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1. General materials and methods

All experimental materials and reagents were procured from commercial suppliers without
further purification. Infrared spectra were recorded using PerkinElmer Fourier transform infrared
(FTIR) spectroscopy instruments, with dried KBr powder serving as a matrix. The FT-IR spectrum
was measured in the range of 4000-400 cm™. Powder X-ray diffraction (PXRD) data was collected
on a Ultima Model 1V-185 powder diffractometer with Cu-Ka radiation (40 kV, 40 mA). Thermal
gravimetric analysis (TGA) was carried out on a Q600 thermal analyzer and heated from room
temperature to 800 °C at a heating rate of 10 °C min! under a nitrogen atmosphere. The
morphology of the synthesized material was characterized by field emission scanning electron
microscope (SEM; JSM-7500F, Japan) and TEM (JEDL-JEM F200). ICP-MS analysis was

conducted using the NexIONTM 300X.
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Table S1. Crystal data and structure refinement for SXNU-20-Al/Mn, SXNU-20-Al/Ni

Compounds

SXNU-20-Al/Ni

Empirical formula
Formula weight
Crystal system
Space group
a(A)

b(A)

c(A)

a (%)

B
7(®)
Volume/A3
Z
Pealc g / cm?

4/ mm!

F (000)

Crystal size/mm?

20
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [/ > 20 (I)]
R indexes [all data]
Largest diff. peak/hole/e A~

Cio2H10sALsN12N 1 O4
2369.33
cubic
123
27.3691(7)
27.3691(7)
27.3691(7)
90.00
90.00
90.00
20501.3(16)
6
1.151
0.376
7398.0
0.30 x 0.27 x 0.22
4.706 - 52.736°
104432
7006
7006/400/293
1.039
R1=0.0920, wR> = 0.2448
R1=0.1628, wR, = 0.3020
1.29/-0.53
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Table S2. Selected bonded lengths (A) and angles (°) for SXNU-20-Al/Ni

Nil-N1 2.094(7) All-02 1.947(11)
Nil-01 2.032(9) All-04 2.229(9)
Nil-O1 2.032(9) Al1-06 1.836(5)
Nil-03 2.063(8) Al1-07 2.123(10)
Nil-03? 2.063(8) Nil-06 2.047(7)
N1-Nil-O1® 90.5(9) O1-Nil-N1 87.1(9)
N1-Nil-O1 87.1(9) O1-Nil-03 89.2(2)
02-Al1-04 101.2(5) 02-All-All* 118.1(4)
06-Al1-02 91.3(4) 06-Al1-04 79.6(3)
Al1*-06-Nil 126.86(18) All-06-Nil 126.86(18)
Al1*-06-All 106.3(4) All-O7-Al1P 98.2(6)

Symmetry codes: (a) 1-X, -Y, +Z; (b) +X, -Y, -Z; (¢) 1-Y, +Z, 1-X; (d) 1-Z, -X, -Y, (e) 1+Y, -Z, 1-X, (f) 1-Z, 1+X,
Y, (g) 1-Z, 1-X, Y, (h) 1/2-Y, -1/2+Z, 1/2-X.

Table S3. ICP-MS of SXNU-20-Al/M (M = Mn, Co, Ni)

percentage of mass (wt%)

materials Al M
SXNU-20-Al/Mn 8.1 7.6
SXNU-20-Al/Co 9.9 8.7
SXNU-20-Al/Ni 8.2 8.4
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Fig. S2. Two interpenetrated networks connected by INA ligand form the non-interpenetrated framework

SXNU-20-Al/Ni. (a, b) hexanuclear cluster and its simplified 12-connected node, (¢, d) BTB*™ and INA ligands

and their simplification, (e, f) the structure of the cage and (g, h) its topology network, (i) two interpenetrated

networks.
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Fig. S3. (a) FT-IR spectra of compounds SXNU-20-AI/M (M = Mn, Co, and Ni); (b) thermogravimetric curves of

compounds SXNU-20-Al/M (M = Mn, Co, and Ni).
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c I s1
S_mAV( )

S8



( a) 0.12

SXNU-20-Al/Mn

0.08+
_ 0.04
<
5 0.00-
g
a
A4
-0.044
-0.08
0124 T T T
-0.2 ll.0 lLZ 0.4 0.6 08
Potential ( V vs. SCE)
(c) 0.15 4 SXNU-20-AVNi
0.10
@ 0.05
F
£ 0.004
E
S
0.5 smye
0mVy
——20mvs’
-0.104 ——30mvs
——a0mys"
-0.15 s0mvs'
-0‘.2 0:0 l'l:Z 0:4 016 0:8
Potential (V vs. SCE)
(e) s
SXNU-20-AlCo 1Ag
0.5- ZAy
\\ —ed
——5Ag
~ 044
<
g 031
£
0.2
0.1
0.0
00 600 8(](1 l000 120[) 1400
Time (s)

0.25

(b) SXNU-20-AlCo
0.20+
0.15+
=
s 0.10+
=
s
S 0.054
£
=
C 000 e 4 Smvs'
10mvy'
=0:05 X 20mv's'
. —— 30 mVy'
-0.10 o
S0mvs"
-0.15-4 T T T T T
-0.2 0.0 0.2 0.4 0.6 0.8
Potential (V vs. SCE)
d) o
SXNU-20-Al/Mn —1ag
2
.‘g
£
&

0 200 400 600 800 1000 1200

1400
Time (s)
(f) b SXNU-20-AINi —14Agq
—2A¢
-3Ag
5A¢g

800 1000 1200 1400 1600 1800
Time (s)

0 200 400 600

Fig. SS. CV curves for SXNU-20-Al/M (M = Mn, Co, Ni) MOF electrodes materials, (a-c) at varying scan rates of

5to 50 mV s’
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Fig. S6. The PXRD patterns after 1000 cycles.
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(d-f) Galvanostatic charge-discharge curves for SXNU-20 at various current densities from 1to 5 A
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Fig. S7. (a-f) After the cycling scanning electron microscopy (SEM) of the SXNU-20-Al/M coating on the foam Ni

plate.
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Fig. S8. An illustration of the asymmetric supercapacitor with the SXNU-20-AI/M (M = Mn, Co) positive

electrode and AC negative electrode: (a) for SXNU-20-Al/Mn, (c) for SXNU-20-Al/Co; Cyclic voltammetry (CV)

curves of (b) SXNU-20-Al/Mn and (d) SXNU-20-Al/Ni electrodes at a scan rate of 10 mV s’!; Two-electrode

capacitor performance: Galvanostatic charge-discharge curves of (¢) SXNU-20-Al/Mn and (f) SXNU-20-Al/Co at

different current densities.
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