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Abstract 

We report a binder-free three-dimensional (3D) macro-mesoporous electrode architecture via 

self-assembly of 3 nm NiO nanodots on macroporous nickel foam for high performance 

supercapacitor-like lithium battery. This electrode architecture provides a hierarchically 3D 

macro-mesoporous electrolyte-filled network that simultaneously enables rapid ion transfer and 

ultra-short solid-phase ion diffusion. Benefitting from the structural superiority owing to the 

interconnected porous hierarchy, the electrode exhibits supercapacitor-like high rate capabilities 

with high lithium battery capacities during the discharge-charge process: a very high capacity of 

518 mA h g-1 at an ultrahigh current density of 50 A g-1. It exceeds at least ~10 times than that of 

the state-of-art graphite anode, which shows only ~50 mA h g-1 at ~2-3 A g-1 as anode for Li-ion 

battery. The preparation method to 3D interconnected hierarchically macro-mesoporous electrode, 

presented here can provide an efficient new binder free-electrode technique towards the 

development of high-performance supercapacitor-like Li-ion batteries. 
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Introduction 

In recent years, the search for high-performance electrochemical energy storage devices have 

drawn significant attention due to the fossil-fuel crisis and ever-increasing demand for renewable 

energy in the modern society. [1] Indeed, storing high-density energy at high charge-discharge rate 

is strongly desired by the technology companies and consumers alike. [2, 3] Conventionally, 

electrochemical supercapacitors deliver high power density (1-10 kW kg-1) but low energy density 

(1-10 Wh kg-1) as they involve non-solid state ion diffusion and only store energy by surface 

adsorption reactions of charged species on an electrode material. [4-6] By storing charge in the bulk 

of a material via conversion or alloying-dealloying reaction, Li-ion batteries (LIBs) offer high 

energy density (100 Wh kg-1) but low power density (0.1 kW kg-1) due to the poor rate capabilities 

of electrodes suffering from formidable diffusion kinetic problems. [4, 7] A Li-ion energy-storage 

device that combines the high capacity of LIBs with the high-rate performance characteristics of 

supercapacitors, namely supercapacitor-like Li-ion battery, can significantly advance the 

technology involving electric and plug-in hybrid electric vehicles and storage for wind and solar 

energy. 

Such a Li-ion battery would generally require three-dimensional (3D) electrode architecture 

for providing rapid ion transfer in electrolyte-filled porous networks and excellent electron 

conduction. [3] Superior to the traditional copper foil (CF) electrode and irregular porous 

carbon-black, conductive metal foam electrodes with a 3D interconnected macroporous network 

offer a binder-free electrode configuration and have recently proven to be particularly promising. [3, 

8-11] For solid-state Li-ion diffusion, the mean diffusion time τeq for diffusion is proportional to the 

square of the characteristic dimensions of active materials L by the following formula, τeq = L2/2D, 

where D is the diffusion coefficient. [3, 12, 13] This means that reducing the particle-size should 

very effectively boost the rate capability of batteries. In this context, well-defined, nanosized active 

materials with mesopores for electrolyte access are widely sought, but are currently restricted to a 

relatively large particle-size of ~50 nm. [12-15] Thus far, only modest rate-performance 

improvements (0.1-2 A g-1) have been archived in these anode materials based on transition-metal 

oxides. [10, 11, 14] Previously investigated routes include chemical treatment at high-temperature 

and solution growth in hydrothermal reaction, which can be used to produce coating of compatible 

materials on macroporous nickel foam (NF), such as NiP2, Ni3S2, Co3O4 and CoO. [10, 14-16] 



 

 

However, further reducing the particle-size has been proved to be very challenging. [10, 14-17] As 

an alternative route, self-assembling pre-synthesized nanoparticles on NF could be a more feasible 

pathway, because their sizes are readily tunable during the solution-phase synthesis procedure. 

[18-22] Among the transition metal oxides, nickel oxide (NiO) is a very promising anode material 

due to its high theoretical capacity (718 mA h g-1 for 2Li+ per NiO) and good chemical 

compatibility with NF substrate. [23] Based on the above considerations, self-assembling 

ultra-small NiO nanoparticles on macroporous NF to fabricate a 3D interconnected 

macro-mesoporous NiO electrode is thus expected to be very suitable for high performance 

supercapacitor-like Li-ion battery. 

Herein, we report a binder-free electrode architecture via self-assembling electrolytically 

active 3 nm NiO nanodots to form uniform mesopores on macroporous NF. Such electrode 

architecture provides a hierarchically 3D interconnected macro-mesoporous electrolyte-filled 

network, which simultaneously enables rapid ion transfer in electrolyte and ultra-short ion diffusion 

length in solid-phase. Benefitting from the structural superiority, the 3nm NiO/NF exhibits 

supercapacitor-like rate capabilities while maintaining high battery capacities during 

charge-discharge process. In particular, it displays superior charge-discharge stability and ultrahigh 

rate capability with a capacity of 518 mA h g-1 at 50 A g-1. The 3D interconnected 

macro-mesoporous architecture, facilitated by the self-assembled 3 nm NiO nanodots on NF 

presented here is a significant step towards the development of high-performance 

supercapacitor-like Li-ion batteries. 

 

Materials and synthesis 

Materials synthesis and self-assembly 

Nickel (acetylacetonate)2 (Ni(acac)2, 99%, Aldrich), oleylamine (96%, Aldrich), ethanol and 

hexane are used as received. For synthesizing 3 nm NiO, a mixture of oleylamine (8 g) and 

Ni(acac)2 (1 g) is heated to 100 °C with magnetically stirring under a flow of O2. The utilization of 

oxygen atmosphere can ensure the formation of NiO. The solution is heated to 200 °C quickly and 

kept at this temperature for 30 min. After cooling to room temperature naturally, excess ethanol is 

added to the solution to induce precipitation, which is then collected via centrifugation. The NiO 



 

 

nano-dots are repeatedly washed, isolated and dried, and are finally dispersed in hexane to form a 

dispersion. Residual amines are removed via ethanol wash, as verified by FTIR spectroscopy. The 

30 nm NiO nanoparticles are prepared by seed-mediated growth. oleylamine (8 g) and Ni(acac)2 

(1.04 g) are mixed and magnetically stirred 100 °C under oxygen atmosphere. 90 mg of 3 nm NiO 

nanodots dispersed in hexane is added to the hot solution as seed. The mixture is rapidly heated to 

200 °C and kept at this temperature for 30 min. This produces a hexane dispersion of 30 nm NiO 

nanoparticles. For the self-assembly of NiO nanodots/nanoparticles, the nickel foam (NF) and the 

copper foil (CF) are separately immersed in 1.5 mg/mL NiO nanodot/nanoparticle hexane 

dispersion. During the hexane evaporation, the NiO nanoparticles are self-assembled on to NF or 

CF. After degassing at 250 °C under vacuum, 3 nm NiO/NF (mass loading: 3.6 mg cm-2), 30 nm 

NiO/NF (mass loading: 3.7 mg cm-2) and 3 nm NiO/CF (mass loading: 3.4 mg cm-2) are obtained. 

Only one side of the samples is in direct contact with the NiO suspension while the other side is 

protected using sticky tape. 

Characterizations 

The TEM images are acquired using a JEM-2100F with 200 kV acceleration voltage. The 

SEM images are taken using a Hitachi S-4800. The XRD pattern is obtained using a Bruker D8 

Advance diffractometer equipped with a Cu Ka rotating anode source. The pore-size distribution is 

acquired by a Micromeritics ASAP 2020 porosimeter. The samples are degassed at 120 °C for 12 h 

before measurement. The mesopore size is calculated using the Barrett-Joyner-Halenda (BJH) 

model. The surface area is obtained by Brunauer-Emmett-Teller (BET) method.  

Electrochemical measurement 

The electrochemical measurements of electrodes for supercapacitor are performed in a three 

electrode electrochemical cell at room temperature using 6 M KOH as the electrolyte. The 

as-prepared 3 nm NiO/NF acted directly as the working electrode. A Pt plate and Ag/AgCl are used 

as the counter electrode and the reference electrode, respectively. All potentials are referred to the 

reference electrode. The weight-specific capacitance [F g-1] and current rate [A g-1] are calculated 

based on the mass of NiO. The electrochemical performance of electrodes for Li-ion battery is 

evaluated via a CR2032-tpye coin cell on a LAND (CT2001A) multichannel battery test system. 

Batteries are assembled using 3 nm NiO/NF as the working electrode, 1 M solution of LiPF6 in 



 

 

ethylene carbon (EC)/diethyl carbonate (DEC) (1:1, in wt %) as electrolyte, and a lithium foil as the 

counter electrode. Galvanostatic discharge/charge measurements are performed on a CHI 660D in a 

potential range of 3 V-0.02 V vs Li+/Li. The specific energy E (W h kg-1) is calculated by the 

integration of specific capacity and voltage from the discharge curves. The specific power P (W 

kg-1) is calculated by the product of average voltage and discharge current, where the average 

voltage is the voltage when the capacity reaching 50% of the final value. 

 

Results and discussions 

 
Figure 1. Schematic illustration of (a) the monodisperse 3 nm NiO nanodot preparation and (b) the self-assembly 

of 3 nm NiO nanodots on macroporous Ni foam. 

Figure 1 presents the basic concept underpinning the synthesis and self-assembly of the NiO 

nanodots. To obtain monodisperse 3 nm NiO nanodots, a modified high-temperature solution-phase 

technology is used under an oxygen atmosphere (Figure 1a). [20, 21] Conventionally, discrete 

metal-oxide nanodots are produced by sputtered metal atoms in a cluster gun under oxygen gas 

chamber. [23, 24] Alternatively, direct synthesis via solution-phase reaction offers a simple, 

low-cost, scalable and well-controlled production strategy. [20-22, 25] Typically, 1 g 

nickel(acetylacetonate)2 [Ni(acac)2] and 8 g oleylamine are mixed at 100 °C under an oxygen 

atmosphere. The resulting solution is rapidly heated to 200 °C and kept at this temperature for 30 

min until its color changes from dark-green to yellow-brown, indicating successful synthesis of 3 

nm NiO nanodots (Figure S1). The as-synthesized NiO nanodots can be stably dispersed in hexane 



 

 

without precipitation for several months (Figure S2). Self-assembly of 3 nm NiO nanodots on 

macroporous NF (designated as 3 nm NiO/NF) or copper foil (designated as 3 nm NiO/CF) is 

achieved via immersing the substrates into NiO nanodot-hexane dispersions, followed by 

evaporation at room-temperature and pressure (Figure 1b, see details in experiment section). During 

evaporation of hexane, NiO nanodots self-assemble via van der Waals forces and tightly adhere to 

the NF framework after further annealing and degassing. [19, 26] The metallic silver-gray NF 

becomes dark and the coppery color of CF becomes gray after the self-assembly of NiO nanodots 

(Figure S3). As a comparison, 30 nm NiO nanoparticles (designated as 30 nm NiO/NF) are also 

synthesized and self-assembled on NF (See experimental section for details). X-ray diffraction 

(XRD) patterns on both NF and CF substrates display the three main peaks for the (111), (200) and 

(220) planes of cubic NiO (JCPDS 78-0643), indicating a self-assembly of randomly orientated 3 

nm NiO nanodots (Figure S4).  

 

Figure 2. (a) High- and low-magnification (inset) SEM images and (b-d) TEM images at different magnifications 

of self-assembled 3 nm NiO on NF. 

Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) reveal 

more information on the self-assembled NiO nanodots on the surface of the 3D macroporous NF 



 

 

(Figure 2). Low-magnification SEM (Figure 2a inset) demonstrates that the 3D interconnected 

metal backbones of the macroporous networks, which could provide highly efficient path for fast 

electron transport and high electrochemical utilization of the NiO nanodots. Figure 2a shows that 

the macroporous skeletons of NF are conformably covered with mesoporous nanostructure 

assembled by NiO nanodots. SEM images of 3 nm NiO/NF at different magnification are further 

presented in Figure S5a-c. The TEM image of the NiO nanodots scraped from macroporous NF 

reveals that a large number of uniform nanodots tightly interconnect with each other to form 

wormlike channels (Figure 2b) as a result of the randomly-packed self-assembly. These 

nanochannels between the nanodots clearly show mesopore size ranging from 5 to 10 nm (Figure 

2c). The HRTEM lattice fringe image presented in Figure 2d reveals that the size of the NiO 

nanodots is ~3 nm, indicating a high surface area. Nitrogen adsorption-desorption isotherm further 

demonstrates a narrow mean size ∼7 nm (Figure S5), in agreement with the TEM observation. The 

BET surface area of 3 nm NiO nanodots is ∼268 m2 g-1, much higher than that of the bulk NiO (∼3 

m2 g-1). As a comparison, 30 nm NiO nanoparticles demonstrate a BET surface area of ∼22 m2 g-1 

and wormlike nanochannels ∼10 nm after self-assembling (Figure S6). This 3D interconnected 

macro-mesoporous 3 nm NiO/NF nanostructure with high surface area can highly facilitate the 

access of electrolyte to the active materials. [13, 27] 

To show its high rate behavior for supercapacitor-like LIBs, the characteristic rate performance 

of supercapacitor using our 3 nm NiO/NF electrode is first measured (Figure 3). Cyclic 

voltammetry (CV) curves exhibit a strong oxidation peak and a sharp reduction peak instead of the 

rectangular shape. We attribute this to the pseudocapacitance of the NiO nanostructure. The anodic 

peak ∼0.31 V is related to the surface oxidation of NiO to NiOOH (NiO + OH− ↔ NiOOH + e–). 

The cathodic peak at ∼0.21 V is its reverse process. [28] The high-power characteristic of 

supercapacitor can be identified from the voltammetric response at various scan rates from 10 to 

100 mV s-1. [16] Obviously, all curves exhibit similar redox shapes and the current density 

increases with the increasing scan rate. Even at a high scan rate of 100 mV s-1, the CV curve still 

shows a pair of redox peaks. As the charge storage occurs at the surface layer of the nanostructures 

immersed in electrolyte, a fast redox action delivering energy at ultra-high rate can be achieved for 

the electrodes due to interconnected porous network to facilitate highly efficient transfer of the OH− 

ions. [4, 27] The specific capacitance values of 30 nm NiO/NF electrode at the current densities of 2, 



 

 

5, 10, 20 and 50 A g-1 are 162, 149, 132, 113 and 90 F g-1, respectively. The effect of particle-size 

on the performance of NiO nanparticles in supercapacitor was previously studied and showed that 

the particle size of the NiO nanostructure plays an important role because of the presence of a 

higher number of active sites for a faradaic reaction. [29] The 3 nm NiO/NF electrode has higher 

specific surface area for OH− ion adsorption reaction as seen from the larger area of the enclosed 

CV curve (Figure S7). Thus, the specific capacitance values of the 3 nm NiO/NF electrode at the 

same current densities are strongly increased to 856, 823, 806, 778 and 702 F g-1, respectively 

(Figure 3a), showing as high as 82% capacitance retention. Our capacitances and rate performances 

are also among the highest in recent literatures reported for NiO materials. [30-34] As 

supercapacitors only store charges at surface or in thin-layer region of active materials and almost 

involve no ion diffusion in the bulk of materials, [4] the mesoporous nanostructure self-assembled 

by 3 nm NiO nanodots on conductive macroporous NF herein demonstrates an outstanding 

electrode architecture, which could enable rapid ion transfer in the 3D interconnected 

electrolyte-filled macro-mesoporous networks. After 10,000 cycles, the 3nm NiO/NF electrode 

exhibits high capacitance retention of 93% at a current density of 2 A g-1 (Figure 3b), revealing the 

long-term charging-discharging stability of these electrodes for electrochemical supercapacitor. 

 
Figure 3. (a) The specific capacitances as a function of current density and (b) cycling stability at 2 A g-1 of 3 nm 

NiO/NF and 30 nm NiO/NF as electrodes for supercapacitor. The inset in (a) shows the cyclic voltammetry curves 



 

 

of 3 nm NiO/NF at various scan rates. 

The Li-storage performances of self-assembled NiO nanodots and nanoparticles on NF 

substrate as a free-standing binder-free working electrode are next evaluated (Figure 4). The 

discharge-charge voltage profiles of the 3 nm NiO/NF electrode (Figure 4a inset) exhibit obvious 

discharge plateau at ~0.7 V and sloping charge plateau at ~1.2 V, responsible for the reversible 

conversion reaction: NiO + 2Li+ + 2e ↔ Ni + Li2O. [23, 35] The 3 nm NiO/NF electrode delivers a 

discharge capacity of 1045 mA h g-1 at the first cycle, which exceeds the theoretical capacity of NiO 

bulk (718 mA h g-1 for 2Li+ per NiO). The additional capacity can be attributed to the nanoscale 

interfacial Li-storage, due to the highly increased surface area of such small-sized nanodots. [36] 

However, the interfacial Li-storage is partly unstable or irreversible during the cycling. We believe 

that at the fifth cycle, the capacity decreases to 747 mA h g-1 due to this. Still, the 3 nm NiO/NF 

electrode exhibits a long-life cycling stability up to 1000 cycles with a reversible capacity of 710 

mA h g-1 at a current density of 1 A g-1 (Figure 4a). It is well known that the reversible lithiation 

and delithiation occurring in the bulk of a material via Li-ions solid-state diffusion can extensively 

pulverize larger particles into smaller particles of less than ~10 nm, resulting in poor cycle-stability 

or low capacity retention.[11, 23, 37] However, this pulverizing phenomenon is not observed in our 

3 nm NiO/NF electrode. The TEM image (Figure 4a inset) clearly reveals that the nanodot size and 

the self-assembled mesoporous structure are well maintained after 500 cycles, suggesting the high 

cycle-stability of 3 nm NiO/NF electrode. [12, 36] 

As mentioned above, the characteristic time for Li-ion diffusion through an active material 

decreases with the square of characteristic size of the active materials. [3, 12, 13] With rapid ion 

transfer through the entire electrode architecture containing both ultra-short-range solid-state and 

macro-mesoporous electrolyte-filled networks, considerable Li-storage capacity could be achieved 

even under ultrahigh rate. [13, 27] The rate capabilities of 3 nm NiO/NF, 30 nm NiO/NF (Figure S6) 

and 3 nm NiO/CF electrodes (Figure S8) are employed as a comparison. The 3 nm NiO/CF 

electrode shows no macro-mesoporous networks. Remarkably, the 3 nm NiO/NF electrode exhibits 

much higher rate capability than both 30 nm NiO/NF and 3 nm NiO/CF electrodes (Figure 4b). The 

specific capacities of the 3 nm NiO/NF electrode at increasing current densities of 2, 5, 10 and 20 A 

g-1 are 685, 660, 635 and 603 mA h g-1, respectively. The electrochemical impedances for 3 nm 



 

 

NiO/NF, 30 nm NiO/NF and 3 nm NiO/CF electrodes were also measured as shown in Figure 4c. 

The arc in the high frequency region corresponds to the charge transfer resistance. The impedance 

resistances of three samples are ∼10 Ω, 14 Ω, and 43 Ω, respectively. And the straight line in the 

low frequency region is ascribed to the diffusive resistance related to the diffusion of Li-ion in the 

electrode. The electrochemical impedance spectra (EIS) results verify that the 3 nm NiO/NF 

electrode architecture exhibits the lowest internal resistance among the three electrodes, showing 

that the charge transfer throughout the electrode can also be effective enough to accommodate 

ultrahigh rate due to the closely-packed assembly of 3 nm NiO. [14, 17] The 3 nm NiO/CF presents 

a much higher impedance resistance, indicating its low conductivity and its low charge transfer 

capability. 

 
Figure 4. (a) The specific capacity of the 3 nm NiO/NF for Li-ion battery at 1 A g-1 for 1000 cycles; (b) Rate 

capabilities and (c) electrochemical impedances for 3 nm NiO/NF, 30 nm NiO/NF and 3 nm NiO/CF electrodes, 

respectively. The inset plots in (a) show the 1, 5, and 500 charge-discharge curves. The second inset in (a) is a 

TEM image, revealing unaltered particle shape, size and mesoporous structure of 3 nm NiO/NF after 500 cycles at 

1 A g-1. 

The achieved rate performance of 3 nm NiO/NF as the working electrode for Li-ion battery 

(Figure 5a) is even comparable to that of the supercapacitor (Figure 3a), demonstrating a 



 

 

supercapacitor-like rate performance. Compared to advanced anode materials recently reported with 

high rate capability, the capacity retention of 3 nm NiO/NF is 89%, ~2 times higher than those of 

nitrogen-doped porous carbon and ~8 nm SnO2 electrodes respectively, where the capacity retention 

is only 40% and 35% when the current increased from 1 to 10 A g-1. [37, 38] Even at extremely 

high current density of 50 A g-1 (a 50 fold increase in discharge current), the battery with 3 nm 

NiO/NF electrode delivers a reversible capacity of 518 mA h g-1 with 73% capacity retention. Our 3 

nm NiO/NF electrode also demonstrate the best rate capability, cycling properties and 

charge-discharge capacity among the NiO materials reported recently. [39-42] Figure 5b illustrates 

Ragone plot to describe the relation between energy density and power density of the samples. Our 

Li-ion battery with 3 nm NiO/NF displays high power density of ~0.7 kW kg-1 at an energy density 

of ~490 Wh kg-1, approaching to the low end for power densities of supercapacitors (1-10 kW kg-1). 

At higher power density near 1.4, 3.5, 7 and 14 kW kg-1, the energy density is ~480, 460, 440 and 

420 Wh kg-1, respectively, bridging the performance gap between normal supercapacitors and 

batteries. [43] The battery exhibits a higher power density of ~35 kW kg-1 with energy density as 

high as ~360 Wh kg-1, far superior to that of typical supercapacitors (1-10 Wh kg-1) at the same 

power level. It is also evident that the energy densities achieved here are higher than that of the 

upper end of traditional Li-ion batteries. The poor performance observed for 3 nm NiO/CF 

electrode is due to the lack of the meso-macroporous structures of copper foils; showing the 

importance of the presence of 3D meso-macroporous architecture for rapid charge transfer and ion 

diffusion. The mass loading of our 3 nm NiO/NF is 3.6 mg cm-2. The capacity is ~710-1045 mA h 

g-1, which corresponds to a capacity loading as high as ~2.6-3.8 mAh cm-2. This is comparable to 

the state-of-the-art capacity loading of ~2.0-3.5 mAh/cm2. Furthermore, the as-obtained reversible 

capacity of 518 mA h g-1 at 50 A g-1 exceeds ~10 times than that of the state-of-art graphite anode, 

which shows only ~50 mA h g-1 at ~2-3 A g-1 as anode for Li-ion battery. [8] This result would 

promote further development of higher performance supercapacitor-like Li-ion full-cells in the near 

future. However, it is very difficult to get high-performace cathode material as standard reference to 

evaluate the performance of full-cells. Since, similar supercapacitor-like working performance can 

be obtained from very few of cathode materials, such as nano-sized LiFePO4 and lithiated MnO2. 

And these cathode materials possess relatively low energy density of ~20-100 Wh kg-1. [2, 3] These 

cathode materials need also further optimization and developement. We are working on the full cell 



 

 

device. 

High-performance electrode requires the simultaneous optimization of the primary transfer 

process during charge and discharge (Figure 5c): (1) ion transfer in the electrolyte, (2) ion diffusion 

in the electrode, (3) electron conduction in the electrode and current collector. We propose that the 

high electrochemical performance of 3 nm NiO/CF comes from the unique 3D interconnected 

macro-mesoporous networks with high surface-area. [3,12,13] We demonstrated that this electrode 

architecture simultaneously provides excellent electron conduction form metal Ni, rapid ion transfer 

in electrolyte-filled macro-mesoporous network, and ultra-short solid-phase ion diffusion. We 

believe that this general material design principle and significant progress we demonstrate here on 3 

nm NiO/NF anode material could be used for further development of higher-performance 

supercapacitor-like Li-ion full-cell in the near future. 

 



 

 

Figure 5. (a) The specific capacity as a function of current density for 3 nm NiO/NF, 30 nm NiO/NF and 3 nm 

NiO/CF; (b) Ragone plots of the Li-ion batteries using different NiO samples; (c) Illustration of the Li-ion transfer 

in the electrolyte and electrode, and electron conduction in the electrode for our Li-ion batteries. 

Conclusion 

We demonstrated a facile approach to fabricate a binder-free macro-mesoporous electrode via 

self-assembly of 3 nm NiO nanodots on macroporous nickel foam for high-performance 

supercapacitor-like Li-ion battery. The as-prepared electrode possesses high surface-area and 3D 

interconnected macro-mesoporous networks, facilitating rapid ion transfer in electrolyte and 

ultra-short solid-phase ion diffusion. This unique architecture enables Li-ion storage battery devices 

working with supercapacitor rate capabilities while maintaining high battery capacities. Our 

strategy paves a new way to fabricate free-standing binder-free electrode for high-performance 

electrochemical energy storage devices and is a significant step towards the development of the 

ultimate power source for next generation electric vehicles. 
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Figure S1. (a) TEM image of the monodispersed 3 nm NiO nanodots and inset showing the 

representative high-resolution TEM image of a single-crystalline NiO nanodot. (b) Histograms 

showing the distribution of particle-size measured by the TEM. 

 

Figure S2. Photograph of as-synthesized 3 nm NiO nanodots highly dispersed in hexane for 6 

months. 

 

 

Figure S3. Photograph of (a) bare Ni foam (NF), (b) self-assembled 3 nm NiO nanodots on NF, (c) 

bare copper foil (CF) and (d) self-assembled 3 nm NiO nanodots on CF. 



 

 

 

Figure S4. XRD patterns of the 3 nm NiO nanodots scraped from the substrate. 

 

Figure S5. (a-c) SEM images of 3 nm NiO/NF. (d) N2 adsorption-desorption isotherms of 

self-assembled 3 nm NiO nanodots scraped from the substrate. The inset shows the corresponding 

pore size distribution. 

 



 

 

 

Figure S6. (a) SEM image and (b) TEM image of 30 nm NiO/NF. The inset in (a) clearly shows the 

self-assembled NiO nanoparticles. 

 

Figure S7. Cyclic voltammetry curves at scan rate of 100 mV s-1 for 3 nm NiO/NF and 30 nm 

NiO/NF as electrodes for supercapacitor, respectively. 



 

 

 

Figure S8. SEM images of 3 nm NiO/CF without macro-mesoporous structure with (a) low 

magnification and (b) high magnification. 

 

 

 


