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Abstract: The theoretical description for the chlorantraniliprole electrochemical determination, 

assisted by the hybrid composite of squaraine dye with Ag2O2 nanoparticles, has been described. The 

correspondent reaction mechanism has been proposed, and the correspondent mathematical model has 

been developed and analyzed by means of linear stability theory and bifurcation analysis. It has been 

shown that the chlorantraniliprole electrochemical anodic determination on high potential may be 

efficiently provided by silver (I, III) oxide nanoparticles, stabilized by the squaraine dye. On the other 

hand, the oscillatory and monotonic instability is also possible, being caused by DEL influences of the 

electrochemical stage. 
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1. Introduction 

Chlorantraniliprole (Rynaxypyr, Fig. 1) is a selective insecticide of the ryanoid class [1 

– 4]. It has been developed by DuPont in order to control a wide range of pests, including 

Lepidoptera, Coleoptera, Diptera, and Isoptera.  
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Figure 1. Chlorantraniliprole. 
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In Uzbekistan, chlorantraniliprole is used as the active substance of zaragen pesticide 

[5 – 10]. It is characterized by high-level toxicity, including cardiovascular symptoms, like 

sinusoidal bradycardia. Moreover, this substance may be highly toxic to honey bees and aquatic 

organisms, which makes it an environmentally dangerous venom. Thus, the development of an 

efficient and rapid method for its determination is really actual [11 – 14], and the 

electroanalytical methods could be a very interesting solution for this problem.  

For now, no works about the chlorantraniliprole electrochemical determination have 

been published. Nevertheless, its analogous molecules like carbendazim, isoproturon, paraquat, 

and diquat have been successfully determined by the electrochemical way [15 – 21]. Also, the 

chlorantraniliprole molecule contains the electroactive groups, the reason why it is considered 

electrochemically active.  

Both anodic and cathodic electrochemical determination may be compatible with the 

chlorantraniliprole molecule. Although cathodic determination is preferable, the anodic 

oxidation is also possible and maybe efficient.  

Nonetheless, the bare electrodes may not be suitable due to the high overvoltage needed 

to commence the electrochemical reaction. Thus the electrode must be chemically modified by 

a hybrid composite, possessing both the active substance and mediator.  

This composite may contain inorganic oxidant nanoparticles as active substances, 

stabilized by organic conducting polymer [22–30], acting as a mediator.  

Nevertheless, the organic electrooxidation processes (including the 

electropolymerization) tend to be accompanied by electrochemical instabilities. These 

instabilities include the oscillatory changes in electrochemical potential and monotonic 

instabilities [31 – 32] and influence the sensing properties of the composite.  

 Thus, in order to investigate the parameter values, correspondent to the most efficient 

monomer and polymer formation, also verify the possibility and probability of the 

electrochemical instabilities in this system, an a priori theoretical observation of the 

electrochemical determination.  

So, in this work, a theoretical description for Ag2O2 – Squaraine Dye composite 

function in the electrochemical determination of chlorantraniliprole electrochemical 

determination is given. In order to realize it, we: suggest the mechanism of the reaction 

consequence, leading to the appearance of the analytical signal; develop the balance equation 

mathematical model, correspondent to the electroanalytical system; analyze and interpret the 

model in terms of the electroanalytical use of the system; seek for the possibility of 

electrochemical instabilities and for the factor, causing them; compare mentioned system´s 

behavior with the similar ones [33–35]. 

2. Materials and Methods  

The schematic representation of the mechanism for chlorantraniliprole electrochemical 

determination, assisted by nano-Ag2O2 – Squaraine Dye composite, is expressed on the Fig. 2.  

Herein, silver (I, III) oxide is acting by a peroxide-like mechanism, transforming the 

pyridinic nitrogen atoms into N-oxides. Nevertheless, the proper Ag2O2 isn´t a peroxide, as 

none O – O bonding is present in its molecule. The oxygen atom is expelled by a highly 

energetic trivalent silver atom, providing efficient analyte oxidation. A more branched 

mechanism with the possible phenolization and quinonization of the benzenic ring may be 

provided by a somehow more potent oxidant, like trivalent copper in alkaline media.  

https://doi.org/10.33263/BRIAC112.92789284
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC112.92789284  

 https://biointerfaceresearch.com/ 9280 

NH

Cl

O

NHCH
3

O

N

N

Br

N

Cl

NH

Cl

O

NHCH
3

O

N

N

Br

N

Cl

O

O Ag
2
O

2

Ag
2
O

 
Figure 2. Chlorantraniliprole Ag2O2 –assisted electrooxidation scheme.  

 

There are two manners to describe, theoretically, the behavior of this system in 

potentiostatic mode (amperometric sensor). Either a bivariant or trivariant equation-set may be 

applied. In the last case, the N-oxidation of two pyridinic nitrogen atom is represented as a 

reaction sequence, as the super aromatic imidazolic ring is oxidized firstly. Therefore, in order 

to describe the electroanalytical system with the amperometric determination of 

chlorantraniliprole, assisted by Ag2O2 – Squaraine Dye composite, we introduce three 

variables: c -  chlorantraniliprole concentration in the pre-surface layer; c* - chlorantraniliprole 

– mono-N-oxide concentration in the pre-surface layer; s – silver (I) oxide surface coverage 

degree.  

To simplify the modeling, we suppose that the reactor is intensively stirred, so we can 

neglect the convection flow. Also, we assume that the background electrolyte is in excess, so 

we can neglect the migration flow. The diffusion layer is supposed to be of a constant thickness, 

equal to δ, and the concentration profile in it is supposed to be linear 

It is possible to show that the system´s behavior will be described by a trivariant 

differential-equation set (1):  

 

{
 
 

 
 
𝑑𝑐

𝑑𝑡
=
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𝛿
(
𝛥

𝛿
(𝑐0 − 𝑐) − 𝑟𝑂1)
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=

2

𝛿
(𝑟𝑂1 − 𝑟𝑂2)

𝑑𝑠

𝑑𝑡
=

1

𝑆
(𝑟𝑂1 + 𝑟𝑂2 − 𝑟2)

                              (1) 

 

Herein, c0 is the pesticide bulk concentration, 𝛥 is its diffusion coefficient, S is the 

maximal silver (I) oxide matrix surface concentration, and the parameters r are the 

correspondent reaction rates, which may be described as:  

𝑟𝑂1 = 𝑘𝑂1𝑐(1 − 𝑠)                                 (2) 
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𝑟𝑂2 = 𝑘𝑂2𝑐 ∗ (1 − 𝑠)                                 (3) 

 

𝑟2 = 𝑘2𝑠 exp (
2𝐹𝜑0

𝑅𝑇
)                                 (4), 

 

where k is the rate constants of the reactions, F is the Faraday number, φ_0  is the potential 

slope in DEL, relative to the zero-charge potential, R is the universal gas constant, and T is the 

absolute temperature. 

In acidic media, the pyridinic nitrogen atoms would be protonated, causing a strong 

impact on the double electric layer (DEL). But in neutral and basic media, this impact won’t 

be realized. Therefore, the behavior of this system will be more stable and less dynamic, as 

shown below.  

3. Results and Discussion 

In order to investigate theoretically the electroanalytical determination of 

chlorantraniliprole, assisted by squaraine dye – Ag2O2 composite, we analyze the equation-set 

(1) and algebraic relations (2 – 3) by means of linear stability theory. The steady-state Jacobian 

matrix members will be described as:  

(

𝑎11 𝑎12 𝑎13
𝑎21 𝑎22 𝑎23
𝑎31 𝑎32 𝑎33

)                             (1) 

Herein,  

𝑎11 =
2

𝛿
(−

𝛥

𝛿
− 𝑘𝑂1(1 − 𝑠))                             (5) 

𝑎12 = 0                                           (6) 

𝑎13 =
1

𝑆
(𝑘𝑂1𝑐)                                     (7) 

𝑎21 = 0                                           (8) 

𝑎22 =
2

𝛿
(−𝑘𝑂2(1 − 𝑠))                             (9) 

𝑎23 =
2

𝛿
(𝑘𝑂2𝑐 ∗)                                  (10) 

𝑎31 =
1

𝑆
(𝑘𝑂1(1 − 𝑠))                     (11) 

𝑎32 =
1

𝑆
(𝑘𝑂2(1 − 𝑠))                     (12) 

𝑎33 =
1

𝑆
(−𝑐(𝑘𝑂1 + 𝑘𝑂2) − 𝑘2 exp (

2𝐹𝜑0

𝑅𝑇
) − 𝑗𝑘2𝑠 exp (

2𝐹𝜑0

𝑅𝑇
))            (13) 

As in similar systems [33–35], the oscillatory behavior is possible in this system. 

Nevertheless, as on the chemical stages, no ionic compounds formation, destruction, and 
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transformation occur (in basic media); the unique factor responsible for oscillatory behavior is 

the influence of the electrochemical stage on a double electric layer capacitance and 

conductivity. It is described by the positivity of the element 𝑗𝑘2𝑠 exp (
𝐹𝜑0

𝑅𝑇
) > 0 if j<0. The 

oscillations are expected to be frequent and of small amplitude.  

In order to investigate the steady-state stability, we apply the Routh-Hurwitz criterion to 

the equation-set (1). Avoiding cumbersome expressions, we introduce new variables and 

rewrite the determinant as (14): 

4

𝛿2𝑆
|
−𝜅 − 𝛯 0 𝛬
0 −𝛲 𝛫
𝛯 𝛲 −𝛬 − 𝛫 − 𝛺

|                     (14) 

Opening the brackets and applying the Det J<0 requirements, salient from the criterion, we 

obtain the steady-state stability requirement, exposed as (15): 

𝛬𝛲𝛯 − (𝜅 + 𝛯)(𝛲𝛬 + 𝛲𝛺) < 0              (15) 

Which may be rewritten as:  

𝛬𝛲𝛯 < (𝜅 + 𝛯)(𝛲𝛬 + 𝛲𝛺)                     (16) 

defining an efficient, both diffusion and kinetically controlled electroanalytical system. The 

steady-state stability in this system is relatively high and is correspondent to the vast parameter 

region.  

As in this case, there are no reactions capable of compromising the analyte and modifier 

stability; the steady-state stability is correspondent to the linear dependence between the 

chlorantraniliprole concentration and the current (in this system, we describe the amperometric 

sensor), which is therefore observed in vast measure of the concentrations.  

The detection limit is relatively low, and it is correspondent to the margin between 

stable steady-states and unstable states. This margin is defined by the monotonic instability, 

described by the condition of Det J = 0, or:  

𝛬𝛲𝛯 = (𝜅 + 𝛯)(𝛲𝛬 + 𝛲𝛺)                     (17) 

If the squaraine dye is substituted by a conducting polymer without pyridinic nitrogen 

atoms or other complex-forming groups, the model will be the same. On the other hand, the 

appearance of an autocatalytic reaction will enhance the probability of the oscillatory and 

monotonic instabilities.  

4. Conclusions 

 From the analysis of the system with the chlorantraniliprole electrochemical 

determination as an anodic process, assisted by Ag2O2 – Squaraine Dye composite, it is 

possible to conclude that; The system’s behavior is less dynamic, while compared to the similar 

systems, due to the less intense influence of the process of double electric layer conductivity 

and capacitance;  The electroanalytical process tends to be either kinetically or diffusion-

controlled with the easy realization of linear dependence between the concentration and the 

current. The oscillatory behavior tends to have less probability of being realized, compared 

with similar systems, due to the impossibility of the DEL influence of the electrochemical 

stage. 
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