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A B S T R A C T   

This study introduces the Theokane number (Tk) as a groundbreaking dimensionless number in Electrochemistry. 
Tk enables the determination of the operating state of an electrochemical (EC) system—indicating whether it is in 
a transient state (characteristic of cyclic voltammetry) or a steady state (typical of linear sweep voltammetry)— 
based on a given combination of potential scan rate and residence time. It aims to bridge the gap between various 
voltamperometric methods. Tk uniquely compares the duration of the potential scan applied to an EC system to 
the residence time of the reaction mixture at the electrode. This comparison is pertinent in environments ranging 
from microfluidic setups to macroscale reactors, including stirred vessels. 

Tk is particularly crucial for understanding the ‘continuous answer’ of an EC system subjected to voltam-
perometric polarization across a spectrum of potential scan and stirring rates. Voltammograms recorded in a 
micro-reactor under varying conditions highlight the influence of operating parameters on EC responses. The 
approach introduced in this study accomplish three key objectives: i) it validates the Tk number through the 
comparison of experimental and simulation data, ii) it proposes a range for its applicability; and iii) it opens a 
new mode for analyzing EC responses. It is important to note that Tk is applicable to both quasi-reversible and 
irreversible systems.   

1. Introduction 

The treatment of the equations describing the physical phenomena is 
generally derived based on various assumptions. In the realm of elec-
trochemical (EC) methods, this results in a narrow range of validity. 
Voltammetry constitutes a perfect example: transient state voltammetry, 
also commonly named Cyclic Voltammetry (CV) at the transient state, 
requires no fluid motion (or convection) and high potential scan rates (>
~10 mV.s− 1). Meanwhile, steady state voltammetry, also commonly 
known as Linear Sweep Voltammetry (LSV), is performed with solution 
stirring and low scan rates (< ~5 mV.s− 1), often used with Rotating Disk 
Electrode (RDE) or even Rotating Ring-Disk Electrode (RRDE) [1]. Each 
method yields specific results and equations, valid only within a 
restricted range of operating conditions [2]. An analytical approach to 
studying the transient and steady-state voltammetry of non-reversible 
electrode processes was conducted by Gonzales et al., specifically 
focusing on the transition from macroelectrodes to microelectrodes [3]. 

Electrochemistry lacks generalized parameters that allow for 
comparing the effects of phenomena across a wide range of operating 

conditions. Indeed, until now, there is only one dimensionless number 
specific to EC systems, the Wagner number [4,5], Wa, which compares 
the effects of the electron transfer resistance to ionic (ohmic) resistance 
in the solution, on the current distribution into an EC system, as pre-
sented by Eq. (1). 

Wa =
dη
dj

×
κ
l

(1)  

where dη
dj is the slope of the overpotential-current density curve (S− 1.m2), 

κ the ionic conductivity of the solution (S.m− 1) and l a characteristic 
length (m). 

In voltammetry measurements, the transition between transient and 
steady states is critical, especially when studying EC reactions coupled 
to chemical reactions under both regimes. Molina et al. [6] introduced 
an important parameter the ratio of the transient state peak current Its to 
the steady state limiting current Iss, TtSC, defined as TtSC = Its

Iss. 
In this work, we expand the application of this parameter by intro-

ducing a new dimensionless number, the Theokane Tk number. The Tk 
number is designed to describe the continuous behavior of the system in 
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terms of scan and stirring rates, and even in terms of the flux of elec-
troactive compounds transformed at the interface in the two different 
operating modes. 

The developed theoretical approach is applied to an electrochemical 
microreactor (ECµR) which allows precise control of flow near electrode 
surfaces and the recording of voltammograms under a variety of elec-
trode potential scan and flow conditions. 

This configuration offers comprehensive insights into system 
response variations under different scenarios, including transport phe-
nomena and EC reaction limitations. 

We also simulate flow, mass transport and EC reactions occurring in 
the ECµR, comparing these simulations to experimental data. This 
simulation validates our approach, confirming its reliability and accu-
racy in predicting the system’s behavior. 

Finally, this study aims to establish a range of validity for the Tk 
number. This endeavor is intended to enhance our predictive capabil-
ities regarding the system’s response, thereby facilitating more efficient 
system management and potentially advancing the field of CV. 

2. Material and methods 

2.1. Material 

All the chemicals used in this work were provided by Sigma-Aldrich 
(USA). Ultra-pure water (18 MΩ.cm) was used to prepare the solutions. 

2.2. EC set-up 

The EC cell used in this study is a one channel-two streams μ-reactor, 
double Y-shaped as illustrated in Fig. 1 (~100 µm × 250 µm × 3 cm). 
The solution used to continuously supply the working electrode (WE) 
compartment is the ferricyanide 

[
Fe(CN)6

]3− 5 × 10− 3 mol.L− 1, in an 
aqueous solution of KCl 1 mol.L− 1 (supporting electrolyte avoiding the 
migration of ferrocyanide). The WE in Pt presents an useful surface of 
7.5 × 10− 6 m2. Note that a Pt wire introduced in a dedicated hole near 
the inlet acts as ‘pseudo’ reference electrode. A dual-syringe pump was 
used to feed the reactor. 

Depending on the specific case studied, an aqueous solution of KCl 

1 mol.L− 1, or an aqueous solution of 
[
Fe(CN)6

]3− 5.10− 3 mol.L− 1 + KCl 
1 mol.L− 1 is used to continuously supply the counter electrode (CE, Pt 
made) compartment of the ECµR. 

All solutions supplying the ECµR were deaerated in their storage tank 
and the same volumetric flow is used for both streams, thanks to a sy-
ringe pump. The reaction (2) is involved at the WE surface during the 
forward scan and the opposite during the backward scan. The solvent 
reacts on the CE as function of the scan direction. 

Nomenclature 

c Concentration (mol.m− 3) 
D Diffusion constant (m2.s− 1) 
E and EI=0 Potential and Equilibrium potential (V) 
F Faraday constant 
I Current magnitude (A) 
I◦ and i◦ Exchange current and current density (A and A.cm− 2) 
Ia, Ic Anodic and Cathodic currents (A) 
Ilim Current magnitude of the plateau (A) 
Ipeak Current magnitude of the peak (A) 
l Characteristic length (m) 
n Number of exchanged electron (dimensionless) 
N Mass transfer flux (mol.s− 1) 
p Pressure (Pa) 
q Volumetric flow rate (m3.s− 1) 
r Potential scan rate (V.s− 1) 
Re Reynolds number (dimensionless) 
SWE Working Electrode Surface area (m2) 
t Time (s) 
Tk Theokane number (dimensionless) 
v Flow velocity (m.s− 1) 
Wa Wagner number (dimensionless) 

Greek letters 
α and β Anodic and Cathodic exchange coefficients 

(dimensionless) 
ΔIts − ΔIss

Iss Ratio of the difference between transient and steady state 
currents to the current at steady state 

η Overpotential (V) 
κ Ionic conductivity (S.m− 1) 
ρ Density (g.m− 3) 
τres Residence time (s) 
dηc
dj Slope of the overpotential-current density characteristic 

(S− 1.m2) 

Abbreviations 
CE Counter Electrode 
CV Cyclic Voltammetry 
EC Electrochemical 
ECμR Electrochemical micro-reactor 
LSV Linear Sweep Voltammetry 
RDE Rotating Disk Electrode 
RRDE Rotating Ring-Disk Electrode 
TtSC Transient to Steady Current magnitude ratio 
WE Working Electrode  

Fig. 1. EC set-up illustrations. a) Schematic view (left) and picture (right) of 
the working and the counter electrodes, platinum made. b) view of the 
assembled microreactor. 
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[
Fe(CN)6

]3−
+ e−

r1
⇌
r− 1

[
Fe(CN)6

]4− (2)  

2.3. Numerical simulation 

2.3.1. Geometrical and EC data 
The simulations were carried out on COMSOL Multiphysics® soft-

ware. The exploitation of the simulation results enabled a comparison of 
the experimental and simulation outcomes. This allowed for the drawing 
of different curves to characterize hydrodynamics, as well as the veri-
fication of certain classic laws in Electrochemistry. 

Furthermore, the plotting of Ipeak − Ilim
Ilim 

as a function of the Tk number 
was carried out for different flow rates for both experimental and nu-
merical determinations. 

The geometrical and EC data used in the simulation are presented in 
Table 1. 

2.3.2. Boundary conditions 
The flow is modeled by Navier-Stokes equations as presented in Eqs. 

(3)–(4). 

ρ ∂v

∂t
= − ∇p+∇ • τ (3)  

∇.v = 0 (4)  

where ρ is the (mass) density (g.m− 3), v is the flow velocity (m.s− 1), t is 
time (s), p is the pressure (Pa), τ is the stress tensor. 

At the inlet of the system, the average velocity is deduced from the 
flow rate. Along the system’s walls, the no-slip condition is applied. At 
the outlet, the relative pressure is assumed to be zero. 

In the study of convection–diffusion under transient conditions, the 
governing equation is represented by Eq. (5). 

∂c
∂t

= ∇ • (D∇c) − v∇c (5)  

here, c represents the concentration (mol.m− 3). 
At the microchannel’s entrance, the concentration of the ferricyanide 

is 5 mmol.L− 1. On all walls, except on the electrode, an insulation 
boundary condition is applied, signifying no mass transfer through these 
walls. 

On the electrode, the mass transfer flux (N, mol.s− 1) is defined by Eq. 
(6). 

N =
I

nF
(6)  

where F denotes the Faraday constant (96,500 C.mol− 1), n is the 
number of exchanged electrons (dimensionless, equal to 1 in the case of 
reaction (2)). I represents the net current, which is the difference be-
tween the anodic partial current (Ia) and the partial cathodic current (Ic). 
The current magnitude follows the Butler-Volmer law and can be 
expressed in terms of the overpotential (η = E − EI=0) as shown in Eqs. 
(7)–(8). 

I = I◦

×

{
cred,elec

cred,bulk
× exp

[
αnF η

RT

]

−
co,elec

co,bulk
× exp

[
− βnF η

RT

]}

(7)  

I = I◦

×

{⃒
⃒
⃒
⃒
Ian

lim − Ian

Ian
lim

⃒
⃒
⃒
⃒× exp

[
αnF η

RT

]

−

⃒
⃒
⃒
⃒
Icath

lim − Icath

Icath
lim

⃒
⃒
⃒
⃒× exp

[
− βnF η

RT

]}

(8)  

where EI=0 refers to the equilibrium potential (V), T is the temperature 
(K), R is universal gas constant (8.31 J.K− 1.mol− 1), co,bulk and cred,bulk are 
the concentration of the species to be oxidized and to be reduced, 
respectively (mol.m− 3) and co,elec and cred,elec are the concentration at the 
surface of the electrode of oxidant and reductant, respectively (mol. 
m− 3). 

The potential E varies according to Eq. (9) depending on the 
oxidation or reduction reactions. 

E = EI=0 ± r × t (9)  

At the system’s outlet, the flux is convective (normal diffusion flux = 0), 
indicating that the transport of species is primarily due to the movement 
of the fluid itself. 

3. Results 

3.1. The Tk number 

The Theokane number Tk compares the characteristic time of an 
electrode potential variation applied to a system to the residence time of 
the reaction mixture within that system. Tk is defined in Eq. (10) as the 
ratio of the time required to complete one potential scan to the residence 
time of the flowing mixture in the reactive area. 

Tk =
tΔE

τres
=

ΔE
r

×
q

VEC
=

ΔE × v

r × l
(10)  

Here, tΔE represents the time needed to complete one potential scan, 
either forward or backward, from the initial Einitial to the final Efinal po-
tential (where ΔE = Einitial − Efinal). The residence time τres is the time the 
electroactive compound(s) spend in the system. 

tΔE can also be expressed as the ratio of ΔE, the studied potential 
window (V), to the potential scan rate r (V.s− 1). 

For the residence time τres, this parameter is evaluated as the ratio of 
the volumetric flow rate q (m3.s− 1) to the volume of the involved EC 
system VEC (m3). Similarly, the volumetric flow rate q is the product of 
the cross-sectional area of the flow channel and the average flow ve-
locity v (m.s− 1). 

The volume VEC varies depending on the type of EC reactor: 

- in an ECµR’s electrolyte compartment, VEC is the microchannel vol-
ume, corresponding to the channel cross-section x length of the 
channel l (m);  

- in a stirred vessel, VEC is equal to the product of the cross-sectional 
area of the diffusion layer and its thickness (also noted l ). 

Tk aims to elucidate the continuity in the voltamperometric response 
of an EC system transitioning from steady state to transient state, 
thereby bridging the gap between different voltammetric methods (e.g., 
CV and LSV). 

Strictly speaking, Tk approaches zero for completely immobilized 
solutions (where v approaches zero), which, at first glance, might be 
attributed to a perfect example of transient state voltammetry. This 
scenario arises solely when the EC reaction involves a ‘simple exchange 
of one electron without any change in the physical state of the reagent’. 
More commonly, the EC reaction itself induces convective motion near 
the interface due to changes in the solution’s density. Conversely, when 
potential scan rates are slow (r approaches zero), Tk tends towards in-
finity, a condition that could be associated with steady state 

Table 1 
Geometrical and EC data used for numerical determination.  

Microchannel dimensions (μm) ~ 100 µm × 250 µm × 3 cm 
Diffusion constant D (m2.s− 1) [7] 7.6 × 10− 10 

Exchange current density i◦ (A.cm− 2) [8] 9 
Initial ferricyanide concentration (mmol.L− 1) 5 
Hydraulic diameter (μm) 143 
Kinematic viscosity[9] (cm2.s− 1) 9 
Anodic exchange coefficient [8]α 0.4 
Cathodic exchange coefficient [8]β 0.6  
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voltammetry. Both of these situations represent extreme cases in which 
Tk cannot be explicitly utilized. 

Currently, various works focused on quasi-reversible systems (fast 
electron transfer) [10,11], but Tk is also applicable to irreversible sys-
tems. Voltametric measurements were conducted using microfluidic 
device (an undivided ECµR) under variable conditions, highlighting the 
effects of flow and potential scan rate on the current–potential I = f(E)
curves. 

However, the approach is applicable to any EC system, including for 
example stationary and rotating electrodes in batch systems. 

3.2. Effect of the potential scan rate 

Fig. 2 displays the voltammograms obtained from a double Y-shaped 
ECµR (refer to the method section for details), operated under a constant 
flow rate of 750 µL.min− 1 (30 m.min− 1) using an aqueous ferricyanide 
solution. The experiments were conducted at different potential scan 
rates. In these voltammograms, the cathodic section, which represents 
the reduction of Fe(III), is of particular interest. For high potential scan 
rates r (greater than 50 mV.s− 1), the curves are peak shaped, indicating 
the transient nature of the current. However, as r decreases, the peak 
current magnitude also decreases, and the curve evolves into a mono-
tonic shape with a plateau. This plateau corresponds to the limiting 
current (Ilim). It should be noted that the observed increase in current at 
− 0.2 V corresponds to the reduction of residual dissolved oxygen. 

3.3. Effect of the volumetric flow 

Fig. 3 illustrates the impact of flow rate on the I = f(E) curves, ob-
tained using the same double Y-shaped ECµR, as in Fig. 1, but at a fixed 
potential scan rate of 5 mV.s− 1. At higher flow rates, the curve exhibits a 
diffusion plateau, indicating a steady state of mass transport phenomena 
at the interface, where convection sufficiently renews the composition at 

the electrode surface. As the flow rate decreases, the electroactive 
compound is fully consumed at electrode surface (concentration ~0) 
causing the current to fall and resulting in a peak-shaped curve. It is 
notable that higher flow rates correlate with higher limiting current 
value. The peak current reflects the dynamic (transient) nature of the 
diffusional layer near the electrode surface. 

3.4. Transition between steady and transient state currents: Tk evolution 

The Tk dimensionless number enables determining the operating 
state of an EC system – whether it is in a transient state (characteristic of 
CV) or a steady state (typical of LSV) –for a given combination of po-
tential scan rate and residence time. A decrease in Tk indicates an in-
crease in residence time relative to the potential scan time, leading the 
system to exhibit CV curves characteristic of the transient state. 
Conversely, as Tk increases, the system tends to produce LSV curves with 
a diffusion plateau and limiting current Ilim, indicative of stationary 
voltammetry without transient effects. 

Fig. 4-a illustrates the (Ipeak − Ilim)
Ilim = (TtSC − 1) = f(Tk) curves for 

various volumetric flow rates and potential scan rates. 
At the same potential scan rate, the transient state occurs at low flow 

rates, marked by a significant difference between Ipeak and Ilim. When 
(Ipeak − Ilim)

Ilim 
is plotted as a function of Tk, all curves align on the same tra-

jectory, as shown in Fig. 4-b. The inset of Fig. 4-a suggests that diffusive 
fluxes predominate when Tk < 1, while convective fluxes prevail when 
Tk > 10. 

The measured current can be expressed as the sum of two terms: Ipeak 
and Ilim. The first term represents the molar flux of the oxidizer elec-
troreduced near the interface before the diffusion layer is established, 
while the second term corresponds to the limiting current due to mass 
transport limitation across the fully developed diffusion layer. 

Traditionally in Electrochemistry, Ipeak is assumed [12,13] to be a 
power law function of the potential scan rate r as in Eq. (11). 

Fig. 2. Voltammograms obtained in a double Y-shaped ECµR, using a 5 × 10− 3 

mol.L− 1 ferricyanide 
[
Fe(CN)6

]3− solution in 0.1 mol.L− 1 KCl electrolyte, 
flowing at 750 μL.min− 1. Microchannel dimensions: 100 µm × 250 µm × 3 cm. 
Surface area of the working electrode: 7.5 × 10− 6 m2. The working electrode 
was initially submitted to a cathodic polarization. Curves were plotted for 
different potential scan rates: 50 (red, solid line), 100 (blue, dashed line) and 
200 mV.s− 1 (green, dotted line). 

Fig. 3. Voltammograms obtained in a double Y-shaped ECµR, using a 5 × 10− 3 

mol.L− 1 ferricyanide 
[
Fe(CN)6

]3− solution in 0.1 mol.L− 1 of KCl electrolyte. 
Microchannel dimensions: 100 µm × 250 µm × 3 cm. Surface area of the work-
ing electrode: 7.5 × 10− 6 m2. The working electrode was initially submitted to a 
cathodic polarization at 5 mV.s− 1. Curves were plotted for potential flow rates 
at 0, 5 and 20 μL.min− 1 (0.02 to 0.83 m.min− 1). 
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Ipeak = k1 × r0.5 = k1 ×

(
ΔE
tΔE

)0.5

(11)  

where k1 is a constant. 
Similarly, the classical Lévêque [14] or Lee et al. [15,16] correlations 

allow the limiting current to be expressed as a power law of the flow rate 
q and, consequently, of the velocity v of the electrolyte within the 
electrode-delimiting channel as in Eq. (12). 

Ilim = k2 × vα (12)  

with k2 a constant and α an exponent influenced by the reactor’s 
geometry. 

The transient to steady current magnitudes ratio can be expressed 
based on the above equations as in Eq. (13). 

Ipeak − Ilim

Ilim
=

k1 × r0.5

k2 × vα − 1 (13)  

After rearranging, it becomes Eq. (14). 

Ipeak − Ilim

Ilim
+ 1 =

k1

k2
× r0.5− α ×

(r
v

)α
=

k1

k2
× r0.5− α ×

(
ΔE
l

)α

× T − α
k (14)  

where l is a characteristic length of the reactor (m). 

Plotting, ln
(

Ipeak − Ilim
Ilim +1

)
as function of ln (Tk) at a constant potential 

scan rate r results in a straight master line, as depicted in Fig. 5 for all 
examined potential scan rates. 

This linearity demonstrates the continuity of the response of the EC 
system, obeying to Eq. (15). 

ln
(

Ipeak − Ilim

Ilim
+ 1

)

= ln
(

k1

k2
× r0.5− α ×

(
ΔE
l

)α )

− α × ln(Tk) (15)  

As depicted in Fig. 5, the ‘common’ slope of this function leads to the 

coefficient α = 0.4, a value consistent with standards found in the 
Chemical Engineering correlations [17–19]. 

3.5. Modelling and simulation of convection–diffusion phenomena 

As presented in the Methods section, the EC process within the ECµR 
was simulated by numerically solving equations for flow, mass trans-
port, and EC reactions. 

An example of numerically obtained voltammograms at high flow 
(1500 μL.min− 1) and various potential scan rates is shown in Fig. 6-a. 
These curves exhibit the main characteristics of the experimental curves 
presented in Fig. 2. 

Fig. 6-b illustrates the experimental (solid blue curve) and numerical 

(green dashed curve) evolutions of the ratio (Ipeak − Ilim)
Ilim 

as a function of Tk. 
As previously indicated, the simulation confirms a rapid decrease in 

the transient to steady current magnitude ratio (TtSC-1) for Tk ≤ 1 
(where diffusion limitation predominates), and a lower dependence on 
the current’s ratio for Tk ≥ 10 (where convection limitation pre-
dominates). A maximum deviation of 1 % is found between the resolu-
tion and the experimental value, validating the numerical model. 

Fig. 6-c and d illustrate the evolution of ferricyanide concentration 
during the reduction and oxidation cycles of ferricyanide, occurring 
within the ‘working electrode channel’, over the period between the 
inlet and outlet times (equivalent to one residence time). More specif-
ically, Fig. 6-c reveals that, during one residence time, five cycles take 
place: the concentration of ferricyanide decreases due to consumption 
via reduction, and subsequently increases as a result of regeneration via 
oxidation. An important observation pertains to the trend in the con-
centration of the regenerated ferricyanide: it shows a continuous 
decrease from 5 to 3.5 mmol.L− 1. This diminution is attributed to the 
low flow rate and the ensuing diffusion towards the counter electrode 
compartment, which contains only KCl. 

Conversely, for higher Theokane number values (Tk = 10, Fig. 6-d), 
no changes in concentration were observed during the scans. This is 
attributed to the low residence time, which consequently minimizes the 

Fig. 4. Comprehensive voltammetric response of an EC system, analyzed 

through the Tk number. a) Curves (Ipeak − Ilim)
Ilim = f(Tk) for different flow rates 

ranging from 300 to 750 μL.min− 1 (12 to 30 m.min− 1) and potential scan rates 
from 5 to 200 mV.s− 1, b) a schematic depiction of the system’s behavior as a 
function of the Tk number. 

Fig. 5. Comparative analysis of voltammetric responses according to 

ln
(

Ipeak − Ilim
Ilim +1

)
= f(ln(Tk)) at various potential scan rates ranging from 50 to 

2000 mV.s− 1 and flow rates from 300 to 750 μL.min− 1. The observed linear 
trends underscore the system’s consistency and predictability under varying 
EC conditions. 
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interdiffusion flux between both streams. 
Fig. 6-e presents the theoretical voltamperometric response of the 

system (assuming ferricyanide as a perfectly reversible redox system) as 
a function of time for large-scale values of potential scan rates. It sug-
gests that the current reaches a steady state constant value, i.e. ‘the 
limiting current’ (mass transfer limitation across the fully developed 
diffusion layer). 

The first peak area (t< ~ 0.3 s) represents the molar flux of the 
oxidizer electro-reduced near the interface before the diffusion layer’s 
establishment. 

4. Conclusion 

In conclusion, this research introduces the Theokane number (Tk), an 

innovator dimensionless number in Electrochemistry, which enables 
bridging the conceptual and operational divide between different vol-
tammetry techniques. The Tk number, by comparing the action time to 
the residence time in an EC system, allows easy characterization of the 
system’s behavior under a range of potential scan and stirring rates. The 
innovative approach allows to analyze the EC processes, overcoming the 
limitations of traditional methods that often overlook the complexities 
of mass and electron transfer. 

The practical applications of the Tk number were rigorously tested 
through a series of experiments using a ECµR, where voltammograms 
were recorded under diverse conditions of flow rate and potential scan 
rate. Results from these experiments, coupled with our modeling and 
simulation efforts, not only validated the Tk number but also helped in 
establishing a scale for its effective utilization: 

Fig. 6. Numerical results obtained for ferricyanide system modeling to validate the Tk dimensionless number (assuming ferricyanide as a perfectly reversible redox 
system). a) Numerically obtained voltammograms in a double Y-shaped (two streams, one channel ~ 100 µm × 250 µm × 3 cm, SWE = 7.5 × 10− 6 m2) ECµR using a 
5 × 10− 3 mol.L− 1 ferricyanide 

[
Fe(CN)6

]3− solution in 0.1 mol.L− 1 of KCl electrolyte at 1500 μL.min− 1, for various potential scan rates from 50 to 300 mV.s− 1. b) 

Comparison of (Ipeak − Ilim)
Ilim

= f(Tk) curves between numerical and experimental data at a flow rate of 1500 μL.min− 1. c) Electrode concentration variation at one 
residence time, Tk = 0.1, r = 500 mV.s− 1 and q = 113.4 μL.min− 1, Re = 2.42. d) Electrode concentration variation, Tk = 5, r = 100 mV.s− 1 and q = 1134 μL.min− 1, 
Re = 24.2. e) Simulated temporal current evolution in the ECµR at various potential scan rates from 80 to 890 mV.s− 1, and at an average flow velocity v = 3 cm.s− 1. 
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This study’s significance lies in its potential to enhance the predictive 
response of EC system, thereby facilitating better system management 
and potentially driving innovation in voltammetry. The Tk number’s 
applicability to both quasi-reversible and non-reversible systems further 
underscores its versatility and utility in advancing the field of Electro-
chemistry. Our research paves the way for future studies to explore and 
expand upon the fundamental concepts introduced here, promising a 
more comprehensive and integrated approach to EC analysis. 
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