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1. Experimental Section

The following process was adopted for the fabrication of polymer/inorganic composite bulk.
Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) (PEDOT:PSS, 3-4% in water) we
used in this work was purchased from ALORICH without any further processing. The synthesis
process is shown in Fig. 1(a), the 33.33 wt% ratio of inorganic powders (Bi,S; nanotubes[28],
Cu,SnSe; nanoparticles[29], and BiysSb; sTe; powders with dimensions under 400 meshes
were obtained by ground the alloy ingot) were mixed with PEDOT:PSS by ultrasonic for 6 h.
The mixed solution was then put on the Al plates for drying at 40 °C for 12h in oven. The
PEDOT:PSS/inorganic powders pieces were obtained and then grounded in the liquid nitrogen
to fine composite powders. The PEDOT:PSS/inorganic powders fine powder was dried again
in vacuum oven at room temperature for 12 h. The PEDOT:PSS/inorganic powders fine powder
was then densified by employing spark plasma sintering (SPS) using custom-designed 10 mm
diameter graphite die resulted in a pellet. The optimized SPS parameters used were S0MPa, a
50°C/min ramp rate and a holding time of 5 min at 100 °C under vacuum (<4 MPa).

The as-synthesized PEDOT:PSS/inorganic powders bulk, as shown in Figure 1(b), were
characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM, JEOL JSM
6390 LV). Electrical conductivity and thermopower/Seebeck coefficient were measured on
polished parallelepipeds approximately 2x2x8 mm in an ULVAC ZEM-3 electrical
conductivity and Seebeck coefficient system. Samples were sandwiched between two Ni
electrodes with two probe thermocouples providing forced contacts on one side. A resistive
heater on the lower electrode provided nominal temperature differentials of 10, 20, and 30°C
to determine the Seebeck coefficient. The sample chamber was evacuated and back filled with
approximately 0.1 atm He, and heated from room temperature to 75°C using an IR furnace.
Thermal diffusivity and specific heat of samples were measured on a Netzsch LFA 457. Coins
measuring approximately 8 mm in diameter by 1 mm thickness were heated from room
temperature to 950 K. Density was calculated from the sample dimensions and mass. Assuming
the law of mixtures, specific heat of the samples was estimated using established literature
values for corresponding ideal mixtures of PEDOT:PSS and inorganic powders. [1, 2] Total
thermal conductivity was calculated using the equation & = DC,d, where k is total thermal
conductivity, D is measured thermal diffusivity, C, is specific heat, and d is density. The Hall
coefficients at room temperatures were measured using the Van der Pauw technique under a
reversible magnetic field of 0.80 T (Lake Shore 8400 Series, Model 8404, USA). The TGA-
DSC was analyzed using simultaneous thermal analyzer (STA 447, Netzsch, Germany) under
Ar flow. The room temperature optical absorption spectrum was measured using sintered
polymer bulk. The measurement was performed on UV-vis Spectrophotometer (Shimadzu,



UV3600Plus). BaSO, powder was used as a 100% reflectance standard.

2. DSC-TG
Figure S1 shows the DSC and TG curves for all polymer composites samples from 20 to 200 °C. As

shown Figure S1(a), there is a bump around 80-90 °C in all curves, this temperature was considered to
be the softening temperature, this is also the reason that the polymer powder could reform to polymer
bulk under the sintering temperature 100 °C. The TG curves of all the samples kept flat and slightly
decreased, showing no heavy weight loss. The DSC result was also shown in Figure 2 in the revised

manuscript, the related discussion was added either.
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Figure S1 DSC and TG curves for all polymer composites samples from 20 to 200 °C.

3. EDS mapping

EDS mapping in SEM was performed for all the polymer composites samples. To make sure that the

scanning surface is flat enough, the free surface was used instead of fracture surface. The results



were added in the ESI part as Figure S2, Figure S3 and Figure S4. As shown in Figures S2, S3, and S4,
same particles distributed on the surface, but lots of them embed in the PEDOT:PSS matrix. The
distribution of Cu,SnSe; nanoparticles are the most homogeneous compared to that of the other two

samples.

Figure S3 EDS mapping of PEODT:PSS with 33 wt% Cu,SnSe; nanoparticles



Figure S4 EDS mapping of PEODT:PSS with 33 wt% Big sSb sTe; powders.

4. UV-vis-near IR

Figure S5 show an obvious absorption edge around the wave length of 1650 nm, the simply estimated
band gap of polymer bulk is 0.75 eV by using Eg=1240/A, where A is wave length. The band gap of
0.75 eV is a little lower than the reported band gap of PEDOT:PSS films from 1.07 to 1.63 depending
on the different substrates. [6] The other two absorption peaks were also observed around 750 to
800 nm, which is according to the band gap of around 1.2 to 1.4[7, 8] for Bi,S; and Cu,SnSes. The
BiSbTe is a norrow band semiconductor with a band gap of below 0.3 [9], it is therefore no absorption
peak was detected in the wave length ranges from 190 to 1800 nm. And the Fl spectrometer is not

available in our lab. We may report the Fl reflectance spectrum for 33%BST sample in the future.



50 :
- 33%BS &
40 | .+ 33% BST : an
i . 33% CSS S i
PEDOT:PSS |5 ;
X 30r e
x | 8
20r i T
s ~p 2
" E
1 0 m:i;j,‘%‘@fwﬂ‘gg@wﬂ o ——

800 1200 1600

Wave Length (nm)

400

Figure S5 UV-vis-near IR reflectance spectrum for all the polymer composites bulk.



Table S1: Thermoelectric properties of selected organic semiconductor

Materials Conductivity Seebeck Power factor Thermal cond ZT Processing Ref

[S/m] [nV/K] [W/m-K2] [W/m-K]
Pristine PEDOT:PSS 1474 20 6.8x1077 0.10 2x1073 Hot press, ZT was obtained at 348 K This work
bulk
33 wt% BST with 2070 28 1.4x10°¢ 0.08 6x1073 Hot press ZT was obtained at 348 K This work
PEDOT:PSS
33 wt% CSS with 2762 57 1.1x107 0.08 0.04 Hot press ZT was obtained at 348 K This work
PEDOT:PSS
P(NDIOD-T2) with N- 4x103 =770 2x107 - - Doped in solution and spin cast Schlitz et al. [5]
DMBI
P(NDIOD-T2) with N- 8x103 -850 6x107 - - Doped in solution and spin cast Schlitz et al. [5]
DPBI
Polyaniline 6.3 -3 5.7x10? - - Vapor doped with H,SO, Yoon et al. [10]
Poly[Kx(Ni-ett)] 40 -122 6x107 - - Solid-state processing Sunetal. [11]
P3HT doped with PF, 0.843 39 1.4x107 - - Electrochemical doping of film drop Xuan et al. [12]

cast from solution

PEDOT:PSS film 72.6 895 4.72x1073 0.22 0.42 spin cast and dip in EG solution Kim et al. [13]
P3HT/SW-CNT 10000 -29 9.5x10* 0.16 >1072 Cold press densification Bounioux et al. [14]
composites
PEDOT:PSS 800 15.5 1.9x1077 0.04~0.16 3x104 Cold press densification Jiang et al. [15]
PEDOT:PSS with DMSO 5500 13 9x107 0.04~0.16 1.8x103 Cold press densification Jiang et al. [15]
PEDOT:PSS film 132 18.9 5x108 0.22-0.30 6x10- Drop cast See et al. [16]
PEDOT:PSS/Te NWs 1930 163 7x10- 0.22-0.30 0.1 Drop cast See et al. [16]
PEDOT:PSS/Bi2Te3 42100 18.6 9.9x10¢ 0.07 0.04 physical mixing method Song et al. [17]
PEDOT:PSS/Bi2Te3 90000 25 4.7x107 - - drop cast, Bi,Te; was prepared by ball ~ Zhang et al. [18]

milling
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