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Abstract: Effect of 2 – thiocytosine on the parameters of double R-AgLAFe/ chlorate(VII) interface layer 
in the presence of different surfactants has been studied. There were determined the adsorption 
parameters such as: differential capacity of the double layer (Cd) at the R-AgLAFe/ basic electrolyte 
interface; potential of zero charge (Ez) and surface tension at the potential of zero charge (γz). The 
predominance of 2–thiocytosine in formation of adsorption equilibria of 2–thiocytosine–SDS and 2–
thiocytosine–CTAB mixtures as well as the competitive adsorption between molecules 
2–thiocytosine-surfactant or mixed micelles was proved. The changes pointing out to different 
arrangement of SDS or CTAB molecules on the electrode surface also in the presence of 2–thiocytosine 
were observed.  

Keywords: mixed adsorption layers, 2 – thiocytosine, SDS, CTAB, adsorption parameters, R-AgLAFe 
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1. Introduction 

Adsorption processes play an important role in the phenomena occurring at the phase interfaces. This 
could be used to develop an effective layer for prevention from corrosion effects.  
Continuous renewal of barrier layers is costly, time-consuming, and frequently contributes  
to pollution of the environment. For that reason, this is a global problem which requires quick solution. 
Adsorbed species at the metal/solution interface can change the rate of corrosion. 

Adsorption of sulphur-containing molecules from the solutions on metals forming closely packed 
and oriented monolayers provide a convenient method for assigning desired chemical or physical 
properties of the surface (Dubois et al., 1992; Ulman, 1996). Using a mixture of adsorbates, it is possible 
to introduce various chemical functional properties on the surface (Bertilsson et al., 1993; J. P. Folkers et 
al., 1994; Gugała-Fekner et al., 2015; Szymczyk et al., 2015). The most intensive and extensive 
investigations were carried on the mercury electrode. Electrode surface properties are substantially 
modified by the adsorbed molecules which affect the electrode reactions significally. This is of 
significant importance and application in the processes of metals electrodeposition, molecular and 
biomolecular electronics as well as in the studies on biological membranes or inspection and 
optimalization of the conditions e.g. in the drugs release mechanisms. 

 Surfactants undergo physical adsorption and achieving the critical micellization concentrations they 
form multidimensional micelles leading to the multilayer adsorption. The adsorption equilibria, which 
are formed with the predominance of the organic substance, and the competitive adsorption in the 
mixed adsorption layers were proved (Chen et al., 2017; Diehl et al., 1996; Gugała-Fekner et al., 2015; 
Avranas et al., 2000; Nosal – Wiercińska et al., 2018). 
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The results presented in this paper concern the study of the mixed adsorption layers  
of 2-thiocytosine–sodium 1-decanesulfonate and 2-thiocytosine–hexadecyltrimethylammonium 
bromide (Scheme 1 – 3). 
 

 
Scheme 1. 2–thiocytosine 

 
Scheme 2. Sodium 1-decanesulfonate (SDS) 

 
Scheme 3. Hexadecyltrimethylammonium bromide(CTAB) 

The novel cyclically renewable liquid silver amalgam film electrode (R-AgLAFe) (Nosal-Wiercińska 
et al., 2021) applied in the studies enabled as accurate determination of adsorption parameters 
(differential capacity Cd of the double layer) as the mercury electrode. The issue of enviromental 
protection associated with the reduction of toxic mercury indispensable for formation of silver amalgam 
film as well as the generated waste is of significant importance (Nosal-Wiercińska et al., 2021). 

2. Materials and methods 

The surfactant and 2-thiocytosine solutions were prepared from Fluka reagents directly before the 
measurements. The concentration of sodium 1-decanesulfonate was in the range from 1·10-5 to 9·10-5 
mol·dm-3 whereas that of hexadecyltrimethylammonium bromide was ranged from 1.5·10-6 to 1.5·10-5 
mol·dm-3. The concentration of the 2-thiocytosine was chosen to be 1·10-3 mol·dm-3. 
The supporting electrolyte was 0.5 mol·dm-3 NaClO4 + 0.5 mol·dm-3 HClO4 due to the weak complex-
forming properties of ClO4- ions and the fact of their weak adsorption on the mercury surface. 

The solutions were deaerated using nitrogen, which was passed over the solution during the 
measurements. 

The impedance measurements were performed using an AUTOLAB electrochemical analyzer 
controlled by the GPES software (Version 4.9) (Eco Chemie, Utrecht Netherlands). The cell stand 
included a three-electrode system with a cyclically renewable liquid silver amalgam film electrode (R-
AgLAFe) refreshed before each measurement with a surface area of 17.25 mm2 used as a working 
electrode; a silver/silver chloride electrode (Ag/AgCl, 3 MKCl) as a reference electrode; and a Pt wire 
as a counter electrode. The silver base for the amalgam film electrode was prepared from the 0.5 mm 
diameter polycrystalline silver wire of 99.999% purity (Alfa Aesar, A. Johnson Matthey Company, 
Germany). 

Viscosity measurements were performed using the rotational CVO 50 rheometer with the “double 
gap“ measuring system (Bohlin Instruments). 
The critical micelle concentration (CMC) was determined by the viscosity method. The measurements 
were made in 1 mol·dm-3 chlorate(VII)–SDS, 1 mol·dm-3 chlorate(VII)–CTAB systems and in the 
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presence  of 2-thiocytosine. In the range of studied concentrations CMC was determined from the 
dependence of viscosity of the solutions on their concentrations. At the concentration corresponding to 
CMC a rapid change of system viscosity was observed (Nosal-Wiercińska et al., 2018). 

The differential capacity of the double layer, Cd, at the R-AgLAFe/supporting electrolyte interface 
was determined for the whole polarisation range, the capacity dispersion was tested  
at different frequencies between 200 and 1000 Hz. As a result of the differential capacitance 
extrapolation to zero frequency, the differential capacity curves corresponding to the adsorption 
equilibrium were obtained. 

This procedure assumes that the impedance of the double layer is equivalent to a series of capacity-
resistance combinations and the rate of adsorption is diffusion – controlled (Nosal-Wiercińska, 2010). 

The potential of zero charge Ez was determined using a streaming electrode (Nosal-Wiercińska, 2010) 
with the accuracy of ± 0.1mV.  The surface tension at the potential of zero charge γz was measured 
using the method of the highest pressure inside the mercury drop presented by Schiffrin (Nosal-
Wiercińska, 2010).  

The surface tension values were determined with an accuracy of ± 0.2 mN×m-1. 

3. Results and discussion 

3.1. Differential capacity curves 

The previous studies proved the adsorption of 2-thiocytosine on the cyclically renewable liquid silver 
amalgam film electrode (R-AgLAFe) (Josypcˇuk et al., 2013; Nosal – Wiercińska et al., 2021). As for the 
adsorption of 2-thiocytosine, it was related to the adsorption form RS-Hg, which was created due to 
mercury electrooxidation (Josypcˇuket al., 2013). The range of potentials between the adsorption and 
desorption peaks made an area of labile adsorption of RS-Hg on the amalgam electrode (Nosal – 
Wiercińska et al., 2021). 

Figs. 1 and 2 show the capacitance curves in 1 mol·dm-3 chlorates(VII) in the presence of anionic 
detergent sodium 1-decanesulfonate (Fig. 1) and cationic detergent hexadecyltrimethylammonium 
bromide (Fig. 2). In the region of the “hump” potentials, appearing in 1 mol·dm chlorate(VII) without 
the studied substances (≈ -0.3 – -0.8 V), after the addition of SDS to the solution, the height of the “hump” 
decreases  (Fig. 1). A reverse dependence was observed in the presence of the basic electrolyte CTAB 
(Fig. 2).  Such different arrangement of capacity curves may result from the differences in the 
interactions, mainly electrostatic ones, of adsorbed detergent molecules (which possess different 
charges) (Pagac et al., 1998; Klin et al., 2011). 

 
Fig. 1. Differential capacity – potential curves of the double layer interface R-AgLAFe /1 mol·dm-3 

chlorate(VII) with various concentrations of SDS: (●) 0, (○) 1.5‧10-5, (○) 3‧10-5, (○) 5‧10-5, (○) 7.5‧10-5, (○) 9‧10-5  

(in mol‧dm-3) 
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Fig. 2. Differential capacity – potential curves of the double layer interface R-AgLAFe /1 mol·dm-3 

chlorate(VII) with various concentrations of CTAB: (♦) 0, (◊)1.5‧10-6 ,(◊) 3‧10-5,  
(◊)6‧10-5, (◊) 1.5‧10-5 (in mol‧dm-3) 

 
In the region of higher potentials (≈ 0.2 V) the adsorption peaks occur in the presence of SDS (Fig. 1) 

with the increasing surfactant concentration in the solution. At definitely negative potentials (about           
– 1.5 V) the reappear desorption peaks which do not change their height with the increasing surfactant 
concentrations in the basic electrolyte solution. However, they change their position shifting towards 
the less negative potentials (for the concentration 9·10-5 mol·dm-3 SDS the desorption peak appears at 
about – 1.3 V). 

In the region of higher potentials (≈ 0.1 V) only a small outline of the adsorption peaks is observed 
in the presence of CTAB (Fig. 2) but in the area of the most negative potentials about -1.5 V the 
desorption peak appears. This is very sharp peak increase with the increasing concentration of 
adsorbate in the basic solution electrolyte.  

Considering such different depiction of the capacitance curves obtained for the tested surfactants 
and based on the literature data, it can be concluded that at the molecular level the surfactants molecules 
have titled orientation with most of their hydrophobic segment in contact with the mercury surface and 
their hydrophilic segment facing the aqueous solution (Avranas et al., 2000). 

It should be mentioned that in the range of studied concentrations for the cationic detergent,  
the critical micelle concentration CMC was not observed. However, in the case of the anionic surfactant 
its value is 3·10-5 mol·dm-3 SDS. The electrode potential change is followed by reorganization of the 
adsorption layers SDS within two surface structures, namely the two-layer and three-layer micelles 
(Sotiropouloset al., 1993; Kumar et al., 2019). 

Fig. 3 presents the diffential capacity curves obtained experimentally in 1 mol dm-3 chlorate(VII)  in 
the presence of 1·10-3 mol·dm-3 2–thiocythosine and with the addition of chosen SDS concentration. The 
addition of the surfactant to the basic electrolyte solution containing 2-thiocytosine does not change the 
picture of capacity curves (Nosal – Wiercińskaet al., 2021). It should be noticed that the increase in the 
SDS concentration in the basic electrolyte results in the evident decrease of adsorption and desorption 
peaks. Addition of SDS influences the change of the desorption peak potential shifting it towards less 
negative values. This can be associated with the effect of the anionic SDS molecule in formation of 
adsorption equilibria. However, the interactions of 2–thiocytosine molecules and the surfactant 
resulting in formation of a more or less compact structure of mixed adsorption layer scan not be 
excluded (Gugała-Fekner et al., 2015; Nosal – Wiercińska et al., 2018; Klin et al., 2011). Moreover, in the 
presence of CTAB in the basic electrolyte solution containing 1·10-3 mol·dm-3 of 2–thiocythosine there 
are observed some changes in the area of adsorption peak which evidently increases with the increasing 
concentration of CTAB (Fig. 4). As CTAB is a cationic molecule, one can be expect its different 
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arrangement on the electrode surface. Definitely one can observe the change of structure and properties 
of the adsorption layerat the R-AgLAFe/aqueous chlorate(VII) solution in the presence of 2–
thiocytosine and CTAB solution which results in the mixed adsorption layer formation (Gugała-Fekner 
et al., 2015; Nosal – Wiercińska et al., 2018; Klin et al., 2011). The analysis of Figs. 3 and 4 shows a distinct 
predomination of 2-thiocytosine in the adsorption equilibria formation (Nosal – Wiercińska et al., 2018). 
 

 
Fig. 3. Differential capacity – potential curves of the double layer interface R-AgLAFe /1 mol·dm-3 chlorate(VII) 
with 1·10-3 mol·dm-32-thiocytosine and with various concentrations of SDS: (●) 0,(●) 1.5‧10-5, (●) 3‧10-5 , (●) 5‧10-

5,(●) 7.5‧10-5, (●) 9‧10-5 (in mol‧dm-3) 

 
Fig. 4. Differential capacity – potential curves of the double layer interface R-AgLAFe /1 mol·dm-3 

chlorate(VII) with 1·10-3 mol·dm-32-thiocytosine and with various concentrations of CTAB: (♦) 0,  
(♦) 1.5‧10-6, (♦) 3‧10-5 , (♦) 6‧10-5, (♦) 1.5‧10-5 (in mol‧dm-3) 

3.2. Potentials of zero charge and the surface tension  

Tables 1-5 present the values of the potentials of zero charge Ez and the values of the surface tension γz 
at the zero charge potential for the studied systems.  
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As follows from Table 1 the addition and increase of 2–thiocytosine concentration in the 1mol·dm-3 

chlorates(VII) solution causes shift of Ez towards more positive potentials.  
The dependences are linear which points out to the specific adsorption of 2–thiocytosine on mercury 

(Avranas et al., 2000; Sotiropoulos et al., 1993; Kumar et al., 2019). Due to similar properties  
of mercury and amalgam electrodes (Baś et al., 2010) as well as analogous mechanisms of action  
on them (Brycht et al., 2014), one can refer to it as the specific adsorption of TC also as regards  
the R-AgLAFe electrode. The presence of surfactants in the 1 mol·dm chlorates(VII) solution also affects 
the changes in the Ez values (Tables 2  and 3).  

The addition of SDS results in the shift of Ez towards the positive potentials. However, it should 
be noted that for the concentration of CMC 3·10-5 mol·dm-3 these changes are severe and may indicate 
the aggregation phenomena at the Hg–aqueous electrolyte solution interphase in the presence 
of surfactant (Pagac et al., 1998). However, in the case of CTAB there are abserved evidently reverse 
dependences and the addition of surfaktant shifts Ez towards the positive potentials but successive 
increase of concentrations causes a shift of the zero charge potential value towards the negative 
potentials which indicates the adsorption of CTAB oriented with the negative end towards 
the mercury surface (Brycht et al., 2014). 

Table 1. The potential of zero – charge Ez vs. Ag/AgCl electrode and surface tension γz for Ez of 1 mol·dm-3 

chlorates(VII) solutions + different 2-thiocytosine systems 

104 c2-thiocytosine /mol·dm-3 - Ez/V γz /m N m-1 

0.00 0.480 477.5 
1.00 0.465 477.0 
5.00 0.457 476.0 
10.0 0.445 475.0 
50.0 0.439 473.0 
100.0 0.435 472.0 

Table 2. The potential of zero – charge Ez vs. Ag/AgCl electrode and surface tension γz for Ez of 1 mol·dm-3 

chlorates(VII) solutions + different SDS surfactant concentration systems; (CMC underlined) 

105 cSDS /mol·dm-3 - Ez/V γz /m N m-1 

0.0 0.480 477.5 
0.6 0.476 514.6 
1.5 0.475 512.6 
3.0 0.435 511.5 
5.0 0.427 511.0 
7.5 0.420 510.5 
9.0 0.415 508.5 

Table 3. The potential of zero – charge Ez vs. Ag/AgCl electrode and surface tension γz for Ez of 1 mol·dm-3 

chlorates(VII) solutions + different CTAB surfactant concentration systems 

105 cCTAB /mol·dm-3 - Ez/V γz /m N m-1 

0.00 0.480 477.5 
0.075 0.446 516.6 
0.15 0.449 515.1 
0.30 0.459 514.6 
0.60 0.466 513.6 
1.50 0.469 513.6 
3.00 0.475 512.6 
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Table 4. The potential of zero – charge Ez vs. Ag/AgCl electrode and surface tension γz for Ez of 1 mol·dm-3 

chlorates(VII) solutions + 1·10-3 mol·dm-3 2-thiocytosine + different SDS surfactant concentration systems;                  
(CMC underlined) 

105 cSDS /mol·dm-3 - Ez/V γz /m N m-1 

0.0 0.435 472.0 
0.6 0.466 503.5 
1.5 0.465 504.5 
3.0 0.462 501.5 
5.0 0.401 500.5 
7.5 0.352 499.5 
9.0 0.335 497.5 

Table 5. The potential of zero – charge Ez vs. Ag/AgCl electrode and surface tension γz for Ez of 1 mol·dm-3 

chlorates(VII) solutions + 1·10-3 mol·dm-3 2-thiocytosine + different CTAB surfactant concentration systems 

105 cCTAB /mol·dm-3 - Ez/V γz /m N m-1 

0.00 0.435 472.0 
0.075 0.457 504.5 
0.15 0.466 503.5 
0.30 0.468 502.5 
0.60 0.470 501.5 
1.50 0.475 500.5 
3.00 0.479 499.5 

 
For the mixed adsorption layers 2–thiocytosine–SDS is observed the shift of the values Ez towards 

more positive z potentials. However, for the concentration 5·10-5 mol·dm-3(CMC), the shifts 
are evidently larger which can be explained by competitive adsorption or coadsorption 
of 2–thiocytosine–SDS or mixed micelles (Gugała-Fekner et al., 2015; Nosal-Wiercińska et al., 2018). For 
the mixed adsorption layers 2–thiocytosine–CTAB the values Ez shift towards more negative potentials. 
Thus, the addition of the cationic surfactant to the basic electrolyte solution containing  
2–thiocytosine does not cause reorganization in the CTAB arrangement on the mercury surface. 

The values of surface tension γz at the zerocharge potential (Tables 1 – 5) decrease for all studied 
systems as proved by the adsorption phenomenon (Nosal-Wiercińska et al., 2018; Nosal-Wiercińska, 
2010). 

4. Conclusions 

The adsorption studies indicate a change in the structure and properties of the adsorption layer  
atthe R-AgLAFe/aqueous chlorate(VII) solution interface in the presence of the mixtures 
of 2–thiocytosine and SDS as well as 2–thiocytosine and CTAB which results in the formation of the 
mixed adsorption layer. 

The predominance of 2-thiocytosine in formation of adsorption equilibria of 2–thiocytosine–SDS and 
2–thiocytosine–CTAB mixtures as well as the competitive adsorption between the 2–thiocytosine - 
surfactant molecules or mixed micelles were proved. The ClO4- ions should not be neglected in these 
interactions. Due to the fact that SDS and CTAB are different molecules considering their charge (SDS 
is anionic but CTAB is cationic), there were observed some changes indicating different arrangement of 
these molecules on the electrode surface also in the presence of 2–thiocytosine. 
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