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Fig. S1. FTIR spectra of the (a) MC, (b) MCN-2 electrode materials.

In order to study the structure and chemical bond of the product, characterize and
identify the chemical species, FTIR test is carried out on our products. Fig. S1 shows
the FTIR spectra of MC and MCN-2 electrode materials in the range of 400-4000 cm-
I It can be seen that the FTIR spectrum of MC electrode material has six absorption
peaks at 573 cm’!, 665 cm!, 881 cm!, 1050 cm-!, 1650 cm! and 3376 cm!, as shown
in Fig. Sla. Thereinto, the characteristic bands of MC material at 573 cm!, 665 cm!,
881 cm! and 1050 cm! correspond to Mg-O stretching vibration, Mg-O-Mg bending
vibration, Co-O-Co bending vibration and Co-O stretching vibration bonds,
respectively 2. Typically, the characteristic peak at 1650 cm! is assigned to variable
angle vibration of liquid H,O. The broad absorption peak at 3376 cm™! is attributed to
the stretching vibration of hydroxyl peak 3. In addition, the peak of MCN-2 electrode
material at 449 cm™' is due to a superposition of v4 and vs of MoO; and v; of NiO
groups in the NiMoO,4 #°. The bands at 827 cm™! and 885 cm™! correspond to the
stretching vibration of Mo-O-Mo 6. Simultaneously, the absorption peaks at 750 cm!,
910 cm™ and 968 cm! are assigned to the v; vibration and stretching vibration of

Mo=0 "7
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Fig. S2. TGA and DTG curves of double urchin-like hierarchical (a) MC, (b) MCN-2 electrode
materials.

The TGA and DTG measurements of MC and MCN-2 electrode materials are
carried out to study the thermal stability and components of the materials, as shown in
Fig. S2. The condition of the tests are a temperature range (from room temperature to

800 ‘C) and a temperature rate (10 ‘C min''). Obviously, there are two stages of

weight loss for MC electrode material, as shown in Fig. S2a. The first stage reduces

2.7 % of the original weight at 200°C, which is due to the loss of surface water and

crystal water for the sample. Moreover, the second stage reduces 24.8 % of the

original weight at 400°C, which is attributed to oxidation decomposition of metal salts.

At this stage, the fastest point of degradation occurs at 283°C according to the DTG
curve, and the point has important implications for the formation of the crystalline
form. The TGA and DTG measurements of MCN-2 electrode material is performed
for comparison. As depicted in Fig. S2b, it also has two stages for MCN-2 electrode
material. The first stage reduces 1.6 % of the original weight at 91 °C, which is

attributed to the loss of surface water and crystal water for the sample. In addition, the

second stage reduces 8.2 % of the original weight at 700°C, which is attributed to

oxidation decomposition of metal salts. The comparison between the two shows that

MCN-2 has better thermal stability.
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Fig. S3. (a) N, adsorption-desorption isotherms and (b) pore size distributions of MC, MCN-1,
MCN-2 and MCN-3.

The adsorption-desorption isotherms and pore size distributions of MC, MCN-1,
MCN-2 and MCN-3 are shown in Fig. S3. The specific surface area of MC, MCN-1,
MCN-2 and MCN-3 is calculated to be 25.5, 33.6, 40.1 and 39.3 m? g'!, respectively.
Obviously, the isotherms of all active materials are [V-type isotherms. In addition, the
pore size distributions of MC, MCN-1, MCN-2 and MCN-3 are about 3.5, 7, 9.7 and
7.2 nm, respectively. The above results prove that MCN-2 has a large specific surface
area, which can provide more active sites for chemical reactions and meet the needs

of electron transfer and ion transmission.
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Fig. S4. FE-SEM images of MCN-1 at low (a) and high (b) magnification. FE-SEM images of

MCN-3 at low (c) and high (d) magnification.

Fig. S5. TEM images of (a) MCN-1 and (b) MCN-3 electrode materials.
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Fig. S6. EDX spectrums for double urchin-like hierarchical (a) MC and (b) MCN-2 electrode
materials.

The elemental composition of MC and MCN-2 electrode materials is studied
through EDX spectrums, as shown in Fig. S6. It can be seen that the MC electrode
material has only four elements (O, Co, Mg and Au). The Au is the conductive
material, which is sprayed on the surface of the electrode material to make the
conductive performance of electrode material better. In addition, the MCN-2 electrode

material has six elements (O, Co, Mg, Au, Ni and Mo), as shown in Fig. S6b.

I:I D.ZImm SEl 1 0.2 mm MgK T 10.2mm Co K

C———0.2mm MiK C———— 1 0.2mm Mol C—————— 0.2 mm oK

Fig. S7. Mapping of double urchin-like hierarchical MCN-2 electrode material.
As shown in Fig. S7, it can be seen that the MCN-2 electrode material has the Mg,
Co, Ni, Mo and O elements, without any other ones. The mapping of double urchin-
like hierarchical MCN-2 electrode material indicates that the result is consistent with

EDX spectrums for double urchin-like hierarchical MCN-2.
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Fig. S8. (a) GCD curves of MCN-1 electrode material at different current densities. (b) GCD

curves of MCN-3 electrode material at different current densities. (¢) GCD curves of NM

electrode material at different current densities.

Fig. S8 shows the GCD curves of MCN-1, MCN-3 and NM electrode materials at

the current densities of 1, 2, 3, 5, 8 and 20 A g!. The specific capacitances of MCN-1,

MCN-3 and NM electrode materials are 1307.5, 1432.5, 892.6 (1 A g') F g!; 1184.6,

1334.5,807.3 2 A g) F g'!; 1115.2, 1280.9, 752.5 B A g") F g'!; 1026.7, 1204.1,

685.8 (5 A g')F g'; 956, 1130, 631.3 (8 A g) F g; 815.9, 902.5, 455.2 (20 A g'') F

g'!, respectively, which can be obtained by the formula of specific capacitance.
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Fig. S9. (a) CV curves of AC at different scan rates. (d) GCD curves of AC at different current

densities. (c) Nyquist impedance plot of AC.

Fig. 9a shows the CV curves of AC at different scan rates in the potential window
from -1 to 0 V. It can be seen that the curves show evident quasi-rectangular shape,
indicating that AC electrode has good reversible charge-discharge performance. Fig.
S9b shows the GCD curves of AC at the current densities of 1-20 A g-!. It can be seen
that the specific capacitances are 135, 124.5, 119.4, 111 and 97.2 F g'!, respectively.

In addition, the AC electrode has a lower resistance, as shown in Fig. S9c.
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Fig. S10. Configuration diagram for ASC device.
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The practical application of electrode material is very important. Therefore, we

have assembled all-solid-state asymmetric supercapacitor using the electrode material

(MCN-2), as shown in Fig. S10. Among which, the AC electrode serves as a negative

electrode, a cellulose diaphragm (preventing short circuit) as a separator and the

PVA-KOH gel (providing ions for the reaction) as an electrolyte. Moreover, the mass

of cathode and anode materials is obtained by the balance formula of charge:

O =C,AVm

m, C,_AV-

m. Cs+ A4 V+

()

(2)
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Where m.. (g), Cs+ (F g), AV, (V), m_(g), Cs. (F g") and 4V_ (V) represent the mass
(g) of the active material, the specific capacitance of the active material, the potential
window of the active material, the mass (g) of the AC, the specific capacitance of the
AC, the potential window of the AC, respectively. According to the above formula,
the specific capacitance of MCN-2 (1775 F g, 1 A g') and the specific capacitance
of AC (135 F g, 1 A g, the theoretical mass ratio of MCN-2 and AC is calculated
as 0.19.

It is easy to find that AC electrode stores capacitance by adsorbing and desorbing
surface charges, while MCN-2 electrode mainly stores capacitance by electrochemical
reaction, so the capacitance of MCN-2 electrode is larger than that of AC electrode.

In addition, mass specific capacity (C,) is an important parameter for
supercapacitor. Since supercapacitors have properties similar to batteries, we can

calculate the capacity performance of supercapacitors by the following formula:
C,=3.6XCg AV ?3)

Where C; (105.4 F g, 0.6 A g!) is the specific capacitance of MCN-2//AC ASC
device and 4V (1.6 V) represent the potential window of MCN-2//AC ASC device.
According to the above formula, the C,, of MCN-2//AC ASC device is calculated as
607.1 mAh g,

10
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Fig. S11. A photograph of two MCN-2//AC ASCs in series.

Table S1. Comparison of the electrochemical properties of the similar materials

previously reported and the present work.

. Specific (Areal ) Capacity
Electrode materials . Rate performance . Reference
capacitance retention
MgCo,0,4 nanocone 84 % (1000
§-02% 750 F/g (1 A/g) 59.4 % (20 A/g) g 8
arrays cycles)
Double-urchin-like 95.9 % (2000
508 F/g (2 A/g) 29.9 % (40 A/g) 9
MgCo,0, cycles)
1D MgCo,0, 752 F/g (2 mA/cm?) 12.6 % (30 mA/cm?) / 10
MgCo,0
§-02%4 854 mF/cm? (2.5
nanobrush/carbon 93.5 % (20 mA/cm?) / 11
] mA/cm?)
fiber
MgCo,0, cuboidal 110 % (3000
§-02% 690 F/g (1 A/g) 41.7 % (15 A/g) 3 12
microcrystals cycles)
613.5C/g (2 66.7 % (5000
MgCo,0, SMPs 34.4 % (40 mA/cm?) 13
mA/cm?) cycles)
. 85.6 % (2000
MgCo,0, nanowires 658 F/g (1 A/g) 76 % (50 A/g) 14
cycles)
MgCo,0 96 % (5000
§-0254 947 C/g (2 A/g) / 6 15
nanosheets cycles)

11




97.4 % (1000

MgCo,0,@PPy 1079.6 F/g (1 A/g) 77 % (20 A/g) 16
cycles)
. 80.7 % (2000
NiMoO,@PANI 1214 F/g (1 A/g) 67 % (20 A/g) 17
cycles)
. 95.6 % (5000
CuCo,0,@NiMo0, | 2207 F/g (1.25 A/g) 70.7 % (25 A/g) 18
cycles)
_ . 2.27 F/em? (5 91.7 % (6000
NiMoO,@Ni-Co-S-8 44.5 % (40 mA/cm?) 19
mA/cm?) cycles)
) 74.7 % (5000 )
MgCo,0,@NiMoO0, 1775 F/g (1 A/g) 67.1% (20 A/g) les) This work
cycles
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