Supporting Information
Oriented Nanosheet-Assembled CoNi-LDH Cages with Efficient Ion Diffusion for
Quasi-Solid-State Hybrid Supercapacitors
Zixiao Li,* Hongyu Mi,** Fengjiao Guo,* Chenchen Ji,** Shixue He,® Han Li,? and
Jieshan Qiu*®
8chool of Chemical Engineering and Technology, Xinjiang University, Urumgi
830046, Xinjiang, China
bState Key Laboratory of Chemical Resource Engineering, College of Chemical

Engineering, Beijing University of Chemical Technology, Beijing 100029, China

S1



EXPERIMENTAL SECTION

Preparation of ZIF-67 and derived CoNi-LDHx. ZIF-67 was first produced using
the method presented previously.* Then, CoNi-LDHx was prepared based on the ion-
exchange reaction between ZIF-67 and Ni(NOs3)2 6H20. Typically, the dispersion of 40
mg ZIF-67 in 20 mL ethanol was added in the solution of 80 mg Ni(NO3)2-6H>0 in 20
mL ethanol. After the above mixture was refluxed for 2 h at 90 °C, the solid (CoNi-
LDH>) was acquired by filtering, washing with ethanol, and drying at 60 °C. Similarly,
the comparative samples named as CoNi-LDH; and CoNi-LDH3 were prepared by
altering the mass ratio of ZIF-67 and Ni salt (1:1 and 1:3), respectively.

Materials Characterization. Scanning electron microscopy (SEM, SU-8010) was
employed to study the morphologies of various products. Their microstructures were
made clear by employing atomic force microscopy (AFM, Briker Dimension Icon) and
transmission electron microscopy (TEM, 2100F). The phase feature was verified via
X-ray diffraction (XRD, Briker D8 advance), and the elemental components were
clarified by X-ray photoelectron spectroscopy (XPS, Thermo Fisher ESCALAB 250Xi).
Nitrogen adsorption-desorption apparatus (ASAP 2460) was employed for the surface
area and pore structure. The water contact angle was tested by the DCAT21 equipment.

Electrochemical Characterizations. Electrochemical properties were studied on
the CHI660b workstation and CT2001A battery tester. First, various samples were
made into the electrodes through pressing the sheet containing active materials,
acetylene black, and polytetrafluoroethylene (mass ratio of 8:1:1) on the Ni surface
(about 2.5 mg cm 2 for active material). Then, these electrodes were built into a three-
electrode system with Pt (counter electrode) and Hg/HgO (reference electrodes),
employing 2 M KOH electrolyte. Gravimetric capacities (Qg, C g1) were gained from
equation S1:2
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where I, | Vdt, m, and ¥ belong to the discharge current (A), integral area under a
discharge curve (V s), mass of active material, (g) and potential window (V),
respectively. Both aqueous and quasi-solid-state HSCs used CoNi-LDH; positive
electrode and AC negative electrode, where the former employed the glass microfiber
separator and 2 M KOH electrolyte, whereas the latter used the PVA/KOH gel
electrolyte/separator. In order to obtain PVA/KOH, PVA (1 g) and KOH (1 g) were
added in deionized water (10 mL) and heated at 85 °C under vigorous stirring, followed
by curing this gel at room temperature.® In HSCs, the mass ratio for CoNi-LDH, and

AC was calculated according to equation S2:*°°
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where m is the mass of active electrode material (g) and Q is the gravimetric capacity
(C g1).4"® The optimized ratio is 1:3.4, and the total active mass in the device is about
4.4 mg. The gravimetric capacity (Qceit, C g '), energy density (£, Wh kg™"), and power

density (P, W kg!) were decided by equations S3, S4, and S5:71°

21 Vdt
chll o MV (83)
P = I vde S4)
3.6M
p= 3600F (S5)

t
where V, M, and ¢ correspond to the voltage window (V), total mass of active materials

for the device (g), and discharge time (s), respectively.” !
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Figure S1. AFM image of CoNi-LDHo,.
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Figure S2. CV profiles of ZIF-67, CoNi-LDH;, CoNi-LDH>», and CoNi-LDH3 electrodes at a sweep

rate of 10 mV s .
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Table S1. Performance comparison of CoNi-LDH> with other materials.

Capacity
Electrode material Electrolyte (capacitance) at a low Retention Ref.
sweep rate
NiCo-LDH@NCF 2 M KOH 756Cg ' (0.5A ¢ 54.8% (20A g ) 11
MnO2@NiCo-LDH/CoS> 2 M KOH 1547Fgt(1Ag? 76.9% (10 Ag™) 12
CC@NiCo>Al-LDH 1 M KOH 1137F g (0.5A¢g™) 58% (20Ag™) 13
CoSw/Ni-Co LDH 2 M KOH 1562F g (1Agh) 65.4% (20 A g™ 14
Co-Ni-B-S 6 M KOH 1281Fgt(LAgY 62.7% (20 Ag ™) 15
NiCo-LDH/PANI/BC 2 M KOH 761Cgl(1AgY 46% (15 A g™ 16
Co(1)-TMU-63#30%CoMn204
2 M KOH 1420F gt (7AQY 32.4% (18 AgY) 17
NCP
PNT@NiCo-LDH 6 M KOH 14482 Fgt(1AgY  448%(20A QY 18
NCLP@NiMn-LDH 6 M KOH 2318F gt (1AQY 60% (20 Agl) 19
OCS/NiCo-LDH@Ni foam 3 M KOH 1784F gt (1AgY 41% (10 AgY) 20
NiCo-LDHs FMs 6 M KOH 622Cg'(1Ag" 56.7% (10 A g %) 21
Mn—Co LDH@CDs 1 M LiOH 2063F gl (1AQY 43.8% (10 Ag™) 22
NiMn-LDH (Ov-LDH) 2 M KOH 1183 Cg ' (1A g 63.8% (30 Ag?) 23
1031.4 C g™' (2062.4 F
CoNi-LDH: 2 M KOH 64.7% (25Ag™")  This work
gh(TAgh
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