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Abstract: The electroanalytical system for VO(OH)-assisted chlorothalidone electrochemical 

determination has been described for the first time. The electroanalytical process may be useful for 

pharmaceutical investigation or doping control in sports. The electrochemical process is given as a 

cathodic reduction, in which the sulfamide group and lactam moiety are reduced. Based on the most 

probable mechanism of the electrochemical process, the mathematical model confirms the efficiency of 

vanadium (III) oxyhydroxide as an electrode modifier. As for the stability analysis, it confirms that a 

mildly acidic medium, close to neutral, is the most efficient for chlorthalidone VO(OH)-assisted 

cathodic determination. 

Keywords: chlorthalidone; electrochemical sensor; vanadium (III) oxyhydroxide; electrochemical 
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1. Introduction 

In 2006, in Portugal, the UEFA European U-21 Championship took place [1, 2]. The 

Ukrainian team entered the final game, losing to the Netherlands. This event attracted the 

attention of many Ukrainian TV spectators, who saw how the young Ukrainian football player 

passed stage by stage, coming into the final, where they lost to the Dutch team. 

Nevertheless, the Ukrainian participation was accompanied by a scandal. One of the 

Ukrainian midfielders, Dmytro Nevmyvaka, tested positive for chlorthalidone (Figure 1) [3–

5]. Chlorthalidone is one of the components of the anti-hypotension drug, taken by the player 

by indication of the club doctor. Considering this, WADA and UEFA disqualified Nevmyvaka 

for only one season. 

N
H

O

OH

S

Cl

NH
2

O

O

 
Figure 1. Chlorthalidone. 

Taking into account that chlorthalidone, as a thiazide-like diuretic drug used for 

nephrotic syndrome, diabetes insipidus, and renal failure, possesses strong side effects and is 

banned in some sports [6–14], the development of an efficient method for chlorthalidone 

determination is actual. 

Possessing electroactive groups, chlorthalidone may be detected by electroanalytical 

method [15, 16]. Both anodic and cathodic methods are compatible with them. Moreover, 

considering that the electrochemical methods are more rapid and more exact [17–24], which is 

really important for sports competitions, in which the interval between the games may be very 

rapid. 

Nevertheless, for the same reasons, using the electroanalytical process in unstable 

modes may lead to the inexact determination and unjust decision to qualify or disqualify a 

player. Therefore, the stability investigation for the electroanalytical process is important, and 

the a priori mechanistic theoretical investigation is necessary for its implementation. 

Therefore, the goal of this work is to investigate from the theoretical point of view the 

possibility of the electrochemical determination of chlorthalidone on VO(OH)-modified 

cathode. The investigation includes mechanism suggestions, the development and analysis of 

an adequate mathematical model via linear stability theory, and the comparison of the behavior 

of this system with that of similar ones. 

2. Materials and Methods 

In a neutral medium, neither the sulfamide group nor the alcoholic group is ionized 

and/or hydrolyzed. Vanadium (III) oxyhydroxide, transferring the electrons and protons, is 

reduced by both sulfamide and lactamic groups. Vanadium oxyhydroxide will be thereby 

regenerated by (1):  

VO2 + H+ + e-
→ VO(OH)                                               (1) 

or: 

VO2 + H2O
 + e-

→ VO(OH)  + OH-                                             (2) 

https://doi.org/10.33263/LIANBS132.064
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Either way, the pH value grows during the electroanalytical process, which is realized 

in Figure 2. 
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Figure 2. Chlorthalidone VO(OH)-assisted electrochemical determination. 

Taking into account the pH growth during the process, such as the presence of a mildly 

alkaline medium, we include the alkali concentration in the model, as it is important for DEL 

stability and behavior.  

Therefore, taking certain assumptions indicated in [27 – 28], we describe the 

electrochemical behavior of the system with chlorthalidone by trivariant equation-set (3):  

{
 
 

 
 
𝑑𝑐

𝑑𝑡
=

2

𝛿
(
𝛥

𝛿
(𝑐0 − 𝑐) − 𝑟1 − 𝑟2)

𝑑𝑎

𝑑𝑡
=

2

𝛿
(
𝐴

𝛿
(𝑎0 − 𝑎) + 𝑟𝑟 − 𝑟1)

𝑑𝑣

𝑑𝑡
=

1

𝑉
(𝑟1 + 𝑟2 − 𝑟𝑟)

                           (3) 

Herein, c is the chlorthalidone concentration in the pre-surface layer, c0 is its bulk 

concentration, a and a0 are correspondent to pre-surface and bulk concentrations of alkali, 𝛥 

and A are the correspondent diffusion coefficients, v is the vanadium dioxide coverage degree, 

V is its maximal surface concentration, and the parameters r are the correspondent reaction 

rates, calculated as (4 – 6):  

𝑟1 = 𝑘1𝑐𝑎(1 − 𝑣)
4 exp(−𝛼𝑎)                                               (4) 

𝑟2 = 𝑘2𝑐(1 − 𝑣)
4                                                      (5) 

𝑟𝑟 = 𝑘𝑟𝑣 exp (−
𝐹𝜑0

𝑅𝑇
)                                                (6) 

Herein, the parameters k are the correspondent reaction rate constants, 𝛼 is a parameter 

describing the DEL influence of the ion formation during the alkaline lactam reduction, F is the 

https://doi.org/10.33263/LIANBS132.064
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Faraday number, 𝜑0 is the zero-charge-related potential slope, R is the universal gas constant, 

and T is the absolute temperature. 

Alkaline pH favors one of the electrochemical stages of the process. Nevertheless, as 

the pH growth may destabilize the system, it has to be kept in mind during the electroanalytical 

process. Taking these measures, vanadium (III) oxyhydroxide becomes an efficient modifier 

for chlorthalidone determination, as shown below.  

3. Results and Discussion 

To describe the steady-state stability of the system with chlorthalidone electrochemical 

determination, we analyze the equation-set (3) via linear stability theory, thereby exposing the 

Jacobian matrix members as (7). 

(

𝑎11 𝑎12 𝑎13
𝑎21 𝑎22 𝑎23
𝑎31 𝑎32 𝑎33

)                               (7) 

In which:  

𝑎11 =
2

𝛿
(−

𝛥

𝛿
− 𝑘1𝑎(1 − 𝑣)

4 exp(−𝛼𝑎) − 𝑘2(1 − 𝑣)
4)                  (8) 

𝑎12 =
2

𝛿
(−𝑘1𝑐(1 − 𝑣)

4 exp(−𝛼𝑎) + 𝛼𝑘1𝑐𝑎(1 − 𝑣)
4 exp(−𝛼𝑎))      (9) 

𝑎13 =
2

𝛿
(4𝑘1𝑐𝑎(1 − 𝑣)

3 exp(−𝛼𝑎) + 4𝑘2𝑐(1 − 𝑣)
3)            (10) 

𝑎21 =
2

𝛿
(−𝑘1𝑎(1 − 𝑣)

4 exp(−𝛼𝑎))                     (11) 

𝑎22 =
2

𝛿
(−

𝐴

𝛿
− 𝑘1𝑐(1 − 𝑣)

4 exp(−𝛼𝑎) + 𝛼𝑘1𝑐𝑎(1 − 𝑣)
4 exp(−𝛼𝑎)) (12) 

𝑎23 =
2

𝛿
(𝑘𝑟𝑣 exp (−

𝐹𝜑0

𝑅𝑇
) − 𝑗𝑘𝑟𝑣 exp (−

𝐹𝜑0

𝑅𝑇
) − 4𝑘1𝑐𝑎(1 − 𝑣)

3 exp(−𝛼𝑎))  (13) 

𝑎31 =
1

𝑉
(𝑘1𝑎(1 − 𝑣)

4 exp(−𝛼𝑎) + 𝑘2(1 − 𝑣)
4)               (14) 

𝑎32 =
1

𝑉
(𝑘1𝑐(1 − 𝑣)

4 exp(−𝛼𝑎) − 𝛼𝑘1𝑐𝑎(1 − 𝑣)
4 exp(−𝛼𝑎))   (15) 

𝑎33 =
1

𝑉
(−4𝑘1𝑐𝑎(1 − 𝑣)

3 exp(−𝛼𝑎) − 4𝑘2𝑐(1 − 𝑣)
3 − 𝑘𝑟𝑣 exp (−

𝐹𝜑0

𝑅𝑇
) + 𝑗𝑘𝑟𝑣 exp (−

𝐹𝜑0

𝑅𝑇
))  (16) 

 

Taking into account the elements (8), (12), and (16), we can see that they contain two 

positive elements - 𝛼𝑘1𝑐𝑎(1 − 𝑣)
4 exp(−𝛼𝑎) > 0, if 𝛼 > 0 and 𝑗𝑘𝑟𝑣 exp (−

𝐹𝜑0

𝑅𝑇
) > 0, if j>0. 

Both of them describe the positive callback, corresponding to the oscillatory behavior caused 

by DEL influences on chemical and electrochemical stages. Both behavior types are 

characteristic for similar systems [25–28] and will be observed here. This factor explains the 

dependence of the oscillation pattern on the background electrolyte composition, including pH. 

In this system, the pH growth enhances the probability of the oscillatory behavior, yet reported 

in [25–28]. 

To simplify the stability analysis, we introduce new variables and thereby rewrite the 

determinant as (17): 

4

𝛿2𝑉
|
−𝜅 − 𝛯 − 𝛴 −𝛬 𝛷

−𝛴 −𝜉 − 𝛬 𝛺 + 𝛷
𝛯 + 𝛴 𝛬 −𝛷 − 𝛺

|                              (17) 

Taking into account the determinant properties, we add the third line to the second, 

rewriting the determinant as (18):  

4

𝛿2𝑉
|
−𝜅 − 𝛯 − 𝛴 −𝛬 𝛷

𝛯 −𝜉 0
𝛯 + 𝛴 𝛬 −𝛷 − 𝛺

|                                  (18) 
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Opening the straight brackets, applying the Det J>0 condition, salient from the criterion, 

and changing the signs, we obtain the steady-state stability condition expressed as (19).  

𝛷(𝜅𝜉 − 2𝛯𝛬) + 𝛺(𝜅𝜉 + 𝜉𝛯 + 𝛴𝜉 + 𝛬𝛯) > 0                          (19) 

Defining an efficient either diffusion or kinetically controlled system. The requisite (19) 

is readily satisfied if the parameters Λ and Ω are positive. 

Considering that no side reaction compromising the analyte and(or) modifier stability 

is realized in this system, the steady-state stability will correspond to the linear dependence 

between the electrochemical parameter and concentration, providing efficient analytical signal 

interpretation. Nevertheless, the pH growth during the process may make possible a side 

reaction, as mentioned below.  

The detection limit is defined by the monotonic instability, which depicts the margin 

between the stable steady-states and unstable states. It is described mathematically by the 

nullity of the Jacobian determinant, or (20): 

𝛷(𝜅𝜉 − 2𝛯𝛬) + 𝛺(𝜅𝜉 + 𝜉𝛯 + 𝛴𝜉 + 𝛬𝛯) > 0                           (20) 

When the pH crosses the pH=10 threshold, the system's behavior changes, making a 

hydrolytic scenario possible via chlorine and lactam moieties. In those conditions, the model 

(3) won't be able to describe this process adequately.  

Bi- and trivariant models are possible for that case. Their analysis shows that the pH 

growth during the process destabilizes the system. Therefore, in order to stabilize the system, 

organic basic media is recommended. The use of small concentrations of weak acid to 

neutralize the pH growth may also be admitted. 

4. Conclusions 

From the analysis of the system with the electrochemical determination of 

chlorthalidone on VO(OH)-modified cathode, it is possible to conclude that the 

electroanalytical process is efficient. Nevertheless, it is necessary to neutralize the pH growth 

for better analytical signal interpretation. As for the oscillatory behavior, it is possible due to 

the DEL influence of the electrochemical and chemical stages in one of two reduction 

scenarios. 
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