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Text S1. Detailed deduction of b value and capacitive distribution

The charge storage mechanism of the A-CQD/Coo.03Nio.s7LDH electrode can be semi-quantitatively
resolved according to the redox peak potential in the current response of CV curves at different scan
rates. Normally, the peak current i and the scanning speed v from the CV curves of the tested
electrodes can be expressed according to the following Equation (5):

i =avP (5)
wherein the value of the kinetic parameter b lies between 0.5 to 1. When b equals to 0.5, it suggests
that the electrode reaction is completely diffusion-controlled process, and when b is equivalent to 1,
it means that the electrode reaction is surface-reaction controlled process. The logarithm of the
current values of the cathode or anode peaks is plotted against the logarithm of the scanning rate,
and the b value is then acquired from the slope of the fitted line. The kinetics hysteresis of the
sample electrodes can be estimated by the b values. Correspondingly, the response current can also
be divided into the following Equation (6):

i = kv + k,vt/? (6)

where kiv represents for the capacitive controlled current and kz v*? for the diffusion controlled
current. The above Equation (6) could be transformed into Equation (7):

i
v1/2

=kv'? +k, (7

The coefficients ki and k2 can be obtained by linear fitting of a series of equations at various
potential points. Then, the contribution proportions of above two kinds of current can be obtained
on account of kiv or kz v,

Text S2. Specific theoretical calculation process

DFT-based first-principles calculations were performed using the CASTEP package of Materials

Studio based on the generalized gradient approximation (GGA) in the form of Perdew—Burke—
s2



Ernzerh (PBE). An energy cutoff of 400 eV was used, and a k-point sampling set of 2 x2 x1 was
tested for convergence. The convergence criterion for the maximum energy change was 1.0<10°°
eV/atom during the geometry optimization. After geometry optimization, the density of states

(DOS) was computed with the most stable configurations.
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Figure S1. CV curves of 200 cycles activation at 50 mV s for (a) Co/CQD; (b) Ni/CQD and (c)
CQD/Ni(OH)..

Figure S1 displays the CV curves of 200 cycles activation at 50 mV s for Co/CQD and
CQD/Ni(OH).. From Figure S1a, three pairs of redox peaks can be observed. The pair of redox
peaks between 0.05 and 0.18 V are attributed to the reversible conversion of Co?*/Co*" derived
from adsorbed Co ions, and the pair of redox peaks between 0.2 and 0.4 V are assigned to and the
sulfur and oxygen functional groups on CQD[1]. The redox peak at 0.4 to 0.5 V can be attributed to
Co%*/Co**. However, the area of CV curve did not increase with the CV cycle activation at 50 mV s~
! indicating that the electrochemical active of Co/CQD is stable. Figure S1b-c presents the CV
curves of 200 cycles activation at 50 mV s for Ni/CQD and CQD/Ni(OH)2. The absence of the
pair of redox peaks between 0.05 and 0.18 V further suggests that they are originated from the
conversion of Co?*/Co®. The area of CV curve obviously increased at the 10" cycle and remained

stagnant with the continual increase of the CV activation to the 200" cycle.

5S4



1 first
10"

0.10

=3
°
a

1——200"

0.00+

-0.05+

Current density (A cm?)

-0.104

50mVs"

Potential (V vs. Hg/HgO)

T T T T T T
0.0 0.1 0.2 0.3 04 0.5

Current density (A cm?)

-0.124

50 mVs™”

T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5

Potential (V vs. Hg/HgO)

Current density (A cm?)

Current density (A cm?)

o
2
A=

e
=
o

2

=3

=)
Y

&
=3
i

s
S

50mVs’

T
0.0

01 02 03 04 05
Potential (V vs. Hg/HgO)

-0.124

first

50mVs"

0.0

04 02 03 04 05
Potential (V vs. Hg/HgO)

Current density (A cm?)

Current density (A cm?)

o
-
N

(4
o
-3

(4
o
1=

3
=
L

50 mVs”'

00 01 02 03 04 05
Potential (V vs. Hg/HgO)

200 cycle

00 01 02 03 04 05
Potential (V vs. Hg/HgO)

Figure S2. CV curves for 200 cycles of activation at 50 mV s for (a) Coo.2Nio.sLDH, (b)

Co00.3Nio.7LDH, (¢) Coo.4NigsLDH, (d) CoosNiosLDH, (e) Coo.7Nio3sLDH and (f) Co(OH)s..

Figure S2 presents the CV curves for 200 cycles of activation at 50 mV s for Coo2NiosLDH,

Co00.3Nio.7LDH, Coo.4NiosLDH, CoosNiosLDH, Coo.7Nio3LDH and Co(OH).. We can observe that

an irreversible oxide peak appears only in the 1% CV curve of the bimetallic CoNiLDH. In addition,

the increased area of CV curve after the CV activation at 50 mV s increases with the increase of

Co content in the bimetallic CoNiLDH until Co/Ni equal to 1. In addition, the oxide peak presented

in Co(OH): is reversible, but the peak current after the CV activation at 50 mV s? is obviously

lower than the bimetallic CoNiLDH, suggesting that the high energy storage density of the

bimetallic CoNiLDH is mainly attributed to the Ni element in LDH[2].
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Figure S3. (a) CV curves of CoNiLDH and Co(OH)2, (b) nonlinear fitting and (c) linear fitting

curves for peak current versus Co content.

Figure S3 displays the part of the 1 CV curves and the correlations between the peak current and
the Ni to Co ratio. The peak current increased with the increase of Co amount until Co/Ni equal to 1
(Figure S3a), which is consistent with the previous report that the optimal electrochemical
performance is achieved at the Co/Ni ratio of 1 (Figure S3b) [3]. Then, the current decreased with
the continual increase of Co amount, which is attributed to the decrease from Co?* to Co®* caused
by the reduced Ni content. The high positive correlation of R?=0.947 in Figure S3c indicates that
the peak current at about 0.12 V would be used to estimate the conversion from Co?* to Co®" in

Co/Ni bimetallic LDH when the Co/Ni ratio is less than 1.
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Figure S4. (a, c, e, g, i) CV curves at different scan rates and (b, d, f, h, j) GCD curves at different

current densities of CONiLDH electrodes after 200 cycles of activation at 50 mV s,

Figure S4 demonstrates the electrochemical properties of the as-prepared CoNiLDH electrodes with

different Ni/Co ratios, which indicates that the CoosNiosLDH electrode shows the best excellent

electrochemical properties in all electrodes.
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Figure S5. (a) XRD pattern of Co/CQD, (b) FTIR spectra of S/CQD and Co/CQD.

XRD pattern of Co/CQD is shown in Figure S5a, in which the broad peaks of carbon in CQD can
be observed. FTIR spectra (Figure S5b) show that the S-H stretching signal at 2061 cm™ disappear
after the adsorption of Co ions[4]. The IR spectrum of Co/CQD is slightly red-shifted due to the
introduction of Co. Furthermore, the presence of C-O-C (1097 cm™) and C-O (1023 cm™) [5]
functional groups on Co/CQD. In addition, the Co-S signal at 1102 cm™ and the Co-O signal at 500
cm can be observed in Co/CQD [6, 7], confirming the strong interactions between Co ions and the

sulfur and oxygen functional groups on CQD.
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Figure S6 (a-c) N2 adsorption/desorption isotherms and (d-f) pore size distribution curves of

Ni(OH)2, Coo.03Nio.97LDH and CQD/Coo.03Nio.o7LDH before and after activation measured at 77K.

The specific surface area and pore volume, calculated by the Brunauer-Emmett-Teller (BET) and

(Barret-Joyner-Halenda) methods (Figure S6). No significant change in the specific surface area of

each material after electrochemical activation. Moreover, the calculated Sget of

CQD/Coo.03Nio.97LDH is maximised before and after electrochemical activation. Besides, the pore

size distribution curves in Figure S6d-f confirm that CQD did not change the pore size distribution

significantly. The higher Sget and pore volume means the higher active sites and more convenient

channel of A- CQD/Coo.03Nio.97LDH for energy storage.
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Figure S7. (a-b) TEM and (c-e¢) HRTEM images of Co/CQD; (f) HAADF-STEM and EDS

mapping of Co/CQD.

As shown in Figure S7, compared with the well dispersed bare CQDs reported in our previous
work[8], TEM images (Figure S7a and S7b) of Co/CQD indicate that the Co ions-modification
CQDs get together because of the change of surface charge of CQDs after Co ions adsorption. From
HRTEM presented in Figure S7c, we can observe many clear lattice stripes. The amplified HRTEM
shown in Figure S7d and S7e indicate that the interplanar spacing is 0.26 nm, matching well with
the (100) plane of CQDI[8]. HAADF-STEM image (Figure S7f) indicates that the texture of the
Co/CQD is homogeneous and no metal Co or cobalt compounds are formed. The corresponding
EDS mapping display that C, O, Co, and S elements are uniform distributed in the as-prepared

Co/CQD.
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Figure S8. (a) TEM and (b-d) HRTEM images of CQD/Co00.03Nio.97LDH; (¢) HAADF-STEM and

EDS mapping corresponding to CQD/Co0o.03Nio.g7LDH.

Figure S8 shows the TEM images of CQD/Coo.03Nio.o7LDH. As shown in Figure S8a, the
nanoflower structure is formed by the self-assembly of thinner nanosheets. HRTEM image shown
in Figure S8c-d taken from the labeled area in Figure S8b presents lattice fringes with the spacings
of 0.24 nm, which can be assigned to the (111) plane of Ni(OH)2-0.75H,0 (JCPDS#38-0715) and
the (100) plane of CQD, respectively. Confirming the presence of CQD on the surface of
Co0o0.03Nio.97LDH nanosheets. In addition, the EDS mapping (Figure S8e) of the
CQD/Co0o.03Nio.97LDH reveal that the Ni, Co, C, O and S are uniformly distributed in
CQD/Coo.03Nio.97LDH nanosheets, indicates that the CQD is uniformly dispersed on the surface of

C00.03Nip.97LDH nanosheets.
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Figure S9. (a) TEM and (b-d) HRTEM images of A-CQD/Co00.03Nio.97LDH; (¢) HAADF-STEM

and EDS mapping corresponding to A-CQD/Co0o.03Nio.g7LDH.

Figure S9 shows the TEM images of A-CQD/Coo.03Nio.o7LDH. After electrochemical activation,
nanosheets become more curved and thinner (Figure S9a). Moreover, it is still observed that the
(100) plane of CQD and the (111) plane of Ni (OH)2-0.75H20 between the tiny nanosheets (Figure
S9b-d), confirmed that CQD can be stably present on the surface of C0oo.03Nio.97LDH nanosheets
during electrochemical activation. Furthermore, the EDS mapping of A-CQD/Co0o.03Nio.97LDH
(Figure S9e) show that Ni, Co, C, and O are uniformly distributed in the nanosheets of A-
CQD/Co0o.03Nio.97LDH, indicating that the CQD remain uniformly dispersed on the surface of A-
Coo.03Nio.o7LDH nanosheets, and the S signal are weakened, which confirms that S species will be

transformed and detached during the electrochemical activation process.
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Figure S10. XPS spectra of Co/CQD. (a) Co 2p3/2, (b) C 1s, (c) S 2p, (d) O 1s.

Figure S10a presents the Co 2p spectrum of Co/CQD, indicating that Co?* and Co®* co-exist in

Co/CQD. The high-resolution C 1s spectrum presented in Figure S10b can be deconvoluted to three
species, including C-C (284.8 eV), C-O (285.7 eV) and O-C=0 (288.8 eV). XPS spectra of S 1s for
Co/CQD can be fitted to three species of M=S (162.5 eV), C-S (163.3 eV) and S-O (167.8 eV). The
O 1s spectra of Co/CQD shown in Figure S10d can be fitted to three peaks of O-H (530.5 eV), C-O

(532.0 eV), O-C=0 (534.6 eV), indicating the abundance of oxygen-containing functional groups

on Co/CQD.
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Figure S11. Full XPS spectra of CQD/Co00.03Nio.o7LDH and A-CQD/C0o.03Nio.g7LDH.
The full XPS spectra are presented in Fig. S11, showing the coexistence of Ni, Co, O and C
elements in the samples before and after electrochemical activation. Moreover, the S signal is

hardly observed in both materials, which proves that the content of S in the materials is very low.
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Figure S12 shows the EXAFS k3 x(K) oscillation curves and R space fitting results of Ni K edge for
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the CQD/Co00.03Nig.g7LDH and A-CQD/Coo.03Nio.o7LDH, which indicates that the geometric

structure of Ni atoms in CQD/C0o.03Nio.97LDH and A-CQD/C0o.03Nio.97LDH is almost the same.
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Figure S13. EXAFS k3 x(k) oscillation curves and R space fitting results of Co K edge for (a, b)

CQD/C00.03Nio.97LDH and (c, d) A-CQD/C0o.03Nio.97LDH.

Figure S13 presents the EXAFS k3 x(k) oscillation curves and R space fitting results of Co K edge

for the CQD/Coo.03Nio97LDH and A-CQD/Coo.03Nio.97LDH. Significant change in peaks intensity

and emergence of new peaks after electrochemical activation. These evidences further indicate that

Co atoms are most susceptible to be oxidized to high valence state during the electrochemical

activation and the coordination of Co atoms may change significantly.

S16



Figure S14. Three-dimensional charge density of (a) A-Ni(OH)., (b) A-C0o.03Nio97LDH and (c) A-

CQD/Co00.03Nio.97LDH.

Figure S14 displays the three-dimensional charge density of A-Ni(OH)., A-Coo.03Nio.97LDH and A-
CQD/Co00.03Nio.o7LDH. Among them, A-Ni(OH)2 and A-Coo.03Nio.o7LDH mainly rely on M-O to
realize the inter-elemental charge transfer, while the charge transfers in A-CQD/C00.03Nio.97LDH
can be achieved by CQD. CQD avoids oxidation of Ni?* to Ni* due to better electron transport

capability thereby reducing the oxidative properties of Co®*.
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Figure S15. CV curves of electrodes at different scan rates. (a) A-Ni(OH)2, (b) A-Co0o.03Nio.97LDH,

(c) A-CQD/Co0o.03Nio.97LDH.

Figure S15 presents the CV curves of A-Ni(OH)2, A-Coo.03Nio.o7LDH, and A-CQD/C0o.03Nio.97LDH
at different scan rates of 3~20 mV s. The current increase of A-CQD/Co00.03Nio.97LDH is higher
than that of A-Ni(OH). and A-Coo.03Nio.97LDH, indicating it better capacitive performance than A-

Ni(OH). and A-Co0o.03Nio.g7LDH.
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Figure S16 displays the capacitive properties of A-Co/CQD. The increase current with the increase

of scan rate indicates that the ideal capacitive behavior of A-Co/CQD. According to the discharge

curves shown in Figure S16b, A-Co/CQD shows a low specific capacity of 75 F g in the potential

window of 0-0.5 V under a current density of 1A g. Furthermore, the A-Co/CQD electrode

displays an excellent conductivity with a low Rs of 1 and a low R¢ of 0.9 Q.
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Figure S17. A-CQD/Ni(OH) electrodes: (a) CV curves at different scan rates; (b) GCD curves at

different current densities; (c) Nyquist plots.

Figure S17 displays the capacitive properties of A-CQD/Ni(OH).. With the increase of scanning
rate, the CV images of A-CQD/Ni(OH)2 remained relatively intact and did not undergo significant
polarisation, indicating that it has desirable capacitive properties. According to the discharge curves
shown in Figure S17b, A-CQD/Ni(OH). shows specific capacity of 1376 F g in the potential
window of 0-0.5 V under a current density of 1A g. Furthermore, the A-CQD/Ni(OH). electrode

displays an excellent conductivity with a low Rs of 1.1 and a low Rt of 1.5 Q.
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Figure S18. GCD curves of (a) A-Ni(OH)2, (b) A-C0o.03Nio.97LDH, (c) A-CQD/C00.03Nio.97LDH

electrode at different current densities.

Figure S18 demonstrates the GCD curves of A-Ni(OH)2, A-Coo.03Nio.97LDH and A-

CQD/Coo.03Nio.97LDH in the voltage range of 0-0.5 V at different current densities. The clear

potential platforms indicate that the battery-type characterizes of A-Ni(OH)2, A-C00.03Nio.o7LDH

and A-CQD/C0o.03Nio.o7LDH. In addition, compared with the A-Ni(OH)2 and A-C0o.03Nio.97LDH

electrodes, the longer discharge time for A-CQD/Coo.03Nio.o7LDH indicates that the higher specific

capacity of A-CQD/Coo.03Nio.97LDH than that of A-Ni(OH)2 and A-C0o.03Nio.97LDH.
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Figure S19. Nyquist plot of A-CoNiLDH electrodes

Figure S19 presents the EIS plots of A-CoNiLDH electrodes with different cobalt contents. A-

CoNiLDH electrodes display the lower than that of A-Ni(OH), indicating the Co doping can

efficiently improve the conductivity of A-CoNiLDH electrodes.

S22



Figure S20. Equivalent circuit diagram for fitting Nyquist plot.
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Figure S21. Fitting plots of log (scan rate) versus log of anodic and cathodic peaks current densities

for the calculation of b-values of the A-CQD/Co0o.03Nio.97LDH electrode.

As shown in Figure S21, the b values were obtained by the slope of a linear fitting line of log(v) vs.
log(i) from the CV curves. When the b value is 1, it represents capacitive-type electrochemical
behavior, and when the b value is 0.5, it represents the diffusion-controlled charge storage behavior.
From the redox peak current, the b value of A-CQD/Co00.03Nio.e7LDH is 0.375. It shows that the
battery-type oxidation-reduction kinetics is dominant, and its charge storage capacitances is

controlled by slow semi-infinite diffusion.
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Figure S22. Capacitive contribution (shaded areas) in the CV curve of A-CQD/Co00.03Nio.97LDH at

(@3mVvs? (b)5mVst (c)8mV st (d) 10 mV st (e) 15 mV s?, (f) 20 mV s,

Figure S22 shows the capacitive contribution (shaded areas) in the CV curve of the A-

CQD/Coo.03Nioge7LDH at different scan rates. With the increase of scan rate, the capacitive

contribution of the A-CQD/Co00.03Nio.97LDH increases.
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Figure S23. Structure of A-CQD/Co0o.03Nio.97LDH//ACC ASC.

As shown in Figure S23, the A-CQD/C00.03Nio.o7LDH//ACC ASC devices were assembled using

the A-CQD/Coo.03Nio.97LDH electrodes as positive electrode, activated carbon cloth (ACC) as

negative electrode, 6 M KOH as the electrolyte and glass fiber filter paper (GF) as separator.

526



——3mAcm?
.02- 0.0-
002 / 6 mA cm?
- 5 9 mA cm?
‘e 0.014 o -0.2- 15 mA cm?
) 2
g = 24 mA cm
= I ——30 mA cm?
.‘? 0.00+ ” -0.44 /
2 >
>
] )
S -0.014 5 061 /
c S
] c
S .0.024 2 -0.8- /
o o
'0-03 T T T T T T '1.0 ) T T T
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0 200 400 600
Potential (V vs. Hg/HgO) Time (s)

Figure S24. (a) CV and (b) GCD curves of ACC electrode.

Figure S24 displays the CV and GCD curves of activated carbon cloth (ACC). As shown in CV
curves, the quasi-rectangular indicates the typical double layer capacitance. The calculate areal
capacitance of ACC can reach up to 1.8 F cm~2 at 3 mA cm 2 and maintain 1.3 F cm~2 at 30 mA

cm 2 (Figure S24b), showing a high capacitance retention of 72.2%.
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Figure S25. A-CQD/Co0o0.03Nio.9s7LDH//ACC ASC (a) CV curves at different scan rates; (b) GCD

curves at different current densities.

Figure S25a exhibits the CV profiles of A-CQD/Coo.03Niog7LDH//ACC ASC at the scanning rates

from 3 to 20 mV s 2, indicating that there are both electric double-layer capacitance and battery-

type capacitance at 0-1.5 V. Figure S25b presents the GCD profiles of A-

CQD/C00.03Nio.e7LDH//ACC ASC, and the A-CQD/C0o.03Nio.o7LDH//ACC ASC is 390 F g* (0.81

F cm™2) at 3 mA cm 2 and remained 243 F g% (0.68 F cm™2) at 30 mA cm 2.
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Figure S26. (a) CV curves, (b) GCD curves and (c) rate performance of A-Ni(OH)2//Zn cell.

The CV curves (Figure S26a) exhibit the obvious redox peaks from 0.1 to 1 mV s™%. Furthermore,
Figure S26b represents the GCD curves from 0.1 to 1 A g . Accordingly, the specific capacity is
calculated to be 117 mAh gt at 0.1 Agtand 30 mAh gt at 1 A g%, which is lower than A-
CQD/Coo.03Nio.o7LDH//Zn. The rate capacities with the corresponding columbic efficiency are
shown in Figure S26¢ at various current densities. At high current densities, the capacity of A-
Ni(OH).//Zn decreases significantly and the coulombic efficiency at 0.1 A g is significantly lower

than A-CQD/Co00.03Nio.o7LDH//Zn.
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Table S1. Specific surface area calculated from N adsorption-desorption isotherms.

Samples BET Surface Area (m® g)
Ni(OH). 41.0
A-Ni(OH), 48.6
Coo0.03Nio.97LDH 64.6
A-Co00.03Nio.97L.DH 91.0
CQD/C00.03Nio.97LDH 118.7
A-CQD/C00.03Nig.97LDH 122.5
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Table S2. EXAFS fitting results for the structural parameters around Ni atoms.

6’ [10° R
Sample Path N R [A] AEq (eV)
A% factor
Ni-O 5.940.2 2.0140.02 7.2641.9
CQD/Co00.03Nio.97LDH -5.140.5 0.0266
Ni-Ni/Co 5.840.3 3.0840.04 14.014.1
A- Ni-O 6.020.2 2.0720.02 719423
-6.420.8 0.0314
CQD/Co00.03Nio.97LDH Ni-Ni/Co 6.120.4 3.0640.06 11.643.2
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Table S3. EXAFS fitting results for the structural parameters around Co atoms.

o? [10° R
Sample Path N R [A] AEo (8V)
SA?] factor
Co-0 3.120.4 2.1640.02 9.5343.1
0.043
CQD/Coo.3Nio.s7LDH  Co-C/S 1.240.6 2.2740.11 10.33#4.3 -6.341.5
.
Co-Co/Ni  5.440.3 3.1440.04 14.014.1
Co-0 3.840.3 2.0740.04 9.1945.8
0.033
A-CQD/C00.03Nigo7LDH  Co-C/S 24308 2.2340.18 14.03+4.7 7241
4
Co-Co/Ni  5.3#0.4 3.0340.43 12.844.2

N is the coordination number; R is interatomic distance (the bond length between Co central atoms
and surrounding coordination atoms); o2 is Debye-Waller factor (represents the thermal and static
disorder in absorber-scatterer distances); AEq is edge energy shift (the difference between the zero

kinetic energy value of the sample and that of the theoretical model); R factor is used to assess the

goodness of the fitting.
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Table S4. ICP results for individual electrode materials.

Samples Nickel (%) Cobalt (%)
Co/CQD 0 5.16
CQD/Co0o.03Nig.e7LDH 96.93 3.07
Co00.03Nio.o7LDH 96.29 3.71
Coo.2NiogLDH 78.11 21.89
Coo.3Nio.7LDH 73.10 26.90
C00.4NiosLDH 59.11 40.89
Coo:sNiosLDH 49.80 50.20

Coo.7Nio3LDH 70.60 29.40
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Table S5. Rs and Rct fitted from the EIS curve.

Samples Rs (Q) Ret (Q)
A-Ni(OH)2 1.2 2.3
A-Co(OH) 0.9 0.6

A-C00.03Nioe7LDH 1.2 2.0
A-Coo.2NiogLDH 1.0 1.5
A-Coo.3Nio7LDH 1.0 1.3
A-Co00.4NigsLDH 11 11
A-CoosNiosLDH 1.0 0.9
A-Coo.7Nio3LDH 11 0.8

A-Co/CQD 1.0 0.9
A-CQD/C00.03Nio.97LDH 1.1 0.9
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Table S6. Comparison of our asymmetric capacitors with recently reported high performance

ASCs.
Power Energy .
Devices Electrolyte Voltage density density CVC!'PQ Ref.
(V) (MW em?)  (mWh cm?) stability
CUC0204@Ni 84.0% at 20
2 M KOH 15 1.2 0.125 mA cm2 for 9
(OH)Z//AC 2000 cycles [ ]
CuCo02Ss@NiMn- 87.6%at 10
6 M KOH 15 4.66 0.183 A g for 10
LDH//AC 10000 cycles [10]
85.0% at 10
Ni1Co2/NF//AC 1M KOH 1.6 8 0.035 mAcm2for  [11]
5000 cycles
81.4% at 100
Ni(OH)2// V205 2 M KOH 1.3 4.66 0.025 mV s for [12]
10000 cycles
NC LDH 88.1% at 5
1 M KOH 1.6 12.1 0.040 mA cm2 fo 13
NSs@Ag@CC//AC 2000 cyclesr [13]
A- 94.2%a30  This
CQD/Co0.03Nip97LD 6 M KOH 15 2.25 0.254 mA cm for K
H//ACC 2000 cycles wor
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Table S7. Comparison of our aqueous zinc-nickel cells with those recently reported.

Energy Power

. Electrolyte Voltage density density Cycling
Devices V) (MWh (MW stabiliy  TeF
cm?)  cm?)
82.7% at6.4 A
. 1 M KOH+0.2 1
NiC0204//Zn M ZN(Ac)» 19 0954 029 glfor3500 [14]
cycles
64.8% at 5
NiSe//zn-U 6 M KOH 19 064 122 mAcm2for [15]
+0.2 M ZnCl;
1300 cycles
. 72.3% at 25.3
P-NiC0.04- 1 M KOH+0.5 1
Iz M Zn(Ac)» 1.9 0.41 35  Ag!for5000 [16]
cycles
80.0% at 10 A
1 M KOH+0.1 _1
Co304//Zn M Zn(A)s 1.9 0.48 4 glfor2000 [17]
cycles
120% at 10
ANINCHZN D, ';"n(f:g“*o'?’ 19 004 28  mAcm2for [18]
2 36000 cycles
A- 95.7% at 0.3 A .
CQD/Coo.0:Nios ﬁ/l '\Z"n(ico)HmB 1.9 144 072  glfor500 VT/Q;?(
7LDH //Zn 2 cycles

S36



Reference

[1] W. Luo, H. Quan, Z. Zhang, Y. Wang, X. Xie, Z. Hong, D. Chen, Electrodeposition Coupled with
Electrochemical Activation for Constructing High-Capacitance Carbon Quantum Dot-Based Films
on Carbon Cloth as Electrodes, ACS Appl. Nano Mater. . 4, 12051-12061 (2021).

http://10.1021/acsanm.1c02606.

[2] J.-J. Zhou, W. Ji, L. Xu, Y. Yang, W. Wang, H. Ding, X. Xu, W. Wang, P. Zhang, Z. Hua, L. Chen,
Controllable transformation of CoNi-MOF-74 on Ni foam into hierarchical-porous
Co(OH)2/Ni(OH)> micro-rods with ultra-high specific surface area for energy storage, Chemical

Engineering Journal. 428, (2022). http://10.1016/j.ce].2021.132123.

[3] G. Zhang, J. Hu, Y. Nie, Y. Zhao, L. Wang, Y. Li, H. Liu, L. Tang, X. Zhang, D. Li, L. Sun, H.
Duan, Integrating Flexible Ultralight 3D Ni Micromesh Current Collector with NiCo Bimetallic
Hydroxide for Smart Hybrid Supercapacitors, Advanced Functional Materials. 31, (2021).

http://10.1002/adfm.202100290.

[4] T. Kondratenko, O. Ovchinnikov, I. Grevtseva, M. Smirnov, O. Erina, V. Khokhlov, B. Darinsky,
E. Tatianina, Thioglycolic Acid FTIR Spectra on Ag(2)S Quantum Dots Interfaces, Materials (Basel).

13, (2020). http://10.3390/ma13040909.

[5] H. Omari, A. Dehbi, A. Lammini, A. Abdallaoui, Study of the Phosphorus Adsorption on the

Sediments, Journal of Chemistry. 2019, 1-10 (2019). http://10.1155/2019/2760204.

[6] H.B. Li, M.H. Yu, F.X. Wang, P. Liu, Y. Liang, J. Xiao, C.X. Wang, Y.X. Tong, G.W. Yang,
Amorphous nickel hydroxide nanospheres with ultrahigh capacitance and energy density as
electrochemical ~ pseudocapacitor  materials, = Nat  Commun. 4, 1894 (2013).

http://10.1038/ncomms2932.

[7]N. L1, Y. Ding, J. Wu, Z. Zhao, X. Li, Y.Z. Zheng, M. Huang, X. Tao, Efficient, Full Spectrum-
537


http://10.0.3.253/acsanm.1c02606
http://10.0.3.248/j.cej.2021.132123
http://10.0.3.234/adfm.202100290
http://10.0.13.62/ma13040909
http://10.0.4.131/2019/2760204
http://10.0.4.14/ncomms2932

Driven H(2) Evolution Z-Scheme Co(2)P/CdS Photocatalysts with Co-S Bonds, ACS Appl Mater

Interfaces. 11, 22297-22306 (2019). http://10.1021/acsami.9b03965.

[8] W. Luo, W. Chen, H. Quan, Z.-X. Zhang, Y. Zeng, Y. Wang, D. Chen, Strongly coupled carbon
quantum dots/NiCo-LDHs nanosheets on carbon cloth as electrode for high performance flexible

supercapacitors, Applied Surface Science. 591, 153161 (2022). http://10.1016/j.apsusc.2022.153161.

[9] S.C. Ziyue Zhan, Jinlei Xie, Yefeng Yang a, Jie Xiong Growth of highly mesoporous CuCo204
nanoflakes@Ni(OH)> nanosheets as advanced electrodes for high-performance hybrid

supercapacitors, Journal of Alloys and Compounds. (2017). http://10.1016/j.jallcom.2017.06.193.

[10] H.J. Jinghuang Lin, Haoyan Liang, Shulin Chen, Yifei Cai, Junlei Qi, Chaoqun Qu, Jian Cao,,
W.F. , Jicai Feng, Hierarchical CuCo2S4@NiMn-layered double hydroxide core-shell hybrid arrays
as electrodes for supercapacitors, Chemical Engineering Journal. (2017).

http://10.1016/j.ce].2017.12.055.

[11] C.X. Wei Cao, Yu Liu, Fang Xu, Wenjing Zhao, Qing Xia, Guoping Du,Nan Chen, Novel
fabrication strategy of nanostructured NiCo-LDHs monolithic supercapacitor electrodes via inducing

electrochemical in situ growth on etched nickel foams, Journal of Alloys and Compounds. (2022).

http://10.1016/j.jallcom.2022.163679.

[12] C. Shi, J. Sun, Y. Pang, Y. Liu, B. Huang, B.T. Liu, A new potassium dual-ion hybrid
supercapacitor based on battery-type Ni(OH)(2) nanotube arrays and pseudocapacitor-type V(2)O(5)-
anchored carbon nanotubes electrodes, J Colloid Interface Sci. 607, 462-469 (2022).

http://10.1016/1.j¢15.2021.09.011.

[13] G.N. S. Chandra Sekhar, Jae Su Yu, Conductive silver nanowires-fenced carbon cloth fibers-
supported layered double hydroxide nanosheets as a flexible and binder-free electrode for high-

performance asymmetric supercapacitors, Nano Energy. (2017). http://10.1016/j.nanoen.2017.04.019.
S38



http://10.0.3.253/acsami.9b03965
http://10.0.3.248/j.apsusc.2022.153161
http://10.0.3.248/j.jallcom.2017.06.193
http://10.0.3.248/j.cej.2017.12.055
http://10.0.3.248/j.jallcom.2022.163679
http://10.0.3.248/j.jcis.2021.09.011
http://10.0.3.248/j.nanoen.2017.04.019

[14] N.A. Frey, S. Peng, K. Cheng, S. Sun, Magnetic nanoparticles: synthesis, functionalization, and
applications in bioimaging and magnetic energy storage, Chem. Soc. Rev. 38, 2532-2542 (2009 ).
[15] P.M. Reorvik, T. Grande, M.-A. Einarsrud, One-Dimensional Nanostructures of Ferroelectric
Perovskites Adv.mater. 23, 4007-4034 (2011).

[16] Y. Zeng, Z. Lai, Y. Han, H. Zhang, S. Xie, X. Lu, Oxygen-Vacancy and Surface Modulation of
Ultrathin Nickel Cobaltite Nanosheets as a High-Energy Cathode for Advanced Zn-lon Batteries, Adv

Mater. €1802396 (2018). http://10.1002/adma.201802396.

[17] X. Wang, F. Wang, L. Wang, M. Li, Y. Wang, B. Chen, Y. Zhu, L. Fu, L. Zha, L. Zhang, Y. Wu,
W. Huang, An Aqueous Rechargeable Zn//Co3 O4 Battery with High Energy Density and Good

Cycling Behavior, Adv Mater. 28, 4904-4911 (2016). http://10.1002/adma.201505370.

[18] L. Meng, D. Lin, J. Wang, Y. Zeng, Y. Liu, X. Lu, Electrochemically Activated Nickel-Carbon
Composite as Ultrastable Cathodes for Rechargeable Nickel-Zinc Batteries, ACS Appl Mater

Interfaces. 11, 14854-14861 (2019). http://10.1021/acsami.9b04006.

S39


http://10.0.3.234/adma.201802396
http://10.0.3.234/adma.201505370
http://10.0.3.253/acsami.9b04006

