
Adsorption of N-Allylthiourea on a Mercury Electrode:
Dependence on the Supporting Electrolyte Concentration

Gra¿yna Dalmata and Agnieszka Nosal-Wierciñska*

Faculty of Chemistry, Maria Curie-Sk³odowska Univeristy, 20-031 Lublin, Poland

RECEIVED APRIL 17, 2007; REVISED NOVEMBER 15, 2007; ACCEPTED NOVEMBER 20, 2007

Adsorption of N-allylthiourea at the interface mercury/NaClO4 was studied as a function of

electrode charge density, adsorbate, and the supporting electrolyte bulk concentration. Experi-

mental data from measurements of the double layer differential capacity, zero charge potential,

and surface tension at the zero charge potential were used in the study. Information on N-allyl-

thiourea adsorption was obtained from the values of relative surface excess, free adsorption en-

ergy, interaction constants and the electrostatic parameters of the inner layer. It was found that

the adsorption parameters change together with the change of the supporting electrolyte con-

centration, which points to competitive adsorption of N-allylthiourea and ClO4
– ions.
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INTRODUCTION

Thiourea and its alkyl derivatives are strongly adsorbed

on mercury from perchlorate solutions, forming a cova-

lent bond between sulphur and mercury, which can be

described in terms of partial transfer of electrons.1–4

According to Morozow et al.,5 adsorption of ClO4
–

ions is practically eliminated in the presence of thiourea,

allowing omission of coadsorption of thiourea and the

supporting electrolyte ions. However, it can be conclud-

ed from the papers of Damaskin6,7 that in the range of

electrode positive charges, the ClO4
– anions penetrate

between the positively charged thiourea amine groups, de-

creasing repulsive interaction among adsorbed thiourea

molecules, which leads to increased thiourea adsorption.

This points to the conclusion that there are competitive

effects in perchlorate solutions, which influence both the

magnitude of adsorption and the structural arrangement

of adsorbate at the interface.

Thiourea and its derivatives act as corrosion inhibi-

tors that form a protective layer on a metal surface.

These inhibitors decrease the corrosion rate by various

mechanisms: (i) access of oxygen to the metal surface

may be blocked; (ii) rate of dissolution of the protective

layer on the metal surface may be reduced; (iii) dissolu-

tion of the metal may be blocked. Polynomial model of

the inhibition mechanism of thiourea derivatives was

presented by Lukovits.8

Adsorption studies of substances acting as corrosion

inhibitors allow for diversification of the chemical na-

ture of the interface according to need. When a sulphur

containing species has also an unsaturated aliphatic

chain, one can expect that the adsorption will depend on

both the sulphur end of the molecule and the properties
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of the aliphatic chain, i.e., the existence of p electrons

and its hydrophobicity. Allylthiourea is one of such

compounds.

In the present work, we examine the adsorption of

allylthiourea (ATU) on a mercury electrode from aque-

ous solutions of NaClO4 as a function of the concentra-

tion of the supporting electrolyte. Adsorption of ATU is

considered to be a competitive process between the ATU

molecule and ClO4
– ions.

EXPERIMENTAL

Analytical-grade reagents NaClO4 (Fluka) and N-allylthio-

urea were used without further purification. Solutions were

prepared from fresh double-distilled water. ATU concentra-

tions ranged from 1 × 10–4 to 1 × 10–2 mol dm–3. Solutions

were deaerated using high-purity nitrogen. During measure-

ments, nitrogen was passed over the solution. The measure-

ments were carried out at 298 ± 1 K.

ATU adsorption was studied in 0.1, 1 and 5 mol dm–3

NaClO4; the activity of water in these solutions was 0.995,

0.966 and 0.776, respectively.9,10 The pH of the solutions

was ca 5.2. Insertion of 10–4–10–2 mol dm–3 ATU into the

supporting electrolyte did not result in any pH changes. The

experiments were performed in a three-electrode cell with a

dropping mercury electrode made by MTM Poland as the

working electrode, Ag/AgCl/saturated NaCl as the refer-

ence electrode and a platinum spiral as the counter elec-

trode. The reference electrode was connected to the electro-

lytic cell via an intermediate vessel filled with the solution

to be investigated.

The double layer capacity was measured at t = 6 s after

the drop birth using the impedance method with the Autolab

frequency response analyzer (Eco Chemie). Reproducibility

of average capacity measurements was ± 0.5 %. For the

whole polarization range, capacity dispersion was tested at

different frequencies between 200 and 1000 Hz. To obtain

proper equilibrium values of differential capacity, linear de-

pendence of capacity on the square element from frequency

was extrapolated to zero frequency. This procedure assumes

that the impedance of the double-layer is equivalent to a se-

ries capacity-resistance combination and that the rate of ad-

sorption is diffusion-controlled.11 The potential of zero
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Figure 1. The molecular structure of N-allylthiourea.

Figure 2. Differential capacity-potential curves of the mercury elec-
trode in 0.1 mol dm–3 (a), 1 mol dm–3 (b), 5 mol dm–3 (c) NaClO4

with various concentrations of ATU (in 10–3 mol dm–3) (�) 0; (�)
0.1; (�) 0.3; (�) 0.5; (+) 0.8; (�) 1.0; (�) 3.0; (�) 5.0; (�) 8.0;
(�) 10.

(a)

(b)

(c)



charge (Ez) was measured for each solution by the method of

streaming mercury electrode.12,13 The interfacial tension be-

tween mercury and electrolyte solutions at Ez was measured

with a conventional maximum bubble-pressure capillary

electrometer described earlier.14 Adsorption parameters were

derived by back integration of capacity-potential dependen-

cies. No corrections were made for the effects of the medium

on the activity of the supporting electrolyte15,16 and the ac-

tivity coefficient of the adsorbate.17

RESULTS AND DISCUSSION

The differential capacity curves obtained in 0.1, 1 and 5

mol dm–3 NaClO4 for different ATU concentrations are

shown in Figure 2. In solutions without ATU, the hump

in the curves decreases along with increasing NaClO4

concentration and is shifted to negative potentials. To-

gether with an increase of ATU concentration, the hump

is shifted to negative potentials and simultaneously the

height of the hump increases. There are two reasons for

the appearance of the hump in the capacity curve: reori-

entation of water and changes in the electrostatic inter-

actions between adsorbed molecules.18,19 A considerably

smaller shift of the hump with an increase of ATU con-

centration in the solutions with lower water activity

(Figure 2c), as well as the appearance of a small hump at

low ATU concentrations in the solutions with higher wa-

ter activity (Figure 2a) indicate a considerable influence

of solvent on the surface properties of the interface.

Calculations of the double layer parameters for ad-

sorption are based on the data from differential capac-

ity-potential curves extrapolated to zero frequency. The

capacity-potential plots were numerically integrated

from the point of Ez. The integration constants are pre-

sented in Figure 3 and in Table I. According to

Schuhmann et al.,20 the streaming electrode does not

give correct values of Ez in the ATU–0.05 mol dm–3

K2SO4 system. Therefore, the potentials of zero charge

were also calculated from the differential capacity-po-

tential curves integrated from the point of E = –1500

mV, where it can be assumed that the ATU is totally

desorbed and then the differential capacity equals the

one of the supporting electrolyte solution. The differ-

ences in Ez values obtained by these two procedures did

not exceed ± 3 mV. It was therefore recognized that the

Ez values can be determined in perchlorate solutions by

the method of streaming mercury electrode. The values

of Ez measured for the solutions of NaClO4 without

ATU are shifted to negative potentials with an increasing

NaClO4 concentration, which confirms adsorption of

ClO4
– ions. The course of C = f(E) curves in the solu-

tions of NaClO4 without ATU and the determined values

of Ez are in agreement with literature data.18,19,21 Intro-

duction of ATU into the solution causes a shift of Ez val-

ues towards negative values. The linear dependence Ez =

f(lg cATU) (Figure 3) points to the specific adsorption of

ATU molecules on mercury.11 The slope of lines Ez =

f(lg cATU) is equal to 102 mV/unit lg and is not depend-

ent on the supporting electrolyte concentration, which

indicates that ClO4
– ions are not specifically adsorbed.

The data obtained from the integration of differen-

tial capacity curves were subsequently used to calculate

Parsons’ auxiliary function x = g + sME,22 where sM is

the electrode charge and E is the electrode potential. As

the adsorption of ClO4
– ions was demonstrated earlier,

the adsorption of ATU was described using the relative

surface excess G ', which according to the Gibbs adsorp-

tion isotherm is represented by the following formula:

GATU
' =

1

RT c
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Figure 3. Dependence of the potential of zero charge vs. lg cATU for
NaClO4 – ATU systems. Concentration of NaClO4 (in mol dm–3) is
indicated by each line.

TABLE I. Surface tension gz / mN m–1 for Ez of NaClO4 + ATU
systems

103 cATU /

mol dm–3

gz / mN m–1

0.1 mol dm–3

NaClO4

1 mol dm–3

NaClO4

5 mol dm–3

NaClO4

0 423.1 422.6 421.2

0.1 423.1 422.4 420.5

0.3 422.2 421.2 418.6

0.5 421.2 420.5 417.3

0.8 420.5 419.9 416.9

1.0 419.6 418.9 416.0

3.0 416.7 415.7 413.4

5.0 414.1 413.4 412.2

8.0 411.8 411.5 410.2

10.0 408.6 408.9 408.9



where c is the bulk concentration of ATU and F is the

surface pressure F = Dx = x0 – x, (x0 is the value of Par-

sons' auxiliary function for the supporting electrolyte

and x is the value of Parsons' auxiliary function for the

solution containing ATU). In deriving Eq. (1), it was as-

sumed that the mean activity coefficients of NaClO4 and

ATU are not changed with the change in ATU concentra-

tions. Positive F values were obtained for the studied

systems most frequently in the range –6 ≤ sM ≤ +5 mC

cm–2.

Dependence of the relative surface excess of ATU as

a function of the electrode charge and ATU concentra-

tion in the bulk obtained for 0.1 mol dm–3 NaClO4 is

presented in Figure 4. The G ' values increase with in-

creasing ATU concentration and electrode charge. This

behaviour is common for compounds with a divalent

sulphur atom, such as thiourea23 and its deriva-

tives.20,24,25 The course of the curves G ' = f(sM) is linear

for all examined concentrations of the supporting elec-

trolyte. Figure 5 shows the dependence of G ' on the con-

centration of ATU and NaClO4 in bulk for the selected

values of sM = +5, 0 and –5 mC cm–2. Independently of

the electrode charge, the variation of G ' with the ATU

concentration is higher for the lower value of the concen-

tration of ATU or supporting electrolyte presented in Fig-

ure 5. It should be noted that the G ' values depend on the

supporting electrolyte concentration. For ATU concentra-

tions < 5 ×10–4 mol dm–3, the values of G ' increase to-

gether with an increase of NaClO4 concentration. In the

presence of higher ATU concentrations, a distinct de-

crease of ATU surface concentration could be observed

along with an increase in the supporting electrolyte con-

centration. An increase of the NaClO4 concentration does

not only reduce the G ' values, but it also changes the

shape of these isotherms (this means that an increase oc-

curs in the lateral repulsive interaction between ATU mol-

ecules when the NaClO4 concentration is higher). It is

possible that the reason for such behaviour is the competi-

tive adsorption of ClO4
– anions on mercury. Such an ef-

fect, but to a lesser extent, was observed in the

N,N '-dimethylthiourea-NaClO4 system.4

Adsorption Isotherms

Adsorption of ATU was further analyzed on the basis of

the constants obtained from the Frumkin isotherm:

bx = [Q / (1 – Q)]exp(–2AQ) (2)

where x is the molar fraction of ATU in the solution, b is

the adsorption coefficient [b = exp (–DG°/RT)], DG° is

the standard Gibbs energy of adsorption, A is the interac-

tion parameter and Q is the coverage, Q = G ' / Gs.

The surface excess at saturation (Gs) was estimated

by extrapolating the 1/G ' vs. 1/cATU at different charges

to 1/cATU = 0. Thus obtained surface excess at saturation

in 0.1, 1 and 5 mol dm–3 NaClO4 is equal to 2.96 × 10–6,

2.94 × 10–6 and 3.09 × 10–6 mol m–2, respectively, which

corresponds to the values of the surface occupied by one

ATU molecule S ≡ 1 / Gs 0.561, 0.564 and 0.536 nm2.

The decrease of S values with increasing NaClO4 con-

centration can indicate the influence of water present on

the electrode surface on the results of calculations.

Schuhmann et al.20 calculated the theoretical ATU sur-

face for several possible ATU positions assuming that

ATU molecules are always arranged from sulphur to-

wards the mercury surface. A minimal and a maximal
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Figure 4. Relative surface excess of ATU as a function of the elec-
trode charge and ATU concentration in the bulk for 0.1 mol dm–3

NaClO4, ATU concentrations (in 10–3 mol dm–3) are indicated by
each line.

Figure 5. Relative surface excess of ATU as a function of the elec-
trode charge and ATU concentration in the bulk for 5 mol dm–3

NaClO4 (solid line), 1 mol dm–3 NaClO4 (dashed line) and 0.1
mol dm–3 NaClO4 (dotted line) at electrode charges: sM = +5
mC m–2 (�), sM = 0 (+) and sM = –5 mC m–2 (�).



surface occupied by one ATU molecule are equal, ac-

cording to,20 0.27 and 0.70 nm2, respectively. According

to Schuhmann,20 ATU is adsorbed at more negative po-

tentials essentially in a flat position with a resulting par-

tial transfer of electrons located at both the sulphur atom

and the double bond. When the potential becomes more

positive, adsorption takes place only through the sulphur

atom and thus leads to the occupation of a smaller super-

ficial area by the molecules. The values of surfaces oc-

cupied by one ATU molecule were determined experi-

mentally: S = 0.53–0.56 nm2, which could indicate a di-

version in the vertical direction of the flat position of the

ATU molecule on mercury.

Figure 6 represents the linear test of the Frumkin iso-

therm for the system 5 mol dm–3 NaClO4 + ATU. The

values of parameter A were calculated from the slopes of

the lines of the linear test of the Frumkin isotherm. The

corresponding values of DG° were determined by extrap-

olation of the line ln [(1 – Q)x / Q] vs. Q to the value Q =

0. The values of interaction constants change from –3.24

to –0.31 for –6 < sM < +5 mC cm–2 in 0.1 mol dm–3

NaClO4; from –3.87 to –0.54 in 1 mol dm–3 NaClO4;

from –12.67 to –1.99 in the same range of charges in 5

mol dm–3 NaClO4. A similar effect occurs in the systems

containing thiourea26,27 and thiourea derivatives.4,25

In all the systems studied, the increase of sM is ac-

companied by a decrease of a repulsive interaction be-

tween the adsorbed dipoles of ATU and an increase of

the adsorption energy (Figure 7). This is probably re-

lated to the increase of ClO4
– anions adsorbing near the

positive pole of the polar ATU molecule and thus

screening the repulsive forces between the adsorbed

ATU molecules, which leads to increased ATU adsorp-

tion, which is indicated by the increase of G ' (Figure 5).

The linear dependence DG = f(sM) (Figure 6) indicates

the preferential participation of stable ATU dipoles

which influence the value of free adsorption energy.28 It

should be emphasized that along with the increase of the

supporting electrolyte concentration, the values of DG°

increase and the repulsive interaction between the ad-

sorbed dipoles of ATU also increases. This could sug-

gest that the measure of the adsorption magnitude is a

result of these two parameters, as shown in the

dependences in Figure 5.
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Figure 6. Linear test of the Frumkin isotherm for the system 5
mol dm–3 NaClO4 + ATU. Electrode charges (sM in 10–2 C m–2)
are indicated by each line.

Figure 7. Energy adsorption of ATU as a function of the electrode
charge for 0.1 mol dm–3 NaClO4 (�), 1 mol dm–3 NaClO4 (+)
and 5 mol dm–3 NaClO4 (�).

Figure 8. Linear test of the virial isotherm for the system 1 mol dm–3

NaClO4 + ATU. Electrode charges (sM in 10–2 C m–2) are indicated
by each line.



Virial isotherms were also used to describe the ad-

sorption of ATU:

ln bc = G ' + 2BG ' (3)

where c is the molar concentration of ATU, B is the sec-

ond virial coefficient.

The virial isotherm verifies the results obtained

from the Frumkin isotherm, because calculation of the

values of surface excess at saturation is not required in

this case.

Figure 8 shows the linear test of the virial isotherm

for the 1 mol dm–3 NaClO4 + ATU system. The values

of the second virial coefficient B were calculated from

the slopes of lines in Figure 8 and the corresponding

DG° values were obtained from the intercepts of these

lines with the axis log(G '/c) using the standard state of 1

mol dm–3 in bulk solution and one molecule on the sur-

face. The obtained values of the virial isotherm con-

stants are given in Table II.

Changes of DG ° values as a function of the concen-

tration of NaClO4 and the electrode charge confirm anal-

ogous DG ° changes obtained from the Frumkin iso-

therm. Increase of the DG ° value with the increase of

positive electrode charge could be related to the extrac-

tion of water molecules from the electrode surface. The

obtained DG ° values in 1 mol dm–3 NaClO4 at sM = 0

are much higher than –95.7 kJ mol–1 for thiourea adsorp-

tion from aqueous solution.26 The values of the second

virial coefficient B increase together with increasing

supporting electrolyte concentration and the negative

charge of the electrode. B values are higher than for the

adsorption of thiourea,26 N,N '-dimethylthiourea4 and

tetramethylthiourea,25 especially in the range of negative

charges of an electrode.

The modified Flory-Huggins isotherm29 lasts more

light on the adsorption mechanism determining the num-

ber of water molecules displaced by one molecule of ad-

sorbate:

bx = [Q / n(1 – Q)n] exp(–2AQ) (4)

where n is the number of water molecules replaced by

one adsorbate molecule. In the presented case, involving

use of a projected area of 0.123 nm2 for water,30 n was

found to be 4.36–4.58 in all the systems studied.

Figure 9 presents the plots of ln [x(1 – Q)n / Q]]

versus q in the solution 5 mol dm–3 NaClO4 + ATU. The

obtained values of DG° for all the systems studied were

close to the corresponding values of DG° obtained from

the Frumkin isotherm (Figure 6). However, the values of

parameter A were higher compared to those obtained

from the Frumkin isotherm. These differences can result

from the divergence between the system studied and the

model for the Flory-Huggins isotherm, in which the ad-

sorbed species form a monolayer at the electrode inter-

face with each molecule replacing n molecules of sol-

vent. The values of parameter A decrease with the in-

crease of the positive charge of the electrode, which is a

result of penetration of ClO4
– anions among the posi-

tively charged amine groups of ATU at sM > 06,7 and,

consequently, the screening of repulsive interactions be-

tween adsorbed ATU molecules, leading to an increase

of ATU adsorption.

Electrostatic Parameters of the Inner Layer

Adsorption of ATU causes a change of the potential drop

across the inner layer FM–2. Observation of these

changes at a constant charge could be the source of in-

formation about the structure of a double layer. Accord-
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TABLE II. Comparison of the virial isotherm constants for systems:
0.1 mol dm–3 NaClO4, 1 mol dm–3 NaClO4 and 5 mol dm–3

NaClO4 containing ATU

102
óM / C m–2 –DG° / kJ mol–1 B / nm2 molecule–1

0.1 1 5 0.1 1 5

–6 99.71 100.09 103.11 1.86 2.25 8.49

–4 101.78 101.80 103.79 1.34 1.58 2.97

0 103.20 103.48 105.35 1.04 1.35 2.14

+1 104.71 105.53 107.09 0.85 1.11 1.71

+3 105.55 106.08 107.89 0.80 1.06 1.65

+5 106.58 107.11 109.99 0.75 0.94 1.60

+5 107.21 108.08 110.53 0.69 0.80 1.46

Figure 9. Test of the Flory-Huggins isotherm for the system 5
mol dm–3 NaClO4 + ATU. Electrode charges (sM in 10–2 C m–2)
are indicated by each line.



ing to Parsons’ electrostatic model,28 the potential FM–2

is the sum of two parts depending on the charge density

and surface excess:

FM–2 =
4 4

1p px

e
s

m

e
G

i
M

org

i
org'+ (5)

where morg is the dipole moment of an isolated adsorbed

molecule (mATU = 17.04 × 10–30 C m),8 ei is the dielectric

constant of the inner layer and x1 is the inner layer thick-

ness.

Dependence of FM–2 on the surface excess G ' at con-

stant charge density for 0.1 mol dm–3 NaClO4 is shown in

Figure 10. Dependences FM–2 = f(G 'ATU) are linear in all

the systems examined, which confirms the congruence of

the described adsorption isotherms with the charge. It is

important to note that the slope of lines in Figure 10 de-

creases when the charge increases. The ATU molecule

negative end is oriented towards mercury even at the

most negative values of sM, in spite of a very strong ad-

sorption on mercury caused by the highly specific interac-

tion between sulphur and mercury.

Linear dependences FM–2 = f(G 'ATU) were analyzed

in a way similar to that used previously by Jurkiewicz-

Herbich and Jastrzêbska.31 Values of the apparent dielec-

tric constant of the inner layer ei are presented in Figure

11. The ei values increase with the positive charge of the

electrode. The magnitude of ei is comparable with the one

obtained in solutions of 0.1 mol dm–3 KNO3
26 and 1

mol dm–3 NaClO4
3 containing thiourea. In the range of

negative charges of the electrode, the lowest values of ei

were obtained in 5 mol dm–3 NaClO4. In the range of pos-

itive charges of the electrode, the values of ei increased

together with the increase of the supporting electrolyte

N-ALLYLTHIOUREA ADSORPTION ON MERCURY ELECTRODE 535

Croat. Chem. Acta 81 (4) 529¿537 (2008)

TABLE III. Inner layer properties for ATU adsorbed at mer-
cury/aqueous solution NaClO4 interfaces for different supporting
electrolyte concentrations. 102 sM / C m–2; x1 / nm; Ki / 102

F m–2; G 'ATU / 1018 molecule m–2

óM G ' = 0 G ' = 1 G ' = 1.5

Ki x1 Ki x1 Ki x1

0.1 mol dm–3 NaClO4

–5 17.86 0.33 12.02 0.49 – –

–3 19.40 0.39 13.76 0.56 10.16 0.76

–1 20.32 0.46 15.23 0.62 12.02 0.78

0 21.37 0.50 16.41 0.65 13.34 0.81

+1 23.53 0.53 19.38 0.64 17.06 0.73

1 mol dm–3 NaClO4

–5 13.99 0.44 9.94 0.62 – –

–3 17.82 0.40 11.80 0.61 8.90 0.81

–1 20.41 0.46 13.25 0.70 11.63 0.79

0 20.52 0.64 14.81 0.89 12.59 1.05

+1 23.04 0.58 16.43 0.81 16.07 0.83

+3 32.82 0.39 21.89 0.61 21.74 0.62

5 mol dm–3 NaClO4

–5 15.87 0.27 8.59 0.51 – –

–3 17.42 0.36 10.27 0.62 8.34 0.75

–1 20.10 0.54 11.74 0.92 9.75 1.11

0 20.20 0.66 13.70 0.97 12.25 1.10

+1 22.35 0.69 15.13 1.02 14.04 1.11

+3 30.46 0.53 19.16 0.85 18.85 0.86

Figure 10. Potential drop across the inner layer FM–2 as a function
of the quantity of ATU adsorbed at constant electrode charges (sM

in 10–2 C m–2) for 0.1 mol dm–3 ATU.

Figure 11. Apparent dielectric constant of the inner layer as a func-
tion of charges on the electrode for the systems: 5 mol dm–3

NaClO4 (solid line), 1 mol dm–3 NaClO4 (dashed line) and 0.1
mol dm–3 NaClO4 (dotted line).



concentration, which indicates greater freedom of rotation

of ATU molecules in the field of the double electric layer

in case of lower water activity.

Calculated values of the integral capacity Ki and

values of the inner layer thickness x1 are presented in

Table III. Analysis of the results presented in Table III

shows that the values of Ki increase with an increase of

the electrode charge and decrease with an increase of the

supporting electrolyte concentration and with an in-

crease of surface concentration of ATU at all values of

sM within the range studied. Decrease of the Ki value

with the increase of ATU concentration is connected

with the increase of the inner layer thickness. The deter-

mined inner layer parameters are slightly lower than

those determined for thiourea from aqueous NaF28 and

NaClO4
3 solutions.

Changes of adsorption parameters with the change

of the supporting electrolyte concentration point to the

competitiveness of ATU and ClO4
– ions adsorption as

well as to electrostatic interactions between ATU mole-

cules and water.

CONCLUSIONS

ATU adsorbs at the interface mercury/water solution of

NaClO4. The linear dependence Ez = f(lg cATU) (Figure

3) indicates the specific adsorption of ATU on mercury.

The surface excess of ATU increases with the increase

of ATU concentration and the increase of electrode

charge. The negative end of ATU molecules is pointed

towards the mercury, which is the result of the specific

interaction between mercury and the sulphur of ATU.

Such situation does not change even at negative values

of electrode charge, which is shown by the decrease of

the slope of linear dependence FM–2 = f(G 'ATU) (Figure

10) with an increase of the charge. Repulsive interac-

tions exist among the ATU molecules adsorbed on mer-

cury, which become weaker with increased electrode

charge. The energy of adsorption increases together with

the increase of electrode charge, which could be related

to the removal of water molecules from the electrode

surface at sM > 0.32

The shift of EZ values towards negative potentials in

the solutions without ATU indicates that ClO4
– ions are

also adsorbed on mercury. Nevertheless, such adsorption

is not specific, which is proved by the parallel course of

lines Ez = f(lg cATU) in Figure 3. Participation of ClO4
–

ions in adsorption processes is also confirmed by the in-

crease of DG and B values with increasing supporting

electrolyte concentration. However, the slight changes of

the electrostatic parameters of the double layer, as the

NaClO4 concentration increases, point to weak adsorp-

tion of ClO4
– ions on mercury.

In addition, the results of the experiments indicate

that the surface occupied by one molecule of ATU de-

creases together with an increase of NaClO4 concentra-

tion and the number of water molecules removed from

the surface with one molecule of adsorbate increases.

Although these changes are slight, they point to the pres-

ence of electrostatic interactions in the double layer be-

tween the dipoles of H2O and ATU.
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SA@ETAK

Adsorpcija N-aliltiouree na povr{inu `ivine elektrode: ovisnost o koncentraciji
osnovnog elektrolita

Gra¿yna Dalmata i Agnieszka Nosal-Wierciñska

Istra`en je utjecaj gusto}e naboja na elektrodi i koncentracija adsorbata i osnovnog elektrolita na adsorpciju

N-aliltiouree na granici faza `iva/vodena otopina NaClO4. Mjereni su diferencijalni kapacitet dvosloja, poten-

cijal nultog naboja i napetost povr{ine `ive pri tom potencijalu. Odre|eni su sljede}i adsorpcijski parametri: po-

vr{inska koncentracija, slobodna energija adsorpcije, konstante interakcije i elektrostatski parametri unutra{njeg

sloja. Uo~eno je da se adsorpcijski parametri mijenjaju s promjenom koncentracije osnovnog elektrolita, {to

ukazuje na kompetitivnu adsorpciju N-aliltiouree i ClO4
– iona i na elektrostatske interakcije me|u molekulama

vode na povr{ini elektrode.

N-ALLYLTHIOUREA ADSORPTION ON MERCURY ELECTRODE 537

Croat. Chem. Acta 81 (4) 529¿537 (2008)


