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Abstract- In this paper, we investigate the effect of the Gouy-Chapman capacitor (Cgc) created at electrolyte/counter electrode 

interface in the Dye Sensitized Solar Cells (DSSC) on its J-V curve. For this purpose, an adequate electrical model was 

developed. This model is based on the theory of double layer in electrolyte/metal interface. The results show that by increasing 

the ions concentration in the electrolyte, the Cgc is increased improving the Maximum Power Point (MPP) and the efficiency of 

about 10%. On the other hand the J-V curve deteriorates by increasing the frequency of periodic shading above 0.03 Hz. 

Keywords Dye Sensitized Solar Cells (DSSC) - Double Layer - Gouy-Chapman’s capacitor (Cgc), J-V curve. 

 

1. Introduction 

In last three decades, there has been an important 

development of DSSC based on regenerative photo-

electrochemical principles [1-4]. Most studies in this field 

have neglected the effect of double layer at electrolyte/metal 

contact [5,6]. 

Most parts of the photovoltaic effect phenomena 

involved in the DSSC (the light absorption, photo-generation, 

regeneration of dye and the separation of charge carriers) are 

located in the active layer that extends from 10 µm to 20 µm 

from the electrode [7]. The oxidized mediator (I3
−) in the 

electrolyte is transported to the counter electrode where their 

regeneration occurs by the electrons through the external 

circuit. The Cgc is created at the electrolyte/metal interface, 

the charge carriers transfer is influenced by this Cgc. This 

phenomenon was neglected in most previous studies [8, 9].  

In the present work the influence of electrolyte/metal 

interface at the counter electrode and the impact of the 

periodic shading of light flow on the solar cells J–V curve will 

be investigated.  

2. Theoretical model 

2.1. Metal electrolyte interface 

The corrosion of metallic materials in an aqueous 

medium involves reactions between the metal (the electrode) 

and the solution (the electrolyte), which occur at the interface 

between the two media. 

Metal is considered as a globally neutral compound 

formed by positive ions occupying the positions of the crystal 

lattice and mobile electrons [10]. Despite this mobility, the 

electrons can move away to a great distance from the crystal 

because the positive nucleus exerts an attractive force. 

However, in the absence of external environment, the surface 

of a metallic material is considered as the superposition of two 

thin layers; one positively charged below the surface of the 
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solid and the other negatively charged adjacent on the surface 

[7]. 

  This charge separation zone constitutes the electrical 

double layer [11] (Figure 1). 

 

Fig. 1. Electric double layer on metal surface [11] 

When metal is in contact with an electrolyte, there is also 

a separation of electrical charges. Their distribution at the 

interface depends on the adsorption of water molecules or 

hydrated cations as well as chemical adsorption anion to the 

metal surface. According to the applied potential, the charge 

of the metal can be positive or negative with respect to that of 

the electrolyte. The composition of the double layer, thus also 

depends on this potential; still the electrical neutrality 

condition is always respected [11].  

Since water consists of dipole molecules, their 

adsorption on the surface of a metal, is guided by the charges 

present at the surface. Dissolved cations are generally 

hydrated, they must not get in touch with the surface; a 

distance less than the radius of the hydrated sphere separates 

them (Figure 2) [12]. The anions are rarely hydrated. They can 

be chemically adsorbed on the metal surface, even if they are 

negatively charged, and thus, replace water molecules [12]. 

An example of this type of interface is shown in   Figure 2. 

 

 

Fig. 2. Diagram of double layer metal/solution interface [12] 

2.2. Electrical analogy of the double layer 

2.2.1. Electrical equivalent circuit  

The double layer corresponds, by definition, to the 

electrode/electrolyte interface where charge separation 

occurs. Its electrical behaviour can be likened to that of an 

assembly of the capacitor C (called double layer capacitor) 

connected in parallel with the resistor Rt (called transfer 

resistor) according to the simple diagram shown in Figure 3. 

 

 

Fig. 3. Electric equivalent circuit of 

electrode/electrolyte  interface: 

(a) Capacity of double layer and the charge transfer resistor – 

real case-; 

(b) Polarisable electrode, charge transfer resistor is infinite – 

ideal case- 

The diagram of Figure 3 shows that a direct current can 

pass through the metal/solution interface. This current, called 

current transfer or load current Faraday, is the result of the 

electrochemical reaction which occurs at the interface (charge 

transfer reaction at Pt counter electrode) equation (1). 

𝐼3
− + 2𝑒−

𝑃𝑡
→3𝐼−                                                                   (1) 

Some metal/solution pairs (e.g. Hg/NaCl) contain 

substantially no reactive species. Therefore, they allow the 

variation of the potential difference at the terminals of the 

equivalent circuit with no current flows through it [13]. This 

corresponds to an infinite value of the Rt in the scheme, hence 

the system that has this property is an ideally polarisable 

electrode. Note that the electrode includes both the material 

and solution. 

Several theoretical models have been developed to 

account for the electrical properties of the double layer [12]. 

In the following section the Gouy-Chapman model will briefly 

illustrated. The choice of this model is justified because it is 

appropriate for low solution electrolyte concentration; the 

experimental case of electrolyte of DSSC [14]. 

2.2.2 .Model of Gouy-Chapman 

In Gouy-Chapman model, the ions in solution do not 

occupy a fixed position in a plan. They are distributed in a 

statistical Boltzmann distribution in a region near the metal 

surface called diffuse double layer, or layer of Gouy-Chapman 

(LGC) (Figure 4) [13]. 
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Fig. 4. Gouy-Chapman double layer model. 

The width of this area LGC can be of the order of 30 nm, 

well above the Helmholtz double layer [7]. 

In the Helmholtz model Figure 5, the double layer is 

treated as a plan capacitor whose capacitance CH can be 

calculated using equation (2): 

𝐶𝐻 =
𝜀𝐻2𝑂𝜀0

𝐿𝐻
=

𝑑𝑞

𝑑ΔΦ
                                                       (2) 

Where 𝜀𝐻2𝑂 represents the dielectric constant of water (in 

case the solvent is water), ƐO: permittivity constant      (Fm-1), 

q: the charge density in the double layer (C.m-2), ΔФ: the 

potential difference (V) across the double layer                  (ΔФ 

= Фm-Фs) and LH: capacitor thickness (m) as shown in Figure 

5. 

 

Fig. 5. Helmholtz double layer model 

In this model and according to equation (2) the potential 

difference and the charge density are connected, the double 

layer capacitance of the Helmholtz model does not depend on 

potential or species in solution.  

The double layer capacity may in some cases depend on 

the concentration of ions in the electrolyte. This behaviour, 

observed in particular for low-concentrated solutions, results 

from the thermal motion of the ions [15]. 

Considering the distribution of ions governed by 

Boltzmann statistics, the double layer capacitance, according 

to the Gouy-Chapman model, is obtained by the following 

equations [15]:  

 

𝐶𝐺𝐶 = (
𝜀𝐻2𝑂𝜀0

𝐿𝐺𝐶
) 𝑐𝑜𝑠ℎ (

𝑧𝐹∆𝛷

2𝑅𝑇
)                                             (3) 

with 

𝐿𝐺𝐶 = (
𝜀𝐻2𝑂𝜀0𝑅𝑇

2𝐹2𝑧2𝐶
) 𝑐𝑜𝑠ℎ (

zF∆Φ

2RT
)                                         (4) 

Where z and C, respectively, represent the charge and 

concentration of ions in solution, F represents the electric 

charge of one mole of electrons (96500 C), T: Ambient 

temperature [K].  

The variation of potential within the layer is represented 

by the following equation: 

𝛷(𝑥) = 𝛷𝑚𝑒𝑥𝑝(−
𝑥

𝐿𝐺𝐶
)                                                   (5) 

m represents the metal maximum potential. The Gouy-

Chapman theory also applies to insulating materials. Instead 

of m potential corresponding to the value x = 0, this case is 

called "zeta potential" Φξ. 

Unlike the potential of the metal, that of zeta cannot vary 

by applying a variable voltage. 

3. Model and Simulation 

3.1. Model calculation of Gouy-Chapman capacitance 

In this section, the Gouy-Chapman model, based on 

Matlab routine, is used to calculate the capacitance at the 

interface of the electrode/electrolyte. 

One purpose of this simulation is to determine the 

influence of the concentration of redox ions (I−/I3
−) on Gouy-

Chapman capacity and its influence on the J–V curve for 

different variations of light shading frequency. 

The following equation links the potential difference 

across the electrolyte (Φ(0) − Φ∞) to metal electrical charge 

density [16]:  

𝜎𝑀 = [8. 𝐶. 𝑘. 𝑇. 𝜀0. 𝜀𝑟]
1
2⁄ . 𝑠𝑖𝑛ℎ [

𝑒

2.𝑘.𝑇
(𝛷(0) − 𝛷∞)]  (6) 

σM: surface charge density [C/m²]; 

C: volume ion density [C/m3]; 

k: Boltzmann constant; 

T: Ambient temperature [K]; 

ε0: The permittivity of vacuum; 

εr: The relative permittivity of the medium; 

Ф (0): internal potential of the solution at the point x = 0 [V]; 

Ф∞: internal potential of the solution at the point x → ∞ [V]. 

𝛷(𝑥) − 𝛷∞ = [𝛷(0) − 𝛷∞]. 𝑒𝑥𝑝(−𝐾. 𝑥)                  (7) 

with: 

𝐾 = [
2.𝐶.𝑒2

𝜀0.𝜀𝑟.𝑘.𝑇
]
1
2⁄

                                                                   (8) 

From the equations (6) and (7), the capacity Cgc 

corresponding to the volume distribution of ions predicted by 

the Gouy-Chapman theory is defined as the derivative of the 

surface density of the charge with respect to the potential drop 

in solution[16].  

𝐶𝑔𝑐 =
𝜕𝜎𝑀

𝜕(𝛷(0)−𝛷∞)
= [

2.𝐶.𝑒2.𝜀0.𝜀𝑟

𝑘𝑇
]
1
2⁄

. 𝑐𝑜𝑠ℎ [
𝑒

2.𝑘.𝑇
(𝛷(0) − 𝛷∞)]                      

                                                                                             (9) 

The Cgc capacity used in the simulation represents the 

equivalent capacitance calculated from the equation for the 

two ions redox (I−/I3
−). 
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3.2. Modelling of the PV generator (PVG) 

The modeling of photovoltaic cells necessarily involves 

a judicious choice of equivalent circuits. To develop an 

accurate equivalent circuit for a PV cell, it is advisable to 

understand the physical configuration of the cell components 

as well as the electrical characteristics of each item. According 

to this philosophy, several analytical models are developed to 

represent a highly nonlinear behaviour of semiconductor 

junctions which are the basis of their achievements [17]. These 

models differ from each other by mathematical procedures and 

the number of parameters involved in the calculation of the 

voltage and current of the photovoltaic model. 

Two models of PVG are introduced; namely [18]: 

• Model with a diode (or single exponential) 

• Model with two diodes (or double exponential). 

Both are based on the well-known Shockley diode equation. 

    The functioning of a photovoltaic model is described by 

the standard model of a diode, established by Shockley, for a 

single PV cell (Figure 6) [18]. 

 

Fig. 6. Diagram of solar cell equivalent circuit; single diode 

model 

The current provided by the cell is given by the 

equation (10). 

𝐼 = −𝐼𝑝ℎ +
𝑉−𝑅𝑠𝐼

𝑅𝑠ℎ
+ 𝐼𝑠 [exp (

q(V−RsI)

mkT
) − 1]              (10) 

 I: Current supplied by the cell [A] 

V: Voltage of the cell [V] 

Iph: Photocurrent [A], proportional to the irradiance 

Is: The diode saturation current [A], depending on the 

temperature [K] 

Rs: Series resistor [Ω]. 

Rsh: Shunt resistor (or parallel) [Ω]. 

q: Electron charge = 1.602. 10-19 Coulomb 

m: Quality factor of the diode, typically between 1 and 2. 

Note that the two resistors Rs and Rsh depend on the 

development of the electrodes technology. Rs should be 

minimized; however Rsh should be maximized. 

The photocurrent Iph varies with light irradiation, it is 

determined in relation to the effective values of Ф and T 

compared with these of the reference conditions: 

𝐼𝑝ℎ =
𝛷

𝛷𝑟𝑒𝑓
[𝐼𝑝ℎ𝑟𝑒𝑓 + 𝜇𝐼𝑐𝑠(𝑇 − 𝑇𝑟𝑒𝑓]                          (11) 

 

Ф and Фref: effective and reference irradiance [W/m²]. 

T and Tref: effective and reference temperature [K]. 

μIcs: photo-current temperature coefficient, is often given by 

the manufacturer, it is positive but very small. 

   The reference conditions Фref, Tref are specified to 

obtain the manufacturer's specifications (Voc, Isc, Vmax, Imax). 

They are always given under STC (Standard test Conditions 

1000 W/m², 25 ° C, AM1.5 spectrum) or by experimental 

measurements. 

By involving the Cgc, the electrical equivalent circuit of 

DSSC will correspond to the circuit of Figure 7. 

 

Fig. 7. Diagram of solar cell equivalent circuit; single diode 

model with Gouy-Chapman capacitor. 

4. Results and discussion 

4.1. The influence of the concentration of redox ions 

Figure 8 represents the variation of potential at various 

redox ions concentrations of electrolyte in respect with 

distance from counter electrode. The surface potential is taken 

0.75 eV. The figure shows that the potential extends up to a 

distance from the electrode in the order of nanometer. In this 

case the distance is about 1.4 nm. In addition, the decrease of 

the potential is proportional to the concentration of the redox 

ions (I−/I3
−) in the electrolyte which has the same role as the 

hole carriers in a standard diode. This result corresponds to the 

results published in [7]. 
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Fig.8. The variation of potential with double layer 

distance at various redox ions concentrations of electrolyte. 

Surface potential of 0.75 eV. 

The following Figure shows the variation of the 

capacitance of Gouy-Chapman based on the potential for 

different concentrations of the redox ions. 

The increase of the potential engenders an increasing in 

Cgc capacity. The variation in the capacitance is more 

outstanding for relatively high potential. According to 

equation (9) the Cgc capacity is closely related to the potential 

in the vicinity of the electrode of the solar cell and with the ion 

concentration of the electrolyte, similar results are obtained by 

Shapovalov [19]. 

Fig. 9. The variation of Gouy-Chapman capacitance of the 

DSSC electrode with potential at different redox ions 

concentrations of electrolyte. 

4.2. The influence of the capacity Cgc on the J-V curve 

In this section the impact of Cgc on the J–V curve is 

studied; therefore J-V curves are plotted from equation (10) 

for various values of Cgc as illustrated in Figure 10. 

 

Fig.10. J–V curves for different values of Cgc. 

For high values of Cgc; 1µF, 10µF and 100µF, the 

Maximum Power Point (MPP) improves. The increase of the 

concentration of redox ions in the electrolyte leads to an 

augmentation in the Fill Factor (FF) therefore to the efficiency 

of the solar cell of about 10% without overflowing the Gouy-

Chapman model. 

4.3 The influence of the light flow shading frequency on the 

J–V curve 

In this part, light will be shed on the behaviour of the dye 

cell towards fluctuations of light flow (which may be caused 

by the wind turbine blade shade; the case of wind solar hybrid 

system), which, in turn, cause fluctuations of the photo-

generated current. A current generator (Iph in Figure 7) was 

created by Matlab Simulink that generates photocurrents at 

different frequencies and forms. By varying the shading 

frequency, the J–V curves obtained are shown in Figure 11(a 

to d): 
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Fig.11. J–V curves for different frequency values of shading 

of light flow. a) 0.03 Hz, b) 0.1 Hz, c) 0.5 Hz, d) 16 Hz 

According to the results the deterioration of the J–V 

curve increases with the increasing of shading frequency. The 

deformation of J-V curves slides towards the density current 

axis. These results agree remarkably well with experiment 

[20]. However, for the shading with a period greater than 30 

seconds (a frequency <0.03Hz), the J–V curves remain 

unchanged. 

5. Conclusion 

In order to improve the performance of DSSCs cells, 

many materials, various designs and parameters have been 

studied. The influence of the concentration of redox ions 

(𝐼−/𝐼3
−)  and Cgc capacity on the J–V curve have been opted 

for. 

Increasing the concentrations of the redox ions in the 

electrolyte leads to increase the ability of the double layer 

transferring electrons. This increase in concentrations, in its 

turn, decreases the width of the region where the electrolyte 

field manifests.  

For relatively high values of Cgc capacity the maximum 

power point improves. An increasing of 10% of efficiency is 

obtained varying Cgc from 1µF to 100µF. These Cgc values 

comply with Gouy-Chapman model.  The second part of this 

study reveals that the deterioration of the J–V curve increases 

with the increasing of the shading frequency of the incident 

light flow. However, for the shading frequency less than 

0.03Hz, the J–V curves remain unchanged. 
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