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Fabrication of ZnO nanorods on Ni foam. The ZnO nanorods were coated on the Ni foam by a wet 

chemical process according to the previous report with slight modification.1 Briefly, a seed layer was first 

formed on carbon cloth by immersing clean Ni foam in 0.5 M KMnO4 for 30 min. A volume of 80 mL 

solution containing 1.2 mmol of zinc acetate dihydrate, 1.2 mmol of hexamethylenetetramine (HMT), and 

3.2 mL of aqueous ammonia (28%) was prepared and stirred at room temperature for 30 min. Subsequently, 

the above solution was transferred into a 100 mL Teflon-lined stainless steel autoclave with a piece of 

seeded Ni foam and then hydrothermally reacted at 90 ℃ for 12 h. The obtained substrate was washed with 

deionized water and dried at 60 ℃. 

Fabrication of MnO2 nanotubes on Ni foam. Firstly, the MnO2 were deposited on ZnO nanorods by 

immersing the ZnO nanorods into a 0.03 M KMnO4 aqueous solution (60 mL) in a 100 mL Teflon-lined 

stainless steel autoclave for hydrothermal treatment under 180 ℃ for 24 h. After the reaction, the substrate 

was washed with deionized water and dried at 60 ℃. Subsequently, the substrate was immersed into 2 M 

KOH aqueous solution for 6 h to remove ZnO template. After the etching progress, well-aligned MnO2 

nanotubes on the Ni foam were obtained. The weighed mass of MnO2 nanotube is about 1.1 mg cm-2

Fabrication of Fe2O3 nanotubes on Ni foam. The obrained MnO2 nanotubes sample was employed as the 

sacrificed template to synthesis the Fe2O3 nanotubes by a previously reported method with slight 

modification.2 Briefly, 105 mg of FeSO4·7H2O was dissolved in 60 mL of mixed ethylene glycol and 

deionized water (v/v = 1/7). After stirring for about 10 min, this translucent solution and the as-prepared 

MnO2 nanotubes substrate were both transferred into a 100 mL Teflon-lined stainless steel autoclave for 

hydrothermal treatment under 120 ℃ for 45 min. After cooling naturally to room temperature, the Ni foam 

with iron hydroxides were taken out and rinsed thoroughly with deionized water and then dried at 60 ℃. The 

Fe2O3 nanotubes were obtained by annealing the as-prepared iron hydroxide product at 450 ℃ in air for 1h 

with a heating rate of 1 ℃ min-1. The loading mass of Fe2O3 nanotubes on nickel foam is about 1.0 mg cm-2.

Fabrication of Fe2O3@PPy nanotubes on Ni foam. PPy was coated on Fe2O3 nanotubes by a facile 



polymerization method. Typically, 0.1 mL pyrrole, 0.274 g p-toluenesulfonic acid monohydrate 

(PTsOH·H2O) were dispersed in 60 mL of deionized water and stirred for 30 min. Then, a piece of as-

prepared Fe2O3 nanotubes substrate was immersed in solution. Subsequently, 0.330 g ammonium 

persulphate which was dissolved in 20 mL of deionized water was added dropwise to the above solution 

with cooling in an ice-water bath. The mixture was then stirred for 60 min. Finally, the Fe2O3@PPy 

nanotubes was obtained and dried at 60 ℃ for 12 h after washing by deionized water and ethanol. The 

estimated loading of Fe2O3@PPy nanotubes is around 1.3 mg cm-2.

Assembly of asymmetric supercapacitors (ASCs). The ASC devices were fabricated using Fe2O3@PPy 

nanotubes as anode, MnO2 nanotubes as cathode, and 1 M Na2SO4 as electrolyte. Typically, the anode and 

cathode were directly immersed into 1 M Na2SO4 solution.

Materials Characterizations. X-ray powder diffractions (XRD) were conducted using the Rigaku DMax-

RC X-ray diffractometer to analyze the crystallization of as-prepared samples. Scanning electron 

microscope (SEM) images and energy dispersive X-ray spectroscopy (EDX) mapping images were obtained 

using the field-emission scanning electron microscope (FE-SEM, JEOL, JSM-6700F, 10 kV). The 

morphology and microstructure of the samples was investigated by using the high-resolution transmission 

electron microscope (HR-TEM, JEOL, JEM-2100, 200 kV). The X-ray photoelectron spectrum (XPS) of as-

prepared sample was recorded using Kratos Analytical spectrometer to determine the surface properties.

Electrochemical measurements. The electrochemical performances of as-made working electrodes were 

first characterized by cyclic voltammogram (CV), galvanostatic charge-discharge (GCD) and 

electrochemical impedance spectra (EIS) on an Iviumstat electrochemistry workstation in three-electrode 

system including a Pt foil counter electrode, a Ag/AgCl reference electrode, and 1 M Na2SO4 aqueous 

electrolyte. 

Then, the electrochemical performances of as-assembled ASCs were also investigated using an Iviumstat 

electrochemistry workstation in two-electrode system. The EIS spectra were measured in the frequency from 



10 to 0.01 KHz at an open circuit potential of around 0.25 V.

The specific capacitances of single electrode can be determined from GCD curves through formula 

(1):3

                               (1)
𝐶 =

𝐼 × ∆𝑡
𝑚 × ∆𝑉

where , , and  are the discharge time, the charge-discharge current, and the potential range excluding ∆𝑡 𝐼 ∆𝑉

IR drop in charge-discharge curves, and  represents the mass loading of the working electrode.𝑚

For the ASC device, taking into account the charge storage performances of cathode and anode, the 

mass ration of two electrodes was determined by equation:4

                              (2)

𝑚 +

𝑚 ‒
=

𝐶 ‒ ∆𝑉 ‒

𝐶 + ∆𝑉 +

where m, V, and C represents the mass loading, potential range and specific capacitance of cathode (+) and 

anode (-), respectively. The specific capacitance, energy density, and power density of ASC device were 

calculated by formulas:5

                          (3)
𝐶𝑐𝑒𝑙𝑙 =

𝐼 × ∆𝑡
𝑚 × ∆𝑉

                             (4)
 𝐸 =

1
2

𝐶𝑐𝑒𝑙𝑙∆𝑉2

                                  (5)
𝑃 =

𝐸
∆𝑡

where , V, and ∆t are the corresponding parameters in discharge curves, and m represents the total Ccell ∆

mass loading of two electrode in ASC device.



Figure S1. XRD patterns of (a) ZnO nanorods and (b) MnO2 nanotubes.

Figure S2. XRD patterns of (a) Fe2O3 nanotubes and (b) Fe2O3@PPy nanotubes.

Figure S3. (a) CV curves of Fe2O3 nanotubes at varied scan rates; (b) GCD curves of Fe2O3 nanotubes at 

different current densities.



Figure S4. IR drops of Fe2O3 nanotubes and Fe2O3@PPy nanotubes electrodes at different current densities.

Figure S5. SEM images of (a) Fe2O3 nanotubes after 1000 cycles and (b) Fe2O3@PPy nanotubes after 5000 

cycles in 1 M Na2SO4 electrolyte.

Figure S6. CV curves of the ASC device measured at different operating voltages at scan rate of 10 mV s-1; 

(b) GCD curves of the ASC device at different operating voltages at a current density of 0.5 mA/cm2.



Table S1. The specific capacitance of various electrodes in the three-electrode system in references

Electrode materials electrolyte Potential window capacitance reference

Fe2O3 nanotube 1 M Li2SO4 -0.8-0.1 V 300 F g-1 [6]

Fe2O3@C nanoparticles 1 M Na2SO4 -0.5-0.5 V 211.4 F g-1 [7]

Tectorum-likeα-Fe2O3/PPy 1 M Na2SO4 -0.8-0 V 382.4 mF cm-2 [8]

N-C/Fe2O3 5 M LiCl -0.8-0 V 148.5 mF cm-2 [9]

Tetsubo-like α-Fe2O3/C 1 M Na2SO4 -1.0-0 V 430.8 mF cm-2 [10]

Fe3O4/CNTs 6 M KOH -1.0-0 V 129 F g-1 [11]

Fe3O4/exfoliated graphite 1 M KOH -1.1-0 V 327 F g-1 [12]

Fe2O3@PPy nanotubes 1 M Na2SO4 -1.0-0 V 530 mF cm-2

407 F g-1
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