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Experimental Section

General methods. All chemicals were purchased from Sigma-Aldrich, stored in an argon-
filled glovebox and used without further purification. The perfluorosulfonic acid ion-exchange
membrane was purchased from Dongyuechem Corporation, China. The NMR analysis was
performed at room temperature using a Bruker AV 400 MHz spectrometer. The unit of chemical
shifts is based on ppm. All CV data were collected on a Bio-Logic potentiostat. SEM and EDS
imagines were obtained on Hitachi SU8230 UHR Cold Field Emission (CFE) SEM. TTF was
purchased and used without further purification. HR-MS analysis was performed on an Orbitrap
Fusion Lumos mass spectrometer from Thermo Scientific.

Cyclic voltammetry. For homogeneous CV measurements for TTF compounds, a 3-mm
glassy carbon was used as the working electrode, and was polished with 50 nm Al20s prior to
measurements. Platinum wire (0.5 mm) was used as the counter electrodes, Ag/AgNOz or Ag/AgCl
electrode was used as a reference electrode. For heterogeneous CV measurements for TTF, carbon
paper was used as the working electrode. Platinum wire (0.5 mm) was used as the counter
electrodes a Ag/AgCI electrode was used reference electrode. TTF or CN-TTF was dispersed in
CH2Cl2 (10 mg/mL) and sonicated for 5 min, and then drop-casted on a carbon paper and dried in
an oven. For measurements in nonaqueous tests, a Ag/AgNQOs reference electrode was used with
Fc/Fc* as reference standard. The scan rate is 50 mV/s. For CV test of extract solution, the TTF
or CN-TTF/KB suspension electrolytes were dried at 60 °C for 12 h. Then, 1.0 mg of dried TTF
or CN-TTF/KB electrolytes were soaked in 1.0 mL DMSO for 2.0 h to get clear supernatant liquid.
0.1 M tetrabutylammonium hexafluorophosphate was used as the supporting salt.

Calculation of diffusion coefficient and electron transfer rate. Linear sweep

voltammetry (LSV) studies were carried out using a Pine modulated speed rotator with Biologic
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potentiostats. Rotating disk electrode (RDE, diameter: 5 mm), Pt wire electrode and Ag/AgNOs
electrode were used as the working, counter and reference electrodes, respectively. Before testing,
the samples were purged with argon for 10 min to remove dioxygen. The electrochemical kinetics
of TTF, CN-TTF in 0.1 M TBAPFe/PC, PEG3-TTF in 1 M Li hexafluorophosphate
(LiPFe)/ethylene carbonate (EC)/ethyl methyl carbonate (EMC), and 0.1 M TBAPFs/MeCN were
studied using a RDE. LSV dates were collected at different rotation rates ranging from 100 to 2500

rpm. The diffusion coefficient (D) of electroactive materials was calculated from the Lévich plot:S!-

3

P = 213 ..1/2,.-1/6
i =0.620nFAC D0 v Equation S1

Where i is limiting current density, n is the number of electrons in redox process, F is Faraday’s
constant, A is the area of the glassy carbon electrode, Co is the concentration of active material, ®
is angular rotation rate and v is the kinematic viscosity of 0.1 M TBAPFs-PC/ 0.1 M TBAPFs-
MeCN/ 0.1 M LiPF¢ EC DEC.

The kinetic rate constant is calculated by Equation 2: $*
iy = FAC(k, Equation S2

Where io was calculated from fitting line of Butler-Volmer equation, x-intercept is the log of the
exchange current io (0.0003 A), F is Faraday’s constant, A is the area of the glassy carbon electrode
(0.196 cm?), Co is the concentration of redoxmers (1 x 10°® mol/cm?), ko is reaction rate constant

(cmf/s).

SEM measurements. The tests were performed using an energy X-ray spectroscopy mode.
The TTF/KB slurry was directly dried on double-sided carbon tape before it was sputter coated

with gold to improve imaging. EDS was conducted to obtain information on the C, N, S
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compositions of the samples. For membrane tests, the membranes before and after cycling were
washed by EMC for three times and dried for 1 h in oven, then dried on double-sided carbon tape
before it was sputter coated with gold to improve imaging. EDS was conducted to obtain
information on the S compositions of the samples.

Preparation of slurry catholyte. For the slurry catholyte, a sample of 0.5 M TTF or CN-
TTF with 40 g/L Ketjen carbon(KB) was prepared following this procedure: Firstly, 51 mg TTF
or 136 mg CN-TTF were mixed with 20 mg KB and ground for 0.5 h to afford a uniform mixture.
Then, 0.5 mL 2 M LiTFSI/H20 solution (for TTF is 2 M LiTFSI in 95/5 H2O/TEGDME) was
added into the powder mixture, and the resultant mixture was ground for 0.5 h (ignoring the volume
change after mixing solids and liquids). Please note that the concentration description in this wrok
ignores the volume change from the soild materials.

Battery measurements. The slurry battery setup is composed of two
polytetrafluoroethylene plates, two copper plates, two graphite current collectors, two rubber
frames, and graphite felt and carbon paper electrodes with an active area of 1 cm?
Perfluorosulfonic acid ion-exchange membrane was sandwiched between graphite felt and carbon
paper with pretreatment of presoaking in 2 M LiTFSI overnight. All battery measurements were
conducted on a Bio-Logic potentiostat. For TTF battery tests, Zn plate and 0.5 M TTF in 2 M
LiTFSI in 95/5 H.O/TEGDME were used as anolyte and catholyte, respectively. For CN-TTF
battery tests, Zn plate and 0.5 M, 1.0 M, and 1.5 M CN-TTF in 2 M LiTFSI/H20 was used as
anolyte and catholyte, respectively. When assembling the battery, the battery chamber (1 x 1 x 0.5
cmq) was filled with the slurry. A perfluorosulfonic acid ion-exchange membrane was used as the

battery separator.
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The device for the V-TFSI/PEG3-TTF battery was composed of two aluminum alloy
plates, two polytetrafluoroethylene plates, two copper plates, graphite current collector,
polytetrafluoroethylene frame, and graphite felt electrodes with an active area of 5 cm?. Daramic®
175 membrane was sandwiched between two graphite felts without pretreatment. For single
electron RFB study, 0.1 M PEG3-TTF and 0.12 M V-TFSI in 0.5 M TBAPFs/MeCN (6 mL) was
used as both the anolyte and catholyte. For the double electron RFB study, 0.1 M PEG3-TTF and
0.24 M V-TFSI in 0.5 M TBAPFs/MeCN (5 mL) was employed as both the anolyte and catholyte.

The solution RFBs of LI/PEG3-TTF were composed of polytetrafluoroethylene plate,
graphite current collector, polytetrafluoroethylene frame, and graphite felt electrodes with an
active area of 8 cm?. Daramic® 175 membrane and Fumasep® PK FAB 130 were sandwiched
between two graphite felts. The Fumasep® PK FAB 130 was pretreatment by soaking in1 M LiPFe
EC EMC solution overnight. All battery measurements were conducted on a Bio-Logic VSP
potentiostat with a flow rate of 15 mL/min. A 2.5 mL 0.1/0.3/0.5 M PEG3-TTF/1 M LiPFs EC
EMC (v 1:1 with 2% FEC and 1% VC) solution and Li metal in4 mL 1 M LiPFs EC/EMC (v 1:1
with 2% FEC and 1% VC) were used as catholyte and anode, respectively.

The impendence of the battery was conducted using electrochemical impedance
spectroscopy (EIS) with frequencies ranging from 100 mHz to 200 kHz if there is no special
instruction. The impendence of the the slurry on working electrode in a three-electrode system
(working electrode: carbon paper deposited with active material and KB; reference electrode:
Ag/AgNOs; counter electrode: Platinum wire) was conducted at a frequency range of 50 mHz-1
MHz.

Calculation of energy density

The energy density of Li-andoe RFB was calculated from the following equation:S®

S7



Energy Density (Wh/L) = nCFV/3600 Equation S3

where F is the Faraday constant, n is the number of electrons transferred during reaction
per mole reactant, C is the concentration of redoxmer solution, V is the battery’s voltage.

The actual energy density of RFB was obtained by following equation:
Actual Energy Density (Wh/L) = QnV/Vo Equation S4

where Qn is the highest discharge capacity, V is the battery’s voltage, Vo is the volume of
electrolyte.

The energy density of the two side solution battery wree calculated according to Equation
S4,56 where n is the number of electrons involved in the cell reaction, C is the concentration of
active materials, F is Faraday’s constant, V is the cell voltage, and p is the factor that represents
the overall volumes of anolyte and catholyte (u= 1+ (max solubility; less soluble electrolyte)/(max

solubility; more soluble electrolyte)):
Energy density (Wh/L) =nCFV/u Equation S5
Synthesis

Compounds CN-TTFS” and PEG3-TTF° were synthesized according to reported
procedures. Compound PEG1-TTF was synthesized here using a different synthetic route from

the reported one.51% Scheme S1 shows the synthesis procedure of PEG1-TTF.

Synthesis of Compound 2. A sample of K2COs (2.01 g, 14.6 mmol, 2.20 eq) was added
to the solution of 15! (2.69 g, 6.62 mmol, 1.00 eq) in MeOH (140 mL) and refluxed under Ar for
1 h. After cooling the solution to 40 °C, 2-methoxyethyl chloride (4.84 mL, 53.0 mmol, 8.00 eq)
was added to the mixture and refluxed under argon for 12 h. After removing the solvent by a rotary

evaporator, the crude mixture was washed with 10% HCI aqueous solution and extracted with
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CH2Cl2. The organic extract was combined and dried over Na2SO4. The solution was dried by a
rotary evaporator. The crude residue was purified by column chromatography (SiO2; 10-20% ethyl
acetate in CH2Cl). Yield: 1.26 g, 61%. *H NMR (400 MHz, CDCls), § 3.60 (t, 4H, J = 8 Hz), 3.37
(s, 6H); 3.06 (t, 4H, J = 8 Hz); 13C NMR (100 MHz, CDCl3), 5 36.16, 58.89, 70.86, 136.61, 211.12;

HR-MS obsd 336.94893, calcd 336.94895 [M + Na*, M = CoH1402Ss].

Synthesis of Compound 3. A solution of Hg(OAc)2 (1.50 g, 4.71 mmol, 1.50 eq) in
CH3COOH (8.00 mL) was added to the solution of 2 (0.990 g, 3.14 mmol, 1.00 eq) in CHCI3 (24.0
mL) and stirred under argon at 40 °C for 12 h. The solution was washed three times with saturated
NaHCOs and brine and extracted with CH2Cl2. The organic extract was combined and dried over
Na2SO4. The solution was filtered, and the filtrate was dried via a rotary evaporator. The crude
residue was purified by column chromatography (SiO2; 10-20% ethyl acetate in CH2Clz). Yield:
0.850 g, 91%. *H NMR (400 MHz, CDCls), 5 3.61 (t, 4H, J = 8 Hz), 3.37 (s, 6H); 3.04 (t, 4H, J =
8 Hz); C NMR (100 MHz, CDCls), & 36.01, 58.87, 70.93, 127.56, 189.59; HR-MS obsd

320.97187, calcd 320.97180 [M + Na*, M = CoH1403S4].

Synthesis of Compound PEG1-TTF.51° A sample of P(OEt)3 (2.62 mL, 15.2 mmol, 5.40
eq) was added to 3 (0.850 g, 2.83 mmol, 1.00 eq) and stirred at 100 °C for 1 hour. CH2Cl2 was
used to dissolve the crude compound, and the crude solution was loaded onto the column
chromatography (SiOz; 30-50% ethyl acetate in CH2Cl2) for purification. Yield: 0.390 g, 49%. 'H
NMR (400 MHz, CDCls), § 3.57 (t, 8H, J = 8 Hz), 3.37 (s, 12H); 2.99 (t, 8H, J = 8 Hz); 3C NMR
(100 MHz, CDCls), & 35.48, 58.83, 71.11, 110.36, 127.94; HR-MS obsd 586.96444, calcd

586.96455 [M + Na*, M = C1sH2804Sg].
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Scheme S1. Synthesis of PEG1-TTF.
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Table S1. Solubility of TTF compounds in different solvents.

TTF PEGL1-TTF PEG3-TTF CN-TTF
water Not soluble Not soluble Not soluble Not soluble
PC 0.23 M 0.35M Miscible 25 mM

MeCN 0.1M 027 M Miscible ~1 mM

PC: Propylene carbonate

Figure S1. Photographs of (A) TTF and (B) CN-TTF in water. Condition: ultrasonicated for 3
mins, followed by standing for 1min.
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Figure S3. Cyclic voltammograms of 1 mM of (A) TTF first electron, (B) TTF second electron,
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Table S2. Peak separation and peak current ratio of TTF and CN-TTF in 0.1 M TBAPF«/PC.

Peak separation Peak current ratio
(mV) (ip.ox/ipred) at 5 mV/s
15t TTF oxidation 97 1.07
2" TTF oxidation 88 1.02
15t CN-TTF oxidation 73 1.01
2"d CN-TTF oxidation 82 1.05
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Figure S4. Repeated cyclic voltammograms of 5 mM of (A) TTF single electron, (B) TTF double
electron, (C) CN-TTF single electron, and (D) CN-TTF double electron before and after 100
cycles in 0.1 M TBAPFs/PC. Scan rate: 50 mV/s.
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Table S3. Summary of the electrochemical properties of PEG3-TTF.

Electrolyte Eoof first AEP of first  (ipox/ipred)® Eoof second AE ofsecond  (ip,ox/ip,red)
e (V)2 e (mV) of first e- e (V) e (mV) of second e

1 M LiPFs EC EMC 0.24 64 1.02 0.44 65 1.02
0.1 M LiTFSI EC DEC 0.19 69 1.07 0.40 63 0.98
0.1 M NaClO4 PC 0.19 70 0.98 0.37 69 1.06
0.1 M NaClO4 MeCN 0.21 66 1.03 0.41 65 0.96
0.1 M LiPFs MeCN 0.23 69 1.08 0.44 63 1.05
0.1 M LiTFSI MeCN 0.20 67 0.97 0.40 63 1.01
0.1 M TBAPFs MeCN 0.19 72 1.01 0.42 68 0.99

4Redox potential vs. Ag/Ag*
bPeak separation at 5 mV/s
®Peak current ratio at 5 mV

S18



0.10

(A)
1 =——100rpm =——225rpm
= —— 400 rpm =625 rpm
£ 0054 ——900rpm ——1225rpm
= — 1600 rpm /
o
5 | /
O /
_/
0.00
g ; ; i . i :
-0.2 0.0 0.2 0.4 0.6
Potential (V vs. Ag/Ag®)
6x10°
(B) (C) (D)
o « 10mV e 20mV & 30mV| 4.0
=z v 40mV ¢ 50mV <« 60mV
= T atos] T TOmV = somv ) =
20105 K » 90mV & 100mvV __—* =
S z :.. '/’// 9-4'4
(&) =] o ~% 8)
£ 5 = L t A
- CEIF) A i o
s | ; A > — 48
i Slope = 3.24 x 10 i _
1x10° R G },i}i&i—‘} , y=0.01178 x - 5.1229
3 6 o 12 0.1 0.2 0.3 20 40 60 80 100
o' [(rad/s)™] o2 [(rad/s)"?] Overpotential (mV)
35
E 8x10*+ (F . G
sxioe] (E) i) e =
4 —~ 6x10* =-361
E 6x10°° % =
o = )
gm 0%+ § ; z;}//:,/
£ _ 4] 274 "
= Slope = 1.04 x 10° 2x10 é + 50mvV <« 60mV mE y =0.00557 x — 4.1237
2x1075 R? = 0.99998 » 70mV = 80mV -3.
Tos > 90mV 4 100mV
6 9 12 0.1 0.2 03 60 80 100
©'? [(rad/s)"] o [(rad/s)'?] Overpotential (mV)
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TBAPF6/PC electrolyte.
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Figure S13. (A) Linear sweep voltammetry plots obtained at different rotation rates of the
rotating disk electrode. (B) Peak oxidation and reduction current density versus square root of
angular velocity of first electron. (C) Koutecky-Levich curve (current™ vs o 1?) at different
reduction overpotentials of first electron. (D) Tafel plot constructed using the current response
and overpotentials of first electron. (E) Peak oxidation and reduction current density versus
square root of angular velocity of second electron. (F) Koutecky-Levich curve (current™ vs o~
12) at different reduction overpotentials of second electron. (G) Tafel plot constructed using
the current response and overpotentials of second electron. Solution: 1 MM CN-TTF ina0.1
M TBAPFe/PC solution.
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Figure S14. (A) Linear sweep voltammetry plots obtained at different rotation rates of the
rotating disk electrode. (B) Peak oxidation and reduction current density versus square root of
angular velocity of first electron. (C) Koutecky-Levich curve (current® vs o) at different
reduction overpotentials of first electron. (D) Tafel plot constructed using the current response
and overpotentials of first electron. (E) Peak oxidation and reduction current density versus
square root of angular velocity of second electron. (F) Koutecky-Levich curve (current™ vs @~
12) at different reduction overpotentials of second electron. (G) Tafel plot constructed using
the current response and overpotentials of second electron. Solution: 1 mM PEG3-TTF in a
0.1 M TBAPFs MeCN solution.
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Figure S15. (A) Linear sweep voltammetry plots obtained at different rotation rates of the
rotating disk electrode. (B) Peak oxidation and reduction current density versus square root of
angular velocity of first electron. (C) Koutecky-Levich curve (current™ vs o '?) at different
reduction overpotentials of first electron. (D) Tafel plot constructed using the current response
and overpotentials of first electron. (E) Peak oxidation and reduction current density versus
square root of angular velocity of second electron. (F) Koutecky-Levich curve (current™ vs @~
112) at different reduction overpotentials of second electron. (G) Tafel plot constructed using

the current response and overpotentials of second electron. Solution: 1 mM PEG3-TTF in a
0.1 M LiPFe-EC/EMC (1:1) solution.
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Table S4. Electrokinetic parameters of the TTF compounds.

Supporting salt and solvent Do (cm? s1) Ko (cm s1)

It TTF 0.1 TBAPFsPC 2.22 x10° 4.08 x 104
2MTTF 0.1 TBAPFsPC 5.72 x 10 3.98x 103
1tCN-TTF 0.1 TBAPFsPC 4.65 x 10°® 2.78 x 104
2" CN-TTF 0.1 TBAPFsPC 1.31x 10° 2.92x 103
1t PEG3-TTF? 0.1 TBAPFs MeCN 6.01 x 10 2.37x 103
2" PEG3-TTF 0.1 TBAPFs MeCN 1.43 x 10 2.58 x 102
1t PEG3-TTF? 0.1 LiPFeEC EMC 2.78 x 10 2.83x10*
2" PEG3-TTF 0.1 LiPFéEC EMC 7.57 x 10 1.33x 1072
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Figure S16. Nyquist profile of three-electrode system with various KB loadings and
corresponding Rect values.

Figure S17. SEM image and element mapping of CN-TTF/KB slurry.
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Figure S19. Schematic diagram of the slurry battery.
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Figure S20. (A) Charge/discharge profiles at different cycle numbers of 0.5 M Zn/TTF battery.
(B) Electrochemical impedance spectroscopy before and after cycling of 0.5 M Zn/TTF battery.
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Figure S21. Redox reactions of TTF and CN-TTF.
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Figure S23. Cyclic voltammograms of deposited TTF on carbon paper as working electrode.

Figure S24. Photograph of the dried post-cycling slurry cathode of 0.5 M TTF battery.
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Figure S25. Long cycling properties of the 0.5 M Zn/CN-TTF battery. (A) Charge/discharge
profiles at different cycle numbers. (B) Electrochemical impedance spectroscopy before and
after cycling. (C) CV scans of CN-TTF before cycling and after cycling.
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Figure S26. The 'H NMR of 0.5 M Zn/CN-TTF battery before and after cycling.
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Figure S27. The *H NMR of 1.0 M Zn/CN-TTF battery before and after cycling.
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Figure S28. Long cycling properties of 1.5 M Zn/TTF battery. (A) Discharge capacity,
Coulombic efficiency over 100 cycles. (B) Charge/discharge profiles at different cycle
numbers. (C) Electrochemical impedance spectroscopy before and after cycling. (D) CV scans
of CN-TTF before cycling and after cycling.
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Figure S29. The 'H NMR of 1.5 M Zn/CN-TTF battery before and after cycling.
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Figure S30. (A) Rate performance of 1.0 M Zn/CN-TTF battery: discharge capacity,
coulombic efficiency (CE), energy efficiency (EE), and voltage efficiency (VE) at current
densities from 1 to 5 mA/cm?. (B) Charge/discharge profiles at different current densities. (C)
Open-circuit voltage (OCV), high-frequency area specific resistance (ASR), and polarization
ASR at different states-of-charge (SOCs). (D) Nyquist impedance of Zn/CN-TTF battery at
10, 30, 50, 70, 90, and 100% SOC.
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Figure S31. Cyclic voltammograms of V-TFSI on 0.1 M TBAPFs MeCN at scan rate of 50
mV/s.
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Figure S32. Cyclic voltammograms of 12 mM V-TFSI and 5 mM PEG3-TTFon 0.1 M
TBAPFs MeCN at scan rate of 50 mV/s.
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Figure S33. Long cycling properties of the 0.1 M V-TFSI/PEG3-TTF single electron battery.
(A) Discharge capacity, Coulombic efficiency over 100 cycles. (B) Charge/discharge profiles
at different cycle numbers. (C) Electrochemical impedance spectroscopy before and after
cycling. (D) CV scans of electrolyte before cycling and after cycling.
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Figure S34. Long cycling properties of the 0.1 M LI/PEG3-TTF battery. (A)
Charge/discharge profiles at different cycle numbers. (B) Electrochemical impedance
spectroscopy before and after cycling. (C) CV scans of catholyte before cycling and after
cycling. (D) Cyclic voltammograms of post-battery anolyte, condition: scan rate of 50 mV/s,
Li as reference electrode.
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Figure S35. Long cycling properties of the 0.3 M LI/PEG3-TTF battery. (A)
Charge/discharge profiles at different cycle numbers. (B) Electrochemical impedance
spectroscopy before and after cycling. (C) CV scans of catholyte before cycling and after
cycling. (D) Cyclic voltammograms of post-battery anolyte, condition: scan rate of 50 mV/s,
Li as reference electrode.
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Figure S36. Long cycling properties of the 0.5 M LI/PEG3-TTF battery. (A)
Charge/discharge profiles at different cycle numbers. (B) Electrochemical impedance
spectroscopy before and after cycling. (C) Cyclic voltammograms of catholyte before cycling
and after cycling. (D) Cyclic voltammograms of post-battery anolyte, condition: scan rate of
50 mV/s, Li as reference electrode.
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Figure S37. Repeated long cycling properties of the 0.5 M Li/PEG3-TTF battery.
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Table S5. Summary of cycling performance of the PEG3-T TF-based battery.

Anode  Concentration Electron  Battery  Capacity Capacity Energy density  Operating
of PEG3-TTF number potential retention  retention /cycle (Wh/L) time (h)

V-TFSI 0.1M 1 091V 97.7% 99.98% 1.33 21.2

Li metal 0.1M 2 3.64V 88.0% 99.88% 15.29 83.6

Li metal 0.3 M 2 3.64V 91.7% 99.91% 47.81 268.8

Li metal 05M 2 3.64V 82.9% 99.83% 88.18 444.2
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Table S6. Performance parameters of reported nonaqueous RFBs.

membrane Symmetricor  Molarity of  Current density  Potential Energy density  Flow or  Operating
asymmetric  Electron (M)? (mA/cm?) V) (Wh/L)b Static time (h)
This work AEM Asymmetric 0.2 3 3.64 15.29 Flow 84
This work AEM Asymmetric 0.6 3 3.64 47.81 Flow 269
This work AEM Asymmetric 1.0 3 3.64 88.18 Flow 444
DMFc/LiSt3 LAGP Asymmetric 0.05 0.6 ~3.1 4 Flow 45
QPT-OMe/Lis* Porous Symmetric 0.025 30 2.5 0.75 Static -
TEMPO/LiS® Porous Symmetric 0.1 5 35 7.4 Flow 30
TEMPO-EG1/LiS1® Porous Symmetric 0.1 8 3.54 21.4 Flow -
NQ/LiSY LATP Asymmetric 0.1 0.2 ~2.8 5.3 Flow -
FCNTFSI/MVTFSIS® Porous Symmetric 0.1 30 1.5 24.39 Flow <20°¢
FCIN112/Lis% Porous Symmetric 0.8 35 3.49 50 Flow 90
PDI-TEMPQS? AEM Symmetric 1.0 20 2.22 ~4d Flow -
TETD/LiS% LATP Asymmetric 2.0 0.3 2.7 125 Static 1000
TETD/LiS?! Porous Symmetric 0.2 10 2.7 ~13¢ Flow <115°
BODMAS? Porous Asymmetric 0.15 5 4.0 ~10 Flow <60°
AQNTFSI/ M FcNTFSIS% Porous Symmetric 0.2 20 1.72 4.6 Flow <70°
3-Pr/butyl viologens?* Porous Symmetric 0.05 20 ~1.65 2.2 Flow 44
ANL-C46/BzZNSNS?5 Porous Symmetric 0.1 60 2.67 5.344 Flow 5
Tz-OMe/DBBBS? Porous Symmetric 0.125 30 ~1.85 6.2¢ Flow 17
PIPEG/Mg5?’ Nano-porous  Asymmetric 0.5 0.05 1.91 40 Flow -
AQEGFSI/FCNTFSIS? Porous Symmetric 0.8 40 1.57 16.8 Flow <50°¢
NITFSI/FCTFSIS?® Porous Symmetric 1.0 10 ~2.0 35.6 Flow 65
MTP/NaS3° NasZr2Si2PO12  Asymmetric 0.1 1.0 3.58 - Flow -
DTDMB/2,3-DMNQS3! Porous Symmetric 0.2 18 1.85 0.63¢ Flow -

aConcentration and current density used for long cycling. ®Operation energy density. °Operating time calculation: maximum charging

capacity/currentx2xcycle numbers. Calculated with Equation S4 using the highest discharge capacity read from literature
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Figure S39. (A) a 40 cycle long cycling properties of the 0.5 M Li/PEG3-TTF battery, testing
condition: 1-39 cycles 2.8-4.1 V, 3 mA/cm?, 40-42 cycles 2.6-4.3 V, 3 mA/cm? to fully exert
capacity. (B) The charge-discharge capacity curve of the battery before and after replacing the
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Figure S40. (A) Rate performance of 0.5 M PEG3-TTF battery: discharge capacity,
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densities from 1 to 5 mA/cm?,
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Figure S41. (A) Open-circuit voltage (OCV), high-frequency area specific resistance (ASR),
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Table S7. Performance parameters of reported TTF based nonagueous RFBs.

Work Rolein  Concentration of  Battery  Capacity Energy density Coulombic
battery TTF potential  retention (Wh/L) Efficiency (%)
This one redoxmer 0.5M 3.64V 82.9% 88.18 98.10
ChenS3? redoxmer 0.2 M 3.85V ~48% ~42 91.90
Fujimotos33 redox 0.005 M 358 V NA NA NA
mediator
JanssenS34 redoxmer 0.05 M ~2V ~50% ~5 99.3
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