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Sample preparation 
In a typical process, 1.5 mL aniline monomer was added into 30 mL phytic acid (PA) solution. The wiper 
cloth was and immersed in the above solution under stirring, and the mixture was cooled to ~4 ℃ via the 
ice bath. Subsequently, the 20 mL aqueous solution containing the 1.8 g of FeCl3 was slowly added into 
the mixture to initiate the chemical oxidative polymerization of aniline, resulting in the Fen+-doped 
polyaniline -phytic acid (PANi-PA) shell that interfacial wrapped on the wiper cloth fiber surface. The 
resultant cloth was washed with a large amount of distilled water and dried at 60 ℃, followed by annealing 
at 900 ℃ for 1 h with the presence of NaH2PO2 as the phosphorus source. During this procedure, the Fe-
doped PANi-PA shell was carbonized into nitrogen and phosphorus co-doped carbon shell with uniformly 
decorated FeP nanoparticles. The obtained sample was named FeP-NPC-CC. For comparison, the control 
sample of NPC-CC was prepared as the identical process that just replace the FeCl3 with ammonium 
persulfate. The CC baseline sample was directly realized by annealing the wiper cloth at 900 ℃. For the 
preparation of iodine cathodes, enough iodine was put in DI water to measure the iodine number. According 
to the increasing mass of carbon cloth before and after adsorption, the iodine mass loading can be obtained. 
The prepared iodine cathodes were dried at 80 °C to remove water. 
Sample characterization
The phase purity and crystal structure of the samples were determined by the X-ray diffraction patterns 
using a Rigaku Miniflex diffractometer (Rigaku Corporation, Japan). X-ray photoelectron spectroscopy 
was performed using an ESCALAB 250 X-ray photoelectron spectrometer. The Brunauere-Emmete-Teller 
(BET)-specific surface area was determined by nitrogen adsorption-desorption measurements conducted at 
77 K using the TriStar 3000 analyzer. Pore size distribution curves were computed from the desorption 
branches of the isotherms using the Barrett, Joyner, and Halenda (BJH) method. The Raman spectra were 
collected by the LabRAM HR 800 system with a 532 nm excitation laser. UV-Vis measurement was 
conducted using a Shimadzu UV-1800 spectrophotometer. Structural and morphological characterization 
of the samples was conducted using scanning electron microscopy (Hitachi 650 electron microscope) and 
transmission electron microscopy (JEM-2100F microscope with a Bruker EDS detector). The iodine 
loading content and thermostability of the iodine-carbon composite was determined by thermogravimetric 
analysis under an N2 atmosphere in the TG/DTA6300 analyzer, from room temperature to 500 °C with a 
ramp rate of 10 °C min-1. 
Electrochemical measurements
The free-standing cathodes were cut into discs of 1.2 cm and directly used as the working electrodes with 
the iodine mass loading in the range of 1.5-2.6 mg cm-2. The baseline electrodes for testing were prepared 
via the same procedure. The Fe foil (99.99%) and Fe powder were modified with ascorbic acid (0.2 M) for 
12 h before used as anode. Electrochemical tests for Fe-I2 cells were performed using CR2016-type coin 
cells, employing the Fe foil as the anode and 1 M FeSO4 as the electrolyte. Glass fiber paper was employed 
as separator. All cycle volt measurements (CV) were performed with a CHI 760e electrochemical 
workstation. The galvanostatic charged and discharged tests of Fe-I2 cells were recorded on the battery 
testing system (Neware BTS-4000 battery analyzer) with a potential window of 0.4-12 V at room 
temperature. Capacities are calculated based on the mass of iodine. 
Beaker cell assemble and measurement
The beaker cell was employed for the visual experiments, where the 4 mL of the standard electrolyte was 
used for sufficiently immersing I2/FeP-NPC-CC, I2/NPC-CC, and I2/CC electrodes and Fe foils. The iodine 
loading for all positive electrodes was 2 mg cm-1 and the active area (immersion area) was about 1 cm2. 
After 100 cycles charge/discharge, the absorption ability of different substrates towards active iodine was 
compared by the color change of the electrolyte. 



Figure S1. XRD patters of as-prepared samples. 

Figure S2. Photographs of the 1M FeSO4 solution (left) and I2+1M FeSO4 solution (right). 
It can be observed that the color of the solution transforms from light green to a yellowish color when iodine 
is added, which can be used as direct visual evidence to determine the migration of iodine species into the 
solution. 

Figure S3. UV-Visible absorption spectra of the electrolyte of the Fe//FeP-NPC-CC cell before and after 
the cycling stability test. 
As shown, there is no obvious change of the electrolyte of the cycled Fe//FeP-NPC-CC cell. This result 
confirms the high stability of the composite matrix and the color change in Figure 3d attributed to the I2 or 
polyiodide species rather than the dissolved iron ions. 



Figure S4. (a) Cyclic voltammogram (at 0.1 mV s-1) and (b) galvanostatic charge-discharge profiles of 
FeP-NPC-CC composite without iodine. 

Figure S5. Potentiostatic discharge curves of I2 solution at 0.75 V on the surfaces of FeP-NPC-CC, NPC-
CC and CC supports. 



Table S1. Comparison of the iodine content and electrochemical performance for the I2/FeP-NPC-CC 
cathodes and other reported works. 

Cathode Iodine loading (%) Capacity (mAh giodine
-1) Ref.

I2/FeP-NPC-CC 52 202 This work

I2/N-HPC 40 190 [1]

N-LPC/I2 44 137 [2]

I-BCHP 41 115 [3]

MPC/I2 41 120 [4]

I2@KB 50 200 [5]

ZPC/I2 22 198 [6]

I2/OSTC 26.6 185 [7]

I2/ACF 40 160 [8]



Table S2. Comparison of electrochemical performance for Fe-I2 cell with state-of-the-art reported aqueous 

multivalent ion batteries.

Cathode
Anode type

(Cation)

Discharge

capacity

(mAh g-1)

Cycling

stability
Ref.

I2/FeP-NPC-CC Fe (Fe2+) 202/0.2 Ag-1 92%/500 cycles/0.5 Ag-1 This work

Fe[Fe(CN)6]0.75∙□0.25∙3.5H2O Fe (Fe2+) 58/2 C 80%/1000/10 C [9]

VOPO4∙2H2O Fe (Fe2+) 100/0.1 Ag-1 62.5%/800/0.8 Ag-1 [10]

I2/CC Zn (Zn2+) 335/1 mA cm-1 91%/200 cycles/2 mA cm-2 [11]

NSGF Zn-NSGF (Zn2+) 88/0.1 Ag-1 79%/300 cycles/0.2 Ag-1 [12]

[ZnIx(OH2)4-x]2-x Zn (Zn2+) - 80%/500/0.3 mA cm-2 [13]

I2/C Zn (Zn2+) 219/0.5 C 62%/1000/1 C [14]

N-LPC/I2 Zn (Zn2+) 127/0.1 Ag-1 96%/100/0.1 Ag-1 [1]

I2-BCHP Zn (Zn2+) 115/0.1 Ag-1 80%/150/0.1 Ag-1 [2]

CF/I2 Zn (Zn2+) 110/0.1 Ag-1 70%/300/0.1 Ag-1 [3]

ZnHCF@MnO2 Zn (Zn2+) 118/0.1 Ag-1 77/1000/0.5 Ag-1 [15]

MnPBA HSs Zn (Zn2+) 85.9/0.05 Ag-1 53.6%/1000/1 Ag-1 [16]

CuHCF MoO3@PPy (Al3+) 31/0.2 Ag-1 83.2%/100/0.2 Ag-1 [17]

Mg-OMS-1 FeVO4/C (Mg2+) 58.9/0.1 Ag-1 97.7%/100/0.05 Ag-1 [18]

ZnHCF ITO (Ca2+) 75.3/0.4 Ag-1 - [19]
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