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Table. S1. Structural parameters and elemental compositions of ZIF-8-C, N-EPC, and NP-EHPC.

Elemental composition (%) N/PSample SBET

(m2 
g−1)

Vpore

(cm3 
g−1)

Vmicro

(cm3 
g−1)

Vmicro/V
pore C O N P ratio

ZIF-8-C 1044.0 0.49 0.45 0.92 78.1 6.8 15.1 -- --

N-EPC 1065.7 0.60 0.28 0.47 84.5 5.9 9.6 -- --

NP-EHPC 1165.8 0.72 0.13 0.18 78.6 16.8 2.9 1.7 1.71

NP-EHPC-65 983.5 0.66 0.16 0.24 80.3 10.9 5.7 3.1 1.84

NP-EHPC-195 1155.5 0.82 0.18 0.22 82.1 12.4 3.0 2.5 1.20

Table. S2. Rs and Rct values of ZIF-8-C, N-EPC, and NP-EHPC electrodes.

Sample Rs (Ω) Rct (Ω)

ZIF-8-C 3.49 3.48

N-EPC 3.36 3.19

NP-EHPC 2.92 1.65
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Table. S3. Comparison of desalination capacities of reported carbon materials.

Electrode materials Applied 
voltage (V)

Initial NaCl 
concentration (mg L-1) SAC (mg g-1) Cycle 

number Ref.

Nitrogen-doped CNFA800 1.2 500 14.3 10 (~100%) 1
Graphite reinforced-

cellulose (GrC) 1.2 500 13.1 10 (~99%) 2

ZIF-8@PZS-C 1.2 500 22.19 20 (~98%) 3

Graphene aerogel (GA) 1.2 500 9.9 / 4

ZIF-67/PPy hybrid 1.2 584 11.34 100 (~98%) 5
Nitrogen-doped porous
carbon tubes composite 

(PCT1.75-N)
1.2 500 16.7 100 (92.5%) 6

Nitrogen-doped
carbon/rGO nano-

sandwiches
1.2 589 17.52 10 (~99%) 7

Hierarchically
porous 3D architectural 

graphene (GO-Mw-Hyd)
1.0 500 4.79 3 (~83%) 8

Activated carbon 1.0 500 11.0 / 9

Porous carbon fibers 1.0 500 30.4 30 (~98%) 9
Open and interconnected 

porous architectures 
(3DGA-OP)

1.2 500 14.35 15 (~99%) 10

Nitrogen-doped activated 
carbon

1.2 468 24.7 100 (~40%) 11

Iron-nitrogen-doped carbon 
nanoparticles

1.2 293 8 200 (~68.7%) 12

Ordered microporous 
carbon

0.8 2000 15.75 200 (~50%) 13

Sugarcane Biowaste-
Derived Biochars

1.2 600 21.8 70 (~87%) 14

NP-EHPC 1.2 500 24.14 150 (~74%) This 
work
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Fig. S1. SEM and TEM images of (a, c) ZIF-8 and (b, d) ZIF-8@AF.

Fig. S2. XRD patterns of ZIF-8 and ZIF-8@AF.
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Fig. S3. (a) IR spectra of AF, ZIF-8, and ZIF-8@AF. (b) TG curves of AF, ZIF-8, and ZIF-8@AF in N2 

atmosphere at a heating rate of 5 ℃ min−1.

Fig. S4. SEM images of ZIF-8@AF after acid etching with (a) pH = 2 and (b) pH = 1.
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Fig. S5. (a) HAADF-STEM image and (b) the corresponding EDS elemental mapping of NP-EHPC.

 

Fig. S6. XPS survey spectra of ZIF-8-C, N-EPC, NP-EHPC, NP-EHPC-65, and NP-EHPC-195.
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Fig. S7. CV curves and GCD plots of (a, b) ZIF-8-C, (c, d) N-EPC, and (e, f) NP-EHPC at different scan rates 

and current densities in 1 M NaCl solution.



8

Fig. S8. CV curves of (a) NP-EHPC-65 and (b) NP-EHPC-195 at different scan rates in 1 M NaCl solution. 

(c) The specific capacitance values of NP-EHPC-65, NP-EHPC, and NP-EHPC-195 at different scan rates 

from 1 to 50 mV s−1. (d) N2 adsorption-desorption isotherms and pore diameter distribution curves (inset) of 

NP-EHPC-65 and NP-EHPC-195.
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Fig. S9. Digital photographs of (a) ZIF-8, N-EPC, and NP-EHPC (50 mg each) and (b) the corresponding 

CDI electrodes fabricated from these materials (25 mg each). 

 
Fig. S10. (a) Conductivity profiles and (b) deionization capacities of ZIF-8-C, N-EPC, and NP-EHPC 

electrodes in 250 mg L−1 NaCl solutions at 1.2 V.
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Fig. S11. CDI Ragone plots of the NP-EHPC electrode (a) at different applied voltage in 250 mg L−1 NaCl 

solution, (b) in different initial concentration of NaCl solution at 1.2 V, and (c) with different flow rate in 250 

mg L−1 NaCl solution at 1.2 V.

Fig. S12. (a) N2 adsorption-desorption isotherms of acetylene black. (b) Deionization capacities of acetylene 

black in 500 mg L−1 NaCl solutions at 1.2 V.
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Fig. S13. (a) Desalination capacity vs. time curves of the NP-EHPC electrode in KCl and CaCl2 solutions at 

1.2 V. (b) Current response curves of the NP-EHPC electrode in 4.28 mM KCl and CaCl2 solutions at 1.2 V.

Fig. S14. Regeneration test of the NP-EHPC electrode over 150 cycles in a 250 mg L−1 NaCl solution at a 

charge/discharge voltage of 1.2/0 V.
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Fig. S15. SEM of NP-EHPC after the 150 regeneration cycles.
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Fig. S16. Side views of Na and Cl atoms adsorbed on (a, d) monolayer graphene, (b, e) N-doped graphene, 

and (c, f) N, P co-doped graphene.

Note: Theoretical calculations

All the calculations were performed using density functional theory (DFT) with the projector augmented 

plane-wave method, as implemented in the Vienna ab initio simulation package.[15] The generalized gradient 

approximation proposed by Perdew, Burke, and Ernzerhof was selected for the exchange-correlation 

potential.[16] The long-range van der Waals interaction is described by the DFT-D3 approach.[17] The cut-off 

energy for plane wave was set to 400 eV. The energy criterion was set to 10−5 eV in the iterative solution of 

the Kohn-Sham equation. The Brillouin zone integration was performed by 2×2×1 k-mesh. All the structures 

were relaxed until the residual forces on the atoms have declined to less than 0.05 eV/Å. Supercells containing 

6×6×1 unit cell were built to investigate the adsorption of Na and Cl on undoped, N-doped, and N, P co-doped 

graphene. A vacuum layer of 15 Å was added vertical to the sheet. The adsorption energy is defined as follows,

𝐸𝑎= 𝐸𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒+ 𝑁𝑎/𝐶𝑙 ‒ 𝐸𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒 ‒ 𝐸𝑁𝑎/𝐶𝑙

where Egraphene+Na/Cl, Egraphene, and ENa/Cl are total energies of undoped/doped graphene with adatom, 

undoped/doped graphene, and adatom in the bulk or gas, respectively.
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