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Abstract - Specific capacitance is a critical measure for 

assessing the electrochemical characteristics of electrode 

materials used in energy storage systems, especially 

supercapacitors. This article offers a thorough yet succinct 

mathematical analysis of capacitance, highlighting its 

physical implications and practical relevance. The 

correlation between charge, voltages, and mass is 

methodically examined to formulate the theoretical 

foundation of capacitance in electrochemical phenomena. 

Multiple assessment techniques, such as the galvanostatic 

charge-discharge (GCD) analysis and cyclic voltammetry 

(CV) techniques, are examined mathematically to elucidate 

their functions in ascertaining capacitance values. The 

relationship between specific capacitance and critical 

performance parameters, such as energy density, is 

examined to enhance understanding of material efficiency. 

This review attempts to connect theoretical models with 

experimental findings, providing comprehensive 

knowledge to inform the logical design of improved 

electrode materials for high efficiency uses for energy 

storage. 

Keywords: Specific Capacitance; Mathematical Modelling; 

Charge Storing; Energy Density and Electrochemical Testing. 

I. INTRODUCTION 

The increasing need for effective and environmentally 

conscious energy storage solutions has markedly heightened 

academic curiosity in electrochemical devices, particularly 

supercapacitors. These types of systems are characterized by 

their high-power density, swift charging and discharge 

capacity, and extended cycle lifespans, rendering them 

appropriate for various purposes, such handheld devices, 

electric cars, and energy-efficient systems [1, 2]. A key metric 

for assessing the efficiency of these tools is specific 

capacitance (Cs), defined as the charge storing capacity of 

electrode components per unit mass [3]. The Cs directly 

indicates material effectiveness and is crucial for evaluating 

the electrochemical capabilities of various systems. Although 

widely utilized, the understanding of capacitance frequently 

relies on numerical numbers derived from experimental 

methods, with insufficient focus on its mathematical as well as 

physical implications [4]. A comprehensive grasp of the 

mathematical principles underlying capacitance is crucial for 

the precise analysis of experimental results and the 

enhancement of materials designs [5, 6]. 

Specific capacitance (Cs) is primarily characterized by 

the connection between stored charge and applied voltage. 

This relationship, when applied to specific capacitance, 

includes the mass of active material, yielding a normalized 

metric that represents both inherent material characteristics 

and electrode design [7]. Moreover, other electrochemical 

methods, like CV and GCD, provide unique mathematical 

frameworks for assessing capacitance, each accompanied by 

specific presumptions and limits [8]. Recent breakthroughs in 

nanostructured materials, like carbon-containing substances, 

metal oxides, and two-dimensional (2D) structures, have 

shown considerable enhancements in Cs [9]. These 

improvements are intricately associated with structural 

characteristics like area of surface, pore size, conductivity, and 

redox reaction activity [10]. Comprehending the impact of 

these physical attributes on mathematical representations of 

capacitance is essential for improving learning outcomes. 

This review articles seeks to deliver a coherent and 

methodical analysis of Cs through a mathematical standpoint, 

while preserving a robust linkage to physical and 

electrochemical concepts. This study aims to provide 

substantial knowledge into charge storage processes by 

combining theoretical models with experimental approaches, 

thereby facilitating the advancement of sophisticated materials 

for upcoming energy storage devices. 
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II. THEORATICAL FRAMEWORK AND 

MATHEMATICAL ESTIMATION OF SPECIFIC 

CAPCITACE 

Within the field of electrochemistry, there are 

fundamental connections between mathematics and physics 

that can be of use in determining specific capacitance. Figure 

1 depicts the transdisciplinary characteristics of specific 

capacitance in electrochemical storing energy devices. It 

emphasizes the collaboration of three fundamental 

disciplinesmathematics, physics, and electrochemistry in 

defining and optimizing charge storage characteristics [6]. 

Mathematics offers the quantitative basis for capacitance 

calculation, physics elucidates the underlying processes of 

charge dispersal and conserving energy, and electrochemistry 

regulates the redox processes and transport of ions at the 

electrode and electrolyte interface. The amalgamation of these 

disciplines culminates in the creation of efficient energy 

storage devices, exemplified as modern supercapacitors, 

characterized by good effectiveness, stability, and energy 

conservation. 

 

Figure 1: Relation between physics, Mathematics and electrochemistry 

2.1 Specific Capacitance and its Mathematical Derivation 

Specific capacitance (Cs) is a crucial metric that 

quantifies the capacity of an electrode material to hold electric 

charge per unit mass. It is extensively utilized in the 

assessment of supercapacitor materials as it standardizes 

capacitance relative to material mass, facilitating equitable 

comparison among various electrodes [1, 11]. In mathematical 

terms, it is represented as shown in Eq. 1. 

𝐶𝑠 =
𝐶

𝑚
   (1) 

where C denotes the amount of capacitance and m 

signifies the used mass for fabrication of electrode. An 

elevated specific capacitance signifies enhanced charge 

storage potential, superior electrochemical activity, and 

optimized use of electrode material [12]. Figure 2 shows the 

formula of Cs and demonstrates ion migration (cations as well 

as anions) inside the electrolyte, highlighting how charge 

dissociation at electrodes facilitates energy storage. 

 

Figure 2: Demonstration of ion migration inside the electrolyte 

The charge retention in electrochemical devices is 

characterized by two primary mechanisms, which are 

electrical double-layer capacitance (EDLC) and pseudo 

capacitance. EDLC results from electrostatic ion absorption at 

the electrode to electrolyte surface, occurring unaffected by 

any chemical reaction, which facilitates rapid and extremely 

long-lasting charge retention. Pseudo capacitance entails rapid 

and reversible redox processes occurring at or near the 

electrode surface, resulting in substantially greater capacitance 

values [5]. The total capacitance is the aggregate of both 

responses, denoted by Eq. 2. 

Ctotal = CEDLC+ Cpseudo  (2) 

which emphasizes the hybrid characteristics of actual 

electrochemical systems.This integrated model underscores 

the significance of both surface characteristics and redox-

active areas in influencing the model's overall efficiency. The 

procedure of charge storage in both types is shown in Figure 3 

 

Figure 3: Charge storage procedure in EDLC and Pseudocapacitors 

The specific capacitance (Cs) comes from capacitance 

that characterizes the capacity of a system to hold electrical 

charge within a potential. The basic capacitance formula is 

shown in Eq. 3. 

C =
𝑄

ΔV
   (3) 
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where Q is stored charge and ΔV is the potential range. 

Add the active material's mass to this equation to get the 

Cs formula for electrochemical devices: Put this into the 

capacitance formula yields the Eq. 4. 

Cs =
𝑄

m ΔV
  (4) 

This design normalizes charge retention for evaluation 

over materials and electrode layouts. Present reactivity is used 

to estimate charge Q in real systems. With electric current 

given by Eq. 5. 

C =
𝑑𝑄

dt
   (5) 

total charge is represented by Eq. 6. 

Q=∫I dt   (6) 

The specific capacitance can be written as shown in Eq. 7. 

Cs=
1

𝑚∆𝑉 
∫Idt  (7) 

The result illustrates that specific capacitance is 

correlated to total charge stored across a voltage span. which 

interprets CV and GCD experiments [13, 14]. 

2.2 Experiments Models for Specific Capacitance Testing 

Electrochemical characterization methods are essential 

for capacitance evaluation and provide unique theoretical and 

physical information. The CV, GCD and electrochemical 

impedance spectroscopy (EIS) are used to measure specific 

capacitance. The CV is commonly used to analyses charge 

retention behavior qualitatively and quantitatively. The 

integral area of the voltage–current graph determines specific 

capacitance. Normally, a rectangular CV graph shows pure 

EDLC, but redox spikes represent pseudo capacitance [15, 

16]. But greater scan rates can limit diffusion of ions and 

lower charge storage, affecting the value of Cs in CV analysis. 

The formula for Cs is given by Eq. 8.thatreveals charge ways 

of storing through the area over the graph in CV graph. 

Cs=
1

𝑚𝑣∆𝑉 
∫I (V) dV  (8) 

A simple mathematical equation makes GCD one highly 

accurate way for determining value of Cs. Time and voltage 

are directly related in the linear discharge pattern [17]. Non-

linearity indicates resistance degradation or faradaic 

contributions. GCD measures are used for practical 

performance evaluation because they have a lower sensitivity 

to testing conditions than CV. The GCD approach is used to 

find Cs as given by Eq. 9whereby prolonged discharge times 

result in larger capacitance [18]. 

Cs=
IΔt

𝑚∆𝑉 
  (10) 

The EIS measures capacitance in the frequency region 

and reveals resistance and ion mobility. It permits impedance 

modelling to obtain capacitance, but not directly [10]. Real 

and imaginary impedances are used to analyse charge 

transmission resistance, ion movement, and capacitance [19]. 

The system approaching optimal capacitive behavior at low-

frequency bands, allowing capacitance estimate. The CV, 

GCD and EIS plots are shown in Figure 4 (a, b and c). 

 

Figure 4: CV, GCD and EIS plot with their formula for finding Cs 

An integrated examination of various methodologies 

guarantees a thorough comprehension of electrochemical 

activity and confirms the accuracy of capacitance studies. 

The electrochemical behavior of both EDLC and pseudo 

capacitors can be analyzed using CV, GCD, and EIS curves 

with varying shapes as shown in Figure 6(a, b, and c). A 

rectangular cyclic voltammetry curve generally signifies 

optimal electric double-layer capacitor performance, but the 

emergence of redox peaks implies pseudocapacitive effects 

[20]. In GCD tests, a linear and symmetric charging-discharge 

pattern signifies optimal capacitive behavior, while voltage 

declines (IR drop) reflect internal resistance [21, 22]. In EIS 

examination, a semicircle represents charge transmission 

resistance, but a linear signal at low frequency indicates ion 

diffusion pathways. 

 

Figure 5: Electrochemical behavior of both EDLC and pseudo capacitors 
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2.3 Physical Interpretations of Mathematical Formulations 

The mathematical formulations for capacitance elucidate 

critical physical parameters that dictate energy storage 

efficacy. The retained charge Q rises with the electrode 

surface area, indicating that nanostructured materials with 

extensive surface contact demonstrate elevated capacitance. 

Porous features promote ion movement, enhancing 

electrochemical availability, whilst elevated electrical 

conductivity accelerates electron movement kinetics. The 

voltage range directly influences the overall energy storage 

capacity [23]. Consequently, refining material layout and 

makeup immediately improves the quantifiable 

capacitance.Figure 6 elucidates the principal parameters 

influencing capacitance in electrochemical devices. 

Capacitance is enhanced by an increased surface area 

(providing more active sites for charge retention), elevated 

porosity (facilitating improved ion transfer and availability), 

superior conductivity (allowing for expedited electron 

transport), and an expanded voltage range (offering higher 

useful energy). 

 

Figure 6: Dependent parameters for increasing specific capacitance 

III. LIMITATIONS OFMATHEMATICAL MODELS 

AND THEIR PRACTICLAL IMPLIMENTATION 

While mathematical models offer a valuable foundation 

for capacitance analysis, they sometimes presume the perfect 

environment that inadequately reflects actual systems. Aspects 

like structural imperfections, surface irregularities, and 

intricate ion transport routes are often overlooked. Moreover, 

experimental parameters including scan rate, the temperature, 

and electrolytes content might profoundly affect the measured 

results. Consequently, theoretical models are required to be 

analyzed in conjunction with experimental findings to draw 

precise results. Grasping mathematical significance of specific 

capacitance is essential for the design of improved electrode 

substances. It allows researchers to objectively assess various 

materials, enhance nanostructures, and augment 

electrochemical activity. Nanostructured materials with 

increased surface area and permeability typically demonstrate 

elevated specific capacitance owing to enhanced ion 

accessibility. This mathematical model directly informs the 

advancement of advanced energy-storing devices. 

Figure 7(a) elucidates that nanostructured materials 

enhance surface area along with porosity, hence augmenting 

specific capacitance as well as energy storage efficacy. Figure 

7(b) illustrates that advanced models yield superior accuracy 

and comprehension, resulting in more effective high-quality 

devices. 

 

Figure 7: Nanostructures and modelling improve capacitance and 

efficiency 

IV. FUTURE SKYLINE 

Further investigations should concentrate on creating 

superior materials featuring optimized nanostructures, 

elevated area of the surface, and improved conductivity to 

maximize specific capacitance. Furthermore, enhancing 

mathematical models to more effectively incorporate real-

world complications, like ion diffusion constraints, electrode 

variability, and nonlinear behavior, would be crucial for 

precise performance forecasting.  

Recent advancements in electrochemical modelling have 

revealed nonlinear capacitance behavior, diffusion-

controllable charge retention mechanisms, and hybrid models 

that integrate EDLC and pseudo capacitance effects, 

presenting promising avenues for enhancing the 

comprehension and optimization of electrochemical processes. 

Moreover, artificial intelligence and data-driven 

methodologies are progressively employed to forecast 

capacitance based on architectural as well as compositional 

attributes. 

These sophisticated models offer a more authentic 

depiction of electrochemical systems and enhance the 

predicted precision of material behavior. To summarize, a 

robust convergence of mathematical investigation and 

experimental verification will be pivotal in the advancement 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 10, Issue 5, pp 134-139, May-2026 

https://doi.org/10.47001/IRJIET/2026.105018  

© 2026 IRJIET All Rights Reserved                            www.irjiet.com                                        138                                                                    
 

of future-oriented energy storage solutions characterized by 

enhanced effectiveness and reliability. 

V. CONCLUSION 

This review offers a thorough mathematical analysis of 

specific capacitance, highlighting its significance as an 

essential value in electrochemical energy storage systems. 

Connecting mathematical models with experimental 

approaches reveals that specific capacitance is not simply a 

numerical metric, rather it is a manifestation of intricate 

interactions among material characteristics, electrode 

architecture, and electrochemical phenomena. The 

mathematical foundation illustrates that capacitance is 

contingent upon charge storage performance, voltage range, 

and mass utilization, but experimental methods like CV and 

GCD offer practical approaches for its assessment. The 

differentiation among EDLC and pseudo capacitance 

underscores the necessity for developing materials that 

proficiently integrate both mechanisms. 
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