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Carbon nanospheres derived from natural source using a green approach were reported.  Lablab Purpureus seeds were 

pyrolyzed at different temperatures, to produce carbon nanospheres for supercapacitor electrode materials. The 

synthesized carbon nanospheres were analyzed using SEM, TEM, FTIR, TGA, Raman Spectroscopy, BET and XRD. They were 

later fabricated into electrodes for cyclic voltammetry, galvanostatic charge/discharge and electrochemical impedance 

spectroscopy testings. The specific capacitances were found to be 300, 265 and 175 F g
-1

 in 5 M KOH electrolyte for carbon 

nanospheres synthesized at 800, 700 and 500 
o
C, respectively. These are at par with prior electrodes made of biologically 

derived carbon nanospheres but the cycles life were remarkably higher than any previous efforts. The electrodes showed 

94% capacitance retention even after 5200 charge/discharge cycles entailing excellent recycling durability. In addition, the 

practical symmetrical supercapacitor showed a good electrochemical behaviour under potentials window up to 1.7 V. This 

brings us one step closer to fabricating a commercially green electrode which exhibits high performance for 

supercapacitors. This is also a waste to wealth approach based carbon materials for cost effective supercapacitors with 

high performance for power storage devices. 

1. Introduction  

Batteries use electrochemical reactions to store and produce 

electricity 
1
. In a lithium ion battery, the lithium ions move 

between the electrodes to produce electricity 
2
. In a 

rechargeable battery, a reverse potential helps move the ions 

back into their original position 
3
. The electrochemical process 

is slow and over the time degrades the electrodes. This limits 

the usable life to a few thousand charge/discharge cycles 

leading to a short life in turn leading to the issue of disposal 
4
. 

The popular Li‒Ion and Ni‒Cd batteries contain highly toxic 

chemicals 
5, 6

 and they must be disposed by in a controlled 

environment. In developing country like India and China where 

regulations are difficult to be enforced, the unregulated 

disposal often lead to an environmental crisis where expensive 

ground cleaning operations are often needed 
7
.  

 Unlike batteries, supercapacitors store energy in an electric 

field 
8
, and no movement of ions to degrade its performance. 

They can be charged/discharged rapidly and have millions of 

cycles before the performance begins to degrade 
9
.  

Supercapacitors traditionally suffer from a lower energy 

density when compared to batteries 
10

. The supercapacitors 

electrode materials can be classified into three main 

categories based on the charge storage mechanism (carbon‒

based materials 
11-15

, transition metal oxides 
16-21

 and hybrid 

materials 
22-25

). If there was an order of magnitude increase in 

energy storage capability, they will be an ideal replacement for 

batteries. 

Over billions of years of evolution, nature has succeeded in 

building an ecosystem that can be recycled completely. Every 

natural product has a predictable lifecycle from birth to death 

before it is merged back into nature. If the energy storage 

devices are made by using biological materials, we could have 

recyclable batteries with long lives and least toxicity. The 

natural lignocellulosic components are gaining immense 

attention in energy storage application because of their easy 

availability, low cost and their low toxicity 
26

. The studies as on 

date, suggests that there are chiliad varieties of plants that 
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could be made use of in obtaining nanoparticles for use in 

energy storage devices 
27, 28

. Most common form of 

nanoparticle that can be produced from a wide variety of 

plants is carbon nanospheres.  

 Carbon nanospheres have a spherical shape and inherently 

possess porosity which is the main characteristic required in 

energy storage application 
29

. They are produced by heating 

carbon precursors under a controlled atmosphere. The sphere 

size depends on several factors such as the starting material, 

the reactor conditions, ground particle size etc. Carbon 

nanospheres can be produced from many raw materials. These 

raw materials are expected to be easily available, cost effective 

and environmentally safe for its use as a precursor in the 

production (catalyst free process) of carbon nanospheres 
30

. 

Any material having a high composition of carbon and low 

inorganic content can used as a fore‒runner in the production 

of carbon nanospheres 
31

. Subsequently all lignocellulosic 

materials can be used as a predecessor for the preparation of 

carbon nanospheres 
32

 but only a few materials are really good 

in producing uniform shapes. The use of agro based by‒

products in carbon nanospheres production is found to be 

renewable and relatively less expensive in the current trend 
30

.  

In this paper, the energy storage capabilities and 

performance of electrodes made using a popular legume, 

Lablab Purpureus seeds will be studied. Waste to wealth based 

approach is adopted in this manuscript to show the ability of 

bulk production for such kind of materials. 

2. Experimental procedures  

2.1 Samples preparation  

Lablab Purpureus seeds were collected and dried in an oven at 

a temperature of 100 ˚C for overnight to annihilate all the 

moisture content in the biowaste precursor. The dried Lablab 

Purpureus (LP) seeds were ground to a fine powder using a 

grinder (Retsch, ZM 200, Germany) at a speed of 12,000 rpm. 

The fine powder obtained after grinding was sieved to obtain a 

uniform particle size of 60 µm. The finely ground uniform 

sample obtained after sieving was individually pyrolysed under 

nitrogen (N2) atmosphere (at a flow rate of 150 mL/cm
3
) at 

different temperatures of 500, 700 and 800 
o
C respectively at a 

heating rate of 10 
o
C/min using a quartz tube furnace (Figure 

S1) (NoPo Nanotechnologies, TZ4L Temperature controller, 

India). The template approach where porosity comes from 

natural ligno cellulosic materials was incorporated in order to 

eliminate the silica from the pyrolysed samples and to obtain 

pure carbon nanospheres. The samples were washed using 2.5 

M NaOH solution followed by washing with double deionized 

water. The detailed study on the preparation of carbon 

nanospheres is reported in our previous work 
33, 34

.  

 

2.2 Samples characterization 

The raw sample was characterized using Thermo 

Gravimetric Analysis (TGA) (SDT Q600 V20.9 Build 20). The 

morphology of the carbon nanospheres obtained after 

pyrolysis (LP500, LP700 and LP800) was characterized using 

Field Emission Scanning Electron Microscope‒Energy 

Dispersive X‒ray. (SEM‒EDX) (JEOL, JSM‒7800F) and 

Transmission Electron Microscope (TEM) (JEOL, JSM‒1230). 

The surface area of the carbon nanospheres was calculated by 

Brunauer‒Emmett‒Teller (BET) method of N2 adsorption data 

making use of Micromeritics ASAP 2020. The products were 

degassed for 12 hours at a temperature of 200 
o
C before the 

measurements. X‒ray Diffraction (XRD) patterns were 

recorded using X‒ray diffractometer (RigakuMineflex II), 

Raman spectrum of the obtained products was recorded using 

EnWave Optronics ProRaman 532 nm. Fourier Transform 

Infrared Spectroscopy (FTIR) (Perkin, Elmer Spectrum 100).  

 

2.3 Fabrication of electrode and electrochemical studies 

The working electrode was prepared by coating homogenous 

mixture of carbon nanospheres, carbon black and PVDF in the 

ratio of 90:5:5 in NMP onto nickel foam. A platinum wire was 

used as a counter electrode and Ag/AgCl was used as a 

reference electrode. All the electrochemical experiments were 

conducted in KOH electrolyte (1.0, 2.5 and 5.0 M). The data 

were collected using an electrochemical workstation 

(Autolab/PGSTAT M101) equipped with a frequency response 

analyser. Cyclic voltammetry tests were performed between -1 

and 0 volt with scan rates ranging from 5 to 100 mV s
-1

. 

Galvanostatic charge/discharge tests were performed at 

current densities ranging from 0.1 to 1.0 A g
-1

. Impedance data 

were collected from 500 kHz to 0.01 Hz, with 10 mV in an 

alternating current amplitude signal at open circuit potential 

(OCP). A practical symmetrical supercapacitor has been made 

using two electrodes of the active material electrically isolated 

from each other by porous membrane pre–soaked with the 

electrolyte solution. It was then sandwiched and pressed into a 

coin cell design. 

3. Results and discussion 

3.1 Structural and morphological characterizations 

Thermo Gravimetric Analysis (TGA) is used to comprehend the 

thermal stability of a material before deciding its pyrolysis 

temperature. The TG curve of the raw Lablab Purpureus seeds 

heated from room temperature to 1200 
o
C in N2 atmosphere 

(Figure S2). It is evident that the thermal degradation takes 

place in three steps. At the first stage, it is seen that there is a 

weight loss of ~8% at a temperature less than 150 
o
C. This 

weight loss in the precursor can be attributed to the water 

molecules desorption from the surface of the precursor. At the 

second stage, a weight loss of roughly about ~61% is 

encountered in the temperature range of 150‒390 
o
C, which is 
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due to the thermal degradation of plant residues in the 

precursor. The thermal degradation of the material ends at a 

temperature of ~400 
o
C, therefore any temperature higher 

than 400 
o
C can be considered to synthesize carbon 

nanospheres from the precursor. Henceforth, we can observe 

a gradual weight loss in the precursor up to a temperature of 

1200 
o
C and in the whole process, we observe no weight gain 

in the precursor inferring that the precursor remained intact 

due to the N2 atmosphere 
35

.  

The morphology of Lablab Purpureus seeds and the mass 

ratios the elements present in the raw seeds were studied 

using SEM combined with EDX. Figure S3(a) shows the 

morphology and Figure S3(b) shows the EDX spectrum (inset: 

mass ratios of the elements) of Lablab Purpureus seeds before 

pyrolysis. The EDX spectrum validates the presence of a rich 

amount of carbon content (61.1 wt.%) in comparison with 

oxygen (36.6 wt.%) along with small percentage of other 

elements like Mg : 0.54 wt%, Cl : 0.45 wt%, K :0.86 wt% and Ca 

: 0.33 wt%. in the precursor.  

Fourier Transform Infrared (FTIR) analysis is used to study 

the functional group present in the sample. FTIR spectrum 

shows the active bonds in Lablab Purpureus seeds which 

attribute to the formation of carbon nanomaterials after 

pyrolysis (Figure S4). The broad band at 3432 cm
-1

 represents 

the hydrogen bonded ‒O‒H stretching vibration of α‒cellulose 

and also confirms the presence of compounds with alcoholic 

groups like polyphenols and flavonoids 
36

. The bands at 2926 

cm
-1

 and 2864 cm
-1

 show C‒H stretching of lignocellulosic 

components 
37

. The band observed at 1649 cm
-1

 represents 

C=O stretching vibration in conjugated carbonyl of lignin. The 

band at 1418 cm
-1

 show the aromatic skeletal combined with 

C‒H in plane deforming and stretching in lignin and the band 

at 1028 cm
-1

 is due to the C‒O vibrational stretching of primary 

alcohols 
38

. Thus, FTIR analysis of Lablab Purpureus seeds 

affirms the presence of cellulose, hemicellulose and lignin. The 

raw Lablab Purpureus seeds were pyrolysed at three different 

temperatures (500, 700 and 800 
o
C) in a quartz tube furnace 

under a continuous flow of N2. In order to eliminate the ash, 

the pyrolysed products (coded as: LP500, LP700 and LP800) 

were washed separately using 0.1 M HCl solution and then 

followed by double distilled water. The detailed description of 

carbon nanospheres synthesis is described in our earlier work 
39

. The total yield of carbon nanospheres obtained after 

pyrolysis of Lablab Purpureus seeds at three different 

temperatures was approximate 22%. 

Figure 1 SEM images and particle size distribution histograms of the indicated materials.
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The structure, shape and the mass ratios of the elemental 

composition of the materials obtained after pyrolysis were 

examined with the help of SEM/EDX and TEM analysis. Figure 1 

shows the SEM images and particles size distribution 

histograms of the carbon nanospheres synthesized at 500, 700 

and 800 
o
C (LP500, LP700 and LP800). From Figure 1, it is 

noticeable that the carbon nanospheres derived from Lablab 

Purpureus seeds are all vaguely uniform and spherical in 

shape. The LP500 synthesized at 500 
o
C has a particle size 

ranging between 40‒60 nm (a and b), the LP700 synthesized at 

700 
o
C has a particle size in the range of 70‒80 nm (c and d) 

and the LP800 synthesized at 800 
o
C has a uniform distribution 

and a particle size in the range of 50‒60 nm which is evident 

from the inset and the histograms. As temperature increases, 

it might go towards graphitic nature of the particle which 

definitely reduces the size of the nanoparticles, which is 

evident from various other works. Higher the temperature can 

lead to smaller particle size or larger surface area. 

Table S1 shows the elemental composition of the carbon 

nanospheres synthesized from Lablab Purpureus seeds at 

different temperatures (500, 700 and 800 
o
C). The elemental 

analysis asserts the presence of elements like carbon, oxygen 

and potassium in considerable percentage. EDX measurements 

reveal that the spheres consist predominantly of carbon. From 

Table S1, it is evident that the percentage of carbon has 

increased with the increase in the pyrolysis temperature.  

The transmission electron microscopy (TEM) for the carbon 

nanospheres synthesized from Lablab Purpureus seeds gave 

the regular pore image at carbonization temperatures of 500, 

700 and 800 
o
C, where the average particle size is 85±5 nm 

(Figure S5(a)), 80±5 nm (Figure S5(c)) and 90±5 nm (Figure 

S5(e)) and their corresponding mounting images (Figure S5(b), 

(d) and (f), respectively). TEM images suggest the porous 

structure present in them. 

The surface properties of the carbon nanospheres derived 

from Lablab Purpureus seeds synthesized at 800 
o
C (LP800) 

was investigated using N2 adsorption and desorption to obtain 

the pore size, and Brunauer‒Emmett‒Teller (BET) surface area. 

The carbon nanospheres obtained at 800 
o
C (LP800) is used 

because of its uniform shape and smaller size unlike LP500 and 

LP700. The N2 adsorption and desorption curves of LP800 are 

as shown in Figure 2. The BET surface area of LP800 was found 

to be       42.2 m² g
-1

 with pore volume of 0.033 cm
3
/g and pore 

width of 3.13 nm. The pore diameter calculated from the 

graph was found to be 2-3 nm. The obtained BET surface area 

of LP800 is relatively less in comparison to other reported 

spherical carbon nanoparticles 
40, 41

, but comparable to carbon 

nanospheres synthesized from biowaste lignocellulosic 

materials 
33

. The low surface area of the carbon nanospheres 

may be due to the particles agglomeration.  

A comparative powder XRD diffractograms of the LP500, 

LP700 and LP800 synthesized from Lablab Purpureus seeds at 

different temperatures (500, 700 and 800 
o
C) is as shown in 

Figure 3. The peaks observed at 2θ = ~29.8° and 2θ = ~40.5° 

can be assigned to graphitic (0 2 0) and (0 0 2) planes (ICDD no. 

96‒901‒2234). The peak which is encountered at 2θ = ~28° 

can be attributed to (1 1 0) plane (ICDD no. 96‒901‒2238) of 

crystalline cellulose fibres which are created due to the 

presence of hemicellulose and cellulose in Lablab Purpureus 

seeds 
42

. The peak witnessed at 2θ = ~41° denotes the 

hexagonal graphite lattice present in the carbon nanospheres 
43

. From the diffractogram it is clear that the carbon 

nanospheres synthesized at a higher temperature is more 

graphitic in nature.  

The degree of graphitization and the lattice vibration of the 

carbon nanopsheres were studied using Raman spectroscopy. 

Raman spectra of LP500, LP700 and LP800 show least 

difference in the position of D and G band in all the samples 

(Figure S6). The occurrence of D and G bands is majorly due to 

the defects and disorder present in the graphitic structure. The 

prevalence of the D‒band here at ~1461 cm
-1 

attributed to the 

Figure 3 XRD diffractograms of the indicated materials.

Figure 2 N2 adsorption and desorption curves; the inset shows the pore size 

distribution of LP800.

Page 4 of 13Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
3 

Se
pt

em
be

r 
20

17
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
N

ew
ca

st
le

 o
n 

13
/0

9/
20

17
 1

7:
13

:1
0.

 

View Article Online
DOI: 10.1039/C7DT02392H

http://dx.doi.org/10.1039/c7dt02392h


Dalton Transactions  ARTICLE 

 

This journal is © The Royal Society of Chemistry 2017 Dalton Trans., 2017, 00, 00-00| 5 

 

Please do not adjust margins 

Please do not adjust margins 

disordered structure of carbon nanospheres and also to the 

A1g mode. This band also authenticates the presence of 

structural defects and disorders in carbon nanospheres 
44

. The 

sharp D‒band which is as seen in the spectrum indicates that 

the bonds are very uniform in nature. The G‒band which is 

positioned at ~1524 cm
-1

 is due to the E2g model at the Γ‒point. 

It is produced due to the stretching of the C=C bond in the 

graphitic materials and is common to all the sp
2
‒bonded 

carbon systems 
45

. The relative intensity ratio (ID/IG) of these 

bands reveals the graphitic characteristics. ID/IG of the carbon 

nanospheres (LP500, LP700 and LP800) was found to be ~0.95. 

This signifies the turbostatic structure of the parallel graphene 

sheets 
46

.  

  During pyrolysis, the carbon precursor Lablab Purpureus 

seeds undergo decomposition; the functional groups are 

majorly lost in the process forming only the carbon. However, 

traces of functional groups which were previously present in 

the raw materials are observed in carbonized material and can 

be explained by their FITR spectra (Figure S7). The broad band 

at 3438 cm
-1

 can be attributed to stretching of O‒H in traces of 

alcoholic compounds and also represents any moisture 

content present in the resulted material. C‒H stretching 

vibrations of any alkyl group result in the band at 2909 cm
-1

 
37

. 

The band at 1622 cm
-1 

may represent the formation of the C=C 

bond during pyrolysis; this even indicates that the material 

formed has obtained graphitic nature. The presence of any 

aromatic molecule in the carbonized material can be indicated 

by the band at 1404 cm
-1 

which is due to bending of =CH2 in 

the aromatic ring. The small band at 1017 cm
-1 

may indicate C‒

O stretching in alcoholic groups 
38

. From the spectrum of 

pyrolysed material, it can be said that seeds of Lablab 

Purpureus result in the formation of a carbonaceous material 

with graphitic nature, which is an important property that 

makes it desirable in energy storage applications.  

 

3.2 Electrochemical studies  

3.2.1 Supercapacitor electrodes performance 

The electrochemical behavior and the stability of the 

electrodes fabricated from carbon nanospheres synthesized 

from Lablab Purpureus seeds were studied using galvanostatic 

charge/discharge cycling and cyclic voltammetry (CV) tests. 

The electrochemical performances of the electrodes were 

studied in 5.0 M KOH solution after initial stabilization for 20 

CV cycles at a scan rate ranging between of 5 to 100 mV s
-1

 in a 

potential window of -1‒0 V.  

 

3.2.1.1 Effect of electrolyte concentration  

CV studies were made on carbon nanospheres at different 

scan rates ranging from 5 to 100 mV s
-1

 which is as shown in 

Figure 4. A quasi rectangular shaped CV curve is obtained in 

the case of LP700 and LP800 but the CV curve of LP500 is 

smaller in comparison with LP700 and LP800. There are no 

significant redox peaks in the CV curves of all the three 

samples which emboss the behaviour of an ideal ELDC 
47

. From 

Figure 4, it is conspicuous that the shape of the CV curves 

slightly differs from the shape of the CV curve of an ideal 

supercapacitor which can be attributed to various factors like; 

temperature of synthesis, electrolyte and its concentration, 

fabrication methods etc. From Figure 4(a, b, c), it is evident 

that the performance of the electrode fabricated from the 

precursor synthesized at 800 
o
C (LP800) is better in 

comparison with the electrode fabricated from the precursor 

synthesized at 700 and 500 
o
C, demonstrating superior ion 

transportation at a high charge and discharge rate and 

manifesting ideal capacitive behaviour.  

Furthermore, the galvanostatic charge/discharge curves of 

the carbon nanospheres synthesized from Lablab Purpureus 

seeds at different temperatures authenticates that all the 

curves are eminently linear and symmetrical (Figure 5) at a 

current density of 0.5 A g
-1

 and at different electrolyte 

concentration (1.0, 2.5 and 5 M KOH). This signifies that the 

carbon nanospheres synthesized from Lablab Purpureus seeds 

have eminent electrochemical reversibility and 

charge/discharge property. It is also distinct that iR (voltage) 

drops for all the curves are negligible even at 0.5 A g
-1

, clearly 

indicating very bleak overall resistance and pronounced 

capacitive properties. From Figure 5 it is evident that the 

carbon nanospheres synthesized at 800 
o
C in 5 M KOH 

electrolyte concentration shows excellent results in 

comparison with the carbon nanospheres synthesized at 500 

and 700 
o
C in 1.0 and 2.5 M KOH electrolyte concentrations. 

The specific capacitance of the electrodes from all the three 

samples from charge/discharge data was calculated using the 

equation reported elsewhere 
48, 49

. The specific capacitances 

were found to be 300, 260 and 174 F g
-1

 respectively for LP800, 

LP700 and LP500 in 5 M KOH electrolyte. A comparison study 

with other carbon based materials in view of specific 

capacitance is shown in Table 1.

Figure 4 Cyclic voltammetry curves at a scan rate of 25 mV s
-1

 in different electrolyte concentrations for LP700 (a), LP800 (b) and comparative CV curves of all 

materials (c) in 5 M KOH.

Page 5 of 13 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
3 

Se
pt

em
be

r 
20

17
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
N

ew
ca

st
le

 o
n 

13
/0

9/
20

17
 1

7:
13

:1
0.

 

View Article Online
DOI: 10.1039/C7DT02392H

http://dx.doi.org/10.1039/c7dt02392h


Dalton Transactions  

ARTICLE 

 

This journal is © The Royal Society of Chemistry 2017 Dalton Trans.  2017, 00, 000-00 | 6  

 

Please do not adjust margins 

Please do not adjust margins 

3.2.1.2 Effect of carbonization temperature  

The concomitant of pyrolysis temperature on the 

electrochemical properties of the carbon nanospheres derived 

from Lablab Purpureus seeds was studied using cyclic 

voltammetry and galvanostatic charge–discharge in 5 M KOH 

electrolyte concentration (Figure 6). Cyclic voltammetry curves 

of the carbon nanospheres synthesized at different 

temperatures (500, 700 and 800 
o
C) at different scan rates (10, 

25, 50, 75 and 100 mV s
-1

) are shown in Figure 6(a‒c). It is 

evident from Figure 6, that the carbon nanospheres 

synthesized at 800 
o
C (LP800) is better in comparison with the 

other samples (LP500 and LP700). The galvanostatic 

charge/discharge curves of the carbon nanospheres (LP500, 

LP700 and LP800) at different current densities (Figure 6(d‒f)) 

show that the discharge capacitance increased with the 

increase in synthesis temperature at all current densities. The 

charge/discharge curves are nearly linear and the ion 

discharge time gingerly increases with the increase in 

carbonization temperature.  

Figure 5 Galvanostatic charge/discharge curves at 0.5 A g
-1

 and specific capacitance as a function of current density in different electrolyte concentrations for LP700 (a, b), LP800 

(c, a) and comparison of LP500, LP700 and LP800 (e, f) in 5 M KOH. 
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Table 1 Comparison of reported specific capacitance with carbon based materials. 

Material Specific capacitance (F g
-1

) Ref. 

Activated carbon derived from banana fibers 74 @ 0.5 A g
-1

 
50

  

Sugar‒derived carbon/graphene composite 273 @ 0.5 A g
-1

 
51

  

KOH‒treated commercial activated carbon 200 @ 0.05 A g
-1

 
52

  

Melamine‒based carbon 204.8 @ 0.02 A g
-1

 
53

  

Activated carbons from Argania spinosa seed shells 259 @ 0.125 A g
-1

 
54

  

Novel corn grains‒based activated carbons 257 @ 0.1 A g
-1

  
55

  

Electrochemically reduced graphene nanosheets 131 @ 0.1 A g
-1

 
56

  

Hydrazine reduced graphene nanosheets 140 @ 0.05 A g
-1

 
12

  

Activated carbons from waste Camellia oleifera shell 266 @ 0.2 A g
-1

 
57

  

Porous nanocarbons from biowaste oil palm leaves 368 @ 0.06 A g
-1

 
34

  

Carbon nanospheres from Lablab Purpureus seeds 300 @ 0.1 A g
-1

 This work 
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3.2.1.3 Cycle life stability  

To affirm the potential liability of carbon nanospheres derived 

from Lablab Purpureus seeds in supercapacitor application, the 

cyclic stability of the electrode was analysed by 

charge/discharge cycle testing.  

 The stability of the carbon nanospheres was studied using 

galvanostatic charge/discharge at a current density of 3 A g
-1

 

for 5,200 cycles and presented in Figure 7. The carbon 

nanospheres displayed excellent cycle stability with 94% 

capacitance retention even after 5200 charge/discharge cycles 

entailing excellent recycling durability with repetitive 

charging/discharging in 5 M KOH electrolyte solution. The 

carbon nanospheres derived from Lablab Purpureus seeds also 

displayed a peerless Coulombic efficiency of 97%. The insets of 

Figure 7 shows the 1
st

 and the 5200
th

 cycle of the carbon 

nanospheres in galvanostatic charging/discharging test and 

makes it obvious that there is no evident difference between 

the 1
st

 and the last cycle to clearly indicate the wonderful 

stability of the carbon nanospheres derived from Lablab 

Purpureus seeds. 

 Cyclic voltammetry was also repeated between the same 

potential window of -1 to 0 V, before and after 5200 

charge/discharge cycles to investigate the stability of the 

sample (LP800). The CV curves of LP800 before and after 5200 

charge/discharge cycles portray not much deviation (Figure 

S8). This delineates that there is not much sacrifice in the 

specific capacitance after 5200 charge/discharge cycles. This 

excellent behaviour of the electrode can be attributed to the 

expeditious ion transfer making it a better material for the 

supercapacitor electrodes.  

Figure 6 Cyclic voltammetry at different scan rates and galvanostatic charge/discharge curves at different current densities for LP500 (a, b), LP700 (c, d) and LP800 (e, f).

Figure 7 Capacitance retention (left vs. bottom) and Coulombic efficiency (right vs. 

bottom) of LP800 for 5200 cycles at 3 A g
-1

 (Insets show the charge/discharge of the 1
st

 

and 5200
th

 cycles). 

Page 8 of 13Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
3 

Se
pt

em
be

r 
20

17
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
N

ew
ca

st
le

 o
n 

13
/0

9/
20

17
 1

7:
13

:1
0.

 

View Article Online
DOI: 10.1039/C7DT02392H

http://dx.doi.org/10.1039/c7dt02392h


Dalton Transactions  ARTICLE 

 

This journal is © The Royal Society of Chemistry 2017 Dalton Trans., 2017, 00, 00-00| 9 

 

Please do not adjust margins 

Please do not adjust margins 

3.2.1.4 Electrochemical impedance spectroscopy 

EIS of the carbon nanospheres was studied to comprehend 

the capacitive behaviour, frequency response and to evaluate 

the charge kinetics of the electrochemical reactions in the 

fabricated electrode. EIS was performed in the frequency 

range of 0.10 Hz to 10 kHz (Figure 8). The Nyquist plot of the 

carbon nanospheres synthesized at 800 
o
C (LP800) in different 

electrolyte concentrations (1.0, 2.5 and 5.0 M KOH) at OCP 

(Figure 8(a)). The Nyquist plots of the LP800 at different 

electrolyte concentration shows similar features having a 

semicircle (insets of Figure 8(a)) in the high frequency range 

and a vertical linear tail in the low frequency range which can 

be attributed to the surface impedance existing due to the 

formation of solid electrolyte interphase, ion transfer 

resistance and Warburg impedance within the electrode 
58

. 

The equivalent circuit model was used to fit the experimental 

data and to obtain the EIS parameters. The values of the 

resistances were found to be very bleak which inferences very 

high electrical conductivity of the carbon nanospheres derived 

from Lablab Purpureus seeds as listed in Table 2. The straight 

line in the lower frequency range indicates a pure capacitive 

behaviour and signifies an ideal supercapacitor 
59

. Carbon 

nanospheres showed a small solution resistance (Rs) and which 

is decreased with increasing the electrolyte concentration, 

where it was 1.52 and 0.63 Ω in 1 and 5 M KOH, respectively. 

On the other hand, charge transfer resistance (Rct) as it was 

0.44 and 0.11 Ω in 1 and 5 M KOH, respectively. The EIS results 

infer that the carbon nanospheres derived from Lablab 

Purpureus seeds have excellent capacitive characteristics. 

Bode plot denotes the correlation between the phase angle 

and the frequency response of a system. The bode plot of the 

carbon nanospheres synthesized at 800 
o
C (LP800) in different 

electrolyte concentrations (1.0, 2.5 and 5.0 M KOH) from 

which it is evident that the phase angle of the carbon 

nanospheres in 1.0 and 2.5.0 M KOH electrolyte 

concentrations have lesser value (-76° and -78°, respectively) 

in comparison with the phase angle of 5.0 M KOH electrolyte 

concentration (-80°) which is very near to the phase angle of 

the ideal capacitor (-90°) inferring that the performance of the 

carbon nanospheres derived from Lablab Purpureus seeds 

synthesized at 800 
o
C in 5.0 M KOH is close to that of an ideal 

capacitor (Figure 8).  

The real (C’) and imaginary (C’’) parts of the capacitance 

offered by the carbon nanospheres synthesized at 800 
o
C 

(LP800) as a function of frequency at OCP (Figure 8(c) and (d), 

respectively); which were obtained using the pre‒formulated 

equations 
60, 61

. The relaxation time (τ) of the electrode helps in 

identifying the transition between capacitive and resistive 

comportment. The frequencies above 1/τ exhibit resistive 

behaviour and the frequencies below 1/τ exhibit capacitive 

behaviour. The relaxation time of the electrode was 

determined to be 0.31 seconds in 5 M KOH. This inherently 

stipulates superior electrochemical properties and quick 

charge/discharge of the electrode fabricated from LP800.  

 

Table 2 Fitting parameters of the experimental impedance data at OCP for 

carbon nanospheres (LP800) in different electrolyte concentrations. 

Electrolyte Concentration 

Rs 

(Ω) 

Rct 

(Ω) 

C 

(mF) 

CPE 

(F) 

W 

(Ω) 

τ 

(s) 

1.0 M KOH 1.52 0.44 0.53 0.33 0.19 0.71 

2.5 M KOH 0.60 0.16 0.83 0.28 0.34 0.23 

5.0 M KOH 0.63 0.11 1.19 0.34 0.39 0.31 

 

Overall, the present study emphasizes the importance of 

spherical shaped nanoparticles derived from a bio‒inspired 

material; Lablab Purpureus seeds in energy storage 

application. It is worth mentioning that the role of carbon 

nanospheres helps in incorporating the superior 

supercapacitor behaviour. Activating the same material might 

help in enhancing the charging holding capacity and in turn 

giving rise to an increase in the specific capacitance relatively. 

Further work in this regard to activate them with various 

Figure 8: Nyquist (a) and Bode (b) plots (the insets are zoomed view of the plots at 

high-frequency regions) real (c) and imaginary (d) parts of the capacitance as 

functions of the frequency at OCP LP800 in different electrolyte concentrations. 
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activating agents is in progress and shall be reported 

elsewhere. 

 

3.2.2 Practical symmetrical supercapacitor performance 

The energy stored in the supercapacitor is directly proportional 

to the capacitance and the square of voltage, therefore it is 

imperative to increase the operating voltage of supercapacitors. 

Generally, the voltage is limited by the stability potential window of 

the electrolytes 
62

. Error! Reference source not found.(a), (b) and 

(c) show CV curves for the symmetrical supercapacitor in the 

voltage window of 0–1 V, 0‒1.4 V at different scan rates and at 25 

mV s
-1

 under different potentials windows, respectively. The 

symmetrical supercapacitor shows the quasi‒rectangular CV shapes 

without redox peaks indicating electrochemical double layer 

behavior. The wide potential window indicates that this 

supercapacitor could store higher electrical energy and will be 

useful in many applications. The operating potential window 

stability of the symmetric supercapacitor was further tested by 

galvanostatic charge/discharge. Figure 9(d) shows the 

charge/discharge curves at 1 A g
-1

 in 5 M KOH in different potential 

windows ranged from 0‒1 to 0‒1.7 V.  In addition, charge/discharge 

curves at different current densities in the ranges of 0‒1 and 0‒1.5 

V are shown in Figures 9(e) and (f), respectively. Linear charge and 

discharge curves with neglected iR drop were obtained, which 

indicate the supercapacitor has a low internal resistance which 

leads to better electrochemical double layer performance. It is 

clearly seen, that supercapacitor shows a wide potential range up 

to 1.6 V. Specific capacitance was found to be 125 and 103 F g
-1 

under 1.7 V at 0.5 and 1 A g
-1

,
 
respectively. In addition, the specific 

capacitance was 129 and 121 F g
-1 

at 0.1 A g
-1 

under 1.5 and 1 V ,
 

respectively as shown in Error! Reference source not found.(g) and 

(h), indicating higher charge stored under wider potential. 

The energy and power densities can be calculated from CDC 

data as reported elsewhere 
63

. Ragone plot (energy vs. power 

Figure 9 Cyclic voltammetry curves at different scan rates in potential windows of 0-1 V (a),0-1.4 V (b), different potential windows at 25 mV s
-1

 (c), charge-discharge curves at 1 

A g
-1

 under different potential windows (d), at different current densities under 1 V (e), 1.5 V (f), specific capacitance as a function of current density (g) and potential window 

(h) and Ragone plots (i) for LP800 symmetric supercapacitor in 5 M KOH. 
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density) of the symmetric supercapacitor is shown in Error! 

Reference source not found.(i). The supercapacitor shows a high 

energy density of 17.9 Wh kg
-1

 under 1.5 V which is higher than it 

under 1 V. In addition, under the same potential window (1.7 V), 

the energy values were 17.4 and 14.3 Wh kg
-1

 at 0.5 and 1 A g
-1

, 

respectively. This energy density is very close to those obtained for 

porous nanocarbons from biowaste oil palm leaves precursor (13 W 

h kg
-1

) 
34

 and oil palm empty fruit bunches activated carbon (4.3 W 

h kg
-1

) 
60

. 

4. Conclusions 

In conclusion, this paper demonstrates a cost effective and 

environmentally amiable electrode material for energy storage 

application synthesized from Lablab Purpureus seeds by a 

simple one step pyrolysis technique and its potential 

application in supercapacitors. It was found that the Lablab 

Purpureus seeds synthesized at 800 
o
C showed a specific 

capacitance of 300 F g
-1

 and remarkable stability even after 

5200 cycles. This is attributed to the smaller particle size, due 

to the high temperature of synthesis. This study indicates that 

a further increase in specific capacitance is possible if the 

material is activated.  
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performance supercapacitor electrode: Green approach 
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Graphical Abstract: 

Carbon nanospheres prepared from Lablab Purpureus using a green approach showed high 

capacitance (300 F g
-1

) and stability (94%) 
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