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Abstract: An interesting electro organic economic and green method of acetaldehyde to glyoxal 

conversion, based on electrochemical oxidation over a selenite-doped conducting polymer, has been 

described theoretically. A mathematical model, correspondent to the process, has been developed and 

analyzed by means of the linear stability theory and bifurcation analysis. The model analysis has 

confirmed the efficiency of the model for glyoxal laboratory and industrial production by the 

electrocatalytic method. Although the oscillatory behavior is possible in this system, it won´t influence 

the glyoxal yield strongly.  
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1. Introduction 

Glyoxal [1-4] is the simplest dialdehyde, frequently used by pharmaceutical and 

cosmetical industry for the production of drugs, food additives, lipsticks, chewing gums. Its 

formula is represented on Fig. 1:  
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O

H  
Figure 1. Glyoxal. 

Glyoxal may be obtained in the industrial scale by different manners, including the 

electrooxidation of ethylene glycol [5], acetylene [6], and acetaldehyde, using highly specific 

oxidant – selenite-ion, according to the equation:  

 

CH3COH + H2SeO3  → C2H2O2 + Se + 2H2O                (1) 

All of these processes involve poisonous, expensive, and ecologically dangerous 

substances. The last process is used for glyoxal synthesis in the laboratory and in a low 

industrial scale. Its high-industrial use is impeded by both toxicity and expense of tetravalent 

selenium derivatives. This problem may be resolved by the development of the electrochemical 

analogs of the process, described by the reaction (1). In this process, the selenite-ion is hosted 
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in carbon or conducting polymer matrix, as in [8–16], oxidizing acetaldehyde into glyoxal. 

Furtherly, it will be regenerated by the electrochemical reaction (2):  

Se + 3H2O – 4e- → SeO3
2- + 6H+                            (2) 

 Nevertheless, before its practical use, the electrocatalytic industrial process has to be 

analyzed from the theoretical point of view. This analysis not only provides the prevision about 

the behavior of the system and its efficiency but also verifies the possibility of the 

electrochemical instabilities, capable of the influencing strongly the system´s behavior. These 

instabilities are typical for the oxidation of small organic molecules [17–18], including 

electropolymerization.  

Another positive feature of the theoretical analysis is its possibility to compare the 

behavior of the described system with that of similar ones.  

Therefore, the aim of this work is to analyze the acetaldehyde electro organic conversion 

into glyoxal, provided by a selenite-doped conducting polymer electrode. In order to achieve 

it, we realize the specific goals:  

- suggestion of the mechanism of the reaction consequence, leading to the realization 

of the electro organic process; 

- development of the balance equation mathematical model, correspondent to the 

electroanalytical system;  

- analysis and interpretation of the model in terms of the electroanalytical use of the 

system; 

- the seek for the possibility of electrochemical instabilities and for the factor, causing 

them; 

- the comparison of the mentioned system´s behavior with similar ones [19 – 21]. 

2. System and its modeling 

 Schematically, the electrocatalytic process, composed by the reactions (1 – 2) may be 

exposed to the Fig. 2:  
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Figure 2. The scheme of acetaldehyde to glyoxal selenite-assisted electro organic conversion. 

 

Therefore, in potentiostatic mode, the system´s behavior will be described by an 

equation set of two variables:  

a – acetaldehyde concentration in the pre-surface layer;  

s – elementary selenium matrix 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 electroanalytical process will be described by the bivariant 

equation set, exposed as:  
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{

𝑑𝑎

𝑑𝑡
=

2

𝛿
(

𝛢

𝛿
(𝑎0 − 𝑎) − 𝑟1)

𝑑𝑠

𝑑𝑡
=

1

𝑆
(𝑟1 − 𝑟2)

                             (3) 

Herein, A is the aldehyde diffusion coefficient, a0 is its bulk concentration, S is the 

maximal selenium concentration, and the parameters r stand for the correspondent reaction 

rates, capable of being calculated as:  

𝑟1 = 𝑘1𝑎(1 − 𝑠) exp(𝛼𝑠)                      (4) 

𝑟2 = 𝑘2𝑠 exp (
4𝐹𝜑0

𝑅𝑇
)                              (5) 

Herein, the parameters k are correspondent reaction rate constants, F is the Faraday 

number, 𝛼 is the parameter describing the DEL influence of the ionic compound destruction 

on the chemical stage, 𝜑0 is the zero-charge potential related potencial slope, R is the universal 

gas constant and T is the reactor absolute temperature.  

In this case, the system´s behavior is presented as similar to those described in [19 – 

21], although somehow more dynamic. Therefore, the system to be described is an efficient 

system, as it will be confirmed below.   

3. Results and Discussion 

In order to describe the behavior of the system with the electrocatalytic conversion of 

acetaldehyde into glyoxal, assisted by the selenite-modified conducting polymer matrix, we 

analyze the equation-set (3), as also the algebraic relations (4 – 5), by means of linear stability 

theory. The steady-state Jacobian matrix members for this system may be described as:  

(
𝑎11 𝑎12

𝑎21 𝑎22
)                                     (6), 

where: 

𝑎11 =
2

𝛿
(−

𝛢

𝛿
− 𝑘1(1 − 𝑠) exp(𝛼𝑠))     (7) 

𝑎12 =
2

𝛿
(𝑘1𝑎 exp(𝛼𝑠)  − 𝛼𝑘1𝑎(1 − 𝑠) exp(𝛼𝑠))   (8) 

𝑎21 =
1

𝑆
(𝑘1(1 − 𝑠) exp(𝛼𝑠))             (9) 

𝑎22 =
1

𝑆
(−𝑘1𝑎 exp(𝛼𝑠) + 𝛼𝑘1𝑎(1 − 𝑠) exp(𝛼𝑠) − 𝑘2 exp (

4𝐹𝜑0

𝑅𝑇
) −

𝑗𝑘2𝑠 exp (
4𝐹𝜑0

𝑅𝑇
))             (10) 

The principal conditions for the system singular points are exposed on the Table 1. 

Table 1. The bivariant systems main singular point requirements. 

Steady-state stability Tr J<0, Det J>0 

Oscillatory instability (Hopf bifurcation) Tr J=0, Det J>0 

Monotonic instability (saddle-node or static bifurcation) Tr J<0, Det J=0 

Taking into account the elements (7) and (10), we may observe that in this case, the 

oscillatory behavior is somehow more probable than in the simplest systems [19]. The behavior 

of this system is very similar to that described in [20 – 21], as there is more than one factor 

influencing the double electric layer, comparing to the work [19].  

The main condition of the oscillatory behavior Tr J = 0 is satisfied if the main diagonal 

elements contain positive addendums, responsible to the positive callback.  
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These elements are  𝛼𝑘1𝑎(1 − 𝑠) exp(𝛼𝑠) > 0, if α>0 and −𝑗𝑘2𝑠 exp (
4𝐹𝜑0

𝑅𝑇
) < 0, if 

j<0, and their positivity describes the periodic influence of the chemical and electrochemical 

stages. But if the element, analogous to −𝑗𝑘2𝑠 exp (
4𝐹𝜑0

𝑅𝑇
) is typical for all the similar systems 

[19 – 21], the first one is characteristic only for the appearance, modification and disappearance 

of ionic compounds during the chemical stages, like those observed in [20–21]. The oscillations 

are expected to be frequent and of small amplitude.  

In order to simplify the determinant analysis, we introduce new variables, describing 

the determinant as:  

2

𝛿𝐺
|
−𝜅1 − 𝛯 𝛺

𝛯 −𝛺 − 𝛬
|                           (11), 

where 

𝜅1 =
𝑆

𝛿
                                              (12) 

𝛯 = 𝑘1(1 − 𝑠) exp(𝛼𝑠)                              (13) 

𝛺 = 𝑘1𝑎 exp(𝛼𝑠) − 𝛼𝑘1𝑎(1 − 𝑠) exp(𝛼𝑠)                 (14) 

𝛬 = 𝑘2 exp (
4𝐹𝜑0

𝑅𝑇
) + 𝑗𝑘2𝑠 exp (

4𝐹𝜑0

𝑅𝑇
)    (15) 

Mathematically, the oscillatory behavior conditions will be rewritten as:  

{
−𝜅1 − 𝛯 = 𝛬 + 𝛺

𝜅1𝛺 + 𝜅1𝛬 + 𝛯𝛬 > 0
                                       (16) 

We should admit that, if the influences of both factors are very strong, even if the first 

condition (Tr J = 0) is satisfied, the second one won´t be satisfied, as the determinant will 

possess negative values. Therefore, the oscillatory behavior in this system will be caused in 

this system with the influences of only one of the two mentioned DEL and will be realized only 

if the acetaldehyde diffusion is relatively slow. 

The monotonic instability, which is manifested by N-shaped part of the voltammogram 

is also possible because of the mentioned influences. The condition of this instability will be 

described as:  

{
−𝜅1 − 𝛯 − 𝛺 − 𝛬 < 0

𝜅1𝛺 = −𝜅1𝛬 − 𝛯𝛬
                                                            (17) 

 And will only be satisfied if the parameters Λ, or 𝛺 are negative, as only in this case, 

the second expression may have a null value. 

It is possible to see that in the case of the positivity of the parameters Λ and Ω, 

describing the relative fragility of DEL influences, the stable steady-state will be warranted to 

be realized. Really, if the parameters Λ and 𝛺 are positive, the negativity of the matrix track 

will be warranted. Also, as the rest of the parameters are positive, the matrix determinant will 

be maintained positive.  

Mathematically, the stability requisite will be described as:  
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{
−𝜅1 − 𝛯 − 𝛺 − 𝛬 < 0
𝜅1𝛺 + 𝜅1𝛬 + 𝛯𝛬 > 0

                                                             (18) 

And this requirement will be satisfied in a vast topological parameter zone. In other 

words, the stable steady-state is easy to maintain. This indicates an efficient and stable 

electrocatalytic process. The linear dependence between the acetaldehyde concentration in the 

electric current will be maintained firmly. The electrocatalytic process is diffusion-controlled.  

This model is valid for potentiostatic mode. In galvanostatic mode, the potential is 

variable. Therefore, a third equation will be added to the equation-set (3).  Also, the side 

reactions like selenide formation are also possible in this case, leading to the appearance of a 

more dynamic and somehow less efficient system. Therefore, the potentiostatic mode is more 

compatible and easier to realize from the economic point of view.  

4. Conclusions 

 From the theoretical analysis of the acetaldehyde to glyoxal conversion for the 

pharmaceutical industry means, it is possible to conclude that: the electrocatalytic process of 

the acetaldehyde conversion into glyoxal is considered more advantageous than its chemical 

analog; - the system´s behavior will be controlled by aldehyde diffusion. The stable steady-

state will be formed easily and maintain simply; - the oxidized selenium form (selenite) is 

easily regenerated on the electrochemical stage, reducing the use of toxic and expensive 

selenium compounds; - the oscillatory behavior may be realized in the system, caused by DEL 

influences of both chemical and electrochemical stages. They are more capable of being 

realized if the aldehyde diffusion is slower;- from the economic point of view, the potentiostatic 

mode is more efficient due to the possibility of side reactions and rapid and great potential 

changes during the galvanostatic and potentiodynamic conversion.  
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