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S1. Materials and methods

S1.1. Materials

Sodium chloride, Zinc chloride and sucrose were purchased from Aladdin Chemical
Reagent Co. Ltd. All the aqueous solution used in experiments were deionized (DI)
water and all chemical reagents were analytical grade.

S8'1.2 Synthesis of carbons with different degrees of intrinsic defects

For DT-PC sample, typically, 1.0 g sucrose was dispersed in 20 mL deionized water,
followed by addition of 10 g NaCl and 1.0 g ZnCl, while stirring. The mixture was
frozen to the solid state by liquid nitrogen several minutes and the ice cube was freeze-
dried for 2 d to remove water. Freeze-drying condition is -50 °C and 20 Pa. Afterwards,
the freeze-dried sample was heated in a tube furnace at 700 °C for 2 h at argon
atmosphere. After cooling to room temperature, the obtained black carbonization
product was washed thoroughly with 0.5 M HCI and DI water to remove the inorganic
impurities then dried at 80 °C for 24 h. For comparison, the ST-PC sample was prepared
by the same procedure of DT-PC, only without adding ZnCl,. Similarly, the NT-C was
prepared using the same synthesis of DT-PC, but without addition of NaCl and ZnCl,.

S'1.4. Materials Characterization

The nanostructure of carbons was characterized by field emission scanning electron
microscopy (FE-SEM, Ultra Plus, Carl Zeiss, Germany) at an accelerating voltage of
5.0 kV and a transmission electron microscopy (TEM, JEM-2010 Japan). Elemental
mappings were performed on the energy-dispersive X-ray (EDX) spectroscope attached
to Tecnai G2 F30. Raman spectra was recorded with a Raman spectrometer (Renishaw)
with an argon ion laser (A=514 nm). The Brunauer-Emmett-Teller surface area of the
obtained samples was tested by nitrogen adsorption-desorption in a Micromeritics

ASAP 2020 nitrogen adsorption apparatus. And the pretreatment was conducted at 300



°C for 3 h to exhaust the adsorbed gas. The X-ray diffraction (XRD) test was performed
on a diffractometer (D/Max-2400, Rigaku) advance instrument using Cu Ka radiation
(k =1.5418 A) at 40 kV, 100 mA. The X-ray photoelectron spectroscopy (XPS)
measurement was conducted on an Escalab 210 system (Germany) using a
monochromatic Al Ka radiation source (ThermoVG Scientific). Electron paramagnetic
resonance (EPR) measurements were performed on a Bruker EMXplus EPR
spectrometer at room temperature. Mercury intrusion porosimetry was obtained by
AutoPore IV 9510. The content of elements was measured by an elemental analyzer
(Flash EA 1112) and inductively coupled plasma-optical emission spectroscopy (ICP-

OES, Varian 710).

S1.5 Electrochemical measurements

81.5.1 Electrochemical characterization

Electrodes were prepared by mixing 80 wt. % of active material with 10 wt. % of
polytetrafluoroethylene (PTFE) binder (Aldrich, 60 wt. % suspension in water) and
10.0 wt. % carbon black in ethanol and then coated onto the graphite paper current
collectors. The prefabricated electrodes dried at 80 °C for 12 h in a vacuum oven and
were pressed under a pressure of 20 MPa for 3.0 min. The capacitive performance of
electrode in three-electrode system was investigated in 1.0 M NaCl aqueous solution
by a CHI760D electrochemical workstation (Chenhua Instruments Inc., Shanghai,
China) with platinum wire and Hg/HgO electrode as counter and reference electrodes,
respectively. Cyclic voltammetry (CV) test, galvanostatic charge-discharge (GCD)
method and electrochemical impedance spectroscopy (EIS) analysis were conducted in

the electrochemical studies. The specific capacitance derived from GCD was calculated
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by the equation: madV/dt where I is the constant current and m is the mass of



active materials, as well as dV/dt is the slope obtained from fitting the discharge curve

from the end of the voltage drop to the end of the discharge process. The specific
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capacitance derived from CV was calculated by the equation: 77 2vAVm where 1 is
the response current (A), V; and V, represent the starting and ending potential,
respectively, AV is the applied potential window (V), v is the potential scan rate (V/s),
and m is the mass of active electrode material (g).

S81.5.2 CDI characterization

For CDI characterization, we used the graphite paper as current collector, while the
electrode materials were coated by a conventional blade coating method. For each
electrode, the active material quality is 25 mg. The thickness of the electrode is
approximately 0.4 mm and the single electrode area is 25 mm x 25 mm. The distance
between the electrodes is 2 mm. The volume of NaCl solution used is 60 ml. The
peristaltic pumps drive the circulating flow of the NaCl solution at a flow rate of 10 mL
min!. The conductivity meter is used to record the conductivity value of the NaCl

solution flowing form the CDI device. The salt adsorption capacity (SAC, mg g!) was

(c0-c)Vs
SAC=——"—
calculated according to the equation: w , where CO and C represent the

initial and the final salt concentration (mg L), and Vs is the volume of NaCl solution

(L), as well as w is the total mass of active materials. The charge efficiency could obtain

_ SAC+F

from the equation: C , in which the SAC represents salt adsorption capacity
(mg g, F is the Faraday constant 96485 (C mol™!") and C is calculated by integrating
the charge current (C g''). Kim-Yoon plot was to evaluate the relationship between the

salt adsorption capacity and the mean salt adsorption rate at the corresponding moment.



The salt adsorption capacity (SACt, mg g-') and the salt adsorption rate (SAR, mg g’!

(CO-Ct)Vs
SACt=———
min'!) at t minute were calculated by the following equations: w and

SACt
SAR = ——

t . The Ctis the concentration of NaCl solution at t minute and t (min) is the

desalination process time.

Figure S1. (a-c) SEM images of NT-C.
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Figure S2. (a-b) SEM images of ST-PC.

Figure S3. (a-b) TEM images of NT-C sample.

Figure S4. Selected area electron diffraction of DT-PC.



Figure S5. (a-b) TEM images of ST-PC.
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Figure S6. (a) Full-scale XPS spectra of DT-PC, ST-PC and NT-C. (b) Zn 2p. (c) Na
Is of DT-PC.
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Figure S7. Energy-dispersive X-ray spectroscopy of DT-PC sample.
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Figure S8. pore size distribution profiles.
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Figure S9. Cumulative intrusion and pore size distribution via mercury porosimetry of

DT-PC.
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Figure S10. XRD patterns of all carbon samples.
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Figure S11. Raman spectrums of all carbons.
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Figure S12. CVs of (a) ST-PC. (b) AC. (c) NT-C.
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Figure S13. CVs at 1 mV s'lof DT-PC, ST-PC, AC and NT-C.
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Figure S14. GCD curves at current densities of 0.5 to 5 A g'!. (a) ST-PC. (b) AC. (¢)
NT-C.

Figure S15. HRTEM image of AC.
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Figure S16. (a) Plots of calculated gravimetric capacity (C) vs. reciprocal of square
root of scan rate (v-'2) of the DT-PC. The dash lines are linear fitting lines of data
points. The algebraic equations of the fitting lines are shown in corresponding figures.
(b) Plots of reciprocal of calculated gravimetric capacity (C!) vs. square root of scan
rate (v'?) of the DT-PC. The dash lines are linear fitting lines of data points. The
algebraic equations of the fitting lines are shown in corresponding figures.
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Figure S17. Histograms of the capacitance contributions by the different processes of

ST-PC sample.
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Figure S18. (a) Plots of calculated gravimetric capacity (C) vs. reciprocal of square
root of scan rate (v-'/?) of the ST-PC. The dash lines are linear fitting lines of data points.
The algebraic equations of the fitting lines are shown in corresponding figures. (b) Plots
of reciprocal of calculated gravimetric capacity (C!) vs. square root of scan rate (v!/?)
of the ST-PC. The dash lines are linear fitting lines of data points. The algebraic
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Figure S19. Variation of solution conductivity vs. time at different voltages.
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Figure S20. Adsorption-desorption cycle tests of DT-PC.

Figure S21. SEMlmages of DT- PC sample after 30 adsorptlon desorption cycles

—
=
St
—
=2
N

sp3%=31.3 Ipi/lg=1.27

D1

Intensity (a.u.)
Intensity (a.u.)

280 285 290 1000 1250 1500 1750

Binding Energy (eV) Raman shift (cm™)

Figure S22. (a) Cls spectrum; (b) Raman spectroscopy of DT-PC after 3030
adsorption-desorption cycles.
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Figure S23. Models of graphene with single vacancy defects, Stone-Wales defects, di-
vacancy defects and the combination of single vacancy defects and Stone-Wales
defects.

(a)

Figure S24. Theoretical simulations and related results. (a) The Na atom is absorbed
by the ideal graphite structure. (b, ¢) Top view and side view of the difference in
electron density of Na absorbed in ideal graphite structure.
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Figure S25. DOS profiles of different carbon defects.



S2. Theoretical Calculations

The spin-polarized density functional theory (DFT) calculations were all performed by
using the plane wave basis set based Vienna ab initio simulation package (VASP).
Perdew-Burke-Ernzerhof (PBE) functional was adopted to describe the interaction
between electrons and the cutoff energy of 400 eV was adopted for plane wave basis

set. All the atoms were allowed to relax until the residue forces on each atom were less

than 0.02 eV/A. The graphene model used in our calculation consists of 12.30 x 29.83
x 15.00 A3, The vacuum region was set 20 A in z direction to prevent the interaction
between two adjacent surfaces. A 5x1x1 Monkhorst-Pack sampled k-points in the
irreducible Brillouin zone for structure optimization. All the configurations are built by
Material studio (MS).

To evaluate the stability of Na adsorbed on graphene nanoribbons, we calculated the
adsorption energy (E,q;) of one Na on the surface as follows,

Eqis=Eror - Esurf - Epg

E« and Eg,¢ are the total energies of graphene with and without Na adsorption, Eyj, is

the energy for single Na involved its bulk structures.
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Table S1 Chemical compositions of as-prepared samples calculated from XPS results.

Samples at.% C at.% O sp2 sp3 C-0 C=0
DT-PC 94.7 53 63.2% 32.2% 4.4% 0.2%
ST-PC 93.4 6.7 70.1% 24.9% 4.8% 0.2%
NT-C 88.6 11.4 79.4% 11.5% 8.9% 0.2%

Table S2 The Raman bands and vibration modes of graphite.

Band Raman shift (cm™) Vibration mode
G ~1580 Ideal graphitic lattice
D1 ~1350 Disordered graphitic lattice (graphene layer edges)
D2 ~1620 Surface graphene layer
D3 ~1490 Amorphous carbon
D4 ~1200 Polyenes, ionic impurities

Table S3 Physical parameters of the prepared carbon materials.

Samples In/lg Ini/Ig Sger (m* g) V@ (em? g ) Vinic ® (cm® g
DT-PC 1.19 1.28 588 0.39 0.34
ST-PC 1.07 1.16 431 0.27 0.21
NT-C 0.89 0.94 163 0.08 0.07

2 The total pore volume (V)); ® The micropore volume (V pic).



Table S4. Coefficients of Langmuir model fitting.

Isotherm Model equation Samples Jm K r?
DT-PC 79.2 0.0069 0.999

i _ e ST-PC 6 0.003 0.99
Langmuir q= 11 K,C T-P 56.5 .0035 997
AC 41.7 0.0029 0.992

Table SS. comparison of salt adsorption capacity with DT-PC and previous literatures.

Sample Voltage (V) Initial Concentration Salt adsorption capacity Ref.
(mg/L) (mg/g)
GO-Mw-Hyd 1.4 500 21.58 1
NPC 1.2 500 21.4 2
DCN 1.2 500 20.9 3
N and P-doped 3D graphene 1.6 800 20.7 4
porous carbon derived from MOGs 1.4 500 25.16 5
activated carbon with 1.6 30 15.17 6
functionalized graphene
hierarchical mesoporous carbon 1.2 500 13.89 7
derived from ZIF-8
Hierarchical porous carbon derived 1.2 116 8.11 8

from activated biochar
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Table S6. Bader charge analysis.

Charge state (¢)

Atom Type 1 Type 2 Type 3 Type 4 Pristine graphene
1 -0.1030 -0.0438 -0.1706 -0.1445 0.0036
2 -0.0289 -0.1109 -0.0125 0.0679 0.0036
3 -0.0067 0.0788 0.0119 -0.0144 -0.0037
4 0.0797 0.0104 -0.0368 0.1174 -0.0035
5 -0.0566 0.2077 0.0559 -0.0308 0.0039
6 0.0498 0.0910 0.1215 -0.0168 0.0036
7 -0.0481 -0.2679 0.0172 -0.0174 0.0037
8 0.0705 0.1160 0.2291 0.0796 -0.0035
9 0.1117 0.0634 0.0847 -0.1076 -0.0037
10 0.1484 0.0410 0.0426 0.1582 0.0036
11 0.0249 0.0228 -0.0411 -0.1123 -0.0038
12 0.0566 0.0093 -0.1423 -0.0895 0.0037




