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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• Cubane@CNT prepared by ball milling 
technique.

• TEM indicates well aligned cubane on 
CNT.

• Sp. Capcitance 396 F/g at a current in
tensity of 2 mA/cm2.

• Power density of 123.75 W h kg− 1 at an 
energy density of 1.5 W/kg

• Superior energy storage performance 
and commercial potential.
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A B S T R A C T

Interest in the field of next generation energy storage devices using eco-friendly and economic pathways has 
grown dramatically by utilizing the nanocomposites. Nevertheless, their interim energy retainability and 
insignificant strength are interpreted as limitations to overcome. In the current work we integrated copper-based 
cubane cluster with carbon nanotube (cubane@CNT) by a facile green ball milling technique followed by 
crystallization with hot toluene. The structural integration of the cubane@CNT composite is resolved by the 
assistance of analytical tools. The Transmission electron microscopy (TEM) and Field emission scanning electron 
microscope (FESEM) analysis indicated the well-organized cubane on CNT. The specific capacitance shown by 
pristine cubane is 327 F/g. The cubane@CNT nanoarchitecture demonstrated an elevated capacitance of 396 F/g 
at current intensity of 2 mA/cm2 and a cyclic retention of 96 % with 5000 charge/discharge cycles. In adding up, 
the cubane@CNT showed an excellent power density of 123.75 W h/kg and energy density of 1.5 W/kg. The 
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findings would flag a new approach of eco-friendly synthetic protocols for preparing ingredients concerning the 
enhanced-performing energy storing tools and commercial viability.

1. Introduction

The rapid development of energy storage technologies has triggered 
growing interest not only in innovative device design but also in the 
molecular-level engineering of new electrode materials suitable for in
dustrial fabrication. With the increasing penetration of renewable en
ergy [1] and the widespread use of portable electronics and electric 
vehicles, there is an urgent demand for devices that can deliver high 
power density, excellent cycle stability, and sustainable operation. 
Among various storage technologies [2–6], supercapacitors and batte
ries play complementary roles, with supercapacitors offering superior 
power characteristics and batteries delivering high energy density [7]. 
The consistency, stability, and long-term performance of such devices 
are crucial in enabling reliable integration into advanced energy 
systems.

Supercapacitors [8,9], also known as ultracapacitors, have emerged 
as highly promising energy storage devices owing to their fast char
ge–discharge capability, high power density, and long cycle life. They 
are increasingly employed in hybrid vehicles, grid-balancing systems, 
regenerative braking, and portable electronics where both power de
livery and durability are essential. Supercapacitors can be broadly 
categorized into two classes: (i) pseudocapacitors [10], which rely on 
rapid Faradaic redox reactions occurring at or near the electrode surface, 
typically in transition-metal oxides [11], sulfides [12], and conducting 
polymers [13]; and (ii) electrical double-layer capacitors (EDLCs) [14], 
where charge is accumulated electrostatically at the electro
de–electrolyte interface, as commonly observed in carbon-based mate
rials. The electrochemical performance of supercapacitors is determined 
by a combination of material properties including conductivity, 
porosity, ion transport behavior, and structural stability [15].

In particular, carbon nanostructures such as activated carbon, gra
phene, and carbon nanotubes (CNTs) have been extensively investigated 
for EDLC applications due to their high electrical conductivity, me
chanical strength, and chemical stability [16]. Among them, CNTs are 
especially attractive because of their one-dimensional structure, high 
aspect ratio, and ability to form conductive networks [17,18]. However, 
pristine CNTs typically exhibit modest specific capacitance due to their 
limited accessible surface area and the lack of redox-active sites [19]. To 
overcome these drawbacks, extensive efforts have been devoted to 
functionalization, doping, and hybridization strategies aimed at 
enhancing their electrochemical performance.

Hybrid materials that combine CNTs with transition-metal-based 
nanostructures or conducting polymers have shown particularly prom
ising results [20,21]. For example, NiCo2O4 nanosheets grown on CNTs 
[22], NiSe nanoparticle-decorated CNT composites [23], and 
MOF-derived hybrids have demonstrated improved capacitance [24], 
rate capability, and stability. In such systems, the CNTs provide a 
conductive backbone that ensures fast electron transport [25], while the 
integrated transition-metal species introduce pseudocapacitive contri
butions and additional redox-active sites. Similarly, CNT–polymer hy
brids have exhibited cooperative effects arising from molecular-level 
interactions, enhanced surface area, and shortened ion transport path
ways. In addition, eco-friendly carbons derived from biowaste [26,27] 
have been successfully combined with CNTs to create low-cost electrode 
materials, underscoring the potential for sustainable approaches.

Despite these advances, challenges remain. Many existing CNT-based 
hybrids still suffer from issues such as poor cycling durability, agglom
eration of nanoparticles, or complex synthetic routes that are difficult to 
scale. Therefore, there is a strong incentive to explore green, scalable, 
and cost-effective methods for producing high-performance CNT-based 
composites.

In recent years, synthetic methodology has been recognized as a key 
factor in determining both the electrochemical performance and the 
commercial viability of electrode materials. Conventional techniques 
such as hydrothermal synthesis, sol–gel methods, and electrospinning 
can provide excellent control over morphology but are often associated 
with toxic solvents, multi-step procedures, or limited scalability. By 
contrast, green synthesis routes [28] including microwave processing, 
sonochemical approaches, and mechanochemical methods are emerging 
as promising alternatives due to their reduced environmental impact, 
lower cost, and scalability.

Among these, high-energy ball milling [29] has gained particular 
attention as a mechanochemical synthesis method. It is a simple, 
solvent-free, and eco-friendly technique that uses mechanical forces 
such as fracture, shear, and cold welding to produce nanostructured 
materials with high reactivity and uniform mixing. Ball milling offers 
several advantages: it is cost-effective, reproducible, and versatile for 
producing a wide range of materials, including carbon-based compos
ites, polymer–nanotube hybrids, and transition-metal oxides. Recent 
reports have demonstrated the successful application of ball milling in 
the preparation of doped carbons, polymer composites, and even 
organic semiconductors for light-emitting devices, highlighting its 
versatility beyond traditional materials [30]. For energy storage appli
cations, ball milling provides an efficient route to create composites with 
nanoscale architectures, defect sites, and large accessible surface areas, 
which are beneficial for both ion and electron transport.

Within this context, the design of hybrid electrodes that integrate 
carbon nanotubes with redox-active molecular architectures has 
emerged as an exciting direction. One such architecture is the cubane 
cluster [31], a copper-based cluster with unique electronic properties 
and abundant active sites. By combining cubane clusters with CNTs, it is 
possible to combinely enhance electrochemical performance: CNTs act 
as conductive pathways that facilitate rapid electron transfer, while 
cubane introduces additional Faradaic activity and structural diversity 
[32].

In the present work, we report the fabrication of a novel cuba
ne@CNT composite prepared via a facile green ball milling approach 
followed by crystallization in hot toluene. This eco-friendly synthetic 
route ensures reproducibility, scalability, and minimal environmental 
impact, while yielding a hybrid material with well-dispersed cubane 
clusters anchored onto CNT frameworks. The structure and composition 
of the composite were systematically characterized by XRD, TEM, SEM, 
and XPS, which confirmed the successful integration of cubane onto the 
CNT surface and uniform distribution of constituent elements.

Electrochemical evaluation revealed that the cubane@CNT com
posite delivered an enhanced specific capacitance of 396 F/g at a current 
density of 2 mA/cm2, superior to pristine cubane electrodes. The ma
terial also exhibited remarkable cycling stability, retaining 96 % of its 
capacitance after 5000 charge–discharge cycles, as well as a high-power 
density of 123.75 W h/kg at an energy density of 1.5 W/kg. These results 
demonstrate the synergistic effect between cubane and CNTs, where 
cubane provides abundant surface redox sites while CNTs enable fast 
ion/electron transport and prevent structural collapse during cycling.

This study thus establishes a promising strategy for designing next- 
generation electrode materials for supercapacitors by combining 
redox-active molecular clusters with conductive carbon nanostructures 
using green, scalable methods. Beyond advancing the fundamental un
derstanding of cubane–CNT interactions, this work underscores the 
broader importance of eco-friendly mechanochemical synthesis in the 
development of sustainable, high-performance energy storage devices.
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2. Results and discussion

The preparation of Cubane@CNT is accomplished by utilizing the 
highly efficient and environmentally friendly ball milling wherein 
strong mechanical forces plays significant role using the copper iodide, 
triphenyl phosphene and carbon nanotube precursors. The crude prod
uct obtained further purified by crystallization with hot toluene. The 
schematic presentation for the preparation of Cubane@CNT is presented 
in Fig. 1 (a). The pristine cubane is also prepared by the same procedure 
without using carbon nanotubes. Mechanism for cubane formation is as 
previously reported in the literature. The synthesis with a CuI: PPh3 ratio 
of 1 : 3 yielded upon crystallization the monomer [CuI(PPh3)3] [33], but 
also a new polymorph [CuI(PPh3)3] which is a metastable form. A CuI: 
PPh3 ratio of 1 : 2 yielded the dimer [CuI(PPh3)1.5]2 [34] and, finally, a 
CuI: PPh3 ratio of 1 : 1 yielded the crystallization of the cubane-like 
compounds [CuI(PPh3)]4 [35]. The photographic images of synthe
sized cubane and cubane@CNT are shown in Fig. 1 (c) and (d) 
respectivelly. 

1 CuI+3 PPh3→ [CuI(PPh3)3] Eq (1) 

1 CuI+ 2 PPh3→ [CuI(PPh3)1.5]2 Eq (2) 

1 CuI+1 PPh3→ [CuI(PPh3)]4 Eq (3) 

1 CuI + 1 PPh3 + CNT→ [CuI(PPh3) ]4
/
CNT

Cubane@CNT Eq (4) 

In order to understand the phase purity the XRD measurements were 
carried out and the XRD patterns of cubane and cubane@CNT are 
illustrated in Fig. 1b manifesting the crystalline nature of cubane on CNT 
architecture. The signals for I-Cu are observed at 8 and 9 ◦A, whereas Cu- 
Cu signals appeared at 10 and 11◦A. The peaks at 16, 17 and 18 ◦A are 
ascribed to Cu-P. The weak signals emerge at 3◦A for I-Cu-I. The signals 
for the cubane are well agreeing with our earlier report [36]. Never
theless, in case of cubane@CNT additional minor peaks observed for 002 

plane of CNT at 25.2◦ as the 2θ value [37]. All the characteristic signals 
strongly support the formation of cubane@CNT. The results are well 
agreed with the theoretical studies [38] and also with literature report 
[39].

The surface morphology studies for the cubane@CNT are carried out 
by using TEM and SEM analysis the results are displayed in Figs. 2 and 3, 
respectively. The TEM images of various magnification are shown in 
Fig. 2a–c. The TEM micrographs (Fig. 2a–c) clearly demonstrate the 
successful integration of cubane clusters onto the CNT framework. At 
low magnification, the CNTs exhibit a uniform tubular morphology with 
well-defined walls, while higher magnification reveals cubane nano
particles anchored along the nanotube surfaces. The intimate contact 
between cubane and CNT suggests efficient interfacial interactions, 
which are crucial for charge transfer during electrochemical processes. 
The high-resolution TEM (Fig. 2d) shows lattice fringes corresponding to 
the (002) plane of CNTs, with an interplanar spacing of ~0.34 nm, 
confirming the preservation of graphitic order. Additional fringes 
observed at ~0.21 nm can be attributed to cubane domains, validating 
their crystalline nature after ball milling and crystallization. The 
selected area electron diffraction (SAED) pattern (Fig. 2e) further in
dicates a semi-crystalline nature with concentric rings, consistent with 
the coexistence of ordered CNTs and polycrystalline cubane particles. 
The lattice parameters are calculated and presented in Fig. 2(f and g).

SEM analysis provides complementary evidence of the morpholog
ical features of the cubane@CNT composite. Pristine CNTs (Fig. 3a–c) 
display a typical entangled fibrous network, whereas after hybridization 
with cubane (Fig. 3d–f), a distinct surface roughness and granular 
decoration along the CNTs can be observed. The map sum spectrum 
(Fig. 3g) and elemental mapping (Fig. 3(h–l)) demonstrates homoge
neous distribution of Cu, P, I, and C throughout the composite, con
firming the uniform dispersion of cubane clusters across the CNT 
network. This uniformity is essential to avoid localized aggregation, 
thereby enhancing electrochemically active surface area and ensuring 
reproducibility of performance. The cubane nanoparticles appear as 
bright, uniformly dispersed islands on the nanotube scaffold, signifying 

Fig. 1. (a) Scheme for the preparation of cubane@CNT by ball milling (b) XRD for cubane@CNT, photographic images of (c) cubane and (d) cubane@CNT
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effective attachment without noticeable agglomeration. This architec
ture promotes enhanced electrolyte accessibility and short ion-diffusion 
paths. Moreover, the interlaced CNT framework serves as a mechani
cally robust skeleton that prevents cubane detachment during repeated 
charge–discharge cycles. The observed morphology thus supports the 
superior cycling stability of cubane@CNT, as the CNT backbone miti
gates structural collapse while cubane provides abundant redox-active 
sites. The synergistic morphology, verified by SEM, underpins the high 
capacitance and long-term retention reported in the electrochemical 
measurements. The bulk nano islands of cubane are clearly seen on CNT 
as determined by the SEM and TEM analysis. SEM imagaes for pristine 
cubane is displayed in Fig. S1.

The surface analysis of the cubane@CNT composite is determined by 
XPS analysis and presented in Fig. 4(a-d). The Cu 2p XPS spectrum is 
presented in Fig. 4 a show that there are two peaks at 953.5 and 932.4 eV 
corresponding to the Cu 2p1/2 and Cu 2p3/2, respectively, confirming the 
existence of Cu in the sample [40]. The I 3 d spectrum is presented in 
Fig. 4 b demonstrated two peaks at binding energies 632.0 and 620.2 ev 
were assigned to I 3d3/2 and I 3d5/2 manifesting presence of I atom in the 
composite [41] As shown in Fig. 4 c the peak at binding energy 129.94 

eV is allocated to P 2p of the composite [36]. The C1s XPS spectra is 
presented in Fig. 4 d shows two distinguishing peaks at 283.53 ev for sp2 
carbon particularly for materials like amorphous carbon of CNT and 
284.7 for C-C carbon of triphenyl ring [42]. The shift in the Cu 2p peaks 
from 952.0 to 932.1 eV corresponding to the Cu 2p1/2 and Cu 2p3/2 to a 
higher binding energy of 953.5 and 932.4 eV followed by shift of P 2p 
from 130.2 eV to 129.94 eV indicates the formation of P-Cu bond. Thus, 
the surface analysis manifested the presence of Cu 2p, I 3 d, C 1s, and P 
2p in the cubane@CNT which is well supported by SEM EDS analysis. 
BET estimation was utilized to examine the surface qualities of cubane 
and Cubane@CNT and presented in Fig. S2 indicting the enlarged sur
face area (438.6 cm3/g), which is greater than that of the of pristine 
Cubane NPs (102.3 cm3/g). Pure Cubane and Cubane@CNT fusion 
presented category of typical IV isotherms, which were attributed 
mesoporous material existed in both samples [43,44].

Fig. 5a-c presents the CV profiles of cubane and cubane@CNT elec
trodes, recorded in a three-electrode configuration at scan rates ranging 
from 10 to 100 mV/s within the potential window of − 1 to 0.5 V vs. Ag/ 
AgCl. The mass loading of active material was maintained at 1 mg/cm2. 
CV curve demonstrates cubane and cubane@CNT electrode having 

Fig. 2. (a–c) TEM inmages cubane@CNT with different magifications, (d) HRTEM of cubane@CNT, (e) SAED pattern of cubane@CNT, (f–g) lattice parameters.
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potential sweeps from − 1 to 0.5 V as unique appearance amongst 
compelling pair of redox peaks about the anodic and cathodic sites. The 
area enclosed by CV curve of cubane@CNT electrode is significantly 
larger compared to that of bare cubane electrode at 10 mV/s (Fig. 5a). 
This is due to CNTs provide a highly conductive network that improves 
electron transport, lowering internal resistance and enabling more 
efficient redox activity of cubane. Also, CNTs offer a porous, high- 
surface-area framework that exposes more active sites of cubane for 
electrochemical reactions. [45,46]

Fig. 5b and (c) show the CV curves of cubane and cubane@CNT 
electrodes respectively, investigated at various scan rates ranging from 
10 to 100 mV/s within a − 1 to 0.5 V vs Ag/AgCl potential window. It is 
observed that, with increasing scan rate up to 100 mV/s, the CV curves 
of electrodes exhibit a more rectangular shape. The absence of distinct 
redox peaks indicates charge storage mechanism is predominantly 
governed by an electric double-layer process. These is no change in CV 
shape for varying scan rates shows good rate capability of Cubane and 
Cubine@CNT electrode materials [47].

During the charge storage process, a large number of K+ ions accu
mulate at the electrode–electrolyte interface, forming an electric double 
layer. In the case of the cubane@CNT electrode, the observed features 

indicate that an interconnected architecture provides abundant and 
well-defined surface redox-active sites. These active sites are generated 
through the synergistic interaction between cubane and CNT, which not 
only enhances ion accessibility but also promotes efficient surface redox 
reactions. Moreover, the presence of defect-rich sites further contributes 
to improved charge storage by facilitating reversible faradaic processes 
[39].

From CV analysis the specific capacity of as fabricated electrodes has 
been investigated using equation below, 

Csp =

∫
I dV

m × dV × ϑ
(5) 

Where, 
∫

I dV: area under the CV curve at specific scan rate, m: depos
ited mass of electrode material, dV: potential window, ϑ: scan rate.

The specific capacities of cubane calculated at different scan rates, 
10, 20, 40, 60 and 100 mV/s were found to be 103.5 F/g, 74.7 F/g, 54.6 
F/g, 45.4 F/g, 39.9 F/g and 32.2 F/g respectively. In the case of cuba
ne@CNT electrodes, the capacities determined were 139.1 F/g, 113.7 F/ 
g, 89.1 F/g, 75.8 F/g, 68.4 F/g and 63.9 F/g respectively. It is observed 
that the specific capacity of cubane@CNT electrode (139.1 F/g) is 
higher than that of bare cubane electrode (103.5 F/g) at a scan rate of 

Fig. 3. SEM images for (a-c) CNT, (d–f) cubane@CNT, (g) sum map spectrum for cubane@CNT, (h–l) Mapping showing P, C, I, Cu.
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10 mV/s. This corresponds to an increase in charge storage capacity of 
approximately 25 % upon compositing cubane with CNT.

The cubane@CNT composite exhibits a significantly enhanced 
capacitance compared to the individual components. This improvement 
arises from the synergistic interaction between cubane nanostructures 
and CNTs, which prevents aggregation of active materials, reduces CNT 
stacking, and provides a larger accessible electrochemical surface area. 
As a result, both the pseudocapacitance of cubane and the electric 
double-layer capacitance of CNTs are effectively utilized, leading to 
superior overall charge storage performance. .

2.1. Charge storage kinetics

The charge storage kinetics of cubane and cubane@CNT electrodes 
were systematically evaluated from CV curves recorded at different scan 
rates, as shown in Fig. 5b and (c), using Dunn’s method. The relationship 
between the scan rate (ϑ) and the corresponding current at a fixed po
tential was employed to distinguish the capacitive-controlled (k1ϑ) and 
diffusion-controlled (k2ϑ1/2) contributions according to the following 
equation: 

i= k1ϑ + k2ϑ1/2 (6) 

Fig. 5(h–i) presents the column graph illustrating the relative con
tributions of capacitive (EDLC) and diffusion-controlled (redox) pro
cesses within the total current at scan rates ranging from 10 mv/s to 100 
mV/s. It is observed that the cubane electrode exhibits a dominant 
diffusion-controlled contribution of ~73.2 %. Upon compositing with 

CNT, this contribution decreases to 59.1 %, which is consistent with the 
well-known EDLC characteristics of CNT-based materials. Furthermore, 
Fig. 5(h and i) highlights the increase in capacitive contribution for both 
cubane and cubane@CNT electrodes with increasing scan rates. Spe
cifically, the capacitive fraction progressively enhances from 10 mV/s to 
100 mV/s, confirming the faster charge transfer kinetics and improved 
surface-driven storage at higher scan rates.

Moreover, the energy storage and power delivery performance of 
electrode was investigated by measuring galvanostatic charge-discharge 
tests at different applied current density for electrode materials. Fig. 5d 
shows, GCD of cubane and cubane@CNT compared at 2 mA/cm2 within 
a − 1 to 0.5 V vs Ag/AgCl potential window. The shape of GCD curve 
seems to be nearly triangular confirms pseudocapacitive behavior of 
fabricated electrode material. The energy storage capacity of electrode 
in term of specific capacity (Csp), energy density (ED), power density 
(PD) and etc. have been calculated based on GCD data using equations 
mentioned below [48–50]. 

Csp =
I × dT
m × dV

(7) 

ED=
1

2 × 3.6
Csp × dV2 (8) 

PD=
ED
dT

× 3600 (9) 

where, I: applied current density, dT: discharge time, m: deposited mass, 

Fig. 4. XPS spectra for cubane@CNT, (a) Cu 2p, (b) I 3 d, (c) P 2p, (4) C1s.
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and dV: potential window.
The calculated specific capacity from GCD curves of cubane and 

cubane@CNT is about 326 F/g and 396 F/g respectively, at 2 mA/cm2 

applied current density. The CNT network improves electrical conduc
tivity and ion diffusion, reducing internal resistance. This enables more 
complete utilization of cubane’s redox-active sites during 

charge–discharge, which is reflected as extended discharge curves. The 
hybrid electrode benefits from the pseudocapacitance of cubane (surface 
redox reactions) and the EDLC from CNT (fast ion adsorption). Together, 
these effects broaden the discharge profile and increase the effective 
capacity.

In addition, the GCD curves of cubane and cubane@CNT electrodes 

Fig. 5. (a) CV for cubane and cubane@CNT at 10 mV/s, (b) CV for cubane at 10 - 100 mV/s, (c) CV for cubane@CNT at 10 - 100 mV/s, (d) GCD for cubane and 
cubane@CNT at 2 mA/cm2, (e) GCD for cubane at different current rage, (f) GCD for cubane@CNT at different current range, (g) Specific capacance of cubane and 
cubane@CNT, (h & i) charge storage kinetics of cubane and cubane@CNT electrodes at 10 - 100 mV/s.

Fig. 6. (a) EIS for cubane and cunane@CNT, (b) Energy density vs Power density for cubane and cubane@CNT.
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were recorded at different current densities (2, 3, and 5 mA/cm2), as 
shown in Fig. 5(e and f). In case of cubane the specific capacitance 
observed were 326, 104 and 63 F/g whereas the corresponding cuba
ne@CNT delivered 396, 192 and 126 F/g at 2, 3, and 5 mA/cm2res
pectively. It is observed that the specific capacity decreases with 
increasing current density, which is a typical behavior of electrode 
materials. The variation in specific capacity with current density is 
further illustrated in Fig. 5g through a column graph.

Electrochemical impedance spectroscopy (EIS) was also performed 
for both electrodes in the frequency range of 105 Hz–0.1 Hz at open- 
circuit potential using a three-electrode system. The Nyquist plots are 
displayed in Fig. 6a, and the fitted data were analyzed using an equiv
alent circuit model. The bare cubane electrode shows an equivalent 
series resistance (ESR) of approximately 12.3 Ω, which is reduced to 
11.0 Ω for the cubane@CNT composite. This reduction in resistance is 
attributed to the incorporation of CNTs, which provide efficient electron 
transport pathways within the composite matrix, thereby facilitating 
faster charge transfer. Furthermore, Fig. 6b presents the Ragone plots of 
the synthesized electrode materials, highlighting the relationship be
tween energy density and power density at different current densities. 
The results confirm that the cubane@CNT composite exhibits enhanced 
energy and power density compared to bare cubane. Finally, the cycling 
durability of the electrodes during repeated redox processes was eval
uated. Fig. S3 (a and b) presents the cyclic stability data of cubane and 
cubane@CNT electrodes, measured over 5000 cycles. Both electrodes 
exhibit excellent stability, with the cubane electrode retaining about 93 
% of its initial capacitance, while the cubane@CNT composite demon
strates improved retention of 96.2 %. The enhanced stability of cuba
ne@CNT is attributed to the CNTs, which act as a robust conductive 
scaffold, buffering the volume changes of cubane during char
ge–discharge cycling and maintaining structural integrity. The minor 
capacity loss (~3.8 %) observed in the composite is likely due to gradual 
surface degradation, side reactions, and slight resistance build-up 
caused by repeated ion insertion/extraction processes. Nonetheless, 
the cubane@CNT electrode clearly demonstrates superior long-term 
electrochemical stability compared to bare cubane.

3. Conclusion

In summary we adopted an eco-friendly green ball milling synthetic 
protocol to produce cubane@CNT for application in energy storage. The 
structural analysis revealed nanocluster architecture on CNT. The 
elevated supercapacitive performance of Cubane@CNT (396 F/g at 2 
mA/cm2) is owing to its enlarged surface area which is greater than that 
of pristine cubane NPs determined by BET analaysis. The high surface 
area and pores provides significant active sites, extremely permeable 
organization enabled ionic distribution in three electrode systems. The 
capacitances of bare cubane and cubane@CNT combination were almost 
327 and 396 F/g, respectively at 2 mA/cm2. The cubane and cuba
ne@CNT also exhibited the capacitance retention of 93 % and 96.2 % 
after 5000 cycles at a current density of 2 mA/cm2 respectively. This 
report establishes a technique for fabricating materials for energy stor
age applications. Ultimately, the present investigation confirms that 
cubane and cubane@CNT electrode materials are a viable choice for the 
fabrication of energy storage devices such as supercapacitors. Further 
extension of work such as structure modification and supercapacitor 
engineering are in progress to achieve even better results is in progress 
in our laboratory.
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