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1. EXPERIMENTAL SECTION
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1.1. Materials
Cobalt nitrate hexahydrate (Co(NOj3),-6H,O), nickel nitrate hexahydrate
(Ni(NOj3),-6H,0), potassium hydroxide (KOH) and poly(1,1-difluoroethlene) (PVDF)
were purchased from Aladdin Chemical Reagent Co., Ltd. Trimesic acid (H;BTC),
ethanol, N,N-dimethylformamide (DMF), carbon cloth (WOS1009) and activeted
carbon (AC)were provided by Sinopharm Chemical Reagent Co., Ltd.
1.2. Material characterization
The morphological structure was obtained by scanning electron microscope (SEM,
Verios 460). The microstructure of the samples was observed using a transmission
electron microscope (HITACHI HT-7700) with an accelerating voltage of 100 kV.
The High-resolution transmission electron microscopy (HRTEM) images were
acquired using Titan G260-300 microscopy (FEI, USA). The crystal phase was
performed by X-ray diffraction (XRD) on a Bruker D8 Advanced X-ray
Diffractometer with Cu-Ka radiation (A = 1.54056 A). The X-ray photoelectron
spectroscopy measurement (XPS, ESCALab250, USA) was recorded to analyze the
surface chemical composition and states of the samples with monochromatic 150 W
Al-K (o) radiation.
1.3 Electrochemical measurements of single electrodes
The electrochemical performance was measured at ambient temperature in the
standard three-electrode system with an electrochemical workstation (CHI660E).
Specially, the prepared materials were acted as the working electrodes, while a
platinum wire, a saturated Hg/HgO electrode and 6 M KOH solution were used as the
counter electrode, reference electrode and electrolyte, respectively. The
electrochemical performance of electrodes was measured by cyclic voltammetry (CV),
galvanostatic charge discharge (GCD), and electrochemical impedance spectroscopy
(EIS).

The mass specific capacitance and specific capacity was calculated according to

the following equations, respectivelyl!l,
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where Cy, I, At, AV, ™ and Q are the gravimetric specific capacitance (F g!),
discharge current (A), discharge time (s), voltage window (V), the mass of active
materials (g), and specific capacity (mAh g!), respectively.

1.4 Electrochemical measurements of HSCs

The test of the two electrodes is also examined in 6 M KOH solution. QDs-
CoySg/CoNi-LDH and AC are used as positive and negative electrode materials. The
preparation method of the negative electrode material is activated carbon, PVDF and
carbon black by mixing and grinding with a mass ratio of 8:1:1, using NMP as
wetting agent. Finally, the ink is coated on the carbon cloth and the load is about 1.5
mg cm. Before measuring the QDs-CoySg/CoNi-LDH//AC capacitor, the mass ratio
between the positive electrode and the negative electrode is calculated by the balance

charge formula:
M+/M_ = (C_AV-)/(C+AV+)
The energy density (Wh kg!) and power density (W kg!) was calculated

according to the following equations, respectively.
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1.5 Theoretical Calculations:

The density functional theory (DFT) calculations were carried out with the
VASP code. The Perdew—Burke—Ernzerhof (PBE) functional within generalized
gradient approximation (GGA) was used to process the exchange—correlation, while
the projectoraugmented-wave pseudopotential (PAW) was applied with a kinetic
energy cut-off of 500 eV, which was utilized to describe the expansion of the
electronic eigenfunctions. The Brillouin-zone integration was sampled by a I'-
centered 10 x 10 x 1 Monkhorst—Pack k-point. All atomic positions were fully
relaxed until energy and force reached a tolerance of 1 x 105 eV and 0.03 eV/A,
respectively. The dispersion corrected DFT-D method was employed to consider the

long-range interactions.



2. RESULTS AND DISCUSSIONS

Figure S1.SEM images of Ni-BTC
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Figure S2. Experimental and simulated XRD patterns of Ni-BTC.
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Figure S3. CoNi-LDH, QDs-CoySg/CoNi-LDH XRD diffraction patterns at different

time.
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Figure S4. XPS spectra of O 1s for CoNi-LDH and QDs-Co09S8/CoNi-LDH-2.5 h
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Figure S5. (a) CV curves , (b) GCD curves and (c) The plot of log (i) versus log (v)
of CoNi-LDH; (d) Separation of the diffusion and capacitive-controlled currents for
CoNi-LDH at a scan rate of 1 mV s’!; (e) The diffusion and capacitance-controlled
contribution for CoNi-LDH electrodes at different scan rates of 1, 3, 5, 7, 9 mV s!;(f)

Plots of anodic and corresponding cathodic peak versus the square root of scan rates

for CoNi-LDH.
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Figure S6. (a) CV curves, (b) GCD curves and (c) The plot of log (i) versus log (v) of
QDs-CoySg/CoNi-LDH-1.5 h; (d) Separation of the diffusion and capacitive-
controlled currents for QDs-CoySg/CoNi-LDH-1.5 h at a scan rate of 1 mV s™!; (¢) The
diffusion and capacitance-controlled contribution for QDs-Co¢Sg/CoNi-LDH-1.5 h
electrodes at different scan rates of 1, 3, 5, 7, 9 mV s!;(f) Plots of anodic and
corresponding cathodic peak versus the square root of scan rates for QDs-

COQSg/CONi-LDH— 1.5h.



ao.o b os C-1.05

J— -1 — 1Ag" @ Anodic b=0.59
1mVs 9 s Cathodic b=0.69 L
Q 044 “g_‘ ~-1.20 &
0.05 2 —— 3Ag < g
< ) —sag’| & ~
= :E 034 94 ©-1.351
$0.004 = N X
5 2 %150 o
3 < 021 @
= a
-0.05 g Q185 .
—— 7mVs"' & 0.1 - .
——9mvVs’ 1.80 é
-0.104+— T T T r T r 0.0 T T T T T T T T T T
00 01 02 03 04 05 06 0 300 600 900 1200 1500 0.0 02 04 06 08 1.0
Potential (V.vs Hg/HgO) Time (s) Log (scan rate, mVs™)
d e
120 on B Capacis 0.08 —
100 -
- 0.04 B
£ g0 —
c < .
k] = » Anodic peak
£ 604 £ 000 s Cathodic peak
2 £ s - --R2=0095
S 40 [&] o ----R2=0.999
g% -0.04 -
Tre.
204 e
-0.08 e
0- ! - - .
1 3 5 7 9 1.0 15 20 25 30
Scan rate (mV s™) Square root of rate (mVs™)"?

Figure S7. (a) CV curves, (b) GCD curves and (c) The plot of log (i) versus log (v) of
QDs-CoySg/CoNi-LDH-2.5 h; (d) The diffusion and capacitance-controlled
contribution for QDs-CoySg/CoNi-LDH-2.5 h electrodes at different scan rates of 1, 3,
5,7,9 mV s’ (e) Plots of anodic and corresponding cathodic peak versus the square

root of scan rates for QDs-Co¢Sg/CoNi-LDH-2.5 h.
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Figure S8. (a) CV curves , (b) GCD curves and (c) The plot of log (i) versus log (v)
of QDs-Co¢Sg/CoNi-LDH-3.5 h; (d) Separation of the diffusion and capacitive-
controlled currents for QDs-CoySg/CoNi-LDH-3.5 h at a scan rate of 1 mV s™!; (¢) The
diffusion and capacitance-controlled contribution for QDs-Co¢Sg/CoNi-LDH-3.5 h
electrodes at different scan rates of 1, 3, 5, 7, 9 mV s!;(f) Plots of anodic and

corresponding cathodic peak versus the square root of scan rates for QDs-

COQSg/CONi-LDH—3.5 h.
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Figure S9. Electrochemical performance of AC: (a) CV curves at different scan rates,

(b) GCD curves at various current densities of 1-10 A g'!

11



Table S1. Comparison of supercapacitor performance of QDs-CosSg/CoNi-LDH HSC

with other MOFs derived double hydroxide materials.

Energy Power
Cs ()
Electrode Samples density density Ref.
Fgl(1Agh
(Whkg!)  (Wkg")
This
QDs-CooSg/CoNi-LDH//AC 93.7(1) 333 820
work
82.0
CoySg/CNF-3//ACNFs 23.8 750 [2]
(0.5A gh
CoySs@NiCo,S4@NF// AC 95(1) 30 731.8 [3]
R-Co03;04/CoS//AC 85(1) 23.6 250 [4]
NiS@CoS//AC 75.9(1) 24.1 752.15 [5]
NiCo-LDH@NIi(OH),//AC 86.0(1) 30.6 799.9 [6]
CoNi-LDH//AC 57.3(1) 20.38 800.0 [7]
N-ZnCo-LDH//AC 93.5(1) 29.2 750.0 [8]
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