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Scheme S1 Images and morphology of the microstructure of MiTCs during optical microscope and

SEM.

Scheme S2 Images of the home-made testing system for MiTCs

The ionic thermoelectric properties of pure redox electrolytes were calibrated by a home-made
straight system as shown in Scheme S3. The home-made straight system can measure the intrinsic
thermoelectric properties of electrolytes and was used for comparison with that in MiTCs. The results
were consistent with that reported in literatures!, confirming its feasibility for ionic thermoelectric

properties of redox electrolytes.
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Scheme S3 Schematic diagram of the home-made straight system for redox electrolytes calibration

Preparation of the K;Fe(CN)¢/K,Fe(CN)g electrolytes: A mixed K;Fe(CN)y/K4Fe(CN)g electrolytes
(0.05~0.4 mol L!) was prepared by dissolving a certain mass of potassium ferricyanide (K3;Fe(CN)g)
and potassium ferrocyanide trihydrate (K4Fe(CN)e) in deionized (DI) water with stirring for 30 min
for experiments. In all the experiments, the concentration of K;Fe(CN)¢ and K4Fe(CN)¢ are
equimolar, and their maximum solubility is ca. 0.4 mol L' in DI water, which is consistent with that
in literature'. In addition, KCl were used as THE supporting electrolytes, and added into the

K;3Fe(CN)¢/K4Fe(CN)g electrolytes with stirring for 30 min.

Ionic thermoelectric properties: The ionic thermoelectric properties of MiTCs include the ionic
thermopower, ionic conductivity and normalized maximum power density (P,,.,/AT?). In terms of the
ionic thermopower of MiTCs, the open-circuit voltages between the two electrodes were recorded at
different temperature gradients by using a Keithley 2000E source/meter. The ionic thermopower (S;)

can be calculated as follows:

AU d,

§=22% 1
A4 (1)

Where AU is the open-circuit voltage, AT is the temperature difference measured by the T-type
thermocouples, d; and d, are the distances between two electrodes and two thermocouples adhered to
the back of the quartz slide (near the electrodes), respectively. To obtain more precise ionic
thermopower of MiTCs, multiple open-circuit voltages under different temperature differences are
fitted to eliminate experimental errors.

The ionic conductivity of the MiTCs cannot be determined by the electrochemical ac impedance

spectroscopy (EIS) due to the extremely low electrolyte solution. As reported by previously
3



literatures® 3, the ionic thermoelectric performance of MiTCs was mainly restricted by the slow
electrochemical electrode kinetics and mass transfer process of the cold electrode. The mass transfer
resistance was commonly important for the characterization in ionic thermocell properties, which its
accurate evaluation cannot be straightforward. The effective ionic conductivity (c.z) of MiTCs
obtained from the slope of the current-voltage curve can represent the total resistance near equilibrium
by using external resistance method. It can to some degree indicate the mass transfer process. The
ionic conductivity of bulk redox electrolyte solution was also measured by ionic conductivity meter
as controls. The P,,,./AT? of MiTCs can be obtained by connecting external resistors with different

resistance values. All the experiments were repeated many times to reduce the experimental errors.



Notes S1: Fundamentals of the conventional ionic thermocells

The schematic diagram of fundamentals of the conventional ionic thermocells is shown in Scheme
S4. A conventional ionic thermocell mainly consists of two electrodes and redox electrolyte. Based
on the thermogalvanic effect of redox electrolytes such as Fe(CN)g*/Fe(CN)g>, Fe3*/Fe?*, I/15, etc.
4, it can continuously output electric power through continuous quasi-reversible reaction of redox ions
at electrodes under temperature difference, in which the electrodes do not participate in the reaction
and only transfer electrons. With the presence of temperature difference between two electrodes,
Fe(CN)g* is reduced as Fe(CN)g* at the cold end, while Fe(CN)s* is correspondingly oxidized
Fe(CN)g* at the hot end. Meanwhile, these product of oxidation and reduction reactions will be
transferred between two electrodes by means of natural convection, concentration diffusion or
thermodiffusion, and electromigration as the reactions progresses>®. When the temperature difference

is presented, it would maintain the continuous generation of electric power.
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Scheme S4 Schematic diagram of the fundamentals of a typical ionic thermocell.
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Fig. S1 Open-circuit voltage profiles and determination of the S; as well as U-I curves (3.5 K

temperature difference) with different concentration in MiTCs: (a-c) 0.05 mol L!; (b-f) 0.1 mol L-!;
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Fig. S2 Open-circuit voltage profiles and determination of the S; as well as U-I curves with 0.05 mol

L-! concentration in LITCs.
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Fig. S3 Variation in the S; of the K4Fe(CN)s/K3Fe(CN)g electrolytes with different concentrations

in LITCs. Error bars represent the standard deviation of more 3 repeated measurements.
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Fig. S4 (a-b) Fitting calibration curves for Fe(CN)s* and Fe(CN)s* with different concentrations

from UV-vis spectra, respectively.
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Fig. S5 Open-circuit voltage profiles and determination of the S; for the MiTCs with positive

charges.
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Fig. S7 Variation in the voltage when a MiTC with 0.4 mol L-! electrolyte charged a 4.7 F capacitor

at the temperature difference of 10 K with different numbers of charge/discharge cycles.
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Fig. S8 Comparison of the S; of Fe3*/Fe?* for MiTCs and LITCs.



Table S1  Comparison of the cross-section area, S; and P,./(AT?) values of liquid-ionic
thermocells. The P,,../(AT?) values were obtained from literature reports or calculated based on the

given parameters.

Cross-section

Redox couples S;(mVK!YH  P,./(AT? Scalability Ref.
area (cm?)
Fe(CN)¢*/Fe(CN)¢> 0.001 -2.5 154 High This work
Cu/Cu?* 2 -1.66 0.7 Low 7.8
Fe(CN)g*/Fe(CN)g* 2.6 -3.73 7.08 Low 2
I/13 2 +1.2 0.296 Low 9
Fe(CN)g*/Fe(CN)g>
3 -9.62 0.36 Low 10
(Hydrogel)
Fe(CN)g*/Fe(CN)g* 1 -2.9 0.64 Low 1
FG(CN)64_/F6(CN)63_
3.14 -8.2 8.5 Low 12
(Hydrogel)
Fe(CN)g*/Fe(CN)g* 1 -1.4 2.54 Low 13
Fe(CN)g*/Fe(CN)g* 2.5 -4.2 1.1 Low 14
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