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1. Materials

Ethyl isocyanate were purchased from Adamas. Poly(vinylidene fluoride) (PVDF),
Ketjenblack(ECP-600JD) were obtained from Shenzhen Kejing Zhida Technology Co., Ltd. The
lithium chip, CR2032 battery case and separator (Celgard2400) were purchased from DoDoChem.
PVDF and Ketjen Black (ECP-600JD) were dried at 80 °C for 12 h under vacuum oven before use.
3,7-diamino-N-methyl phenothiazine (MPT-NH,) was prepared according to reported literature.S*All

other reagents or solvents were used without further purification, unless indicated otherwise.

2. Instruments

'H NMR and *C NMR spectra were obtained on 600 MHz BRUKER spectrometer. Mass
spectrometry data were collected on a Bruker maxis UHR-TOF mass spectrometer. IR spectra were
obtained on a PE-Frontier instrument. Thermogravimetric analysis (TGA) was performed under
nitrogen atmosphere from 25 to 800 °C with a heating rate of 10 °C min™'. EPR spectra were recorded
on a Bruker E500 EPR spectrometer. The X-ray photoelectron spectra (XPS) experiments were carried
out on a PHI-5400 electron spectrometer. Theoretical calculations were carried out at the B3LYP/6-

31G(d, p) level by using the GAUSSIAN 09 suite of programs.>?

3. Synthesis of MPT-U
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Scheme S1. Synthesis of MPT-U.
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To a solution of 3,7-diamino-N-methyl phenothiazine (MPT-NHz, 0.5 g, 2.06 mmol) in THF (25
mL), was added ethyl isocyanate (0.44 g, 6.20 mmol). The reaction mixture was stirred at 50 °C for 24
h. During the reaction, large white precipitation formed. After cooling down to room temperature, the
product was collected by filtration and washed with THF. Yield: 0.78 g, 98 %. 'H NMR (600 MHz,
DMSO-ds): o/ppm = 8.28 (s, 2H; NH), 7.32 (s, 2H; ArH), 7.11 (d, J = 8.4 Hz, 2H; ArH), 6.79 (d, J =
8.4 Hz, 2H; ArH), 6.02 (s, 2H; NH), 3.21 (s, 3H; NCH3), 3.08 (t, /= 6.6 Hz, 4H; CH>), 1.04 (t, J = 6.6
Hz, 6H; CH3). °C NMR (150 MHz, DMSO-ds): 6/ppm = 155.62, 140.05, 135.83, 122.44, 117.50,
116.86, 114.58, 35.30, 34.44, 15.94. HR-MS: m/z calculated for Ci19H24N50>S [M+H]" 386.1645,

found 386.1649.

4. Battery Fabrication and Testing

The working electrodes were prepared by mixing the active material (MPT-U), conductive
Ketjenblack (ECP-600JD), and PVDF binder in a weight ratio of 5:4:1 with NMP as a solvent. The
resulting ink was cast onto the carbon-coating aluminum foil to prepare electrodes. The prepared
electrodes were dried in a vacuum oven at 80 °C for 12 h to remove residual solvent. Then, the
electrodes were cut into disks with a diameter of 12 mm and the mass loading of the active material
was about 0.6-1.0 mg cm™. CR2032 coin-type coin cells were assembled in an argon-filled glove box.
A lithium foil with a diameter of 16 mm was used as a counter electrode, a microporous polypropylene
membrane (Celgard2400) was employed as a separator, and 3 M LiClO4 in EC/DEC (1:1, v/v) was

used as the electrolyte. The battery was left to stand for 12 hours before testing.

The battery performance data were measured on a LAND CT2001A battery system at 30°C with

the voltage range of 2.5—4.4V. Cyclic voltammetry (CV) and electrochemical impedance spectroscopy
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(EIS) tests of the batteries were performed on a CHI760E electrochemical workstation. Galvanostatic
charge and discharge (GCD) and galvanostatic intermittent titration technique (GITT) tests were
carried out using LANHE-CT2001A system (Wuhan, China) in the potential ranging from 2.5 to 4.4

V (vs. Li/Li") at different current densities.
5. Calculations of the Electrochemical Metrics

Theoretical capacity (Ctheor, mAh g') was calculated according to the equation (1):

nr
3.6 xM

Ctheor = (1)

where 7 is the number of electrons transferred per molecules, F is the Faraday’s constant (96484
C mol ™), M is molecular weight of the molecules.

The b-value and capacitive contribution at a particular potential were determined as follows:

The relationship between scan rate (v, mV s) in a CV and the corresponding cathodic or anodic

peak current (i, A g'!) is shown in equation (2).5

The b-value was the slope of the log(v)-log(ip) plots
according to equation (3).
ip = av’ (2)
log(i,) = log(a) + blog(v) 3)
where a and b are adjustable parameters.
Moreover, the relationship between the current at a particular potential (i(V), A g'!) and the scan
rate (v, mV s™') is shown in equation (4).5* Solving for the values of k1 and k> at each potential, we can

obtain the percentage of capacitive contribution the total current (k2v/i(V)).

i(V) = kv'/? + kyv 4)
6. Calculation of ion diffusion coefficients (D, cm?s?) from GITT
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The value of ion diffusion coefficients could be calculated by the following equation: =

b o (me3>2 (AES>2
o= gr\SM,, AE,

where 1 is the duration of the current pulse (s), ¥m is the molar volume of the active material (cm?
mol™!), mp is the mass of the active material in the electrolyte (g), Mm is the molar mass of active
material (g mol), S is the contact surface area (cm?) between electrode and electrolyte, AEs is the
equilibrium potential change induced by current pulse, 4E; is the potential variation during the constant

current pulse.
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7. Supplementary Schemes, Figures and Tables
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Figure S1. 'H NMR spectrum of MPT-U in DMSO-ds.
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Figure S2. 3C NMR spectrum of MPT-U in DMSO-ds.
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Figure S3. Mass spectrum of MPT-U in DMSO-dG.
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Figure S4. FT-IR spectra of MPT and MPT-U.
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Solubility Test

Solubility of MPT: To 50 mg of MPT, EC/DEC (1:1, v/v) electrolyte was gradually added in 100 pL
portions at 5-minute intervals until the MPT was fully dissolved.

Solubility of MPT-U: First, UV-vis spectra of MPT-U in DMSO at various concentrations were
measured to construct a standard curve. Then, the UV-vis spectrum of MPT-U in a saturated EC/DEC

(1:1, v/v) electrolyte was measured, and the solubility was calculated based on the standard curve (see

Figure below).
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Figure S5. (a) UV-vis spectra of MPT-U in DMSO at different concentrations and (b) fitting curve of
absorbance at 319 nm with concentration. (c) UV-vis spectrum of MPT-U in saturated EC/DEC (1:1,

v/v) electrolyte solution.
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Figure S6. TGA curves of MPT and MPT-U.
Additional discussion: MPT begins to lose weight at ca. 170 °C and retains no weight when reaching
300 °C, indicating its high sublimability. In contrast, MPT-U exhibits high thermal stability, with their

decomposition temperatures (7q) of 277 °C.
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Figure S7. XRD spectrum of MPT-U.
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Figure S8. Cyclic voltammograms of MPT in CH3CN solution (¢ = 1 mM) with 0.1 M nBusNPFs as

m

Current

a supporting electrolyte at a scan rate of 100 mV s, E (vs Li*/Li) = E (vs Ag'/Ag) + 3.72 V.
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Table S1. Electrochemical comparison of current work and other reported phenothiazine-based

organic cathodes in the literature for LOBs.

I I
L0,

PT-DMP
ACS Appl. Energy Mater. 2018, 1,
3560-3564.

Super P: PVDF = 7:
2:1

1C =156 mAh g

Materials Electrode Cthero Specific capacity Cycle Stability Redox
(reference) Composition (mAh g1 (mAh g1 Retention /Cycles/ | Window (V)
(Current) Current
A active material: | 139 106 (0.2 Ag?) 73%/400/0.2 A g* 25-44V
o /@[ :@L i ketjenblack: PVDF 93 (0.5AgY 69%/2000/2 A g
/\H)ku NN | =54 88 (1A g'i)
MPT-U 32 g 2 g)
: g?)
This work 61 (10 A gY)
active material: | 112 56 (1 C) 100%/1000/1 C 3-4V
n Super P: PVDF = 5: 50 (10 C) 93.5%/10000/10 C
4.7:03 26 (100 C)
s 1C=112mAhg?
oh
PVMPT
Energy Environ. Sci., 2017, 10, 2334-
2341.
active material: 112 107 (1 C) 95%/1000/1 C 3-4V
n Super P: PVDF =5: 85(10C) 95%/1000/10 C
4:1 70 (20 C)
s 1C=112mAhg?
N\
X-PVMPT
Adv. Energy Mater. 2018, 8, 1802151.
CeH1s S active material: | 36.4 34.7(1C) 100%/100/1 C 3.2-3.9V
s B Q' Super P: PVDF = 6: 32.7 (10 C) 100%/2200/10 C
m S CeHys | 35105 97.5%/30000/100 C
N 1C=36mAhg!
R
Pla
Adv. Funct. Mater. 2019, 29, 1906436.
active material: | 36.4 334(1C) 98%/100/1 C 3.2-3.9v
Super P: PVDF = 6: 30.9(10C) 72%/2200/10 C
3.5:05
1C=36mAhg!
active material: | 35.1 31.0(1C) 100%/100/1 C 3.2-3.9vV
Super P: PVDF = 6:
3.5:05 1C=35mAhgt!
Adv. Funct. Mater. 2019, 29, 1906436.
active material: | 156 128 (1 C) 64%/50/1 C 2.8-4.3V
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h'h\H active material: | 127 97 (1C) 66%/50/1 C 2.8-4.3V
| " | Super P: PVDF = 7:
[ I I j 2:1 1C =156 mAhg*
Br S l}l O
PT-BZ
ACS Appl. Energy Mater. 2018, 1,
3560—(3564.
b W active material: | 155 150 (5C) 74%/50/5 C 2.8-4.3V
JCTL XL L X T, | Super PrPVDF = 7:
e [J e’ 2:1 1C=155mAhg?
IV‘L,- *I ;“4..
OO QL0 O
ACSLlppl. Ener;y Mater. 2h618, 1,
3560-3564.
active material: | 88 69 (1C) 97%/300/1 C 3.3-3.9v
n Super P: PVDF =5: 81%/1000/1 C
S 45:05 1C=88mAhg!
O
\
PNMPT (and X-PNMPT)
ChemSusChem 2020, 13, 2232-2238.
active material: | 74 62(1C) 45%/300/1 C 3.3-3.9v
h Super P: PVDF =5
o 45:05 1C=74mAhg!
0
S
)
/
P1
ChemSusChem 2020, 13, 2232-2238.
active material: | 86 73(1C) 45%/300/1 C 3.3-3.9v
n Super P: PVDF =5
o ¢ S 45:05 1C=86mAhg!
0 O Cj
2 N
\
S
)
/
P2
ChemSusChem 2020, 13, 2232-2238.
S active material: | 120 31(1C) 66%/100/1 C 3-4Vv
@ D Super P: PVDF = 4: 9(200C)
N 4:2
/Lf:L 1C =120 mAh gt
N wi;j
hejiog
3PTZ
Energy Environ. Sci. 2020, 13, 4142-
4156.
o active material: | 129 99 (1C) 65%/100/1 C 3-4Vv
D Super P: PVDF = 4: 76 (20 C)
N

QNQNQ
3PXZ
Energy Environ. Sci. 2020, 13, 4142-

4:2

1C =120 mAh g
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4156.

active material: | 104 98(1C) 60%/1000/1 C 3-4V
Super P: PVDF = 4: 64 (10 C)
4:2
s NN s
O 0
2PTZ-C7H14
Adv. Mater. 2024, 36, 2312486.
active material: | 148 109 (1 C) 81%/800/1 C 2.8-4.1V
n Super P: PVDF = 9: 101 (10 C)
1:1 94 (20 C)
1C =148 mAhg!
0L
~o S o~
P-PhPTZOMe
J. Power Sources 2024, 612, 234779.
active material: | 143 125 (0.5 C) 96%/550/1 C 3.1-4.2v
Super P: PVDF = 6: 123(1C)
31 56 (50 C)
10 (100 C)

X-PSDMPT

ACS Appl. Polym. Mater. 2024, 6,
7956-7968.

1C =143 mAh g
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