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Abstract- Freestanding and flexible supercapacitor from carbon nanofiber (CNF) composite with zeolitic imidazole 
framework (ZIF7) by electrospinning is demonstrated. The ZIF7/carbon nanofiber composites are characterized by x-ray 
diffraction patterns for the crystalline structure. The porosity introduced due to ZIF7 a metal organic framework was utilized 
to achieve exceptional properties of the electrode for the high energy density supercapacitor applications. The organic 
framework of Zn along with the carbon nanofiber annealed at 950 C demonstrated excellent rectangular curves of the cyclic 
voltammetry for all the scan rates with no peaks of irreversible redox during electrochemical performance. The energy 
density deduced from galvanostatic charge/discharge curves was46.4 Wh·kg-1 when the power density in consideration was 
1 kW·kg-1. Thus, ZIF7/CNF composite are very promising candidate for advanced energy storage devices due to their 
superior electrochemical performance. 
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I. INTRODUCTION 
 
The large demand in energy sector and portable 
device era has brought the considerable attention for 
supercapacitor due to high energy density devices 
obligations. Additionally, the long-term device life is 
very much essentail for the feasiblity of the 
supercapacitor particulalry when simulataneously 
high power and energy density are required for 
applications such as electric vheicles. In order to meet 
both the criteria of the present challenges to improve 
the electrode performance, heteroatom doping to 
realize thelonglife supercapacitor from the 
composites (having carbon as well as metal) as an 
active material.1-8 
 
Although many metal organic framework are used for 
energy device applications, the literature survey 
shows very rare ZIF7 reportsfor supercapacitor based 
on only slurry coating on Ni Foam. Therefore, we 
focused for flexible and freestanding utilization of 
ZIF7 for enhancing energy density of the device 
along with lowering the overall weight for the 
portable energy devices. When ZIF7 isincorporated in 
PAN matrix, the carbon from PAN accommodates the 
ZIF7 and after carbonization the composite fiber is 
freestanding, that can be directly used for SC 
electrode. The nitrogen content from PAN and 
benzimidazole is one more advantageous part for SC 
that enhances the surface compatibility of aqueous 
electrolyte and completely utilize the exposed surface 
area for charge storage.9 The ZIF7/CNF carbonized at 
950˚C exhibited cyclic voltammetry and 
galvanostaticcharge-discharge curves very near to 
ideal capacitor characteristics. 
Benefitting from the novel approach of carbon 
nanofiber composite deposition for the freestanding 
samples, which can be directly utilized as an 

electrode without any support of the current-collector 
or substrate. Additionally, the carbon nanofiber boost 
the performance of the supercapacitor by providing 
the short-pathway for the ion and charge transfer for 
highly reversible redox reaction and increasing the 
lifetime of the supercapacitor. 
 
II. EXPERIMENTAL METHODS AND 
CHARACTERIZATION 
 
Zinc nitrate hexahydrate (Zn(NO3)2∙6H2O, 98%, 
Sigma-Aldrich) 8 wt% and benzimidazole (C7H6N2, 
98%, Sigma-Aldrich) 4 wt% were mixed in N,N-
dimethylformamide (DMF, 99.8%, Sigma-Aldrich) 
separately. Further, particular proportion of 
polyacrylonitrile (PAN, Mw = 150 kDa) powder and 
sodium chloride salt were added to the mixed solution 
for electrospinning.This solution was stirred at 100°C 
for 3 days to crystalize ZIF7 as mentioned in our 
earlier reports.10 The samples with aforementioned 
PAN concentrations were annealed at 800 and 950 C. 
The cream yellow coloured ZIF7/PAN NFs were 
electrospun onto a drum collector at 40-42% of 
humidity and ata room temperature for 4 hours, as 
shown in Figure 1. The solution was supplied 
through two syringe pumps (Legato 100, KD 
Scientific Inc.) with a flow rate of 180 μL·h-1 and the 
voltage of 10 kV were applied to the needle tip by a 
high-voltage power supply (EP20P2, Glassman High 
Voltage Inc.). The needle with 0.84 and 1.27 mm 
inner and outer diameter, respectively were used to 
electrospin the fibers and the distance between needle 
and drum collector fixed to 10 cm.The as-deposited 
ZIF7/PAN NFs and carbonized were characterized by 
X-ray diffractometer (XRD, SmartLab, Rigaku) to 
confirm the formation of ZIF7 phase. Scanning 
electron microscope (SEM, S-5000, Hitachi, Ltd.), 
used to study the morphology of composite 
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carbonized fibers. The electrochemical measurements 
carried by using symmetric CR2032 cell and an 
electrochemical workstation (WBCS3000, 
WonATech, South Korea). The electrodes were 
electrically isolated using ionic conducting polymer 
separator (Celgard 3501; Celgard, Chungbuk, South 
Korea) with 6 M KOH aqueous electrolyte. While 
electrochemical impedance spectroscopy (EIS) 
VersaSTAT-3, Princeton Applied Research, USA 
was used with conventional conditions of the 
supercapacitors. 
 
III. RESULTS AND DISCUSSION 
 
The as-deposited XRD presented in Figure 1aclearly 
shows the typical ZIF7 peaks at 7.15, 7.65, 10.5, 

12.09, 13.03, 15.37, 18.64, 19.60, 21.1 and 23˚. The 
minimal amount of ZnO in impurity phase indicated 
by the peak at 31.6˚. 11-12The less intensehump in as-
deposited fiber related to PAN is at 19˚. The broad 
and less intense diffraction peaks confirms formation 
of nanocrystallineZIF7. The fibers when carbonized 
under Argon gas shows a dominant peak of carbon at 
24˚ corresponding to (002) plane of sp2 carbon. Some 
traces of ZnOwere present in fibers after annealing 
the sample at 800 ˚C. With increase in annealing 
temperatures,(see Figure 1a)the intensity of ZnO 
peak at 31.6˚ observed to be slightly reduced may be 
due to sublimation of Zn, yet some stagnant ZnO 
reflected by peaks due to their shielding by CNF.  
 
 

 

 
Figure 1.(a) XRD patterns of as prepared ZIF7 and annealed at 800 and 950C, (b)carbonized flexible sample, SEM images of ZIF7 

annealed at (c) 800 and (d) 950C. 
 

The carbonized ZIF7/PAN demonstrates flexible 
characteristics of the composite nanofibers as shown 
in Figure 1b. The samples carbonized at 800 and 950 
˚C studied by using SEM and the images as shown in 
Figure 1c-drespectively. Due to carbonization, the 

fiber size observed to be reducing slightly. The 
reduction in the fiber size could be due to higher 
annealing temperature. 
 

 

 
Figure 2. Cyclic voltammetry analysis of ZIF7/CNFat various scan ratesannealed at (a) 800C and (b)950 C. (c) Peak current 

dependence on scan rateand (d)Nyquist plots. 
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The cyclic voltammetry used to investigate the 
electrochemical performance of the composite 
electrodes. Carbonized PAN is good source of carbon, 
which has significant impact on the supercapacitor 
performance due to ionic charge harvesting ionic. The 
heteroatoms like nitrogen from PAN significantly 
contributes the pseudocapacitance while carbon 
contributes the electrochemical double layer 
capacitance to the total specific capacitance of 
device.13Figure 2a-b shows CV curves obtained for 
ZIF7/CNF composite annealed at 800 and 950 C for 
various scan rate. The later sample clearly shows 
better rectangular shape attributing reduced content of 
Zn(O) and additionally slightly higher current.The 
relativelyhigher pseudocapacitance is observed for 
the sample annealed at 800C shown in Figure 2a is 
due to higher oxidized state of the zinc and lesser 
porosity in the composites. Furthermore, the 
inclination in the current-voltage indicates the 
presence of zinc in metallic state in higher 
concentration. Such shape alteration indicates the 
dominant pseudocapacitive behavior of the electrodes, 
which may be due to ZIF7 or metallic sites.14Figure 
2cshows the peak current values obtained from the 
cyclic voltammetry curves for both the samplesat 
various scan rates. The linear relation between peak 
current and square root values of scan rate indicates 
capacitance characteristics of the supercapacitor.Thus 
the CVcurves of ZIF7show thequasi-rectangular 
shape.14The diffusion and charge transfer 
phenomenon could be understand more with 
electrochemical impedance spectroscopy.Figure 2d 
suggestsZIF7/CNF annealed at 800C is having large 
impedance while the sample annealed at 950Chas a 

lower impedance in middle-low frequency regime 
and better semicircle-arc in higher-middle frequency 
regime amongst the two cases. 
 
Galvanostatic charge/discharge measurement 
provides insight of the supercapacitor and its ability 
of delivering the energy and power density in 
accordance to the current withdrawn during 
discharging. Hence, the galvanostatic analysis is 
presented in Figure 3. The results shown in Figure 
3a-b clearly demonstrated the charging and 
discharging curves having triangular shape showing 
the capacitive behavior and reversible redox reaction. 
The capacitance and the energy density of the 
supercapacitor can be deduce from the discharge time 
by using the following equations15: 

4
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m V
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where Cs (F·g−1) is the specific capacitance, I (A) is 
the applied constant current, Δt (s) represents 
discharge time, m (g) is the total mass of the two 
electrodes, ΔV (V) is the potential window of 
charging/discharging and E( (푊ℎ · g )  is energy 
density.Figure 3c shows the capacitance variation 
with respect to current density applied from 1 to 5 
A·g-1 
 
 

 

 
Figure 3. Galvanostatic charge-discharge curves for samples annealed at a)800C, b)950C, (c)capacitanceand(d) energy densityat 

different current density 
 

The specific capacitance valuesof both the samples 
weres calculated for galvanostatic charge/discharge 
curves at a various current density and presented in 

Figure 3c. The high specific capacitance values 300 
and 334F·g-1 are calculated at current densities of 1 
A·g-1 for sample annealed at 800 and 950 C 
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respectively. Further, even at a very high current 
density of 5 A·g-1 the corresponding specific 
capacitance to the sample annealed at 800 and 950 C 
observed reasonably excellent170 and 220 F·g-1 as 
presentedin Figure 3c.The higher specific 
capacitance has resulted in higher energy density for 
the corresponding capacitance for both the samples. 
The significant issue related to supercapacitor is of 
lower energy density. It is addressed by increasing 
annealing temperature and we observed the 
enhancmenet in the energy density for the sample 
annealed at 950 C in comparison to that of sample 
annealed at 800 C. The high energy density of 46.4 
Wh·kg-1 with capacitance voltage range of 0 – 1 V at 
a power density of 1kW·kg-1is demonstrated in 
Figure 3d. Even at a higher power density of 5 
kW·kg-1 excellent retention of energy density (30.5 
Wh·kg-1) was observed. 
 
CONCLUSIONS 
 
The ZIF7 is a novel class of porous metal organic 
framework material and anideal candidate for 
superior flexible supercapacitor application. 
ZIF7/carbon nanofiber composite annealed at 950 C 
sample exhibitedexcellent electrochemical 
performance due to thesynergy between CNF and 
highly porous organic framework of ZIF7. The 
confirmation of the ZIF7/carbon nanofiber carried out 
by x-ray diffraction patterns and the excellent 
morphology is demonstrated by SEM images. The 
composite yielded specific capacitance contributed 
from both electrical double layer capacitance from 
carbon and pseudocapacitance from ZIF7 that 
preserved the rectangular shape of cyclic 
voltammetry and triangular shape of galvanostatic 
charge/discharge curves demonstrating excellent 
characteristic behavior of the supercapacitor. The 
annealing temperature 950 C has resulted in suitable 
carbon to nitrogen ratio along with large surface area 
and high mesoporosity in ZIF7/CNF composite that 
yielded high capacitance (334 F·g-1 at 1 A·g-1) and 
high energy density of 46 Wh·kg-1. 
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