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1. Experimental section
Synthesis of Ultralong Zn3V2O7(OH)2·2H2O Nanowire: 

In a typical synthesis, 117 mg (1.0 mmol) commercial NH4VO3 powders were added into 20 mL 

distilled water with stirring at 80 °C for 10 min to form a homogeneous yellow solution. Then, 447 

mg (1.5 mmol) commercial Zn(NO3)2·2H2O was dissolved in 20 mL deionized (DI) water to form 

a clear solution. Next, the above NH4VO3 solution was dropwise into the zinc solution and stirred 

for 1 h. After the above mixed solution turns into yellow, transferred to a sealed glass vessel and 

placed in a CEM Discover SP microwave synthesis system. The system temperature was raised to 

180 0C in 2 min and maintained for 6 h. After cooling, the as-synthesized product was collected 

and rinsed with ethanol and distilled water and dried in a vacuum at 60 0C for 24 h.

Synthesis of Ultralong MnO2 Nanowire:
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MnO2 was prepared by a hydrothermal method. Firstly, 0.5g KMnO4 was dissolved in 30 mL 

distilled water with vigorous stirring. Then 0.7 mL 98% acetic acid was added dropwise to the 

solution under magnetic stirring, resulting in a homogeneous deep violet solution. The mixture 

solution was transferred to a Teflon-lined stainless steel autoclave and loaded into an oven 

preheated to 140 °C for 12h. The brown precipitates were collected by centrifugation and washed 

with ethanol and distilled water several times. The final MnO2 nanowire was dried at 60 °C for 24 

hours.

Synthesis of Ultralong Na2V6O161.5H2O Nanobelts:

Na2V6O161.5H2O (NVO) was synthesized by a hydrothermal method. In a typical synthesis, 2 

mmol V2O5 and 2 mmol NaOH were dissolved in 40 mL of distilled water under magnetic stirring 

for 1h, resulting in a homogeneous orange solution. Then the mixture solution was transferred to 

a Teflon-lined stainless steel autoclave and kept at 180°C for 24h. The NVO product was collected 

by centrifugation, and washed with ethanol and distilled water and dried at 60 °C for 24 hours.

ALD Growth of Hafnium Oxide: 

The HfO2 was grown according to a previously reported method with modifications. (1) HfO2 

ultrathin films were directly deposited on the prepared electrodes at 180 °C (Cambridge Nanotech 

Savannah). The HfO2 ALD reaction sequence was: 1) N2 dose to 20 psi; 2) H2O dose for 0.015 

sec; 3) H2O reaction time 10sec; 4) Tetrakis (dimethylamino) hafnium (Hf(NMe2)4) dose to 0.2 

sec; 5) Hf(NMe2)4 reaction time 15 sec. This sequence constitutes one cycle of ALD HfO2. The 

ALD cycle repeated 40 times.

Materials Characterization



X-ray diffraction (XRD) data were collected on a Bruker diffractometer (D8 Advance) with Cu 

Kα radiation. The morphology and elemental ratio were confirmed by scanning electron 

microscope (SEM, Zeiss Merlin, Germany). The composition and surface oxidation state was 

probed by X-ray photoelectron spectroscopy (XPS, Kratos Axis Supra, U.K.). Transmission 

electron microscopy (TEM, FEI Titan, U.S.) equipped with an energy dispersive X-ray 

spectroscopy (EDS) attachment was used to obtain the high-resolution TEM images and the 

elemental maps. ICP-OES analyses were carried out on a PerkinElmer Optima 8300 optical 

emission spectrometer.

Electrochemical Measurements

A freestanding film was fabricated by the simple vacuum filtration. In a typical process, the 

obtained ZVO nanobelts were mixed with Super P and carboxymethylcellulose (CMC) binder and 

styrene-butadiene rubber (SBR) in a weight ratio of 70:27:2:1. The mixture was dispersed in the 

water and ultrasonicated to obtain a stable homogeneous suspension, which was filtered through a 

0.3 μm membrane. The freestanding composite film was punched into electrode coins. The mass 

loading of the electrode is ~ 5-7 mg cm-2. Zinc foil and 1 M ZnSO4 were used as anode and 

electrolyte, respectively. Glass fiber membrane was used as the separator. EIS was conducted at a 

frequency range of 100 kHz to 100 mHz. The electrochemical performances of the assembled cells 

were measured using VMP3 Biologic electrochemical workstation. 

Supplementary Note

Estimation of the capacitive contribution and diffusion-limited contribution

To quantitatively distinguish the capacitive and diffusion-controlled contributions to current, cyclic 

voltammetry curves at various sweep rates were recorded. The current response i upon varying the 



sweep rate (υ) is dependent on the charge-storage process. Generally, the relationship between the 

measured peak current (i) and sweep rate (υ) in a CV scan follows the power law:

 i = aυb 

thus, log(i) = log(a) + b·log(υ)

where a is a constant and b is the power-law exponent. Therefore, the b value can be acquired by the 

fitting slope of the log(i) versus log(υ) profile. A b value of 0.5 indicates a diffusion-controlled 

behavior while the b value of 1.0 corresponds to a capacitive behavior. The capacitive contribution 

and diffusion-controlled contribution can be further quantitatively distinguished by assuming the 

current (i) is a combination of the capacitor-like and diffusion-controlled processes according to:

 i = k1v + k2υ1/2 

We can estimate the capacitive and diffusion-limited contributions by determining k1.

2. Supporting Figures

Figure S1. SEM images of a) HfO2-coated ZVO and b) ZVO electrode before cycling.



Figure S2. XPS of HfO2-coated ZVO electrode a) Zn 2p peak; b) O 1s peak.



Figure S3. TEM and HRTEM image of ZVO nanobelt.



Figure S4. CV curves of a) HfO2-coated ZVO and b) ZVO electrode at different scan rates.



Figure S5. Contribution ratio of the capacitive-controlled charge for the HfO2-coated ZVO 
electrode at the scan rate of 0.3 mV s-1.



Figure S6. XRD of a) MnO2 and d) NVO. SEM images of b) MnO2 and e) NVO. Electrochemical 
performance of the MnO2 and NVO with/without HfO2 coating. Cycling performance of c) MnO2 
and f) NVO at the current density of 300 mA g-1.



Figure S7. SEM images of a) HfO2-coated ZVO and b) ZVO electrode after cycling.



Figure S8. EIS of a-b) the HfO2-coated ZVO and c-d) ZVO electrode at different stages during the 
charge/discharge process. The equivalent circuit model for e) the HfO2-coated ZVO and f) ZVO 
electrode.

The EIS data have fitted the data with the equivalent circuit, which is composed of two semicircles 
in the high and low-frequency regions, respectively. The first semicircle at high frequency is 
assigned to the HfO2 coating layer, and the second one is regarded as the impedance generated by 
charge transfer resistance. 


