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n this research, two samples of a ZrNiCo ZIF-67 with the change in molar concentration 
of metal to linker (1:1 and 1:2) were synthesized via the co-precipitation method. Then 
electrode fabrication was done. An attractive candidate for supercapacitor electrodes, 

ternary metal oxides ZIF 67 exhibit several desirable properties, including a large surface area, 
porosity, chemical stability, tailoring ability, redox activity, and low environmental impact. The 
porous polyhedral structure of ZrNiCo ZIF-67, which incorporates connected nanoparticles 
of varied compositions, greatly enhances the charge storage capacity. They are essential to a 
robust and sustainable energy future, and they have social, ecological, and economic 
significance. Electrochemical methods such as cyclic voltammetry (CV), galvanostatic charge 
and discharge (GCD), and electrochemical impedance spectroscopy (EIS) are among the 
various characterizations used to assess the electrode's performance. Other approaches include 
X-ray diffraction to study the crystal structure. With a specific capacitance of 232 F/g at a 
current density of 1 A/g, the ZrNiCo ZIF-67 (1:2) electrode material performs better than the 
other ZrNiCo ZIF-67 (1:1) materials. In order to create nanocomposites ZrNiCo ZIF-67 (1:2) 
with improved electrochemical characteristics, this research provides an easy and practical 
method. These materials can then be used as electrodes in supercapacitors for high specific 
capacitance. 
Keywords: Zrnico Zif-67, Co-Precipitation Method, X-Ray Diffraction (XRD), Electrode 
Fabrication, Redox Activity, Electrochemical Performance 
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Introduction: 
Emerging as a transforming discipline in material science, nanotechnology provides 

atomic and molecular level manipulation of matter.  Thanks to this development, new 
materials with improved surface area, chemical stability, and customized features necessary for 
contemporary commercial and scientific uses [1][2][3] have become possible.  Among its 
several contributions, nanotechnology is especially important for the creation of improved 
energy storage systems in which device efficiency is directly influenced by material 
performance at the nanoscale. 

Prominent electrochemical energy storage devices with great interest due to their high-
power density, fast charge-discharge capabilities, and long cycle life are supercapacitors, often 
referred to as ultracapacitors [4].  Supercapacitors' higher electrode surface area and 
electrochemical activity help them to store far more energy than conventional capacitors [5].  
Faster energy transfer is made possible by their mechanisms, which either employ electrical 
double-layer capacitance or pseudo-capacitance, allowing for better than standard batteries 
[6][7]. Still, a major difficulty in supercapacitor research, meanwhile, is raising energy density 
while preserving high power density. 

Recent research aimed at addressing this restriction has concentrated on the creation 
of sophisticated electrode materials such as ternary metal oxides.  Comprising three separate 
metal components, these materials provide synergistic benefits, improving structural stability, 
redox activity, and electrical conductivity during cycling [8].  Improving the electrochemical 
performance and endurance of supercapacitor electrodes depends on such features. 

A subfamily of metal-organic frameworks recognized for their tunable porosity, 
chemical robustness, and high surface area, zeolitic imidazolate frameworks (ZIFs) present 
one exciting class of precursors for these advanced materials [9][10][11]. Particularly, ZIF-67, 
consisting of cobalt ions and 2-methylimidazolate linkers, has shown promise as a precursor 
for producing porous metal oxides via ligand exchange or thermal decomposition [12][13][14]. 
Together with its capacity to host several metal species and structural similarity to ZIF-67 to 
ZIF-8, ZIF-67 is a flexible template for creating nanostructured compositions. 

Incorporating zirconium (Zr) and nickel (Ni) into the ZIF-67 framework allows one 
to synthesize ZrNiCo-based composites with enhanced redox behaviour, electrochemical 
stability, and ion diffusion capacity [14]. These ternary composites not only preserve the great 
surface area and porosity of the original framework but also add several redox-active sites that 
help to increase specific capacitance.  

This work intends to produce and describe ZrNiCo ZIF-67 composites with two 
different molar ratios (1:1 and 1:2) of metal to organic linker.  The structural and 
electrochemical characteristics of the resulting materials are methodically assessed using X-ray 
diffraction (XRD), cyclic voltammetry (CV), galvanostatic charge–discharge (GCD), and 
electrochemical impedance spectroscopy (EIS) following a co-precipitation method followed 
by annealing.  The aim is to find a composition that provides the best performance for 
supercapacitor uses and to know how molar ratio modification affects electrode behaviour. 
Literature / Discussions: 

Author mentioned that Supercapacitor (SC) technology is built on the work of 
Helmholtz, who established in 1853 that electrical charges may be held on both the surface of 
a conductor and the electrode-electrolyte "double-layer" interface. Shortly a century after, 
General Electric and Sohio (Standard Oil Company) published a lot of papers and patents 
[15]. Mostly, studies using electrodes for batteries and carbon-based fuel cells produced these 
first results. More broadly, they made it possible for nanotechnology to emerge, which in turn 
allowed surface area to grow and tailored nano-sized morphologies to be exploited. The energy 
and power densities of a system of energy storage devices characterize it essentially. Linking 
conventional capacitors with fuel cells, SCs are vital. While fuel cells fast store energy fast, 
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traditional capacitors have a high-power density. Supercapacitors show more capacitance than 
conventional capacitors because of their larger surface areas of electrodes. Moreover, SCs can 
generate more power than batteries since their approaches to energy accumulation differ 
greatly. Unlike batteries, where the reverse is true, SCs have a surface-based rather than bulk-
based charge-accumulating process. Following an explanation of how supercapacitors operate 
and an assessment of the technology's performance, the chapter notes the main conclusions 
in the area while also monitoring the technology's evolution over the years and trying to offer 
a useful classification [15]. 

Author in another study, explores how the nanomorphology of ZIFs greatly 
influences, even improves, the chemical properties of metal-organic compounds.  Nanosized 
rhombic dodecahedral ZIF-67 crystals were synthesised easily at room temperature, co-
precipitated, and subsequently extensively characterized by XRD, FT-IR, DRS, XPS, TEM, 
SEM, TGA, and N2/CO2 sorption investigations. Under mild reaction conditions, the as-
prepared ZIF-67 material was found to be an effective heterogeneous co-catalyst for the 
photocatalytic reduction of CO2 by means of a ruthenium-based dye as a photosensitizer.  
With catalytic performance that is, 37.4 moles of CO per 30 minutes,the photocatalytic CO2 
reduction system exceeded other types of MOFs when the reaction circumstances were just 
correct.  The carbon source of the investigated CO was confirmed by isotope analysis of 
13CO2.  Furthermore, examined in the reaction system were the stability and reusability of 
the ZIF-67 co-catalyst.  This work clarifies unexplored paths for the construction of 
photocatalytic nanoscale ZIF materials [14][16]. 
Objectives: 
Using two molar ratios (1:1 and 1:2), co-precipitation allows one to synthesize ZrNiCo ZIF-
67 composites. 
To create and validate electrodes from the produced materials. 
To evaluate their electrochemical performance. 
Novelty: 

The structure and electrochemical characteristics of ZrNiCo ZIF-67 composites are 
investigated in this work concerning changing the metal-to-linker molar ratio.  Unlike earlier 
studies, it investigates two different stoichiometries to show how composition influences 
capacitance and charge transfer resistance.  Within a ZIF-67 framework, the ternary 
combination of Zr, Ni, and Co provides improved redox activity and energy storage potential. 
Methodology: 

Room temperature co-precipitation was used to synthesize ZIF-67.  To make a pink 

solution, specifically 0.9599 g of cobalt nitrate hexahydrate [Co (NO₃) ₂·6H₂O] was dissolved 
in 40 mL of deionized water and agitated for 30 minutes.  To get a transparent solution, 
separately, 2.1014 g of benzene tricarboxylic acid was dissolved in another 40 mL of deionized 
water.  Before the benzene tricarboxylic acid solution was added dropwise, the cobalt-
containing solution was swirled for another 15 minutes.  The reaction mixture was left at room 
temperature undisturbed for 24 hours.  Collected by filtration, a purple solid precipitate was 
rinsed with deionized water and ethanol; it was dried at 80°C for twelve hours.  This process 
produces a highly porous and single-metal cobalt-based ZIF-67 framework. 

ZrNiCo ZIF-67 composites synthesized included nickel and zirconium in addition to 
cobalt into the ZIF structure.  Two sets of samples were generated with varying metal-to-
linker molar ratios. Dissolved in 80 mL of deionized water, 0.9596 g of cobalt nitrate 
hexahydrate, 0.9599 g of nickel nitrate hexahydrate, and 0.7697 g of zirconyl nitrate, sample 1 
(1:1 ratio) was well homogeneous after vigorous stirring. 

The identical mass of metal precursors was dissolved in 80 mL of deionized water, but 
the molar ratio of metal to linker was changed to 1:2 by changing the linker quantity. Both 
combinations allow for reaction at room temperature.  The resultant particles were gathered 
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by centrifugation, washed using deionized water and ethanol, and dried overnight at 80°C.  
Most importantly, the dried powders underwent two hours of thermal treatment at 800°C in 
a nitrogen environment under a ramp rate of 3°C/min.  This calcination process converted 
as-synthesized precursors into redox-active sites and increased the structural integrity of 
electroactive ternary metal oxide nanocomposites. 

 
Figure 1. Schematic representation of the synthesis of pure cobalt-based ZIF-67 framework. 

 
Figure 2. Schematic illustration of the synthesis process for ZrNiCo ZIF-67 composite 

materials with two different molar ratios (1:1 and 1:2) of metal precursors to organic linker. 
For making functional electrodes, Deionized water, acetone, and alcohol were used to 

clean the nickel foam. The NMP solution was fortified with 80:10:10 weight ratios of electrode 
Redox-active material, binder (PVDF), and carbon black. Deionized water (DIW) was 
supplemented with 2 milligrams of the produced substance and 10 microliters of Nafion 
solution. The technique of making functional electrodes involved making a slurry, coating it 
onto nickel bubbles that were 1 cm by 1 cm in size, and then vacuum drying them at 110 °C 
for about 10 hours. Submerging the constructed cell in a 3M KOH electrolyte solution 
completes the assembly process. Then the Teflon cap and platinum coil were placed on top 
of it. The built electrode was immersed in the cylindrical cell to serve as a working electrode, 
while an Ag/AgCl electrode served as a reference electrode. The electrochemical workstation 
consisted of three interconnected electrodes.  

 
Figure 3. Schematic diagram for the three-electrode electrochemical cell arrangement 

utilized for characterization. A platinum counter electrode, an Ag/AgCl reference electrode, 
and a working electrode. 
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Characterization Techniques: 
This is a collection of techniques used to determine the composition and electrical 

properties of man-made materials. 
X-ray Diffraction  
CV 
GCD 
EIS  
Results and Discussion: 
X-Ray Diffraction (XRD) Analysis: 

 
Figure 4. X-ray diffraction (XRD) patterns of ZrNiCo ZIF-67 composites with 1:1 and 1:2 

molar ratios of metal to linker. 
Two alternative molar ratios (1:1 and 1:2) were used in X-ray diffraction examination 

to determine the crystalline structure and phase composition of the produced ZrNiCo ZIF-
67 composites.  As Figure 4 shows, both samples show separate peaks matching the crystalline 

phases of ZrO₂, NiO, and CoO.  Complementing the standard reference pattern (JCPDS 39-
1346), the diffraction peaks at 2θ values of 30.01°, 34.92°, 38.6°, and 50.02° correspond to the 

(101), (002), (110), and (112) planes of rhombohedral ZrO₂.  Likewise, NiO peaks seen at 
43.3° and 62.9° correspond to the (200) and (220) planes of its cubic phase (JCPDS 47-1049).  
Consistent with JCPDS 48-1719, CoO displayed peaks at 54.88° and 60° corresponding to the 
(111) and (200) planes. These results validate that the ternary composite preserves the unique 
crystal properties of every metal oxide component.  Although changing the metal-to-linker 
ratio does not appreciably affect the crystallographic phases, the relative intensities indicate 
variations in crystallinity and phase dominance, which perhaps influence electrochemical 
performance in both samples. 
GCD Galvanostatic Charge-Discharge Analysis: 

To assess the composites' capacitive behaviour, GCD measurements were performed 
in a three-electrode setup within a 3M KOH electrolyte.  Overall, investigated current densities 
(2–100 A/g), the ZrNiCo ZIF-67 (1:2) electrode has a longer discharge duration, as shown in 
Figure 5.0, than its 1:1 counterpart.  For the 1:2 sample, the specific capacitance computed 
peaked at 180 F/g at 1 A/g. 

The 1:2 composite's longer discharge time points to enhanced energy storage capacity, 
most likely from a more developed mesoporous structure and increased availability of redox-
active sites. Common behavior ascribed to inadequate electrolyte ion penetration at higher 
current rates is the reduction in specific capacitance with increasing current density observed 
in both specimens.  Still, both electrodes kept good charge-discharge reversibility, suggesting 
structural durability during electrochemical cycling. 
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Figure 5. Galvanostatic charge-discharge (GCD) profiles of ZrNiCo ZIF-67 composites 

(1:1 and 1:2) recorded at various current densities. 
Cyclic voltammetry (CV) Analysis: 

Cyclic voltammetry was then used to examine the composites' further electrochemical 
characteristics.  Under scan rates ranging from 2 to 100 mV/s, CV curves were collected in a 
potential range spanning -0.3 V to +0.3 V (vs. Ag/AgCl).  Figure 6.0 shows both materials 
displaying quasi-rectangular CV profiles with separate redox peaks, hence demonstrating 
pseudocapacitive behavior. 

Suggesting more electrochemical activity and capacitance, ZrNiCo ZIF-67 (1:2) 
showed a notably bigger integrated area and higher peak current among the two.  At a two 
mV/s scan rate, the greatest specific capacitance of 232 F/g was attained.  The ideal ratio of 
metal ions helps electron transmission and raises the density of electroactive sites, thereby 
explaining this improved performance.  A decrease in capacitance was noted when scan rates 
rose, mostly from the limited diffusion of ions at faster speeds, therefore limiting deeper use 
of the electrode surface. 

  
Figure 6 Cyclic voltammetry (CV) curves of ZrNiCo ZIF-67 composites (1:1 and 1:2) 

measured across scan rates from 2 to 100 mV/s. 
Electrochemical Impedance Spectroscopy (EIS) Analysis: 

 
Figure 7. Electrochemical impedance spectroscopy (EIS) Nyquist plots of ZrNiCo ZIF-67 

composites (1:1 and 1:2). The smaller semicircle for the 1:2 sample reflects lower charge 
transfer resistance, suggesting better electrical conductivity and ion diffusion. 
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EIS studies spanning a frequency range of 10² to 10⁵ Hz allowed one to examine 
charge transfer resistance and ion diffusion kinetics.  Representing charge transfer resistance 
(Rct), the Nyquist plots in Figure 7.0 show a straight line in the low-frequency region and a 
semi-circular arc in the high-frequency region, suggesting Warburg impedance linked with ion 
diffusion. 

Compared to 8.6 Ω for the 1:1 sample, the smaller semicircle diameter of the ZrNiCo 
ZIF-67 (1:2) composite corresponded to a lower Rct value of 7.3 Ω.  In the 1:2 electrode, this 
decrease in resistance corresponds with higher electron mobility and improved electrical 
conductivity.  Moreover, the steeper slope in the low-frequency part of the 1:2 sample 
guarantees enhanced capacitive behavior and ion transport.  The optimal stoichiometric 
balance of metals and linkers helps to explain these developments in more efficient electrolyte 
accessibility and greater connection among active particles. 
Conclusions: 

Nanocomposites of ternary metal oxides ZrNiCo ZIF-67 were produced through the 
use of a co-precipitation process with the change of molar concentration (1:1 and 1:2). By 
using X-ray diffraction, the crystal structures of the composites were analyzed. With its high-
rate capacity and outstanding specific capacitance, the ZrNiCo ZIF-67 (1:2) hybrid 
nanocomposite shows significant promise as a material for supercapacitor electrodes. The 
specific capacitance of this electrode material, which contains connected nanoparticles, was 
232F/g, and it showed an enhanced capacitance when tested at a scan rate of 2mv/s. The EIS 
study also shows that the ohmic resistance value is lower (Rs = 7.3 Ω) than other electrode 
materials, which means that the electrical conductivity and charge transfer rate are better. This 
method is useful for supercapacitors and other high-performance, practically applicable energy 
storage devices. 
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