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Fig. S1 Graphene sheet obtained through thermal exfoliation of graphene oxide.



Fig. S2 The digital photo of AlHCF (blue) and AlHCF/Gr (black).



Fig. S3 Raman spectra of AlHCF and AlHCF/Gr.
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Fig. S4 HRTEM images of a-b) AlHCF and c-d) AlHCF/Gr.



 

Fig. S5 The selected area electron diffraction (SAED) patterns of AlHCF. The diffraction ring 

of AlHCF confirms its po lycrystalline characteristics.



Fig. S6 a-e) Galvanostatic charge/discharge (GCD) profiles at maximum capacity for different 

ingredient proportion of AlHCF, x:y represents the ingredient proportion of Al3+ : Fe(CN)6
4-. 



Fig. S7 Voltage difference between the charge and discharge plateaus of cycle 10 and cycle 

50.



Fig. S8 GCD profiles of long-term cycle.



Fig. S9 Electrochemical impedance spectroscopy (EIS) of AlHCF and AlHCF/Gr.



Fig. S10 Electrochemical performance of full cell at 5C (1C=60 mA g-1). a) Cycling 

performance of full cell using AlHCF/Gr as cathode. b) GCD profiles of full cell. 



Fig. S11 Electrode kinetics analysis of AlHCF/Gr electrode with cycling. a) Cyclic 

voltammograms of AlHCF at various scan rates. b) log(i) - log(v) plots of anodic and cathodic 

peaks derived from the scan rate dependent CV curves.



Fig. S12 SEM images of AlHCF/Gr a) before and b) after 200 cycles.



Table S1 Structural parameters of AlHCF after Rietveld refinement.

Space group Fmm

a 9.97882 Å

b 9.97882 Å

c 9.97882 Å

α 90°

β 90°

 90°

Cell volume 993.65970 Å3

Rwp 7.46%

Rp 5.54%



Table S2 Fractional coordinates of AlHCF after Rietveld refinement.

Atom Wyckoff position x y z Occupancy

Al 4b 0.5000 0.0000 0.0000 1

Fe 4a 0.0000 0.0000 0.0000 1

C 24e 0.2033 0.0000 0.0000 1

N 24e 0.3086 0.0000 0.0000 1

K 8c 0.2500 0.2500 0.2500 0.0304



Table S3 Element content of AlHCF. 

Unit: wt%

Sample ICP-AES EA TGA

K Al Fe C N H2O
AlHCF

1.41 13.79 10.18 24.27 23.41 23.0



Table S4 Comparison of energy densities & average operating voltage of zinc-ion batteries 

using different PBAs materials as cathode. Energy density is calculated based on the total 

mass of active electrode materials.

Anode/Cathode Average operating 

voltage / V

Energy density

/ Wh kg-1

Reference

Zn/ZnHCF 1.7 100 1

Zn/ZnHCF 1.73 104 2

Zn/KMnHCF 1.74 150 3

Zn/KNiHCF 1.19 67 4

Zn/NiHCF 1.2 60 5

Zn/KMnHCF 1.4 99 6

Zn/CuHCF 1.73 93 7

Zn/CuZnHCF 1.73 62 8

Zn/FeHCF 1.2 72 9

Zn/NaFeHCF 1.1 81 10

Zn/FeHCF 1.1 50 11

Zn/AlHCF 1.8 125 This work



Table S5 Ionization Potential, Electronegativity and Radius for some ions.12

Ion IA (eV) XA Radius (Å)

Fe2+ 30.6 23.4 0.61

Ni2+ 35.2 26.7 0.69

Cu2+ 36.8 28.6 0.73

Zn2+ 39.7 28.8 0.74

Mn2+ 33.7 24.4 0.67

Co3+ 51.3 — 0.65

Al3+ 120.0 74.2 0.54

IA: Ionization Potential, XA: Electronegativity.



Table S6 Refinement data for various MeHCFs. ZnHCF is a rhombohedral structure (space 

group R-3c).

Sample Bond Bond distance (Å) Reference

Ni-N 2.043

Fe-C 1.761
NiHCF

(Fm-3m)
C≡N 1.150

13

Zn-N1

Zn-N2

1.998

1.971

Fe-C1

Fe-C2

1.907

1.907

ZnHCF

(R-3c)

C1≡N1

C2≡N2

1.161

1.154

14

Cu-N 2.069

Fe-C 1.866
CuHCF

(Fm-3m)
C≡N 1.180

15

Mn-N 2.183

Fe-C 1.863
MnHCF

(Fm-3m)
C≡N 1.140

16

Co-N 1.976

Fe-C 1.882
CoHCF

(Fm-3m)
C≡N 1.180

17

AlHCF Al-N 1.909 This work



Fe-C 2.029(Fm-3m)

C≡N 1.051
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