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Experimental section

Materials

Graphite powder, KMnO,, H,SO4 and HNO3, poly(vinylidene fluoride) (PVDF), N-methyl-2-pyrrolidinone
(NMP) were purchased from Wako Pure Chemical Industry. Zn(NO;),-6H,0, 2-methylimidazole (2-MeIM),
and phytic acid (PA) solution 50 % (w/w) in H,O were purchased from Sigma-Aldrich. All chemicals were

used as received without further purification.

Preparation of graphene oxide (GO)

In brief, graphite powder was added to a solution of concentrated HNO3 and H2SO4 (1:2 v/v) and maintained
at 80 °C for 5 h. The mixture was then allowed to cool to room temperature, deionized (DI) water was added,
and the mixture allowed to stand overnight. The reaction vessel was then placed in an ice bath, KMnO4 was
slowly added. Subsequently, the mixture was allowed to stand with stirring for 2 h. After dilution with DI
water, 30% H202 was added to the mixture, and the colour of the mixture changed to brilliant yellow,
accompanied by bubbling. The mixture was then filtered and the solid washed with aqueous HCI solution

(1:10 v/v), DI, and ethanol. Finally, GO was obtained by freeze drying.

Preparation of ZIF-8/GO

Briefly, Zn(NO;),-6H,0 (0.366 g) and 2-MeIM (0.811 g) were dissolved in methanol (12 mL and 20 mL,
resp.). The methanolic Zn(NOj3), solution (12 mL) was then added to the 2-MeIM solution to obtain a clear
solution. GO solution (1 mg mL! in water, 8 mL) was immediately added to the Zn(NOj3),/2-MeIM mixed
solution. After stirring for 20 min, the gray precipitate was collected by centrifugation (8000 rpm for 5 min)
and was washed three times with methanol. Zeolitic imidazolate framework-8 ZIF-8/GO was obtained after

freeze-drying.
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Preparation of NC/rGO

ZIF-8/GO nanosheets were converted to NC/rGO nanosheets by carbonization at 950 °C for 2 h under a N,
atmosphere. The ramping rate was 1 °C min-! in the first stage (below 350 °C) and increased to 5 °C min’! in
the second stage (350 to 950 °C). For comparison, ZIF-8 was obtained without adding the GO solution and

employed as the precursor to NC by direct carbonization with the same process.

Preparation of porous NPC/rGO

NPC/rGO nanosheets were prepared by post-activation with PA. In a typical activation process, NC/rGO (30.0
mg) were dispersed in ethanol (1.5 mL) containing PA solution (170 pL). The suspension was then transferred
to a quartz boat and dried at 60 °C. Subsequently, the quartz boat was placed in a quartz tube and heated under
a N, atmosphere. The temperature was increased to 350 °C then 550 °C at a ramp rate of 5 °C min~!. Each

stage was held for 0.5 h. Temperature was then increased to 1000 °C and held for another 2 h.

Characterization.

Crystal identity of the samples was characterized by using powder X-ray diffraction (XRD, Ultima Rint 2000
X-ray diffractometer, RIGAKU, Japan) measurements using Cu Ka radiation (40 kV, 40 mA, 2° min~! scan
rate). Morphologies of the samples were observed by field-emission scanning electron microscopy (FESEM,
HITACHI SU8000). Mesoporous structure of the samples was confirmed by transmission electron microscopy
(TEM, JEOL JEM-2100). N, adsorption-desorption isotherms were obtained by using a Belsorp-max
(BEL,Japan) instrument where the specific surface areas and pore size distributions were analyzed by the
Brunauer-Emmett-Teller (BET) method and Barrett-Joyner-Halenda (BJH) models, respectively. X-ray
photoelectron spectroscopy (XPS, Axis Ultra, Kratos Analytical Ltd) was used to investigate the chemical
state of phosphorus and nitrogen in the samples. The Zeta potential measurements were done in aqueous

solutions of the samples in function of pH values ranging from 3 to 11 by Zeta sizer Nano-ZS90 (Malvern,
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United Kingdom).

Electrochemical analyses

The electrochemical measurements were performed on CHI 660E electrochemical workstation in a three-
electrode system with 1 M NaCl aqueous electrolyte. A platinum (Pt) wire and Hg/HgO were selected as the
counter electrode and reference electrode, respectively. Cyclic voltammetry (CV) and gravimetric charge-
discharge (GCD) measurements were carried out in the potential range of -0.5 to 0.5 V.

The specific capacitances (C, F g'') were calculated from the CV curves by using the following equation:

szidV/ZAva O

where i is the discharge current density (A), m is the mass of active materials (g), , and A4V is the voltage

window (V), v is the scan rate (V s™).

Desalination analysis

Each individual CDI electrode was fabricated by depositing a mixture of the sample, Super-P and PVDF
binder with a weight ratio of 8:1:1. The mixture was pressed onto graphite paper (2.5 x 2.5 cm?) and dried
under reduced pressure at 60 °C for 12 h.

CDI tests were conducted using a batch-mode with continuous recycling system, which consists of a pair
of anion- and cation-exchange membranes, a peristaltic pump, a power source, and a tank. The real-time saline
concentration variation was monitored and measured by using an ion conductivity meter. The volume of the
saline solution was fixed at 30 mL, the flow rate was 30 mL min™!, and the operating voltage was 1.2 V.

The salt adsorption capacity (I, mg g') and mean salt adsorption rate (MSAR, mg g! min'!) at # min were

calculated as follows:

['=(Cy—C) X Vim )

MSAR =T/t (3)
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where Cj and C, represent the concentrations of NaCl at the initial stage and ¢ min, respectively (mg L'); Vis

the volume of the NaCl solution (L); and m represents the total mass of the electrode materials (g).
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Supplementary Figures and Tables
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Fig. S1 XRD patterns of ZIF-8 and ZIF-8/GO.
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Fig. S2 (a) Low-resolution and (b) high-resolution SEM images of NC/rGO.
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Fig. S3 (a) N, adsorption-desorption isotherms and (b) pore size distribution profiles of NC.



40

—e— NC/rGO
- —+—NPC/rGO
>
E
T 0\
~—
=
> |
e -20- i Tk ™
g : \.\
P \A-—_—_-:

2 4 6 8 10 12
pH

Fig. S4 Zeta potential curves of NC, NC/rGO and NPC/rGO in NaCl solution under varying pH.
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Fig. S§ Water contact angles of NC/rGO and NPC/rGO electrodes.
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Fig. S6 (a) N 1s and (b) P 2p spectra of NPC/rGO after 50 cycles.
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Fig. S7 C 1s spectra of NPC/rGO before and after 50 cycles.



Table S1. SSAs and pore volumes of NC, NC/rGO and NPC/rGO

Sample SSA (m? g1) Pore volume (cm? g1)
NC 889 0.42
NC/rGO 1019 3.29
NPC/rGO 1336 3.09
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Table S2. Performance comparisons of NPC/rGO and other carbon materials

Sample SSA (m? g!) Voltage (V) SAC (mg g) Ref.
P-60 1260 1.5 5.28 S1
Filtrasorb 400 964 1.0 13.03 S2
AC-1-2.0 2105 1.0 9.72 S3
C5A85K4 3649 1.2 22.20 S4
HPC 609 1.2 10.27 S5
CCS 2680 1.2 16.10 S6
3DHCA 2061 1.2 17.83 S7
PCNSs 2853 1.1 15.60 S8
NPC 1036.2 1.2 15.50 S9
SBB-C0O2-30 1019 1.2 28.90 S10
CTS-AC 2727 1.2 14.12 S11
PCS1000 1321 1.6 5.81 S12
NPCSs1000 1640 1.2 14.91 S13
N-PHCS 512 1.4 12.95 S14
hCSs-800 1529 1.2 15.80 S15
PCSs-800 485.6 1.2 18.50 S16
CHS-1 809.91 1.6 18.88 S17
N-HMCSs 1099 1.6 16.60 S18
OMC 844 1.2 0.68 S19
NMCs 842.3 1.2 20.63 S20
NOMC 459.32 1.6 26.20 S21
OMC-0O 1481 1.2 9.80 S22
0-OMCs-1000 780.3 1.2 14.58 S23
OMC-S 1491 1.2 0.93 S24
ACk2 1968 1.6 11.70 S25
N-HMCS/HGH 337.7 1.4 37.20 S26
GSSNA-11 664 1.2 22.09 S27
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