, which is well consistent

with dense nanostructured Bi,Tes pellet.?
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Fig. S3. (a) Calculated Lorenz factor with SPB model. 7-dependent (b) ,; (c) D and (d) C, of

as-sintered porous nanostructured Bi,Te; pellet and dense nanostructured Bi,Tes pellet.?



4. EPMA results
Table S1 shows detailed atomic composition of as-sintered porous nanostructured Bi,Te;
pellet characterized by electron probe micro-analyzer (EPMA). Ten sites were randomly

selected to ensure the reliability and accuracy of the pellet composition.

Table S1. EPMA measured atomic composition of as-sintered porous nanostructured Bi, Te;

pellet.

il 35.2934 49.3951 100 0.714512
: 33.1585 46.3125 100 0.715973
3 33.2491 47.0595 100 0.706533
4 37.0272 50.6173 100 0.731513
5 36.3166 48.8793 100 0.742985
6 38.8218 55.1961 100 0.703343
Z 39.0351 55.3944 100 0.704676
8 39.134 55.0341 100 0.711086
9 38.4345 54.9078 100 0.699983
10 38.5582 53.2736 100 0.723777

Average 36.90284  51.60697 100 0.715438



5. SPB model calculation details

We used a single parabolic band (SPB) model® # to calculate the enhancement of n-dependent
zT with reduced lattice thermal conductivity (x;). For calculation details, the carrier transport
property analysis was employed as:
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where #, kg, e, 7, Ry, h, C;, E4, and L are the reduced Fermi level, the Boltzmann constant, the
electron charge, the carrier scattering factor (» = -1/2 for acoustic phonon scattering), the Hall
coefficient, the reduced plank constant, the elastic constant for longitudinal vibrations, the
deformation potential coefficient, and the Lorenz number, respectively. Here:

Cr=vip (54-5)
where vy is the longitudinal sound velocity and taken as 2884 m s™! in this study.® F;(n) is the

Fermi integral expressed as:
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To predict the z7 enhancement with reduced 4; by inducing porous structure, we assume that

the pores are uniformly distributed in the Bi,Te; matrix. In this situation, x;, can be defined as



the x; of porous Bi,Te;. Here, experimentally measured x; was utilized. Phonon mean free path

A, was calculated as:®
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where C, is the volume heat capacity. v,, is the average sound velocity taken as 2147 m s



6. A comprehensive comparison of z7 with other state-of-art binary n-type Bi,;Te; works
A comprehensive comparison with other state-of-art binary n-type Bi,Te; works can be found
from Fig. S4, where the achieved z7 of 0.97 in our work is listed as one of the highest values

reported for binary n-type Bi,Te;.

124 1.18
1.1
‘ 1.03
0.97

0.88
0.8

0.62 0707

T

0.4

0.0

Ref.7 Ref.8 Ref.9 Ref.10 Ref.1ll Ref.12 Ref.13 This work

Fig. S4. A comprehensive comparison of z7" with other state-of-art binary n-type BiyTe;

works.”"13
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