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Figure S1. Survey scan of XPS spectra of samples PEDOT:PSS, 20TH5CNT, 10CNT.

The O 1s spectra for PEDOT:PSS and selected composite samples are presented in
Figure S2. The observed peaks for PEDOT:PSS sample indicate the presence of an O atom
within the PEDOT chain (C-O), localized within a higher binding energy at 532.5 eV [1,2]. In
contrast, oxygen atoms within the PSS chain exhibit a lower binding energy peak at
approximately 530.9 eV, assigned to C=0 bonds [2,3]. Additional references have shown that
peaks around 531 and 533 eV belongs to O-S and C-O-C of PSS and PEDOT, respectively
[4,5]. A third peak appearing at approximately 533.9 eV is commonly associated with C—-OH
groups [3,6]. The presence of C—OH groups may result from residuals left after surfactant

treatment (EG, DMSO).



The respective peaks have appeared with high energy shifts (531.1, 532.4, 533.1) and (531.3,
532.8 and 534.7) eV for 20THSCNT and 10CNT. These shifts suggest changes in the chemical

environment of oxygen atoms.
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Figure S2. Deconvoluted O 1s core level spectra of PEDOT:PSS, 20TH5CNT, and 10CNT
samples.

Figure S3 shows SEM images of samples with the addition of 20% MWCNT (Figure 7a,b)
and samples with 20% TH and 20% MWCNT (Figure 6¢,d). PEDOT:PSS combined with 20 %
amount of MWCNTs forms a granular surface, probably due to the agglomeration of carbon
nanotubes. MWCNT have low dispersion ability, high inter-tube van der Waals interaction
energy of 500 eV/um, and also high aspect ratio, what makes the MWCNT to be intertwined
and bundled [7]. Although PEDOT:PSS is considered to be a good dispersant for multi-walled
carbon nanotubes (MWCNTs) and this hybrid is widely used [8,9], the phenomenon of mixing
occurs at higher additive contents. This was confirmed by Cai-Wan Chang-Jian et al, who

indicated that the highest concentration of MWCNTs they could use to prevent this was 10 wt%
[10].



Figure S3. SEM images of the surface composite with 20% MWCNT (a,b); with 20 %TH and

20% MWCNT.

Table S1. Bending durability results for the 20THSCNT composite film
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500 759.5 757.2 99.3 24.85 24.73 99.6
1000 757.2 748.8 98.2 24.73 24.60 99.0
5 | T T T T T T T T N 100
] - 90
4- - 80
e - 60 =
[+
s 2- - 50 5




Figure S4. Output voltage (U) and output power (P) versus current (/) at AT of 45 K of
prepared prototype generator.

References

[1] H. Park, S.H. Lee, F.S. Kim, H.H. Choi, L.W. Cheong, J.H. Kim, Enhanced
thermoelectric properties of PEDOT:PSS nanofilms by a chemical dedoping process, J.
Mater. Chem. A 2 (2014) 6532—-6539. https://doi.org/10.1039/C3TA14960A.

[2] H. Alhummiany, S. Rafique, K. Sulaiman, XPS Analysis of the Improved Operational
Stability of Organic Solar Cells Using a V ; O 5 and PEDOT:PSS Composite Layer:
Effect of Varied Atmospheric Conditions, J. Phys. Chem. C 121 (2017) 7649-7658.
https://doi.org/10.1021/acs.jpcc.6b13016.

[3] M. Hilal, J.I. Han, Improving the conductivity of PEDOT:PSS to nearly 1 million S/m
with graphene on an ITO-glass substrate, Synth. Met. 245 (2018) 276-285.
https://doi.org/10.1016/j.synthmet.2018.09.011.

[4] V.Rathi, K. Singh, K.P.S. Parmar, R.K. Brajpuriya, A. Kumar, Boosting thermoelectric
performance of PEDOT: PSS/Bi2Te3 hybrid films via structural and interfacial
engineering, Org. Electron. 133 (2024) 107103.
https://doi.org/10.1016/j.0orgel.2024.107103.

[5] V.Rathi, K. Singh, K.P.S. Parmar, R.K. Brajpuriya, A. Kumar, Improved thermoelectric
performance of PEDOT:PSS/Bi ; Te 3 /reduced graphene oxide ternary composite films
for energy harvesting applications, RSC Adv. 14 (2024) 34883-34892.
https://doi.org/10.1039/D4RA06184E.

[6] M. Hilal, J.I. Han, Enhancing the photovoltaic characteristics of organic solar cells by
introducing highly conductive graphene as a conductive platform for a PEDOT:PSS
anode interfacial layer, J. Mater. Sci. Mater. Electron. 30 (2019) 6187-6200.
https://doi.org/10.1007/s10854-019-00921-0.

[71 A.S. Pillai, A. Chandran, S.K. Peethambharan, MWCNT Ink with PEDOT:PSS as a
multifunctional additive for energy efficient flexible heating applications, Appl. Mater.
Today 23 (2021) 100987. https://doi.org/10.1016/j.apmt.2021.100987.

[8] Q.A. Yousif, K.M. Mahdi, H.A. Alshamsi, TiO2/graphene and MWCNT/PEDOT:PSS
nanocomposite-based dye-sensitized solar cell: Design, fabrication, characterization, and
investigation, Optik (Stuttg). 219 (2020) 165294.
https://doi.org/10.1016/j.1j1€0.2020.165294.

[9] H. Song, Y. Qiu, Y. Wang, K. Cai, D. Li, Y. Deng, J. He, Polymer/carbon nanotube
composite materials for flexible thermoelectric power generator, Compos. Sci. Technol.
153 (2017) 71-83. https://doi.org/10.1016/j.compscitech.2017.10.006.

[10] C.-W. Chang-Jian, E.-C. Cho, K.-C. Lee, J.-H. Huang, P.-Y. Chen, B.-C. Ho, Y.-S.
Hsiao, Thermally conductive  polymeric  composites incorporating 3D
MWCNT/PEDOT:PSS scaffolds, Compos. Part B Eng. 136 (2018) 46-54.
https://doi.org/10.1016/j.compositesb.2017.10.004.



