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Structural and redox stability of POM in DMSO-containing electrolytes

To gain deeper insight into the effect of DMSO on POM behaviour, CV, FT-IR 
spectroscopy, and PXRD were employed to evaluate structural and electronic changes. 
As shown in Figure S2(a), both acetonitrile (MeCN) and MeCN:DMSO systems exhibit 
similar redox peak profiles, indicating that the intrinsic redox behaviour of POM is not 

significantly affected by DMSO addition. This observation implies that  enhancement 𝑆𝑒

does not originate from changes in the electronic (inner-sphere) structure of POM but 
rather from entropy variations in the outer-sphere solvation environment.

The FT-IR and XRD results (Figure S2(b) and S2(c)) further confirmed that no 
significant changes occur in the crystal structure or major chemical bonds of POM after 
DMSO addition. Combined with the electrochemical data, these findings corroborate 

that the enhancement in  arises primarily from modifications to the solvation 𝑆𝑒

structure rather than from structural alteration of the POM framework itself.
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Supplementary figures

Figure S1. (a) FT-IR spectrum and (b) TG curve of Keggin-type POM (TBA3[PMo12O40]). 
Simulated profiles for TBA3[PMo12O40] powder are taken from Ref. [1,2].

Figure S2. (a) CV curve of Keggin-type POM (TBA3[PMo12O40]) in MeCN and MeCN:DMSO 
= 4:1 mixed solutions. [PMo12O40]5-⇄ [PMo12O40]4-⇄ [PMo12O40]3- redox reaction 
reported in the Ref. [3]. (b) FT-IR spectra and (c) PXRD patterns of the dried POM 
samples, and (d) an enlarged view (a 2θ range of 2–10°).
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Figure S3. Comparison of the Seebeck coefficient values based on solvent composition 
in water/DMSO mixed electrolytes containing Keggin-type POM (TBA3[PMo12O40]). The 
legend follows the same conventions as in Figure 2.

Figure S4. (a) Dependence of the Seebeck coefficient and (b) Comparison of the 
Seebeck coefficient values based on solvent composition in water electrolytes 
containing Fe(CN)6

3-/4-, Wells-Dawson-type POM (TBA5.5H0.5[P2Mo18O62]) and Keggin-
type POMs (TBA3[PMo12O40] and H3[PMo12O40]). 
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Figure S5. (a) Structure of the Wells-Dawson-type POM anion ([P2Mo16O62]6-) and (b) IR 
spectrum of the synthesized TBA5.5H0.5[P2Mo18O62]. Peaks at 1078, 1026, 1002, 940, 
906, 880, 832, 784, and 530 cm-1 correspond to those reported in the Ref. [4].

Figure S6. Converged structures of Keggin-type POM anion ([PMo12O40]3-) and DMSO 
molecules obtained using DFT calculations. The numbers in the figure indicate 
intermolecular distances (Å).
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Figure S7. Dependence of the Seebeck coefficient on Keggin-type POM 
(TBA3[PMo12O40])-based electrolytes in different water/organic solvent systems at a 
fixed water-to-solvent volume ratio of 4:1 (20 vol%). MSM system prepared as a 3 M 
mixed solution because MSM is solid at room temperature (approximately 25 °C).

Figure S8. (a) LSV profiles and (b) calculated  values of Keggin-type POM 𝑃𝑚𝑎𝑥

(TBA3[PMo12O40]) in aqueous and water:DMSO = 4:1 mixed solutions. 
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Figure S9. Configuration of the three-electrode voltammetry cell assembled with glassy 
carbon working, platinum wire counter electrode, and Ag/AgNO3 reference electrodes 
for CV and EIS measurements: (a) cell after assembly and (b) individual components prior 
to assembly.

Figure S10. Configuration of the planar cell assembled with stainless steel electrodes, 
PEEK spacers, and O-rings for thermoelectric voltage and LSV measurements.

Figure S11. Configuration of the H-shape glass tube cell assembled with platinum wire 
electrodes and thin-film thermistors for thermoelectric voltage measurements: (a) cell 
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after assembly and (b) H-shape glass tube.

Figure S12. Configuration of the instrument setup assembled with a planar cell and 
Peltier temperature controller set for thermoelectric voltage and LSV measurements.
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Supplementary tables

Table S1. Seebeck coefficients measured using a planar cell for Fe(CN)6
3-/4-, Wells-

Dawson-type POM (TBA5.5H0.5[P2Mo18O62]) and Keggin-type POMs (TBA3[PMo12O40] and 
H3[PMo12O40]) as redox species. In A_B, A and B denote the solute and solvent, 
respectively, with the notation for B following that in Figure 2. Each value represents the 
average of 5-6 measurements, with the corresponding minimum and maximum values 
also indicated.

Table S2. Dielectric constants, molecular dipole moments, and viscosities of water and 
representative organic additives used in this study. Note that 1 D = 3.33564 × 10⁻³⁰ C・
m and 1 cP = 1 mPa・ s.
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Table S3. Performance metrics of representative redox-active molecules as 
thermoelectric materials for TECs reported in this study and in previous work. 

Parameters include : Seebeck coefficient and : maximum power output values.𝑆𝑒 𝑃𝑚𝑎𝑥
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