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� ZnO NMs of various thicknesses were 
successfully synthesized by ALD. 
� ZnO NMs electrodes with large capaci-

tance in different electrolytes were 
obtained. 
� The excellent performances were 

ascribed to effective ion adsorption/ 
desorption.  
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A B S T R A C T   

ZnO nanomembranes (NMs) are successfully fabricated by atomic layer deposition for electrochemical super-
capacitor applications. The structure and morphology of ZnO NMs are investigated by X-ray diffraction, scanning 
electron microscopy, X-ray photoelectron spectroscopy, and Raman spectroscopy. In order to prove their po-
tential applications in supercapacitors, the electrochemical performance of ZnO NMs is characterized in the 
aqueous electrolytes (i.e., KOH, KCl, and Na2SO4). Experimental results indicate that 6 M KOH electrolyte is the 
most promising one, and the largest capacitance of 846 F g� 1 is achieved in this electrolyte with remarkable 
stability. In addition, ZnO NM with 100 ALD cycles demonstrates advanced performance in all three aqueous 
electrolytes, mainly due to the effective ion adsorption/desorption or extraction/insertion in the electrode. The 
180-min flashing of a red LED powered by ZnO NMs supercapacitors suggests great potentials of NMs electrodes 
in practical applications.   
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1. Introduction 

Continuous energy demand is a key parameter for modern human 
society [1]. In order to maintain the living standard, the development of 
reliable, renewable, clean, and environmentally friendly energy storage 
and conversion systems with high capacity is required [2]. The 
non-conventional devices such as batteries, fuel cells, and super-
capacitors, are developed to converse chemical energy into electrical 
energy on the basis of various electrochemical reactions [3]. Among 
these energy storage devices, supercapacitors are captivated by their 
high-power density and long lifespan with no memory effect and 
approximately free of maintenance. In addition, the supercapacitors can 
function as a bridge for the power-energy difference, filling the gap 
between conventional capacitors and batteries/fuel cells [4–7]. These 
properties establish the supercapacitor an approachable energy device 
to rural areas [3]. Supercapacitors can be used in many devices and 
occasions such as mobile phones, laptops, digital cameras, hybrid ve-
hicles, and emergency doors [8,9]. The performance of supercapacitor 
depends on the electrodes, electrolytes, separators, and current collec-
tors [10]. Especially, the electrode material must have high conductiv-
ity, large surface area, and good temperature/chemical stability [3,11, 
12]. 

Among metal oxides [13–15], zinc oxide (ZnO) has been actively 
engaged in sensor, transducer, optoelectronics [16], catalyst [17], and 
energy storage devices [18]. The significant prominence of its electro-
chemical activity, low tariff as a raw material, and environmental 
compatibility promote ZnO for active materials of supercapacitor elec-
trode [19]. Unfortunately, the slow faradaic redox kinetics and electron 
transport capability at high rates affected the performance of the ZnO 
electrode, leading to low rate capability and poor stability [20]. In this 
perspective, ZnO nanostructures [13] and ZnO–C (e.g., activated car-
bon, carbon nanotubes, and graphene) composite structures have been 
evaluated as electrode materials [21]. For instance, Ranjithkumar et al. 
[22] embedded the ZnO nanorods on carbon nanotubes to enhance the 
electrochemical activity. However, the incorporation of carbonaceous 
materials might lead to relatively lower specific capacitance at high 
charge/discharge rates and sometimes reduced cycle’s life stability can 
be observed [23,24]. Recently, 2D structures with large surface to vol-
ume ratios like thin film structures have attracted tremendous attention 
for capacitive devices [25]. We consider that the 2D nanomaterials can 
improve the electron transportation and provide the highly multiple 
active reaction sites due to short path, and ultra-thin structures may also 
improve the stability on the basis of their mechanical softness [26,27]. 
Thus, the application of 2D ZnO nanostructures may pave the way for 
the future commercialization of ZnO electrode. 

Various techniques such as atomic layer deposition (ALD), spray 
pyrolysis, magnetron sputtering, chemical vapor deposition, sol-gel 
synthesis, and molecular beam epitaxy have so far been applied to 
synthesize the 2D ZnO nanostructures [28,29]. Among them, ALD 
technique has obvious advantages in fabricating nanomembranes (NMs) 
due to the properties of large surface area, precisely controlled thick-
ness, and highly conformal deposition [30–32]. The surface reaction of 
two precursors in a repeated manner ensures the deposition of uniform 
NMs with high quality [33]. Although ALD faces problems like low 
deposition rate, use of explosive/toxic precursors, high cost of pre-
cursors [34], ALD is capable of depositing materials at low temperature 
on sensitive substrates such as polymers and biological materials which 
would be damaged at high temperature [35–39]. In addition, ALD 
controls the chemical and physical natures of ultrathin films/NMs and 
the surface/interface properties can be tuned [40]. 

In the present work, in order to fabricate a pristine ZnO NMs 
supercapacitor electrode, we use ALD of ZnO on polyurethane sponge. 
We study the influence of the thickness of ZnO NMs which is accurately 
tuned. Their ultra-thin structures and high surface to volume ratios 
remarkably enhance the specific capacitance and the cycle stability. 
Detailed characterization of the ZnO NMs electrodes working in KOH, 

KCl, and Na2SO4 electrolytes is carried out. The results demonstrated 
that electrochemical performance is significantly affected by the elec-
trolyte. ZnO NMs electrode in KOH electrolyte is superior to that in the 
KCl electrolyte while it is far superior to that in Na2SO4 electrolyte, 
possibly due to the good affinity of the surface of ZnO NMs in an alkaline 
aqueous electrolyte. The most favorable achievements such as high 
capacitance, good rate capability, high energy/power densities, and 
good cycle stability at high mass loading are obtained in KOH electrolyte 
by electrode synthesized from ZnO NMs with 100 ALD cycles. The 
electrode prepared from NMs possesses a high surface area for ion 
adsorption/desorption and efficiently reduces the diffusion length, and 
the corresponding excellent performance may have great potential in 
practical applications. 

2. Methods 

2.1. ALD of ZnO NMs 

In order to grow ZnO NMs with high productivity, here ZnO NMs 
with various thicknesses (50, 100, and 200 ALD cycles) were deposited 
on a commercially available polyurethane sponge matrix by using ALD 
technique. The precursors, i.e., diethylzinc (DEZ) and deionized water 
(DIW) were delivered into the deposition chamber at 150 �C with the 
assist of N2 carrier gas. The precursors used were purchased from J&K 
Scientific Ltd., China. The flow rate of the carrier gas was 20 sccm. A 
typical ALD sequence enclosed the following: DEZ pulse (30 ms), wait-
ing time (2 s), N2 purge (20 s), DIW pulse (20 ms), waiting time (2 s), and 
N2 purge (20 s). The polyurethane sponge matrix was then removed 
after calcination under O2 atmosphere (600 mL min� 1) at 700 �C for 3 h. 
The left ZnO NMs were purified with ethanol and DIW to remove the 
residual impurities. 

2.2. Preparation of ZnO NMs electrode 

To develop ZnO NMs electrodes, 90 wt% of active materials (ZnO 
NMs with 50, 100 and 200 ALD cycles) and 10 wt% of binder (poly-
tetrafluoroethylene, PTFE) were used. A milling process was applied to 
obtain the homogeneous slurry of ZnO NMs and binder with a small 
quantity of ethanol. The electrode fabricated by uniformly depositing 
slurry onto the cleaned Ni foam was degassed at 60 �C for 2 h in a 
vacuum and finally pressed under 10 MPa pressure. All prepared elec-
trodes were soaked in corresponding electrolytes for 12 h to activate the 
electrode. 

2.3. Microstructural characterizations 

The morphologies, crystal structures, compositions, and surface 
areas of ZnO NMs were inspected by scanning electron microscopy 
(SEM, Zeiss Sigma)/atomic force microscope (AFM, Dimension Edge, 
Bruker), X-ray diffraction spectroscopy (XRD, Bruker D8A Advanced 
XRD with Cu Kα radiation, λ ¼ 1.5405 Å), Raman spectroscopy (Horiba 
Scientific Raman spectrometer, λ ¼ 514 nm), X-ray photoelectron 
spectroscopy (XPS, PHI 5000C EACA, with C 1s peak at 284.6 eV), and 
Quantachrome (QUADRA Win analyzer version 5.02) with liquid ni-
trogen (77 K) absorbate, respectively. 

2.4. Electrochemical characterizations 

The electrochemical characterizations were carried by Chenhua CHI 
660E electrochemical workstation. The electrochemical properties of 
the ZnO NMs working electrode were recorded on a three-electrode 
system equipped with Ag/AgCl reference electrode and Pt foil counter 
electrode. The cyclic voltammetry (CV), chronopotentiometry (CP), and 
electrochemical impedance spectroscopy (EIS, frequency range of 
1–100 kHz with an amplitude of 5 mV) measurements were performed 
at 25 �C in different electrolytes. The calculation methods of specific 
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capacitance and energy/power densities are described in Supplementary 
data. 

3. Results and discussion 

The rational design of ZnO electrode and corresponding super-
capacitor is shown in Fig. 1, and the potential application of powering a 
red LED is also demonstrated. In order to fabricate ZnO NMs with ac-
curate thicknesses, DEZ and H2O were used as ALD precursors to con-
formally coat the polyurethane sponge template at 150 �C as represented 
in Fig. 1a. Alternative purging of both precursors into the ALD reactor 
would produce saturated substrate surface and growth of ZnO layer by 
layer [41,42]:  

Zn (C2H5)2 þ H2O → ZnO þ 2C2H6                                                  (1) 

To ensure the separation of ZnO NMs from the sponge template, the 
coated samples were calcined at 700 �C for 3 h under O2 atmosphere. 
The polymer template was changed into CO2 and ZnO NMs were left 
[43]. ZnO NMs with different ALD cycles were finally obtained after 
rinsing in ethanol and DIW to remove organic and inorganic impurities. 
A large amount of ZnO NMs can be produced by the current 
template-assisted approach, as shown in Fig. S1a, which demonstrates 
the potential of current approach for mass production of electrode ma-
terials. Fig. S1b exhibits the AFM images of the edges of the ZnO NMs 
fabricated with different ALD cycles and corresponding thicknesses are 
derived. Here, the thicknesses are around 8.7 nm, 17.4 nm, and 34.8 nm 
for ZnO NMs fabricated with 50, 100, and 200 ALD cycles, as demon-
strated in Fig. S1b(i). Previous investigations showed that thickness 
evolution has a strong influence on the ZnO NMs structure [44], and the 
current ALD-based fabrication route provides a convenient way to study 
this influence. In addition, as one may expect, the obtained ZnO NMs 
possess large surface areas. The surface areas measured by the 
Brunauer-Emmett-Teller technique (Fig. S1c) represents the surface 
areas of ZnO NMs with 50, 100, and 200 ALD cycles are 92.306, 51.598, 
and 27.251 m2 g� 1 respectively, due to the thickness tuning. The mor-
phologies of the as-prepared ZnO NMs were studied by SEM and the 

results are shown in Fig. 1b–d and Figs. S2, S3, and S4. The SEM images 
in Fig. 1b–d displays that the ZnO NMs with 50, 100, and 200 ALD cycles 
are obtained in the lateral size of tens of microns. ZnO NMs with 50 ALD 
cycles in Fig. 1b demonstrates some small holes (red circles). The 
enhanced flexibility from ultra-thin nature also leads to observed folded 
edges, ripples, and curls. With the increasing ALD cycles, thicker ZnO 
NMs become stiffer [45,46], as can be observed in the samples with 100 
(Figs. 1c) and 200 (Fig. 1d) ALD cycles. In addition, the additional SEM 
images in Figs. S2, S3, and S4 illuminate the smooth surfaces of the NMs 
fabricated with different ALD cycles and the uniformity of the NMs is 
clearly reflected by the cross sections highlighted by the dashed rect-
angles therein. The present results demonstrate the ALD with good 
thickness tuning ability can produce ZnO NMs with different morphol-
ogies and the free-standing ultra-thin ZnO NMs fabricated by current 
approach can possess good flexibility. 

The increase of the thickness may also lead to a change in the 
structural properties of the NMs. Here, the crystallization and phase 
information of the ZnO NMs were investigated by XRD patterns. Fig. 2a 
shows XRD patterns of ZnO NMs with different ALD cycles. All the 
diffraction peaks can be well-indexed to the wurtzite hexagonal phase 
(space group P63mc, JCPDS 36–1451) [47], and the strongest peaks are 
summarized in Table S1. The XRD results prove that the samples are 
pure ZnO without carbon residue and other detectable impurities [48]. 
In addition, sharp diffraction peaks indicate the improved crystal quality 
of the ZnO NMs after high temperature treatment in our experiment 
[49]. The structure of ZnO NMs were further investigated nondestruc-
tively with the help of Raman spectroscopy [50]. Fig. 2b shows the 
typical Raman spectrum from ZnO NMs with 100 ALD cycles, and 
Raman mode at 326.5 cm� 1 from the zone-boundary phonons of 2-E2(M) 
can be observed [33]. The dominant peak at 436 cm� 1 is the charac-
teristic band of the wurtzite phase and linked to the E2 (high) vibration 
mode with orientation in the c-axis [51]. No carbon-related Raman peak 
can be observed, improving the high purity of ZnO NMs fabricated by 
current approach. In Fig. 2c, XPS spectra from ZnO NMs with 100 ALD 
cycles are displayed. The results demonstrate the presence of oxygen O 
1s peak at 531.6 eV and Zn 2p1/2 and Zn 2p3/2 peaks at 1045.8 and 

Fig. 1. Design and morphologies of ZnO NMs with various thicknesses. (a) Schematic of the fabrication procedure of ZnO NMs electrode and corresponding 
supercapacitor. (b-d) SEM images of ZnO NMs with (b) 50, (c) 100, and (d) 200 ALD cycles. The red circles in (b) represent the existence of the holes in ZnO NMs. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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1022.8 eV respectively in wurtzite structure. Moreover, the binding 
energy of Zn 2p3/2 peak confirms that the Zn element exists mainly in the 
form of Zn2þ ions [52]. 

The electrochemical properties of ZnO NMs electrodes were studies 
in 6 M KOH, 1 M KCl, and 6 M Na2SO4 aqueous solutions. Firstly, the 
performance of ZnO NMs electrodes with high mass loading of ~14 mg 
cm� 2 was characterized in 6 M KOH electrolyte. The CV curves of 

electrode made from ZnO NMs with different ALD cycles were recorded 
at various scan rates in the potential range of 0–0.6 V (vs. Ag/AgCl), and 
the results are shown in Figs. 3a, S5a, and S6a. All CV profiles present a 
pair of strong redox peaks, which is undoubtedly capacitive character-
istics of the Faradaic redox reaction of pseudocapacitor [53]. The 
occurrence of surface Faradaic process could be either redox reaction of 
surface functional groups, or chemical adsorption/desorption [54]. 

Fig. 2. Structural Characterization of ALD synthesized ZnO NMs: (a) XRD patterns of ZnO NMs with 50, 100, and 200 ALD cycles. The peaks from wurtzite ZnO are 
marked. (b) Raman spectrum of ZnO NMs with 100 ALD cycles. The inset shows the diagram of E2 mode. (c) XPS spectrum of ZnO NMs with 100 ALD cycles. 

Fig. 3. Electrochemical performance of ZnO NMs with 100 ALD cycles in 6 M KOH aqueous solution. (a) CV profiles at scan rates of 5–3000 mV s� 1. The inset shows 
the CV curves with large scan rates. (b) Charge/discharge profiles at different current densities. (c) Specific capacitance as a function of the current density. (d) 
Ragone plot of energy and power densities of ZnO NMs electrode. The inset is the Nyquist plot. 
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Therefore, the possible Faradaic process in our experiment with 6 M 
KOH electrolyte is described as follows [47,55,56]:  

ZnO þ OH� ↔ ZnOOH þ e� (4)  

and ZnO þ Kþ þ e� ↔ ZnOK.                                                         (5) 

In Fig. 3a, a good redox activity of ZnO NMs with 100 ALD cycles is 
shown and similar CV curves in the scan rates ranging from 5 to 50 mV 
s� 1 can be observed. With further increased scan rate (500–3000 mV s� 1 

in the inset), CV curves demonstrate great rate stability but a diminution 
of redox peaks is noticeable which is possibly due to the slow surface 
kinetics/response towards fast sweep rate [57]. At the end of the CV 
curve, a sharp peak indicates the evolution of oxygen during the elec-
trochemical measurement [58]. We also check the property of thinner 
ZnO NMs with 50 ALD cycles, and similar redox activities were obtained 
(Fig. S5a). While for ZnO NMs with 200 ALD cycles (Fig. S6a), limited 
electrical conductivity at high scan rate is ascribed to the thickness 
enhancement [59]. In addition, the edge of CV curves in the inset of 
Fig. S6a with scan rates of 50–500 mV s� 1 represents a longer diffusion 
path with dead mass at constant current densities which could be 
possibly due to the inaccessibility of electrolyte ions [60]. The stabilities 
of the ZnO NMs in 6 M KOH was examined by CP at various current 
densities in the potential range of 0–0.6 V, and the results are displayed 
in Figs. 3b, S5b, and S6b. The appearance of nonlinear CP curves with 
obvious potential plateaus is highly consistent with Faradaic CV curves. 
In general, the charging/discharging kinetics includes the electrolyte 
ions insertion/extraction or adsorption/desorption at the electro-
lyte/electrode interface. The potential plateau is observed in galvano-
static charge distribution which corresponds to the anodic peak at about 
0.6 V in CV behavior. The transformation of the plateau to a higher 
voltage at higher current densities is the representation of stronger po-
larization [61]. The specific capacitance of ZnO NM electrode with 
different NMs thicknesses is shown in Figs. 3c, S5c, and S6c. The 
calculated gravimetric capacitance at different current densities of 
electrode fabricated from ZnO NMs with 50, 100 and 200 ALD cycles 
were 104-27, 846-92, and 197-85 F g� 1 respectively. The significant 
capacitance drop of the ZnO NMs electrodes at higher current densities 
can be attributed to high ion diffusion resistance, slow electrolyte 
penetration, and poor electrical conductivity [62,63]. Especially, the 
stack of the NMs in the electrodes hinders efficient electrolyte pene-
tration, leading to the drop of capacitance at high current [53]. It is 
worth noting that the capacitances of our samples are higher compared 
with those reported in other ZnO-related nanostructures [55,64,65], 
proving the superiority of ZnO nanostructure in the form of 
ALD-produced ultra-thin NMs. 

In addition, Fig. 3c illustrates the highest specific capacitance values 
for ZnO NMs with 100 ALD cycles. The best performance of ZnO NMs 
with 100 ALD cycles may be connected with suitable ions diffusion, 
more active sites, and lower interfacial resistance [60]. Obviously, in the 
case of ZnO NMs with 100 ALD cycles, the flexibility with increased 
surface area accessibility well-facilitated path of electrons trans-
portation under charging/discharging process [61], and the ascended 
Faradaic process is closely connected with the higher electron mobility 
and fast ions diffusion during electrode/electrolyte surface intercalation 
[66]. On the other hand, the ZnO NMs with 50 ALD cycles are more 
flexible but overlap, curls, and holes (Figs. 1b and S2) deteriorate the 
performance. Further, the power densities and energy densities of the 
ZnO NMs electrodes were also calculated and the energy densities in the 
ranges of 5-1, 42-5, and 10-4 Wh kg� 1 were obtained from ZnO NMs 
with 50, 100, and 200 ALD cycles, respectively, when the power density 
increases from 300 to 1500 W kg� 1 (Figs. 3d, S5d, and S6d). The specific 
capacitance and energy density reduction with increased current density 
in all samples (see also Tables S2 and S3) can be attributed to the un-
sustainable active sites in the redox transitions due to the unsatisfactory 
diffusion rate of the ions [53]. In order to go deeper into the kinetics of 
the ion insertion/extraction, EIS characterization was carried out. The 

results in the inset of Fig. 3d reveals a small resistance at low-frequency 
region for ZnO NMs with 100 ALD cycles, suggesting an easier ions 
transportation process. On the other hand, the EIS results in the inset of 
Fig. S5d for ZnO NMs with 50 ALD cycles indicate the unfavorable ions 
transportation due to the presence of voids, holes, and curls in the 
thinnest NMs. Besides this, the thick ZnO NMs with 200 ALD cycles also 
demonstrates large resistance (inset of Fig. S6d), impacting the ion 
insertion/extraction [67]. The enhanced volume to surface ratio of ZnO 
NMs with 200 ALD cycles thus reduces the performance remarkably. 
Overall, the Nyquist plots prove that the electrode made from ZnO NMs 
with 100 ALD cycles possesses good pseudocapacitive behavior in 
comparison to those with 50 and 200 ALD cycles. 

We also investigated the performances of ZnO NMs electrodes in 
different electrolytes to check the influence of the electrolyte. For this 
purpose, electrodes prepared from 100 to 200 ALD cycles were tested in 
KCl and Na2SO4 solutions (see also Supplementary data). The specific 
capacitances of ZnO NMs electrodes at various current densities were 
calculated, and the results are exhibited in Fig. 4 and Table S2. The 
specific capacitances of ZnO NMs with 100 ALD cycles in 1 M KCl so-
lution are 64 to 8 F g� 1, corresponding to current densities of 2–5 A g� 1 

(green bars in Fig. 4a, and specific capacitance at 1 A g� 1 can be found in 
Table S2). While in 6 M Na2SO4 solution, the specific capacitances are 19 
to 7 F g� 1 correspondingly (blue bars in Fig. 4a, and specific capacitance 
at 1 A g� 1 can be found in Table S2). For thicker ZnO NMs with 200 ALD 
cycles, the specific capacitances are 9-3 F g� 1 in 1 M KCl and 4-2 F g� 1 in 
6 M Na2SO4 corresponding to current densities of 1–5 A g� 1. Obviously, 
the performance of the electrode is different in different electrolytes. We 
consider the reason is mainly due to the size of the ions in the electrolyte. 
Smaller size of Cl� ions can easily interact with the surface while larger 
SO� 4 ions have less conductivity [68]. And the enhanced performance in 
KOH solution could be ascribed to the dominate diffusion of OH� ions 
which is small and strongly solvated in solution. Furthermore, we 
compare the performance of supercapacitor electrodes prepared from 
ALD ZnO NMs with electrodes fabricated from other ZnO-based 
micro-/nano-structures, and significant performance enhancement is 
noticeable (see Table S4), proving the advantage of the current 
ALD-based approach in producing energy storage devices. 

The cycling stability characteristic plays an important role in prac-
tical applications [69]. Fig. 5a demonstrates the cycle performance of 
the electrode fabricated from ZnO NMs with 100 ALD cycles. After 
cycled for 5000 times in 6 M KOH solution, the electrode maintains 89% 
of its initial capacitance. The good cycle performance in the current case 
is probably due to the large surface area with good electrolyte accessi-
bility which provides the active path for ions/electrons transportation. 
In addition, the ALD ZnO NMs are very thin with good flexibility, which 
may also contribute to the remarkable stability. Fig. 5b demonstrates 
that two constructed supercapacitors connected in series can flash a red 
LED light for more than 180 min (Video S1). The initial voltage is 
observed at 1. 43 V, as shown in Fig. 5b. The voltage increases to ~1.5 V 
within 15 min and is maintained for 45 min indicating good stability. 
After that, the small voltage drops to ~1.45 V occurs and the LED is on 
for 180 min. The results demonstrate that ALD synthesized ZnO NMs 
could be a promising material for practical energy storage applications. 

Supplementary data related to this article can be found at https:// 
doi.org/10.1016/j.jpowsour.2020.227740. 

4. Conclusion 

A large amount of free-standing ZnO NMs were synthesized with ALD 
technique and explored as supercapacitor electrodes. The performance 
of the electrodes made from thin ZnO NMs with different thicknesses 
were investigated. Especially, electrode fabricated from ZnO NMs with 
100 ALD cycles demonstrates a high specific capacitance of 846 to 92 F 
g� 1 in 6 M KOH, 465 to 8 F g� 1 in 1 M KCl, and 65 to 7 F g� 1 in Na2SO4 
electrolyte, corresponding to current density of 1–5 A g� 1. The corre-
sponding cycling test in 6 M KOH electrolyte exhibits good stability and 
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the electrode maintains 89% of its initial capacitance after 5000 cycles. 
The excellent performance of ZnO NMs electrode is ascribed to the large 
surface excess and enhanced ion intercalation/deintercalation, which 
provides the fast ions transportation into ZnO NMs structure. The flex-
ibility of the thin NMs is considered to contribute to the enhanced sta-
bility. The characterization of the electrodes in different electrolytes 
indicates the Kþ and OH� ions are good exchangers and the best per-
formance is obtained in KOH electrolyte. The fabricated pseudocapaci-
tor device can flash a red LED with potential constancy for 180 min. The 
ZnO NMs provides a new option in the development of energy storage 
device to achieve a goal of high energy and power densities with 
appropriate material-electrolyte compatibility selection. 
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