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PbS-based thermoelectric  materials  have  attracted  extensive  attention  in  recent  years  for  the  advantages  of  earth  abundancy
and  low  cost,  which  is  considered  to  be  a  substitute  for  traditional  PbTe  material.  However,  their  high  thermal  conductivity
restricts its development. Hence, in order to improve their thermoelectric performance from reducing the thermal conductivity, a
kind of dendritic PbS with controlled crystal grain and morphology are obtained by solution synthesis. By adjusting the amount of
surfactant (CTAB), the specific formation process of dendrites is regulated. After sintering, the dendritic PbS nanoparticles are
easy to form porous structure due to the overlapping and staggered arrangement of dendritic branches. For comparison, we also
prepare a kind of regular octahedral PbS and a dense packing arrangement is formed because of the integrity of the octahedral
structure.  DFT-based Boltzmann transport  equation  is  used to  prove  the  crucial  role  of  porous  structure  in  scattering  phonon.
Finally,  a maximum zT = 1.0 at  773 K in n-type PbS is  obtained,  which still  keep a high-speed growth and is  expected to get
higher zT value in a higher temperature region. Our work may shed light to other thermoelectric materials from the formation of
porous structure to reduce the thermal conductivity.
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1.Characterization Results

Figure S1 (a-e) The EDS of samples 1#, 2#, 3#, 4# and 5# respectively. The calculated elemental ratios are shown in Table S1.
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Figure S2 (a-c) The SEM image of the fractured surfaces of samples1#, 2# and 3# respectively.

Figure S3 The XRD patterns of the sintered samples.

Figure S4 TG analysis of all samples, implying that all samples were stable between room temperature and 600 ℃.

Figure S5 Temperature dependence of Carrier mobility µH: (a) 1# Pristine PbS, (b) 2# 0.1 g CTAB, (C) 3# 0.3 g CTAB.
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2. Theory calculation Details
2.1 Details of the calculation formula of lattice thermal conductivity

���� =
�

������
� − �

�

�

�

���� �, �
������

��� �,� ���

��� �,� ��� − �
� ���,�� �, � ��� �, � #��. �

In this formula, h represents the Plank constant, kB represents the Boltzmann constant, T is temperature in Kelvin, ω(q, j) is
the perfect crystal phonon angular frequency, q is the phonon wavevector, j is the phonon branch, Vph,x is the phonon group
velocity component in direction x, N is the number of q points sampled uniformly throughout the first Brillouin zone, and Vcell is
the volume of a primitive unit cell. The summation is taken over all the phonon modes (q, j). The effect of nano pores is studied
beyond the effective medium approximation by considering the phonon-pore scattering. P is the porosity and the factor (1- P)
considers the loss of material.

2.2 The equation of corresponding relaxation times
The isotope, defect, and grain boundary scattering rates[1-4] are calculated by
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Where giso and gdef are the mass disorders induced by the natural Pb/S isotopes and the Br defects in the samples given by� =
�( △�

�
)2 , where η is the concentration of isotopes (defects), and ∆M is the mass difference between isotopes (defects) and the

pristine Pb/S atoms. DOS(ω) is the normalized density of states of the pristine PbS. Dgrain is the average grain diameter.
The phonon-pore scattering[5] is determined by

�
����� �, �
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������

#��. �

where Dpore is the average pore diameter.

Figure S6 (a) DFT-calculated κlat of 2# by considering the phonon scattering mechanisms of PD, GB and Pore. (b) DFT-calculated κlat of 3# by
considering the phonon scattering mechanisms of PD, GB and Pore. (c) The lattice thermal conductivity accumulations as a function of phonon frequency
for acoustic and optical phonons.

Table S1 The data used in the thermal conductivity calculation
Sample
No.

Relative
density

Br doping concentration
(atom %)

Grain size (μm) Average grain
Size (μm)

Porosity Pore diameter(μm)

1# 99.6% 0.4 1 0 0
2# 98.3% 0.29 0.5-1 1 1.7% 0.39
3# 96.4% 0.71 1.5-2 2 3.6% 0.8
4# 92.3% 1.00 2-3 2.5 7.7% 0.55
5# 98.1% 1.00 6-7 6.5 1.9% 0.5
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