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Physical characterization

The morphology of the all carbon samples were characterized by using transmission electron
microscopy (TEM, JEOL JEM-200CX) and field emission scanning electron microscopy (SEM,
JEOL JEM-700F). High-resolution transmission electron microscopy (HR-TEM) images were
observed by using JEOL JEM-2010F. X-ray diffraction (XRD) was tested on Rigaku D/MAX-
RB X-ray diffractometer using crystal monochromatic Cu Ka radiation. X-ray photoelectron
spectroscopy (XPS) data was detected on a Perkin-Elmer PHI 5000C ESCA system equipped
with a dual anode Mg Ka (1253.6 eV) X-ray source. Specific surface area and macro and
mesopore size distribution was calculated by using Brunauer-Emmett-Teller (BET) with a
Micromeritics ASAP 2010 analyzer and Barrett-Joyner-Halenda (BJH) model. The volume of
micropores and the pore size distribution (PSD) were measured by using the density functional
theory (DFT) method. The volume of mesopores was determined by subtracting the micropores
volume from the total pore volume of N2 adsorbed. Raman spectra were carried out on Raman
spectrometer (JY H800UV) (INVIA). The surface wettability of the samples was calculated by
dynamic water contact angle analysis by using (Kriiss DSA100). A 1uL drop of water with a rate
of 1uLs™!' was placed on the surface of electrode and series of images were taken as function of

contact time.
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Electrochemical characterization

The galvanostatic charge-discharge (GCD), cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS) were performed in 0.5 mol L-! NaCl salt solutions by using three-
electrode cell system that consisted of working electrode, graphite electrode and calomel
reference electrode. The working electrodes were fabricated by mixing polytetrafluoroethylene
(10%) sample and material (90%) in ethanol to make homogenous pastes. The slurry was pressed
on sheet of graphite and then dried at 110 °C overnight. The frequency range for EIS was 10

mHz to10 kHz and the amplitude of the applied voltage was 5 mV for all electrodes.
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Figure S1. (a, b) SEM and TEM images of N-doped layered mesoporous carbon frameworks.
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‘Figure S2. (a,b) SEM images GNNLMCS-21 and GNNLMCS-11. (¢, d) TEM images
GNNLMCS-21 and (b,d) GNNLMCS-11.
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Figure S3. (a) XRD patterns and (b) Raman spectra of GN and NLMCS.

10 20

S-6



Evidence for non-graphitized and amorphous nature:
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Figure S4. XRD of GNNLMCS-12 before and after acid etching.

Before etching, the XRD pattern of Ni/GNNLMCS-12 shows the XRD diffraction peaks
corresponding to graphitic carbon and Ni NPs (around 20 = 26.2°, 43.4°, 53.3°, 63.1° and
76.6°). In this spectrum, three characteristics peaks of cubic Ni NPs are observed at 53.3°, 63.1°
and 76.6° (Fig. S4). After high temperature annealing and acid etching, no other peaks are
observed for Ni NPs which confirms that Ni is completely removed from the composite and
yielding a highly pure GNNLMCS-12. This GNNLMCS-12 composite shows a diffraction peak
at 20 of about 26.2°, together with a weak broad diffraction peak at about 43.4° in the wide-angle
XRD pattern (Fig. S4), suggesting the co-existence of amorphous GN and layered carbons. The
XRD patterns for GNNLMCS-11 and GNNLMCS-21 shows indistinct changes, indicating that
the GN and NLMCS are successfully self-assembled and make a composite. Typical diffraction
patterns for non-graphitized carbon are represented by a characteristic broad 002 diffraction peak
at 26.2° and a less intense peak at 43.4°, which corresponds to the 101 reflections. The wide-
angle XRD patterns of all of the GNNLMCS materials (Fig. 3a) exhibit two intense peaks which
can be indexed as the (002) diffraction and (101) reflection, characteristic of graphitic carbon.
The diffraction and reflection peaks for GNNLMCS materials are less intense and well defined

in accord with it much lesser graphitized content. The d-spacing of the (002) peak, is a little
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larger than that for Ni/GNNLMCS and NLMCS, indicating that the degree of graphitization is
limited.

The non-graphitized nature of the GNNLMCS materials is also very evident in the Raman
spectra shown in Fig. 3b and Fig. S3b. It is generally accepted that the degree of graphitization
(In/Ig) specifies the relative amount of defects in graphitic structure and it can be seen that with
increase ratio of GN:NLMCS, the Ip/Ig values of GNNLMCS increases gradually from 1.01 to
1.08. The Ip/Ig values for all samples of GNNLMCS, GN and NLMCS are listed in the Table S1.
The relative intensity of these D and G lines (ID/IG) depends on the type of graphitic materials
and reflects the degree of graphitization!. The GNNLMCS materials exhibits a strong and sharp
G-band and D-band as well as 2D band with ID/IG=1.01-1.08 in its Raman spectrum, indicating
non-graphitized and amorphous nature. The NLMCS composite which was synthesized in the
absence of GN have no 2D bands with a low ID/IG of 0.98, indicating only the amorphous
nature of the carbon?. The observed difference in the Raman spectra for both all mesoporous
carbon materials indicates the nature of graphitic carbons synthesized with the addition of GN
and NLMCS. Therefore, the XRD and Raman results give evidence for non-graphitized and
amorphous carbon frameworks as well as the intercalation of graphene nanospheres into carbon

layers.
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Figure S5. (a) Nitrogen sorption isotherm and (b) pore size distribution profiles of
GN and NLMCS.

S-9



Table S1. Textural characteristics of the carbon samples.

Electrode Sger? VA Vinic® Vmeso? Average pore  ID/IG
materials (m2g) (cm3gh) (cm3g) (cm3g!)  size range (nm)
GNNLMCS-12 1143 0.97 0.39 0.54 0.28-42.31 1.08
GNNLMCS-11 935 0.85 0.42 0.51 0.28-51.22 1.05
GNNLMCS-21 605 1.02 0.72 0.79 0.28-49.34 1.01
NLMCS 554 0.48 0.48 0.43 0.28-45.78 0.98
GN 494 0.41 0.64 0.35 0.26-36.67 1.02

a) Surface area calculated by the BET method; b) Total pore volume; c) Micropore volume; d)

Mesopore volume
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Figure S6. Cumulative pore volume distributions of GNNLMCS frameworks derived from DFT model.
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Figure S7. (a) CV curves of GN and NLMCS at a scan rate 1 mV s in 0.5 mol L*!
NacCl solution. (b) Specific capacitance of GN and NLMCS at different scan rates.
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Figure S8. CV curves of GNNLMCS-12 electrode at different scan rate from 1 mV s to 50 mV s! in a
0.5 mol L-! NaCl solution.
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Figure S9. (a) GCD curves of GNNLMCS-12 at various current density in a 0.5 mol L-!
NaCl solution. (b) iR drop of GNNLMCS-12, GNNLMCS-11 and GNNLMCS-21 at
different discharge current density.
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Figure S10. The electrochemical performance of carbon electrodes tested in a 500 ppm
NaCl solution. (a) CV curves at 1 mV s.. (b) The corresponding specific capacitance of
the GNNLMCS-12, GNNLMCS-11 and GNNLMCS-21 electrodes at 1 mV s'. GCD
profiles of the carbon electrodes at the current density of 2 A g''. (d) Nyquist plots of the
carbon electrodes.

The electrochemical properties of carbon electrodes tested in a 500 ppm NaCl solution are shown
in Figure S10. The CV curves (Figure S10a) of all electrodes displays the distorted shapes even
at low scan rate, which should be credited to the sluggish diffusion control process resulting from
the low electrolyte concentration. The capacitive current of GNNLMCS-12 is higher than that of
other carbon electrodes, suggesting the GNNLMCS-12 possess a better capacitive performance.
The corresponding specific capacitances (Cs) are calculated to be 143, 124 and 83 F g'! for the
GNNLMCS-12, GNNLMCS-11 and GNNLMCS-21 electrodes, respectively, as shown in Figure
S10b. The GCD curves (Figure S10c) of the electrodes also show distorted and unsymmetrical
shapes in low electrolyte concentration. The longer charging/discharging time of the
GNNLMCS-12 further indicates its better capacitive behavior. The Nyquist plots of all the

electrodes are shown in Figure S10d, revealing a much smaller intrinsic ohmic resistance (R;) of

S-15



the GNNLMCS-12 electrode than that of the other electrodes, reflecting that the GNNLMCS-12

electrode has less internal loss and faster charge/discharge rate.
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Figure S 11. Plots of solution conductivity and salt removal capacity of GNNLMCS-14 in a 500 mg L-!
NaCl solution at 1.2 V with a flow rate of 25 mL min-'.
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Figure S12. Current response and charge efficiency of GNNLMCS-12 electrode in different
concentration of NaCl solution at 1.2 V.
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Figure S13. Plots of solution conductivity vs deionization time in a 50 mg L-' NaCl solution at 1.2 V with
a flow rate of 25 mL min-!. The electrosorption efficiency of GNNLMCS-12 is around 90 %.
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Table S2. Comparison of ion removal capacity of reported carbon materials.

Electrode materials Initial NaCl ~ Applied Electrodes Ion removal Ref.
concentration voltage mass capacity
[mg L] [V] [g] [mg g']
Activated carbon 500 1.2 9.72 3
3D Graphene balls 500 1.2 0.16 12.35 4
Carbon aerogel microspheres 500 1.2 0.85 5.62 3
N-doped porous carbon sphere 500 1.2 - 13.71 6
N-doped porous carbon 500 1.2 0.20 16.63 7
Graphene-coated hollow 50 1.6 0.50 2.3 8
mesoporous carbon spheres
3D Graphene/Metal oxide 500 1.2 0.20 15.5 ?
Porous graphene frameworks 500 1.4 0.16 19.1 10
Porous carbon polyhedra 500 1.2 0.30 13.86 1
Mesoporous carbons 250 1.2 0.19 4.8 12
GNNLMCS-12 500 1.2 0.16 23.42 This work
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