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Materials and reagents. Kapton polyimide (PI) sheet (SOOHN, thickness: 125 um)
were supplied by DuPont. All other reagents were of analytical grade and used
without further purification.

2. Experimental sections

2.1 Preparation of laser-induced graphene (LIG)

Laser scribing on PI films were conducted using a CO, laser (10.6 um wavelength) cutter
system (Universal X-660 laser cutter platform). The total laser power was 40 W and the laser
system provides an option of setting a laser power. The laser power was set as 10%, 12% and 14%
of the full power, which was 4 W, 4.8 W and 5.6 W, respectively. The scan speed and laser dots
per inch (DPI) were set to 7.2 mm s™! and 1200, respectively. In the process of scribing, automatic
focus is used to reduce the error of laser Z-distance measurement. All experiments were carried
out at normal temperature and ambient air.

The laser-induced graphene was scribed from the PI film and graphene powders were obtained
2.2 Preparation of the working electrode

Commercial active carbon (AC) was used as the negative electrode and NiCo-LDH@PX-LIG
was employed as the positive electrode material.

The positive electrode consisted of NiCo-LDH@PX-LIG, with a mass ratio of 8:1:1, acetylene
black and polyvinylidene fluoride (PVDF), which was ground and mixed well. Subsequently, the
mixed powders were mixed with a drop of 1-Methyl-2-Pyrrolidone and continuously grinding till
a homogeneous slurry was obtained. Finally, the slurry was applied on a nickel foam (painted area
of 1 cm?), further pressed at 10 MPa for 60 s and then dried at 80 ‘C overnight. The preparation
process of the negative electrode was the same as that of the positive electrode except that NiCo-
LDH@PX-LIG was used instead of commercial AC.

In order to obtain the best electrochemical performance of the two electrodes, the
relationship between the masses of the negative and positive electrodes is expressed by the
following equation !-3.
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Where m,, m_, C,, and C. are the mass and the specific capacitance of NiCo-LDH@PX-
LIG and AC electrodes, respectively. AV_ and AV, are the voltage window of the negative
and positive electrodes, respectively. The calculated AC masses in the five electrodes
range is between 10 mg cm™ and 15 mg cm™.

2.3 Materials characterization.

The surface morphology of all samples was observed by field-emission scanning electron
microscopy (FESEM, Hitachi, Japan, JEOL-7500F) operated at 10 kV. The average thickness of
the as-prepared products was calculated by the cross-section SEM. The structure of all samples
was evaluated on a Philips X’pert diffractometer (Rigaku D/MAX-2500/PC) equipped with
Cu K radiation (\= 1.5418 A). The 260 range was setting from 5° to 60° at a scan rate of
0.5 min’!. Transmission electron microscopy (TEM) images were measured on a Tecnai
G2-F30 with an accelerating voltage of 300 kV and the detailed morphology of inside the
materials was got. The selected area electron diffraction (SAED) was well gained by
HRTEM. BET surface area and pore size distribution were evaluated by N, adsorption—
desorption isotherms measured on an N, adsorption/desorption analyzer (ASAP 2420,
Micrometrics, USA). Raman spectra were measured by using a Raman microscope system

(DXR2xi, Thermo Fisher Scientific, Inc., USA) with an excitation line of 532 nm.
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Fig. S1 (a) XRD pattern of LIG, (b) XPS survey spectrum of LIG/Ni-Co LDH, the high-resolution

XPS spectra of (¢) C Is and (d) O 1s

Table S1 the content of different elements in the NiCo-LDH@PX-LIG

Element Wit%
C 5.63
(0] 32.27
Co 14.28
Ni 47.83

Total: 100.00




Fig. S2 Top-view SEM images of LIG induced under different laser powers (a) P10-4 W, (b) P12-
4.8 W, (c) P14-5.6 W; Cross-sectional SEM images of LIG scribed under different laser powers (d)
P10-4 W, (e) P12-4.8 W, (f) P14-5.6 W, high modification of cross-sectional SEM images showing the

porous morphology of LIG, (g) P10-4 W, (h) P12-4.8 W, (i) P14-5.6 W

Fig. S3 SEM images of LIG-P10/Ni-Co LDH (a) and (b) at lower and higher modifications,

HRTEM images of LIG-P10/Ni-Co LDH (c) (d)



Fig. S4 TEM images of LIG-P14/Ni-Co LDH (a) and (b) HRTEM images of LIG-P14/Ni-Co

LDH
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Fig. S5 The pore size distribution of the NiCo-LDH@P10-LIG (a), NiCo-LDH@P12-LIG (b) and
NiCo-LDH@P14-LIG (c), and N, adsorption-desorption curves of the NiCo-LDH@P10-LIG (d),

NiCo-LDH@P12-LIG (e) and NiCo-LDH@P14-LIG (f)



Table S2 The pore parameters of the samples

NiCo-LDH@P10-LIG NiCo-LDH@P12-LIG NiCo-LDH@P14-LIG

BET (m? g?) 182.32 196.58 201.48
Average pore
6.79 7.23 5.9
diameter (nm)
Total pore volume
0.31 0.35 0.29
(em? g
Volume in
33 30 35
nanopores (%)
Volume in
67 70 65
mesopores (%)
Volume in
0.33 0.35 0.25

macropores (%)
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Fig. S6 The gravimetric capacitance of P12-LIG and NiCo-LDH@P12-LIG at various

current densities (a), the gravimetric capacitance of P10-LIG, P14-LIG, NiCo-LDH@P10-LIG

and NiCo-LDH@P14-LIG at various current densities,
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Fig. S7 CV curves of NiCo-LDH@P10-LIG (a) and NiCo-LDH@P14-LIG (b) at the various scan
rates, GCD curves of NiCo-LDH@P10-LIG (c) and NiCo-LDH@P14-LIG (d) at the different
current densities, (e) Areal capacitance of P10-LIG, P14-LIG, NiCo-LDH@P10-LIG and NiCo-
LDH@P14-LIG at various current densities, (f) Nyquist plots P10-LIG, P14-LIG, NiCo-

LDH@P10-LIG and NiCo-LDH@P14-LIG
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Fig. S8 Cylic stability of the NiCo-LDH@P12-LIG electrode material at 100 mA cm-2 for 5000 cycles
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Fig. S9 The analysis of ion diffusion and capacitive contributions of NiCo-LDH@P12-LIG at different
scan rate (a) 5 mV s, (b) 10 mV s, (¢) 20 mV s, (d) 50 mV s, (e) 80 mV s, (f) the normalized

contribution of as-prepared samples at different scan rates
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Fig. S10 CV curves (a), GCD curves (b) at various scan rates and different current densities of AC and

specific capacitance at different current density (c)



Table S3 Comparison of the cycling stability of NiCo-LDH@P12-LIG electrode with some reported

results
Electrode materials Cycles Capacitance Ref.
retention

Ni(OH),/ Co(OH),/GO 1000 84% 4

rGO 5000 84% 3

GO/PANI/ Ni(OH), 2000 84.4% 6

NiCo-LDH/CFC 5000 82% 7

NixCoy(OH)/RGO 3000 75% 8

NiCo,S4/Ni-Co-OH 2000 56% ?
NiCo-LDH@P12-LIG 6000 92% This work

Table S4 Comparison of electrochemical performances of various LIG-based ASCs

Electrode Current density Areal capacitance Ref.
(mA cm?) (mF cm2)
NB1-dLIG-SC 0.05 40.4 10
LIG-FeOOH// LIG-MnO, 0.25 21.9 1
L-P LIG-P15 0.5 22 12
5B-LIG 0.05 16.5 13
LSG-P24 0.05 25.1 14
Laser-induced MOF-derived 0.15 1.36 15
graphene
KOH-activated graphene in- 0.05 32 16
plane MSCs

NiCo-LDH@P12-LIG//AC 2.5 720 This work
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