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Abstract 
 

Strips like Zeolitic imidazolate framework-67 (SZIF-67) have been prepared by the wet chemical method and polypyrrole (PPy) 
has been deposited on the surface through the in-situ polymerization method and named as SZIF-67@PPy. The structure and 
morphology of prepared samples were observed by Scanning electron microscope (SEM), Transmission electron microscope 
(TEM), X-ray diffraction (XRD) and X-ray Photoelectron Spectroscopy (XPS). Further, the prepared samples (PPY, SZIF-67 and 
SZIF-67@PPy) were used as active electrode materials of supercapacitors. Compared with PPy and SZIF-67, the results show 
that SZIF-67@PPy has enhanced electrochemical performance, high-rate capability and good cycle stability. The results 
indicate that SZIF-67@PPy can become the next generation electrode materials for high-performance flexible supercapacitors. 
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1. Introduction 

In recent years, supercapacitors have attracted more and more 

attention. Because of their small size, high flexibility and 

wearability, they have a broad future in the next generation of 

wearable electronic devices. In general, supercapacitors can be 

divided into two types: one is EDLCs and the other is 

pseudocapacitors.[1,2] In general, EDLCs capacitors are mainly 

made of carbon-based materials, especially graphite and 

graphene oxide (GO), which are usually preferred because of 

their good conductivity, high specific surface area and long-

term stability.[3,4] However, the specific capacitance of the 

bilayer capacitor is not likely to be too high due to the storage 

mechanism of charge.[5,6] On the contrary, the specific 

capacitance of the pseudocapacitor is 10-100 times higher than 

EDLCs capacitors. Because of the Faradic charge storage 

mechanism, the specific capacitance is mainly the redox 

reaction of the active electrode material.[7,8]  

Conductive polymers (CPs, such as polypyrrole (PPy) and 

polyaniline (PANI)), metal oxides and metal halides are 

commonly used as active materials for pseudocapacitors, 

among which CPs are more promising for flexible 

supercapacitors. In recent years, due to the advantages of 

polypyrrole (such as high conductivity, simple preparation, 

low price, high energy density, and good cycle stability), it is 

widely used in the production of supercapacitor electrode 

materials. Although research on PPy composite supercapacitor 

has developed rapidly in recent years, there are still some 

problems to be overcome in the process of device production, 

such as the simultaneous improvement of the power density 

and energy density as well as the development of an 

environment-friendly electrolyte system, and intelligent 

wearable devices.[9,10] In the electrode materials of hybrid 

supercapacitors, the electrochemical charge storage capacity 

of the pseudocapacitor results from the charge separation of 

electrons and ions at the electrode-electrolyte interface.[11] On 

the other hand, the induce charge transfer mechanism makes 

the charge storage capacity at the interface of the electrode-

electrolyte significantly enhanced. However, the realization of 

high specific capacitance depends on many factors, such as the 
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effective surface area of the active material, the rate of ion 

transport and migration, and more importantly, the adsorbed 

ion concentration and the induced charge transfer efficiency in 

the pseudocapacitance plays an important role.[12] 

PPy is a kind of common conductive polymer material, 

which was found earlier and studied thoroughly at present.[13] 

Its application and mechanism are still the research hotspot in 

recent years.[14,15] As early as 1963, Weiss et al. report some 

examples of highly conductive PPy through the pyrolysis of 

tetraiodapyrrole.[16] In 2000, MacDiarmid received the Nobel 

prize on explaining the "benzene structure" and metallic 

conductivity in organic polymers.[17] With the development of 

polypyrrole performance research, the research direction has 

gradually shifted from single electrical performance to 

magnetic, electromagnetics and other fields.[18–22] Zeolitic 

imidazolate framework-67 (ZIF-67) is a special class of MOFs 

contained imidazolate linkers through coordination, 

supramolecular and hydrogen bonding interactions contains 

porous network and a periodic structure.[23–26] ZIF-67 is a good 

option for the supercapacitor electrode because of the porous 

structure providing fast ion diffusion and rich interfacial active 

sites that can speed up faradaic reactions.[27,28] However, as 

prepared ZIF-67 have typically poor electrical conductivity 

that limits their utilization for electrochemical applications. 

The constraint of poor electrical conductivity of ZIF-67 can be 

fixed through the composite of conducting polymer such as 

PPy with ZIF-67.  

In this paper, strip-shaped ZIF-67 (SZIF-67) has been 

prepared by the wet chemical method and PPy has been 

deposited on the surface by the in-situ polymerization method 

and named as SZIF-67@PPy. Subsequently, the SZIF-

67@PPy has been used as active electrode materials of 

supercapacitors. The results show that SZIF-67@PPy has 

decent electrochemical performance, high rate performance 

and good cycle stability compared with PPy and ZIF-67. The 

encouraging results make SZIF-67@PPy a promising 

electrode material for high-performance flexible 

supercapacitors. 

2. Experimental 

2.1 Reagent Used 

Pyrrole (analytical pure, redistilled before use, from Shanghai 

Zhenxing chemical); persulfate amine, (APS, analytical pure, 

directly used after the purchase, from Sinopharm Group Co., 

Ltd.); camphor sulfonic acid, (CSA, analytical pure, directly 

used after the purchase, from Sinopharm Group Co., Ltd.); 2-

methylimidazole (98% analytical pure, directly used after 

purchase, Aladin corporation); Cobalt nitrate hexahydrate 

(Co(NO3)2.6H2O; 99% analytical pure, directly used after 

purchase, Aladin corporation) and methanol (CH3OH; 99.5% 

analytical pure, directly used after purchase, Sinopharm 

chemical reagent co.). The deionized water was used 

throughout the experiment. 

2.2 Preparation of SZIF-67 

Homogenous 0.25 M solution of Co(NO3)2.6H2O (named as 

sol. A) and 1 M of C4H6N2 (named as a sol. B) in methanol are 

prepared. Then, the sol. A is added quickly into sol. B with 

slow stirring. The resulted purple-colored solution is left 

undisturbed at room temperature for 10 days. The precipitates 

from the solution were collected by centrifuge and washed 

with deionized water, the obtained precipitate was dried at 

40 °C overnight to obtain SZIF-67. 

2.3 Preparation of SZIF-67@PPy 

0.805 g of pyrrole monomer, 0.4 g CSA and an appropriate 

amount of SZIF-67 (1 g) were added into 500 ml deionized 

water under magnetic stirring. 2.73 g of APS was dissolved 

into 500 ml deionized water separately. The molar ratio of 

ammonium persulfate and pyrrole monomer was 1:1. The APS 

solution was added dropwise into the pyrrole containing 

solution at a constant speed, stir it quickly, and leave the mixed 

solution to react at room temperature for 20 hours. After the 

reaction, the samples were washed with DI water/ethanol and 

then dried in a vacuum for 24 hours at 40 ˚C to obtain SZIF-

67@PPy. 

2.4 Testing and characterization 

Scanning electron microscope (SEM): The solid powder 

samples were ultrasonically dispersed in anhydrous ethanol, 

and then the mixed liquid was dropped on the clean silicon 

wafer. The micromorphology of the samples was observed by 

the s-4800 field emission electron microscope (Hitachi, Japan). 

Transmission electron microscope (TEM): The solid powder 

samples were dispersed by ultrasonic in anhydrous ethanol, 

uniformly dispersed and dropped on the copper substrate, and 

then the microstructure of the samples was characterized by 

JEM-2100 high-resolution transmission electron microscope 

(Hitachi, Japan). 

X-ray diffraction (XRD) and X-ray Photoelectron 

Spectroscopy (XPS): The X-ray diffraction analyzer was 

carried out by XD-3 (Beijing Universal Instruments Co., Ltd). 

The scanning speed is 4°/min, λ = 0.15405 nm, the scanning 

angle (2θ) range is between 5° - 80°. X-ray Photoelectron 

Spectroscopy (XPS) was carried out by ESCALAB 250. 

Electron paramagnetic resonance (EPR) spectroscopy: 

Samples were tested for EPR on Bruker EMX plus 10/12 

(equipped with Oxford ESR910 Liquid Helium cryostat) at 

room temperature (298 K). Brunauer–Emmett–Teller (BET) 

surface area: The BET surface area of the samples (SZIF-67, 

PPy and SZIF-67@PPy) were measured on a Micromeritics 

ASAP 2020 analyzer by N2 adsorption at -196 °C. 

Electrochemical test: The electrochemical performance 

was tested by chi-660e electrochemical workstation, and 

cyclic voltammetry (CV), constant current charge-discharge 

(GCD) and electrochemical impedance spectroscopy (EIS) 

were tested by a traditional three-electrode system. Platinum 

electrode and saturated calomel electrode (SCE) were used as 

counter electrode and reference electrode, respectively. The 

potential window of CV and GCD is -0.4 - 0.6 V (vs.SCE). 

The working electrode is composed of 80% as-synthesized 

composite material, 10% conductive carbon (acetylene black) 
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and 10% binder (polytetrafluoroethylene: PTFE). The above 

mixture is coated onto a piece of carbon cloth (1 × 1 cm2) with 

a loading of ~5.0 mg cm-2 and then vacuum dried for 12 hours 

at 45 oC. The electrolyte is 1 M H2SO4 aqueous solution. 

 

 
Fig. 1 (a) SEM imageof SZIF-67, (b) TEM image of SZIF-67, (c) 

SEM image of PPy and (d) SEM image of SZIF-67@PPy 

composite, respectively. 

 

3. Results and discussion 

Fig. 1 shows the SEM images of SZIF-67 (a), PPy (c) and 

SZIF-67@PPy (d), respectively. As shown in Fig. 1(a,b), the 

prepared SZIF-67 shows strips like structure which is different 

from the conventional rhombic dodecahedral shape of 

ordinary ZIF-67. It is due to the long reaction time at 

comparatively lower synthesis temperature (room temp.) and 

higher linker concentration, which provides sufficient time to 

the 2-MIM linker to form its structure. The average length and 

width of SZIF-67 are about 10 m and 1.5 m, respectively 

(illustrated in Fig. 1b). Fig. 1(c) illustrates the formation of 

PPy, which mainly presents a coral-like structure formed by 

uniform spheres and self-assembly. Fig. 1(d) shows the SEM 

images of the SZIF-67@PPy composite. Intriguingly, the 

surface of the composite of SZIF-67@PPy becomes rough 

compared with the SZIF-67. The small bumps on the surface 

of the composite directly related to the concentration of 

pyrrole monomers during the synthesis process. The surface 

of SZIF-67 is rich in organic groups so that it has a high 

affinity for the conjugated chains of PPy.  

Fig. 2(a) shows the XRD pattern of SZIF-67, PPy and 

SZIF-67@PPy. The XRD pattern reveals the high crystalline 

nature of SZIF-67 which is consistent with literature 

reports.[29,30] The PPy and SZIF-67@PPy composite show the 

amorphous nature and all of the peaks of SZIF-67 vanished in 

SZIF-67@PPy.[22] It is due to the excessive coating of 

amorphous PPy on the surface of SZIF-67.[31,32] Electron 

paramagnetic resonance spectroscopy (EPR) is employed to 

analyze the presence of free electrons, as EPR is a sensitive 

technique to analyze electronic contributions in a material (Fig. 

2b). The g-factor was calculated by Eq.1: 

   𝑔 =
ℎ𝑣

µ𝐵𝐵
         (1) 

here ℎ is the Planck’s constant,  is the applied microwave 

frequency (9.878 GHz), µ𝐵 is the Bohr magneton, and B is 

the applied resonance magnetic field.[33] The g factor has been 

calculated for SZIF-67, PPy and SZIF-67@PPy composite as 

shown in Fig. 2(b). All the three curves, having a strong and 

symmetrical signal, with g value of 2.0019, 2.0014 and 2.0022 

for SZIF-67, PPy and SZIF-67@PPy composite. The g value 

of SZIF-67@PPy composite is very close to the motion of free 

electrons (2.0023).[34,35] . 

 
Fig. 2 (a) XRD pattern and (b) EPR spectra of the SZIF-67, PPy, and SZIF-67@PPy composite samples.
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Fig. 3 XPS spectra of high-resolution (a) survey spectrum, (b) C 1s Spectrum, (c) O 1s spectrum and (d) Co 2p spectrum of SZIF-

67@PPy composite. 

 
Fig. 4 (a) N2 adsorption-desorption isotherms and pore diameter of (b) SZIF-67@PPy, (c) PPy and (d) SZIF-67@PPy composite via 

BJH adsorption, respectively. 

 

Moreover, in a normalized intensity unit (free electrons 

number per mole), the EPR signal intensity of SZIF-67@PPy 

composite is much stronger than SZIF-67 and PPy. This 

enhanced EPR signal originates from the increased amount of 

O+ centers. These O-vacancies are the donor defects that can 

yield electrons that can lead to the electron hopping between 

Co2+ and Co3+ ions giving rise to electronic conductivity. 

Fig. 3 shows the XPS survey spectrum, C 1s Spectrum, O 

1s spectrum and Co 2p spectrum of SZIF-67@PPy composite. 

The XPS survey spectrum as shown in Fig. 3(a) confirms the 

presence of carbon, oxygen, nitrogen and cobalt. The high-

resolution O 1s spectrum (shown in Fig. 3(b)) is deconvoluted 

into three peaks, where peak I belongs to the carbonyl oxygen 

of quinines, peak II corresponds to the oxygen of hydroxyl 

groups and the peak III corresponds to the absorbed water or 

humidity.[34,36–38] Fig. 3(c) shows the C 1s XPS energy spectrum, 

where the peak at 285.96 eV corresponds to the benzene 

structure on the main chain of polypyrrole, the peak at
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284.45 eV represents the C of sp2 hybrid orbit on the main 

chain of PPy, and the peak at 284.81 eV corresponds to the 

quinone structure (q) of the main chain of PPy.[39] The XPS 

spectrum of Co metal shown in Fig. 3(d) contains two 

characteristic peaks corresponding to Co 2p3/2 and Co 2p1/2 at 

781.1 eV and 796.7 eV, as well as two shake-up satellite peaks, 

respectively.[40–42] 

The Brunauer–Emmett–Teller (BET) surface areas and 

pore diameter distribution of SZIF-67, PPy and SZIF-67@PPy 

composite were measured through N2 adsorption-desorption 

isotherms (Fig. 4). The surface area of SZIF-67@PPy 

composite is 32.05 m2 g-1 which is slightly increased compared 

with SZIF-67 (27.18 m2 g-1) and PPy (11.28 m2 g-1). Moreover, 

the pore diameter distribution curves show large variance. The 

enhanced pores in the composite showing more tendency for 

N2 adsorption and desorption. These pores in SZIF-67@PPy 

composite suggests that the nanocomposite have more active 

sites for the ion channeling and ion conductivity.  

 
Fig. 5 Electrochemical measurements: (a) CV at 10 mVs-1 and 

(b) GCD curves at 1 Ag-1 of PPy, SZIF-67, and SZIF-67@PPy 

composite, respectively. 

 

Generally, the electrochemical properties of electrode 

materials for supercapacitors can be studied by using three-

electrode or two electrode systems. However, the capacitance 

measured in the three-electrode system is usually better than 

the two electrode system.[43] Fig. 5 shows the CV curves at 10 

mVs-1 (a) and GCD curves at 1 Ag-1 (b) of SZIF-67, PPy, and 

SZIF-67@PPy composite in the three-electrode system. 

Generally, the C-V curve of an ideal double-layer capacitor is 

similar to a parallelogram, but the internal resistance of the 

electrode material will cause the loss of the cyclic 

voltammetric curve of the double-layer capacitor.[44,45] For PPy, 

which is a pseudocapacitor electrode material, it not only has 

the charge storage capacity of double-layer capacitor but also 

has the redox charge storage capacity.[46] Therefore, we can 

observe the redox curve on its cyclic voltammetry curve. It can 

be seen from Fig. 5 that the pseudocapacitance characteristic 

of SZIF-67@PPy is significantly stronger than that of the 

other two samples, which can be seen from the peak area and 

peak shape enclosed by cyclic voltammetry.[12,27,47] The GCD 

curves (as shown in Fig. 5(b) under the current density of 1 

Ag-1, the specific capacitance (220 F g-1) of SZIF-67@PPy is 

much higher than that of SZIF-67(30.3 F g-1) and PPy (38.7 F 

g-1).  

 
Fig. 6 Electrochemical measurements: (a, c, e) CV at different 

scan rates and (b, d, f) GCD curves at different current densities 

of PPy, SZIF-67, and SZIF-67@PPy composite, respectively. 

 

Fig. 6 shows the cyclic voltammetry curves of (a) PPy, (c) 

SZIF-67 and (e) SZIF-67@PPy composite at the scan rate of 

5, 10, 20, 50, 100 mVs-1. It can be seen that SZIF-67@PPy 

keeps a good peak shape with the increase of sweep speed of 

applied voltage from 5 mVs-1 to 100 mVs-1, and the 

parallelogram peak shape with clear redox peaks of CV is 

more obvious in the low sweep speed mode, which shows that 

it has the charge enrichment storage capacity of double-layer 

capacitor and the redox charge storage capacity of 

pseudocapacitor.[44,48–50] 

As shown in Fig. 6(b, d and e) the GCD curves of PPy, 

SZIF-67, and SZIF-67@PPy composite samples were 

measured in a three-electrode system with 1 M H2SO4 solution 

as the electrolyte. The specific capacitance (CS) of active 

material to a single electrode can be calculated by the 

following formula[51]: 

𝐶𝑠 =
𝐼×𝛥𝑡

𝑚×𝛥𝑉
           (2) 

where, Δ T, m and Δ V denote the current discharge time, the 

mass of the active material of the electrode and the potential 

window, respectively. According to Eq. (2), the specific 

capacitance of PPy, SZIF-67, and SZIF-67@PPy composite 

are 38.7, 30.3 and 220 Fg-1 respectively at the current density 

of 1 A g-1. Compared with ordinary PPy and SZIF-67, the 

specific capacitance of SZIF-67@PPy is significantly 

enhanced. According to the experimental data, we infer that 

this is due to the increase of surface area, pores, and molecular 

arrangement order. On one hand, it is conducive to the 
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adsorption of charge, while on the other hand, it effectively 

reduces the internal resistance of the electrode system, thus 

increasing its specific capacitance. The SZIF-67@PPy 

nanocomposite electrode material, with SZIF-67, as an 

effective porous material, greatly improves the ionic charge 

transfer efficiency in PPy.  

 
Fig. 7 (a) The specific capacitance at different current densities 

and (b) cycling performance at a current density of 10 A g-1 for 

PPy, SZIF-67, and SZIF-67@PPy composite, respectively. 

 

In addition, when the current density is 1, 2, 3, 5 and 10 

Ag-1, the specific capacitance of SZIF-67@PPy 

nanocomposite electrode material is 220, 154.9, 96.1, 70.2 and 

39 Fg-1, respectively. Moreover, Table S1 in the supporting 

information enlisted the performance of MOF and PPy 

synthesized materials compared with this work. It can be seen 

that SZIF-67@PPy composite have a decent supercapacitance 

performance even at a very lower loading ratio. It can be seen 

from Fig. 7(a) that the increase of current density, SZIF-

67@PPy nanocomposite electrode materials show low 

specific capacitance, which means that the rapid charge-

discharge directly reduces the adsorption efficiency of the 

charge in the electrolyte on the electrode.52 Moreover, the 

cycling performance of the electrode material of the 

supercapacitor is an important index to measure the stability 

of the charge-discharge performance of the electrode material. 

As shown in Fig. 7(b), the PPy, SZIF-67, and SZIF-67@PPy 

composite materials were charged and discharged for 3000 

cycles at the current density of 10 A g-1 to evaluate the cycle 

stability. After 1000 charge-discharge cycles, the capacity 

retention of PPy (89.73%) is slightly lower than SZIF-67 

(95.39%). Compared with PPy (75.82%) and SZIF-67 (81%) 

after 3000 cycles, the stability of SZIF-67@PPy composite 

was significantly sustained to 92%. Due to the high 

mechanical strength and excellent electrochemical stability of 

SZIF-67@PPy composite, it acts as an elastic framework to 

prevent the expansion and contraction of PPy in the repeated 

charge-discharge process.[53,54] 

4. Conclusion 

Composite of polypyrrole with SZIF-67 was prepared by in-

situ oxidation polymerization with CSA as the doping acid. 

SZIF-67@PPy with excellent electrochemical properties were 

used to prepare electrode materials for supercapacitors. The 

electrode has larger specific capacitance and good capacity 

retention after 3000 cycles. Compared with conductive PPy 

and SZIF-67, the composite of SZIF-67@PPy effectively 

improves the charge transfer capacity of conductive polymer, 

reduces the internal resistance of the system, effectively 

improves the specific capacitance and cycle stability. The 

results indicate that SZIF-67@PPy can be a good candidate 

for high performance, flexible and stable electrode material of 

supercapacitor.  
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