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Figure S1. Schematic structure of CuPc.
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Figure S2. FTIR spectrum of the CuPc powder.

Figure S2 shows the Fourier infrared spectrum of CuPc'. The structure of CuPc includes the six-
membered ring of benzene and the five-membered ring of pyrrole. In 572 cm™, 771 cm, 864 cm-', 900
cm, 1068 cm’, 1091 cm™ and 1121 cm™! peaks can be allocated to five-membered ring vibration peaks
of pyrrole. The peaks at position 723 cm™!, 754 cm!, 1508 cm™!, 1610 cm™" can be attributed to the six-
membered ring vibration peaks of benzene. 1167 cm™ is the vibration peak of the copper atom in the
center coordinate the neighboring nitrogen atom, 1286 cm™ and 1332 cm™ can be attributed to the
vibration peak of C=N-C.



Intensity(a.u.)

1700 1500 1300 1100 900 700 500 300
Raman shift(cm™)

Figure S3. The Raman spectrum of the CuPc powder.

Figure S3 is Raman spectrum2®, The bands in 1700-1200 cm™ can be attributed to C=C or C=N/C-N
vibration (1340 cm-" refers to D-band and 1600 cm™! refers to G-band,1430-1540 cm™! refers to C=N/C-
N), 1200-800 cm! can be attributed to C-H vibration. The strong vibration peak of 594 cm! is C-N-C,

while the vibration peak of 682 cm' is C-C-H, and the vibration peak of 250 cm is Cu-N vibration.
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Figure S4. TG/DSC curves of the CuPc powder

Figure S4 shows the TG/DSC curve of the CuPc in air. The thermal properties of the material remain
stable until 400 °C, no weight loss, heat absorption and heat release phenomena occur. When the
temperature rises to about 415 °C, the material began to lose weight rapidly and eventually lost 84.9 %
of its weight. According to the calculation of the final product as CuO, the theoretical weight loss is 86.19
%, which is basically consistent with the experimental results (84.9%). The high thermal stability of the
CuPc ensures its high safety used as the electrode material under conditions such as thermal runaway.
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Figure S5. XRD patterns of the CuPc powder.

Figure S5 shows the XRD pattern of CuPc, which is in good consistency with the data of CuPc standard
card (ICDD card no. 11-0893)7- 8. The space group of CuPc is P2s/a. The copper atom is located at the
center of the structure, in which four five-element rings contain four nitrogen atoms. The copper atom
forms two covalent bonds with two of these four nitrogen atoms and two coordination bonds with the other

two nitrogen atoms (see Figure S1).

Figure S6. SEM images of the CuPc powder.

Figure S6 is a scanning electron microscope image of CuPc. The scanning electron microscope (SEM)
image of CuPc at low-magnification (insert) showed that the morphology was flocculent spherical particles
with a diameter of about 18um. From the high-magnification images, it is clear that the spherical shape

particles are composed of smaller particles (about 50 nm).



Figure S7. TEM images of the CuPc powder.

HRTEM image shown in Figure S7 exhibits clear lattice pattern, indicating the fringe spacing is measured
to be 1.268 nm, corresponding to the inter planar spacing of (001) plane of CuPc. The nanoscale of the
materials can shorten the transport path of ion in electrochemical reactions. On the other hand, the gap
between the nanoparticles is favorable for the sufficient infiltration of the electrolyte. Both of above can be
help to improve the rate capability of the electrode material.

1.2

2 0.81 —— electrolyte
—— CuPc

E
= 0.4
()
= \
> 0.0+ pe—
@)

-0.41

1 2 3 4 5 6

Voltage(V)

Figure S8. CV curves of electrolyte (red, HFE:FEMC:FEC=1:2:1) and CuPc cathode material at 0.5 mV
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Figure S9. Electrochemical performance of CuPc as the cathode material: (a) the charge-discharge
curves in the first three cycles (100 mA g'), (b) the CV curves in the first three cycles (0.5 mV s) .
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Figure $10. Charge/discharge curves of the first cycle at different rates (Considering the polarization
phenomenon, in order to reflect the second charging plateau, the charging termination voltage is set at
5.0 V when the current density is 100C and 200C).



Figure S11. The elemental mapping images of the CuPc electrode charged to 4.4 V (a) dark-field
scanning transmission electron microscopy, (b) C, (¢) N, (d) Cu.

Figure S12. The elemental contents of the CuPc electrode charged to 4.4 V.



Figure S13. The elemental mapping images of the CuPc electrode discharged to 2.0 V (a) dark-field
scanning transmission electron microscopy, (b) C, (¢) N, (d) Cu.

Figure S14. The elemental contents of the CuPc electrode discharged to 2.0 V.



Figure S15. SEM images of the CuPc electrode. (a) pristine electrode, (b) after charge/discharge cycles,
(c) charged state (after charge/discharge cycles), (d) discharged state (after charge/discharge cycles).
The SEM images of the CuPc electrodes before and after charge/discharge cycles in Figure S15 (a) and
(b) show that the surface of the electrodes is uniform and flat. The SEM images of CuPc electrodes at
different states after the charge/discharge cycles in Figure S15 (c) and (d) show that CuPc can always
maintain the polymerization state, indicating that the electrodes keep stable and CuPc is in polymerization
state during the charge/discharge cycles.
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Figure S$16. FTIR spectra of the CuPc electrodes at different states after charge/discharge cycles.
The FTIR spectrum of CuPc at different states after charge/discharge cycles still show the characteristic

peak of benzene ring polymerization at 838 cm-!, which indicates that CuPc can always keep the stable
polymerization state.
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Figure S17. Charge/discharge curves of CuPc/Li battery in the first cycle (1C).
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Figure S$18. The cycling performance of CuPc/Li battery (1C).
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Figure $19. The GITT curves of CuPc electrode.
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Figure S20. Equilibrium potential versus specific capacity during GITT measurement.
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Figure S$21. Schematic structure of Pc.
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Figure S22. CV curves in the first three cycles (0.1 mV s) of Pc.
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Figure S23. The charge-discharge curves of Pc electrode in the first three cycles(10 mA g).
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Figure S24. XRD patterns of Pc electrodes at different states.
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Figure S$25. FTIR spectra of Pc electrodes at different states.

Figure S26. (a) Self-polymerization reaction mechanism of CuPc (take two CuPc units as an example),
(b) Schematic structure of poly-CuPc.
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Referring to some other studies®'3, we speculate that the polymerization mechanism of CuPc may be

are: Firstly, the benzene ring is catalyzed by divalent copper ion to generate free radicals, and then

CuPcs are oxidized to form polymerized CuPc (Figure S$26(a)).

Table S1. The rate performance comparison of Inorganic and organic cathode materials

Cathode materials Structural formula  Rate (C) Capacity (mAh g') Ref.
Inorganic materials NCM(622) 10C (0.5C charge) 151 14
NCM(811) 10C 134 15
NCM (811) 20C 118 16
NMC(111) 20C 138 17
30C 131 17
NMC(111) 20C 137 18
LiCoO, 10C 142 19
LiCoO; (Thin Film) 100C 60 20
LiMn,O,4 9C 45 21
LiMn,O4 10C 94.7 22
LiFePO4 150C 95.4 23
LiFePO4 200C 78 24
Organic materials p-DPPZS 10C 95 25
20C 64 25
P1a 100C 32.7 26
TCTA 20A/g(~200C) 38 27
PDPPD 100C 84 28
PVMPT 100C 26 29
p-DPPZ 5C 65 30
CuPc 5C 93.4 this work
10C 93.3 this work
20C 92.8 this work
50C 91.2 this work
100C 84.9 this work
200C 82.7 this work
Table S2. Impedance parameters of CuPc cell with different cycle numbers.
Cycle number 10 50 80 200 500 1000
Rs (Q) 4.88 7.56 6.4 7.38 6.64 9.44
R (Q) 204.98  40.85 31.35 35.80 36.42 34.86 44.46
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Rs series ohmic resistances.

Rt charge transfer resistances.
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