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Note S1: Molecular dynamics simulation

The solvation structures of Fe(CN)¢3~ and Fe(CN)g*~ were simulated by molecular dynamics (MD) performed
via GROMACS 2021 software package.* Fe(CN)¢>~ and Fe(CN)g* were modelled by all-atom force fields
developed by Giacomo et al.* The force field parameters were taken from ref.> for K* ions. The SPC/Fw model,®
which is capable of taking into account water flexibility,* was adopted for water. Furthermore, the force field
parameters for PSBMA were based on the OPLS model.” 8 The number of ions/molecules is summarized in Table
S4 for all studied simulation systems.

The steepest descent method was applied to minimize the initial energy for each system with a force
tolerance of 1 kJ/(mol™ nm™) and a maximum step size of 0.002 ps before MD calculations.? In all the three
directions, periodic boundary conditions were imposed. Leapfrog algorithm was used to integrate the Newtonian
equation of motion. The MD simulation was processed in an NPT ensemble and the simulation time was 20 ns.

In NPT simulations, the pressure was maintained at 1 bar by the Berendsen barostat in an isotropic manner?®
and the temperature was maintained by the V-rescale thermostat at 298.15 K. The Particle-Mesh-Ewald (PME)
with a fourth-order interpolation was used to evaluate the electrostatic interactions and the grid spacing was 1.0
A,19 whereas a cutoff of 1.4 nm was employed to calculate the short-range van der Waals interactions.
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Fig. S1 Weight evolution of cling-film-encapsulated 1.8 M LiCl-0.45/0.3
continuously heated at 50 °C.
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Fig. S2 Photographs of the P(SBMA) (top) and PP1 (down) hydrogels before and after polymerization.
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Fig. S3 SEM images PP1 hydrogel (i), 1.8 M LiCI-0.45/0.3 M Fe(CN)¢*/>-PP1 hydrogel at the cross-section (ii) and

its corresponding elemental mapping images of K-Fe-Cl (iii), K (iv), Fe (v) and ClI (vi).
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Fig. S4 Stress-strain curves of P(SBMA)/PEG hydrogels with 4wt.% and 5wt.% of PEG.
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Fig. S5 Breaking strength and elongation at break of P(SBMA)/PEG hydrogels (a) before and (b) after self-healing,
where the hydrogels contain different content of PEG.



Fig. S6 The schematic hydration structures of (i) Fe(CN)¢* and (ii) Fe(CN)s*> in water solution according to
molecular dynamics simulation.
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Fig. S7 (a) Thermovoltage of 1.8 M LiCI-PP1 hydrogel at different AT and (b) the corresponding thermopower.
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Fig. S8 (a) Nyquist diagrams, (b) ionic conductivity of the Fe(CN)¢*/3-PP1 hydrogels containing redox couple with

different concentration and ratio.
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Fig. S9 (a) Nyquist diagrams, (b) ionic conductivity of the LiCI-0.45/0.3 M Fe(CN)¢*/3-PP1 hydrogels containing

different LiCl concentration.
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Fig. $10 (a) Stress-strain curves of 1.8 M LiCI-PP1, 0.45/0.3 M Fe(CN)¢*/3-PP1 and 1.8 M LiCl-0.45/0.3 M Fe(CN)¢*
/3_PP1 hydrogels before and after self-healing. Breaking strength and elongation at break of 1.8 M LiCl-PP1,
0.45/0.3 M Fe(CN)g*/*-PP1 and 1.8 M LiCl-0.45/0.3 M Fe(CN)¢*/3-PP1 hydrogels (b) before and (c) after self-
healing. (d) Self-healing rate of 1.8 M LiCI-PP1, 0.45/0.3 M Fe(CN)¢*/3>-PP1 and 1.8 M LiCI-0.45/0.3 M Fe(CN)g*/3-

PP1 hydrogels.
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Fig. S11 Photographs of PP1, 0.45/0.3 M Fe(CN)¢*/3-PP1 and 1.8 M LiCl-0.45/0.3 M Fe(CN)¢*/3-PP1 hydrogels at
25°Cand -10 °C.
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Fig. S12 DSC of PP1, 0.45/0.3 M Fe(CN)¢*/3-PP1 and 1.8 M LiCl-0.45/0.3 M Fe(CN)¢*/3>-PP1 hydrogels.
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Fig. $13 (a) Open circuit voltage and (b) short circuit current of the as-prepared hybrid hydrogel with 10 K of AT.
Herein, a, b, ¢ and d are 0.45/0.3 M Fe(CN)¢*/3-PP1, 1.8 M LiCl-0.45/0.3 M Fe(CN)¢*/3-PP1 with or without self-
healing, after 50% stretch of 1.8 M LiCl-0.45/0.3 M Fe(CN)¢*/3-PP1 with self-healing, respectively.
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Fig. S14 Comparison of the hybrid hydrogel thermocell with previous reports in terms of thermopower, ionic
conductivity, stretchability and self-healability.1-17
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Fig. S15 Schematic illustration of the assembly of wearable thermocells array converter (a), photograph of the
assembled wearable thermocells array converter (b).
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Table S1 The theoretical solid and water content of P(SBMA)/PEG hybrid hydrogels with different content of PEG.

PEG content (wt.%) 0 1 2 3 4 5
solid content (wt.%) 53.3 48.6 46.1 435 40.2 37.8
H,0 content (wt.%) 46.7 51.4 53.9 56.5 59.8 62.2




Table S2 The atomic content of 1.8 M LiCI-0.45/0.3 M Fe(CN)¢*/>-PP1 hydorgel at its cross-section.

PEG content (wt.%) Fe cl K

atomic content (at.%) 4.5 48.6 51.0




Table S3 Thermopower of state-of-the-art Fe2*/3*-based and Fe(CN)g3/4-based thermocells.

Thermocells Ste Std total S; contribution of  Ref.
(mV/K) (mV/K) (mV/K) Sta (%)

gel-based LiCl-Fe(CN)g374 1.6 1.9 35 54.3 this work
gel-based Fe2+/3+ 1.43 0 1.43 0 17
gel-based Fe2+/3+ 2.02 0 2.02 0 13
gel-based Fe(CN)g37/4 1.4 0 1.4 0 18
gel-based Fe(CN)g37/4 1.5 0 1.5 0 14
gel-based Fe(CN)g37/4 4.4 0 4.4 0 12
gel-based NaCl-Fe(CN)g3>/+ 1.5 0.1 1.6 6.2 11
gel-based NaCl-Fe(CN)g3/4+ 1.4 0.36 1.76 20.4 19
gel-based KCI-Fe(CN)g3/4 2.27 14.73 17 86.6 20
gel-based KCI-Fe(CN)g3/4 4.67 20.03 24.7 81.1 21
aqueous Fe(CN)g37/4 3.7 0 3.7 0 22
aqueous Fe(CN)g37/4 4.2 0 4.2 0 23

Note: S; is the total thermopower of thermocells, S is the thermopower resulting from redox reaction of redox
couple, Sq is the thermopower resulting from ionic-thermoelectrics.
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Table S4 The number of ions/molecules for all studied simulation systems.

Fe(CN)g* Fe(CN)g*> K* water P(SBMA) Box size (nm3)
45 180 5556 6x6x6

30 90 5556 6x6x6
45 180 5556 40 10x10x10

30 90 5556 40 10x10x10
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