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1 1. Experimental section

2 1.1 Syntheses of Fe(TATB)(Tipa)(H2O) (FeSC) and Fe2O3/Fe3N/Fe3C (FeSC#)

3 A mixture of H3TATB (0.044 g, 0.1 mmol), Fe(SO4)2·7H2O (0.056 g, 0.2 mmol), Tipa 

4 (0.022 g, 0.05 mmol), DMF (11 mL) and water (4 mL) was placed in a Teflon reactor (20 

5 mL) and heated at 120°C for 3 days. The mixture was cooled to 100 °C at a rate of 10 °C·h−1 

6 and then naturally cooled down to room temperature. The resulting crystals were collected 

7 and washed with water and methanol, then dried in air for a yield of about 64% based on Fe. 

8 The FeSC ground powder was placed in a tube furnace and then heated at 800 °C at a rate of 

9 5 °C min−1 and held at flowing N2 for 2 h. Carbonized black powder of FeSC# was collected 

10 and used as an electrode material.

11 1.2 Materials and methods 

12 All raw materials were commercially purchased from Sinopharm Chemical Reagent, and 

13 used as received without further purification. Pro-ligand Tipa was prepared according to the 

14 method reported by Wu et al1. The remaining commercially available chemical reagents were 

15 of analytical grade and were used without further purification. Surface morphologies were 

16 characterized by Hitachi SU8010 field scanning electron microscopy (SEM), FEI Talos 120L 

17 Transmission Electron Microscope (TEM) and FEI Tecnai G2 F30 High Resolution 

18 Transmission Electron Microscope (HRTEM). FT−IR spectra were recorded in range 

19 4000−400 cm−1 from KBr pellets on a Mattson Alpha−Centauri spectrometer. Thirty-two 

20 scans were taken of each sample recorded from the range 4000−800 cm−1 at a resolution of 

21 2 cm−1 in the transmission mode. A thermogravimetric analysis (TA) experiment was 

22 implemented under air atmosphere on a Beijing Hengjiu HTG−1 instrument with a heating 

23 rate of 10 °C min−1. Powder X−ray diffraction measurements were performed with a 

24 RigakuDmax 2000 X-ray diffractometer with graphite monochromatized. Raman spectra were 

25 collected on a HORIBA Scientific LabRAM HR Evolution Raman spectrophotometer with 

http://www.baidu.com/link?url=Djs-Q0BEGvnprMo5ek-yW6YYJGCTsPXvxaRnAun5JnWo2wJTmQSVu6vo20eeUTfysscRc3lkEl2G1FPekhiiUgBSyLlmuuxXxEq57ppyu4i
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1 514 nm laser radiation in the range of 100–2000 cm−1. Surface element composition and 

2 valence of the sample were measured by a Thermo Kalpha X-ray photoelectron spectroscopy. 

3 N2 isotherms were measured using a Micromeritics ASAP 2460 analyzer at –198 ℃.

4

5 1.3 X-ray Crystallography

6 Single-crystal X-ray diffraction data for FeSC and was collected with a Bruker Smart CCD 

7 Diffraction at room temperature, using a ω scan technique Mo-Kα radiation (λ = 0.71073 Å). 

8 Crystal data for compound FeSC: monoclinic, a = 24.932(3) Å, b = 15.8670(16) Å, c = 

9 22.885(3) Å, α = 90º, β = 90.394(11)º, γ = 90º, V = 9053.0(17) Å3, space group C2/c, Z = 8, 

10 33071 reflections measured, 11071 unique reflections (Rint = 0.0369). The final R1 and wR(F2) 

11 values for I > 2σ(I) were 0.0472 and 0.1320, then for all data values were 0.0766 and 0.1537, 

12 respectively. The goodness of fit on F2 was 1.025. The CCDC number is 2044228. Selected 

13 distances [Å] and angles [º] for FeSC are listed in Table S2.

14

15 1.4 Electrode preparation

16 Working electrode preparation for the traditional three-electrode system: 75 mg of the 

17 active sample and 15 mg of acetylene black were ground for 20 minutes, and then 10 g 

18 adhesive PTEF 10 mg was added. The mixed sample was dissolved in isopropanol and stirred 

19 for 24 hours, and the as-obtained slurry was applied on the surface of the foamed nickel with 

20 a region of 1×1 cm-2 and a mass load of 2−4 mg cm-2. The coated nickel foam was dried at 75 

21 degrees for 2 hours and pressed into a thin foil under a pressure of approximately 10.0 MPa to 

22 obtain a working electrode. A three-electrode system was constructed with platinum wire used 

23 as the counter electrode, saturated calomel as the reference electrode, and 6M KOH as the 

24 electrolyte.

25 Manufacture of aqueous asymmetric supercapacitor device: FeSC and FeSC# were used 

26 as positive and negative electrodes, respectively. The masses of the positive and negative 



5

1 materials are 2.0 mg and 6.6 mg, which is consistent with the mass ratio of 1:3.3 calculated 

2 according to the specific capacitance. The electrochemical performance of the two-electrode 

3 electrochemical full cell was measured at room temperature with 6M KOH as the electrolyte.

4

5 1.5 Equations

6 The material mass ratio of the positive and negative electrodes of the device is calculated 

7 according to equation:

8
                             

       (1)m
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m V

C
C

 

  






9 Specific capacitances derived from galvanostatic charge-discharge (GCD) tests can be 

10 determined from the equation:

11
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12 Where Cs refers to the specific capacitance (F g-1), I represents current density (A g-1), Δt 

13 denotes the discharge time (s), m corresponds to the mass of active material (g), ΔV shows 

14 voltage window (V).

15 Energy density (Es) and power density (Ps) of the supercapacitor device can be 

16 calculated from：

17
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18                                                       (4)s
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19 Where Ccell refers to the specific capacitance (F g-1), ΔV represents the operating voltage 

20 (V), Δt denotes the discharge time (s).

21 2. Figures 
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1

2 Figure S1. (a) 3D framework built from FeIII and Tipa ligands. (b) 1D chain of -Fe-TATB-Fe. 

3

4       

5 Figure S2. TG curve of FeSC.

6

7
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1

2 Figure S3. EDX mapping spectroscopy of FeSC.

3

4
5 Figure S4. EDX mapping spectroscopy of FeSC#. 

6

7

8
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1

2 Figure S5. XPS of Fe-MOF and Fe2O3/Fe3N/Fe3C.

3

4

5 Figure S6. (a) N 1s XPS of FeSC; (b) C 1s XPS of FeSC; (c) O 1s XPS of FeSC.

6

7

8 Figure S7. (a) N 1s XPS of FeSC#; (b) C 1s XPS of FeSC#; (c) O 1s XPS of FeSC#.
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1

2 Figure S8. N2 adsorption-desorption curves for FeSC a) and FeSC# b) samples.

3

4

5 Figure S9. (a, b) CV curves of FeSC and FeSC#, respectively.

6

7

8 Figure S10. (a, b) Randle−Sevcik plots of FeSC and FeSC#, respectively.
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1

2 Figure S11. Equivalent circuit for Fe-based electrodes.

3

4
5 Figure S12. Schematic diagram of the adsorption/desorption of active site interaction and hydroxide 

6 uncoordinated carboxylic O groups and coordinated water molecules.

7

8

9 Figure S13. (a) CV curves of bare nickel foam, H3TATB, Tipa and FeSC at 30 mV s-1; (b) GCD curves of 

10 bare nickel foam, H3TATB, Tipa and FeSC at 1 A g-1.

11
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1

2 Figure S14. Comparison of FeSC powder immersed in 6M KOH for different time

3

4

5 Figure S15. Potential range of Fe-MOF and Fe2O3/Fe3N/Fe3C in a three-electrode system.

6

7

8

9
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1

2 Figure S16. (a) CV curves of the asymmetric device working at the different potential window; (b) GCD 

3 curves of the asymmetric device working at different potential window.

4

5

6 Figure S17. (a) Specific capacity of asymmetric device at different current densities from 1 to 10 Ag−1; (b) 

7 Energy delivery efficiency of asymmetric device.

8

9

10

11

12

13

14

15
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1 3. Tables

2 Table S1 Comparison of electrochemical parameters with other Fe-based electrode materials and pyrolysis 

3 of MOF electrode materials.

Electrode Electrolyte Potential (V) Capacitance@CDa

FeSC (This work) 6 M KOH 0 ~ 0.5 824.6 F g−1 @ 1 A g−1

FeSC# (This work) 6 M KOH 1 ~ 0 377 F g−1 @ 1 A g−1

Fe-MnO2 
2 1 M Na2SO4 0 ~1 350 F g−1 @ 1 A g−1

Fe/Fe3O@CNTs/CNFs 3 1 M KOH −1 ~ 0 195 F g−1 @ 0.5 A g−1

Mn3O4-Fe3O4@C 4 1 M NaCl −0.45 ~1.2 178 F g−1 @ 1 A g−1

Fe3O4@N-doped carbon 5 6 M KOH −1.0 ~0 206 F g−1 @ 1 A g−1

LaFeO3NFs 6 6 M KOH 0 ~ 0.5 183.6 F g−1 @ 1 A g−1

Fe(PO3)3 
7 3 M KOH 0 ~ 0.5 392.5 F g−1 @ 1 A g−1

Fe(III)/BiOCl 8 1 M H2SO4 0 ~ 0.5 540 F g−1 @ 1 A g−1

Fe2O3/RGO/Fe3O4 9 2 M KOH −1.2~ 0.4 337.5 mF cm−2 @20 mA cm−2

Ni-Co-Fe fluorides 10 6 M KOH 0 ~ 0.5 738.0 F g−1 @ 1 A g−1

pyrolysis of MIL-101 (FexOy/C) 11

pyrolysis of Fe-MOF gel (Fe3C/C)12

pyrolysis of MIL-47 (porous carbon)13

pyrolysis of Zn-MOF (nanoporous 

carbon)14

pyrolysis of ZIF-67 (Co3O4/WO3)15

pyrolysis of Cu@Co-MOF16

pyrolysis of Ni-MOF/GO17

pyrolysis of Cu-BTC18

6 M KOH

6 M KOH

6 M KOH

1 M H2SO4

1 M H2SO4

2 M KOH

6 M KOH

3 M KOH

−1 ~ 0 

−1.1~ 0

−1 ~ 0

−0.2 ~0.8

0 ~1

0 ~ 0.5

0 ~ 0.5

0 ~ 0.5

114 F g−1 @ 2 A g−1

184 mAh g−1@ 1 A g−1

326 F g−1 @ 0.5 A g−1

477.7 F g−1 @ 0.2 A g−1

553 F g−1 @ 1 A g−1

563.8 F g−1 @ 1 A g−1

992 F g−1 @ 1 A g−1

729 F g−1 @ 1 A g−1

4       a CD means current density.

5

6

7
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1 Table S2. Distances [Å] and angles [º] for FeSC.

Fe(1)-O(6)#1 2.0372(16) Fe(1)-N(4) 2.153(2)
Fe(1)-O(1) 2.0653(14) Fe(1)-O(1W) 2.1840(18)
Fe(1)-N(10)#2 2.1364(19) Fe(1)-N(8)#3 2.211(2)
O(6)#1-Fe(1)-O(1) 177.34(7) N(4)-Fe(1)-O(1W) 93.23(8)
O(6)#1-Fe(1)-N(10)#2 88.92(8) O(6)#1-Fe(1)-N(8)#3 84.27(8)
O(1)-Fe(1)-N(10)#2 88.78(7) O(1)-Fe(1)-N(8)#3 94.50(7)
O(6)#1-Fe(1)-N(4) 94.97(8) N(10)#2-Fe(1)-N(8)#3 93.06(8)
O(1)-Fe(1)-N(4) 87.27(7) N(4)-Fe(1)-N(8)#3 85.19(8)
N(10)#2-Fe(1)-N(4) 175.55(8) O(1W)-Fe(1)-N(8)#3 173.48(7)
O(6)#1-Fe(1)-O(1W) 89.57(7) N(10)#2-Fe(1)-O(1W) 88.94(8)
O(1)-Fe(1)-O(1W) 91.75(7)

2      Symmetry transformations used to generate equivalent atoms: #1 x+1/2, -y+1/2, z+1/2, #2 x-1/2, -y+1/2, 

3 z+1/2, #3 x-1/2, y+1/2, z. 
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