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Materials characterization

A transmission electron microscope (Titan 80-300) was used to image the samples. A focused ion
beam-scanning electron microscope (FIB-SEM, Helios G4 UX) was used to obtain SEM images
of samples. A confocal Raman microscope (NRS-5100, Jasco) with high-Speed XYZ imaging
capability was used to characterize materials and molecules structure and composition. To map the
elemental distribution of combinatorial films, Energy dispersive X-Ray spectroscopy (Helios G4
UX and Titan 80-300) and X-ray fluorescence imaging (EDAX Orbis PC Micro-XRF) were used

depending the sample compositions and dimensions.

Densification

The Bi;Te,7Seq.s nanoplates were dried at 380 °C for 60 min under Hz/Ar airflow, then sintered by
spark plasma sintering (SPS) at 480 °C under a pressure of 45 MPa in a vacuum for 15 min to obtain
fully densified bulk sample with the size of 12.7 mm in diameter and 7 mm in length. The density

of the sample achieved was 6.5715 g/cm?, (theoretical density is 7.77 g/cm®).

Thermoelectric properties measurements

The sintered samples were cut and polished into two regular shapes with size of 3 x 3 x 12 mm?®
and 6 x 6 x 1.5 mm?® for electrical properties and thermal conductivity measurement, respectively.
The electrical conductivity and the Seebeck coefficient were simultaneously measured under a He
atmosphere from 300 to 525 K by the ZEM-3 apparatus (Ulvac Riko, Inc.). The thermal
conductivity was determined based on the thermal diffusivity (D) which was measured in an Ar
atmosphere by the laser flash diffusivity method (LFA 457; Netzsch), where the heat capacity (Cp)
was calculated by the Dulong-Petit law and the sample densities were determined by measuring the
mass and dimensions of the sample. The lattice thermal conductivity was obtained by subtracting

the electronic thermal conductivity from the measured total thermal conductivity.
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Figure S1. XRD (a) and SEM images (b) of Bi,Ses; hanoplates.
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Figure S2. Thermoelectric properties of n-type Bi.Te,7Seq 3 showing a peak zT of 0.7 at 375-400
K region.
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Figure S3. Sedimentation analyses of water-based and EG-based inks (Bi,Te27Seq s particle
concentration: 3.5 wt%).




Figure S4. Optical microscopy of printed chalcogenide films using extrusion printing (a) and
aerosol jet printing (b) showing no significant coffee-ring effect.



Table S1: Comparison of various synthesis methods under ambient pressure. *Abbreviations: the
hydrazine-assisted colloidal synthesis (HCS), ethylene-glycol-assisted colloidal synthesis (ECS),
and solvent engineering colloidal synthesis (SCS). Abbreviations of EG and DEG are ethylene
glycol and diethylene glycol, respectively.

Method* Sh Te precursor Reducing Solvent T@ 1atm Reference
precursor agent

SCS ShCls Na2TeOs EG EG/DEG ~191°C This work

HCS SbCls TeO2 Hydrazine EG ~155°C 1

ECS Sh203 TeO2 EG EG ~180°C 2




Table S2: Comparison of printed thermoelectric materials with processing methods. *The
thermal conductivity data are not always readily available for printed TE materials, and thus we
here focus on Seebeck coefficient (S), electrical conductivity (o), and power factor (PF).

Ref. Materials Fabrication Post-treatment S c PF*
wV/K)  (S/cm)  pW/(m-K?)
This Biz2Te27Seos Extrusion printing 440 °C, 60 min -172 224 662.9
work
3 Biz2Te2sSeo.2 Screen printing 430 °C -126 310 490
4 Bi2Tes/PEDOT Screen printing 450 °C -138 73 138.6
5 BizTes/epoxy Extrusion printing 250°C,3h -157 61 150
6 Bi2Ss/PANI Drop casting 483 K, 10 min -42.8 0.4 0.07
7 Poly[Kx(Ni-ett)] Inkjet printing 363K, 10h -44.9 2.1 0.4
/PVDF
8 V20s/PEDOT Inkjet printing 100 °C overnight -350 0.16 2
9 Bi2Tes/Selepoxy Extrusion printing 250/350 °C, 12 h -170 96 277
10 Biz2Te27Seos Aerosol jet printing  Photonic sintering, -163 270 730
15s
u TiS2(HA)x Inkjet printing 110°C -70 430 211

Table S3. Aerosol jet printing parameters of Bi;Te27Seos TE films.

Parameters Values

Nozzle diameter (um) 200
Ultrasonic atomizer flow rate (sccm) 28-30
Sheath gas flow rate (sccm) 15-20

Platen temperature (°C) 85

Print speed (mm/s) 4.5
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