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Calculation of theoretical specific capacity

Theoretical capacity can be calculated by the following equation1. 

⋯⋯(Equation S1)
𝑄 =

𝑛𝐹
3.6𝑀𝑊

Where Q (mAh g−1) is theoretical capacity, F (C mol−1) is Faraday constant, n is the electron transfer 

number per unit, and Mw is the corresponding molecular weight (g mol−1). 

For each unit, there were 6/3=2Tp (with three C=O groups)and 6/2=3Hq (with two C=O groups). 

For the convenience of calculation, it is considered that C-OH were all converted to C=O. 

Mw=3159+2136=726 g mol−1, During the reaction, one C=O group corresponded to the transfer 

of one electron, then n=32+23=12.

𝑄 =
1296485

3.6726
= 442 𝑚𝐴ℎ 𝑔 ‒ 1

Calculation based on Nernst Equation

According to a previously reported method2, the electrochemical reaction of HqTp with H+ in 1M 

HCl can be expressed as below:

⋯⋯(Equation S2)𝐻𝑞𝑇𝑝 +  𝑛𝐻 + + 𝑛𝑒 ‒ ⇌𝐻𝑛𝐻𝑞𝑇𝑝

Nernst Equation：

 ⋯⋯(Equation S3)
𝜑 = 𝜑𝜃 +

2.303𝑅𝑇
𝑛𝐹

log
[𝐻𝑞𝑇𝑝][𝐻 + ]

[𝐻𝑛𝐻𝑞𝑇𝑝]
𝑛 = 𝜑𝜃 +

0.0592
𝑛

log
[𝐻𝑞𝑇𝑝][𝐻 + ]

[𝐻𝑛𝐻𝑞𝑇𝑝]
𝑛

Where φ is electrode potential; φθ is the standard potential; R is the universal gas constant(8.314 J 

K-1 mol-1); T is the temperature 298.15 K; n is the electron transfer numbers; F is the Faraday 

constant( 96500 C mol-1). We consider the activity of HqTp and HnHqTp as 1, then simplified the 

equation:  

⋯⋯(Equation S4)
𝜑 = 𝜑𝜃 +

0.0592
𝑛

log [𝐻 + ]𝑛 = 𝜑𝜃 +
0.0592

𝑛
log [𝐻 + ]

For 1M HCl aqueous solution (pH=1) and 1 M CaCl2 aqueous solution (pH≈7.8), Δφ can be 

calculated as: 

∆𝜑 = 0.0592 log
[𝐻 + ]𝐻𝐶𝑙

[𝐻 + ]𝐶𝑎𝐶𝑙2

= 0.0592log
1

10 ‒ 7.8
= 0.462 𝑉



Figure S1. N2 gas adsorption analysis of HqTp, the area of the HqTp is 22.9 m2 g-1.

Figure S2. The Raman spectra of the electrodes in different states (M= proton / calcium).

Figure S3. The XPS Ca 2p spectra of the HqTp electrode discharged to –0.6 V after different etching 



time. 

Figure S4. The CV curves in in HCl aqueous solution (pH=1) for 7 cycles.

Figure S5. The SEM images of the (a) HqTp-COF powder and (b) the electrode discharged to -0.6 V.

Figure S6. After 600 cycles, (a) the SEM image of the electrode and (b) the UV-vis spectra of the 1 M 

CaCl2 electrolyte.



 
Figure S7. TEM images of the pristine HqTp and the EDS mapping.

1. M. Winter and R. J. Brodd, Chemical Reviews, 2004, 104, 4245-4270.
2. Y. Wang, C. Wang, Z. Ni, Y. Gu, B. Wang, Z. Guo, Z. Wang, D. Bin, J. Ma and Y. Wang, Advanced 

Materials, 2020, 32, 2000338.


