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The adsorption of thiourea at the mercury-water interface induces modifications in the state
of the ionic diffuse part of the double layer, which have been studied through their influence
on the apparent reaction rates of faradaic processes.

The polarographic investigation of the behavior of various depolarizers (chromate, uranyl car-
bonate, tetrathionate, trichloroacetate, europium(IIl), chromium(IIl), cobaltihexammine ions)
leads to kinetic results which confirm the validity of the available electrocapillary data. It
appears that the major role of thiourea is to shift the electrode charge density, which in turn
controls the potential profile in the diffuse part of the double layer.

Protons are catalytically reduced — with an apparent rate constant which depends on both
the extend of coverage by adsorbed tiourea molecules and the value of the potential.

It is known!'? that the adsorption of thiourea (TU) on mercury gives capacity and electro~
capillary curves which possess characteristics more akin to inorganic tensioactive anions (like
SCN~ or I7) than to the usual organic surfactants — which generally present two desorption
domains — or than to aromatic compounds, for which no desorption but a tendency toward
flat orientation is observed at positive charge densities of the electrode gg.

The rather peculiar behaviour of TU has been explained3'5 by assuming (I) that the only
possible steric configuration of the adsorbed molecules is the one with the dipole moment per-
pendicular to the surface and (2) that the extent of adsorption increases monotonously toward
more positive values of gg. As recently shown by Parsons®, the “composite” surface pressure
curve of TU in 0-1M-KNOj can be correctly described by the Frumkin isotherm®, with an inter-
action parameter of 6, and a saturation coverage of 0-042 molecules/A2 (which corresponds
to 24 A2 for the area per adsorbed molecule). The standard free energy of adsorption for gg = 0
has been found to be —22-52 kcal mol™!. The change of this energy with gg has been interpreted
in terms of the variation of the *“average” dielectric constant of the inner layer. The fact that the
various authors!*> have used different supporting anions tends to complicate the intercomparison
of data. It nevertheless a\ppears5 that, for a given value of g, nitrate ions are less specifically
adsorbed when thiourea is present. Since the difference depends very little on gg or E, it seems
obvious that variations in coverage by TU are not primarily responsible for the effect.
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From the capacity data relative to 0-1M-NaF!, it is possible to obtain by graphical integration
the g = f(E) curves, and, from them, the corresponding free area @ = f(E) (assuming Apy =
= 24 Az), and the y; = f(E) curves (Fig. 1). It should be noted that the.y; potentials have been
simply derived from the Gouy-Chapman relation, by assuming (/) that a definite § plan still
exists, despite the heterogeneous character of the inner layer and (2) that fluoride ions are not
specifically adsorbed.

In view of the remarkable simplicity of TU adsorption, and of the amount of reli-
able electrocapillary data which are presently available, it is of considerable interest
to investigate the effect of TU on electrode reactions. It is clear that such a study
is eminently apt to provide useful independent information regarding — among
others — the state of the jonic diffuse part of the double-layer and the extent of co-
verage. Valuable data may also be expected to be obtained about the way TU con-
trols the extent of ionic specific adsorption. Furthermore, if a sufficiently large num-
ber of reactions are examined, intercomparison may also help to detect “anormal”
systems, for which there is occurence of more specific mechanisms — like homogene-
ous or heterogeneous electrocatalysis brought by the surfactant molecules.

EXPERIMENTAL

Apparatus

Experiments have been performed at 25° 4 02 C, using a conventional three-electrode cell.
The polarographic curves were recorded without damping circuit, at low scanning rates, with
a drop time mechanically adjusted at 4-00 s. After graphical correction for the residual current
(obtained separately with the supporting electrolyte containing only TU) i/i};.. plots of the in-
stantaneous maximum currents were established, and the diffusion character of the limiting cur-
rent was checked by the usual tests. The corresponding log ¥ = f(E) curves were then constricted,
using the Koutecky method”. When apparent rate constants were needed instead of x values,
the classical relation log v = log x + log \/(700/12tﬂ) was employed, with correction for the
reverse reaction when total irreversibility was not achieved.

For differential capacity measurements, the so-called “tensammetric”” method has been used.
A small A.C signal (117 Hz 30 mV) was superimposed on the ramp potential, the D.C. generator
being shunted by a large capacitor. The resulting A.C current was fed to a frequency-selective
amplifier (A.O.I. P. RL 40), detected and recorded at the maximum size of the drop
(4-00 s). The deflections of the recorder were calibrated immediately before and after
any run by substitution with an equivalent serie R—C circuit, in which resistance was
equalized to the effective cell resistance for tg= 4:00s (a value measured at 100 kHz) and
the capacity was a precision decade capacitor. Intercomparison between the results ob-
tained with this technique and available accurate data found in the literature did not reveal
any significant discrepancy. The overall precision of the instrument, of the order of 1%, was
judged sufficient for the limited purposes of that part of the research. Surfactant concentrations
were generally so large that correction for mass transfer was not needed.

Material

Triply distilled water and doubly distilled mercury were used. Standard procedures have been
used to determine the concentration of the reagents. The various supporting electrolytes were
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Adsorption of Thiourea on Electrode Processes 391

prepared from A.R. products (after recrystallisation, when it appeared desirable, and calcination,
each time it was practicable). The depolarizers were generally used without further puri-
fication. Merck ‘‘chromatography grade” thiourea has been used, after recrystallisation from
ethanol.

RESULTS

ADSORPTION DATA

Accurate differential capacity values are already available for variable concentra-
tions of TU in 1M-NaF * and 0-1M-NaNO; °. In order to extend the range of com-
positions and concentrations for subsequent analysis of the kinetic data, a few ad-
ditional capacity-potential curves have been collected, using the tensammetric
technique, for the following solutions [TU] = 0-25; [NaF], [NaNO;], [NaClO,]
09; [NaF], [NaClO,] 01 mol/L.

Fig. 2. shows conclusively that increasing the salt concentration enhances the hump
and that, for a given ionic strength, the order is F~ < ClO; < NOj (in the case

FiG. 1

Effect of TU Concentration and Electrode
Potential (E (s.c.r), V) on the Electrode
Charge Density g (1Cfcm?). the y; poten-
tial (mV) and the Extent of Free Area ©

0-1M-NaF, [TU]: ——0, —.—:01,
———0-25 mol/l.

FiG. 2
Capacity Ky (uF cm_l) versus Potential E
(V (s.c.e)) Curves for Various Composi-
tions

[NaX] = 09, [TU]= 025; —.—.—
[NaX] = 01; [TU] = 0-25; ~--[NaX] =
= 01, [TU] = 0-1 mol/l.
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of 0-9M solutions, it should be born in mind that salting-out may act as a second-
order factor).

When these curves are compared with the corresponding ones with no TU, it ap-
pears that the position of the hump tends to be determined more by gg than by E
itself. Table I gives selected values of g, obtained by the usual procedure of graphical
integration of the capacity curves, using as integration constants values of gg available
at —1'5V(s.cE.).

It is noteworthy that, in presence of strongly adsorbed anions (Ii.ke halide ions),
the capacity—potential curve exhibits a very peculiar shape, (see Fig. llA) with
a characteristic narrow peak, corresponding to a sudden drastic modification of the
superficial structure, which is also reflected by sharp discontinuities in the Tafel
lines of electrode reactions (see later).

TaBLE I
Values of the Charge Density g (uC/cmZ) in the Presence of Thiourea (TU)

[NaX] = 09, [TU] = 025 [NaX] = 01, [NaX] = 01,
’ [TU] = 025 [TUl= 01

—V(scr),V F~ NOj7 cloy F~¢ clo; F~ NO3?

04 + 63 +12:6 +12:0 +11-5

06 + 09 + 66 + 58 4 45 + 53 + 34 4 44

08 — 46 — 08 — 12 — 05 — 05 — 21 = 9.5

10 — 93 — 80 —~ 79 — 58 — 58 — 70 — 83

12 —134  —127 —12-7 —10-8 —10-8 —11-6 —12:6

14 —16'5 —163 —162 —150 —15:0 —162 —16:2

? Calculated from data of rel‘.‘; b calculated from data of ref.%.

KINETIC DATA

Choice of the Depolarizers

The various depolarizers which have been studied (chromate, uranylcarbonate,
tetrathionate, trichloroacetate, protons, europium(III), chromium(IIl), cobalti-
hexammine) have been selected in order to meet the following requirements: 1. elec-
tron transfer as rate-determining step 2. kinetic parameters known by previous
works 3. absence of significant specific adsorption 4. no chemical interaction with TU
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Adsorption of Thiourea on Electrode Processes 393

5. rate constants measurable in the potential range of interest (roughly from —0-4 V
up to —1-4 V (s.C.E.)) 6. largest spectrum of effective electronic charge zp.

Table IT summarizes some data of interest, pertaining to the depolarizers which
have been employed®.

TasLe I
Effective Charges Zp, Charge Transfer Coefficients « and Half-Wave Potentials E; ,,

Depolarizer Zg o —Ey; Medium used in this work
ClC—CO0™  —1 0-19 138 0-IM-NaF 0-1M-NaClO,
Croy -2 0-6 099  2.107?m-NaOH 8.10~ ?M-NaF

2.107?M-NaOH
2.107?M-NaOH 2. 10~ ?m-NaClO,

S,406 -2 019 137 01M-NaClO,

U0,(CO4)%" —2 055 123 0-1M-Na,CO;,

H;0% +1 0-52 153 IM-NaClO,

Eu3* +2 0-38 065  0-1M-NaClO, 2. 107 *M-HCIO,
et +2 0-41 074 1073M-HCIO, 0-099M-NaCiO,
Co(NH;)3* +2 0-78 028 1072M-HCIO, 9 .10 2M-NaClO,

1072mM-HCIO, 9.10™ 2M-NaF

General Trends

As expected, the addition of TU distorts the Tafel lines, the order of magnitude
of the effect increasing with the concentration of TU at a given potential, and toward
positive potentials at constant concentration of TU. The reduction of anions is
enhanced the more the larger their negative electronic charge, in contrast with
cations which show the opposite trend (with the notable exception of H30+).

Fig. 3 and 4 illustrate a typical behavior (trichloroacetate ion), respectively at
variable TU concentration and constant J, and vice versa. When the jonic strength
is varied, all the Tafel curves are practically coincident at —0-75 V (s.C.E.), which
is obviously close to the point of zero charge.

In some cases (chromate, urany!l carbonate) the extent of acceleration is such that
the initial part of the polarographic curves corresponds to a reversible behavior.

Intercomparison of the Apparent Rate Constants before and after Addition
of a Standard Amount of Surfactant

The variations in rate constants brought up by the addition of 0-25M-TU have been
converted into corresponding changes Az of the 5 potentials, by using the Frumkin
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relation, and assuming that the reaction proceeds only on the free area @ of the
electrode.
Accordingly

A = — ?e Aln v(OQSM-TU\)
(zs — @) RT Ov(0M-TU)
Using the Gouy—Chapman y; values relative to the solutions {ree from TU, one has

YY025MTU) = " (OM-TU) + AP}

Each depolarizer allows to construct a [1//{i = f(E)]o.zm.ru curve. These curves can be
compared (Fig. 5) with the corresponding y; = f(E) curves directly calculated from
qe(0-25M-TU) (Fig. 1). Inspection of Fig. 5 indicates (again with the notable ex-
ception of the hydrogen ions — a case which will be reconsidered later) that for all
the depolarizers, the calculated y§ values show the correct polarity and a satisfactory
order of magnitude. They are reasonably self-consistent, and in good agreement with
the thermodynamic values. The obvious conclusion is that the kinetic effect exerted
by TU is mostly a y effect, determined the by change in gy brought by its specific
adsorption. Since the correction made for surface coverage gives a better grouping
of the curves, it is clear that blocking is the other determining factor. (It should be

logX| 1—‘

-2 | -2 | | |

05 10 £ 15 4 06 08 10 £ 12
Fi6.3 Fic. 4

Effect of TU Concentration on the Polaro- Effect of Ionic Strength on the Polarographic

graphic Reduction of the Trichloroacetate Reduction of the Trichloroacetate Ion

Ton 1073M-Cl;C—CO0™, 025M-TU, [Na.
0-1M-NaClOy, [TU] 1 0, 2 003, 3 01, ClOgl: 11, 205, 303, 401; Ein V

4025 mol/l, E in V (s.C.E.). (s.C.E.).
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Adsorption of Thiourea on Electrode Processes 395

stressed however, that the apparent rate constant is probably not a simple function
of the free surface, at the high coverages, since steric hindrance may then become
significant.)

Behavior in 0 1M-NaF

The preceding intercomparison suffers to some extent from the circumstance that the
supporting electrolytes (and more particularly the anions) were not identical for all
the systems (see Table 1I) a fact which may be partially responsible for the scattering
in ¥jg potentials.

Using a limited number of systems (selected as giving the most reliable Ayj values),
experiments have been conducted in 0-1mM-NaF (Fig. 6), in order to obtain informa-
tion directly comparable to the preexisting thermodynamic data (Fig. 1).

As shown in Fig. 7, correcting the /5 base line (for 0 1-NaF without TU — upper
curve) for the “average” Ay; potentials induced by TU adsorption (lower curve)
gives a W line which is in excellent agreement with the corresponding /5 values
derived from the data of Schapink and coworkers'.

This fact reconfirms that the major role played by TU is to modify, for a given
potential, the state of the adjacent ionic diffuse layer.

100

Fi1G. 5
Effect of TU Concentration on Various
Electrode Reactions (see text)

Ein V(s.C.E), ¥ in mV, Wy, ———
vs [Na®] = 0-1 mol/l, [TU] = 0, 0-25, res-
pectively,

F16. 6

Effect of Addition of TU on Various Electro-

de Reactions in Fluoride Medium
——0-1M-NaF, — — —0-1M-NaF + 0-25m-

TU. Ein V (s.c.E.), log x corrected for ©.
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TasLe III

Charge Densities g; (uC/cml) and Surface Concentrations of ClIO; Ions Tci04- (uC/cmz)

V(s.CE), V 9p-,Tu 4¢104-,TU Tc104-(TU) 104~
05 + 76 486 +37 +57
06 + 45 453 +29 +42
07 + 20 +2:4 +2:0 +37
08 — 05 —03 +1-4 +21
09 —229 —29 +1-1 +1-1

The Effect of TU on the Adsorption of Weakly Adsorbable Anions

As shown by Parsons®, the adsorption of TU seems to decrease the superficial excess
of nitrate ions, at constant gg measurements of that nature are tedious and difficult.
Using depolarizers as probes, the following kinetic method may be used as a substi-
tute: a) for a serie of given electrode potentials, the electrode charge densities

1001 |

F16.7
Intercomparison between y; Potentials (mV)
Calculated from Kinetic (dotted line) and
Thermodynamic (0) Data

1 w; 0-1M-NaF, Gouy and Chapman,
2 v}, 0-1M-NaF + 0-25M-TU, w; from ref.!,
3 Ay’d, Frumkin. E mV (S.C.E.).

Fic. &

Anion Effect in the Presence of TU for Vari-
ous Electrode Reactions (see text)

0-1M-NaF, ———0-1mM-NaClO, +
+ 0-25M-TU, log x corrected for @, E in V
(s.C.E.).
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Adsorption of Thiourea on Electrode Processes 397

ge(X~, TU) and gg(F~, TU) are determined by integration of the corresponding
capacity curves; b) for the same potentials, the change y3(X ™, TU) — ;(F~)is calcul-
ated from rate constant measurements, c) Assuming that fluoride is not specifically
adsorbed at all, and combining the Gouy—Chapman and the Frumkin theories, it is
easy to compute the charge n(X~, TU) of the diffuse part of the double layer.
d) ge(X~, TU) + 5(X~, TU) finally gives ¢;(X~), the amount of specifically ad-
sorbed anions - a quantity which can be conveniently plotted in function
of ge(X~, TU) itself.

The reliability of this method obviously depends on the validity of the Gouy-
Chapman and Frumkin theories, and is critically dependent upon the choice of the
depolarizers — which must act as far as possible as “non-disturbing’” and ‘“‘non-
disturbed” probes. As shown in a recent work, however, superficial excesses for Cs*
obtained by this method® are in excellent agreement with recent electrocapillary
data® an a posteriori confirmation of its intrinsic value.

Coadsorption of TU and perchlorate ions. From kinetic results obtained with
trichloroacetate, chromate and cobaltihexammine ions as probes (Fig. 8), “average”
3 potentials have been evaluated (Fig. 9), from which gq; have been calculated.

Intercomparison with thermodynamic data gathered by Payne'° (Fig. 10) shows that,
for the same values of gg, the extent of specific adsorption of the perchlorate ion
decreases when TU is coadsorbed.

-100

¥

5oL

o 5 B T
i
]
sol- “ ©
|

10l® o="7 L o

FI1G. 9 FiG. 10
Evaluation of w5 (mV) in the Presence of the Specific Adsorption of Perchlorate in absence
Perchlorate Ion (0, Payne) and in the presence (®, this work)

1 y; 0-1M-NaF, 2 y; 0-1M-NaClO, + of 0:25M-TU
-+ 0-25M-TU, JAV/,; Frumkin, Ein V (s.C..). 0:1mM-ClOZ, 7; and gg in uC/cmz.
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The same type of experiments, performed in 0-IM nitrate solutions indicates that
the nitrate ion tends also to be desorbed by TU, at constant gg, with lowering in speci-
fic superficial excesses in fair agreement with the data presented by Payne'®(TableIV).

TabLE IV
Specific Adsorption of the Nitrate Jon

9E qi

0-0 30 0-9
+2-5 50 25
+50 78" 43
+75 103 64

“ Taken from Fig. 3 of ref.!? (no TU); b values found in this work (TU 0-1m).

FiG. 11
Effect of Bromide Ions on the Behaviour
of TU

A Differential capacity Ky (uF), B reduc-
tion current i of CrOﬁ'. — =+ 025mM-TU +
+ 0:IM-NaF, ———1m-NaBr, M-
NaBr + 0-25M-TU. E in V (s.C.E.).

Fic. 12

Synergetic Effect of TU and Tl on Chromate
Reduction

1073M-CrO2™ ++ 2. 107 ?mM-NaOH, 1 4
+0-25m-TU, 2 +1-5% Tl, 3 4+0-25M-TU +
-+ 1-5% TI. Base line corresponds to mercury,
dotted line is. the algebraic sum of 1 and 2.
Ein V (s.C.E).
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Behavior of TU in Presence of Very Tensioactive Anions

In presence of halide ions, the capacity—potential curves present an unexpected
shape. Starting from negative potentials, the curve rises much more rapidly than
usually, develops a rather sharp maximum, and drops afterwards to very low values.
That the peak is related to a considerable change in the superficial structure is de-
monstrated by the corresponding behavior of depolarizers. Examination of Fig. 11
(which shows as typical example the behavior of 0-25M-TU in 1M-NaBr, with CrO3~
as probe) shows that at potentials more negative than the peak, TU adsorption
significantly prevails over that of Br~ (as reflected by the enhancement of the reduc-
tion rate of CrOi’), contrary to the situation on the other side of the peak, where
strong inhibition indicates either extensive increase in Br~ adsorption, or, more
likely, the synergetic built-up of a very compact two-dimensional composite layer.
Extensive work is now under progress in order to gain quantitative information about the
various superficial excesses involved and to understand the detailed structure. It is of interest
to note incidentally that TU may be completely expulsed from the inner layer by the presence

of more tensioactive heterocyclic compounds (e.g. quinoline) which assume flat adsorption
stabilized by I7-bonding interactions with the surface.

Behavior of TU on Thallium Amalgams

Thailium amalgams and mercury with TU adsorption present a strikingly similar
behavior*!, In both cases, at increasing concentration of TU or TI, the potential
of zero charge is shifted toward more negative values, and the ¥ potentials are
rendered more positive (the magnitude of the latter effect increasing toward less
negative electrode potentials). If the adsorption of TU is assumed to be chiefly
controlled by g, it can be predicted that, at constant potential, its superficial excess
will increase with the amalgam concentration (of course as far as the field exerted
by the surfactant molecules is not disturbing the effect of the thallium itself — which is
to induce specific adsorption of amalgam-free mercury at the interface). Since both
TU and Tl contribute to shifting /5 toward less negative (or more positive) values,
electrode reactions can be expected to be affected by an unusually Jarge v effect,
of synergetic nature. Results obtained with various depolarizers,'?, at variable
concentrations TU and Tl, indicate that this is indeed generally the case. A typical
example is afforded by the reduction of the chromate ion (Fig. 12) for which the
increase in A log y caused by the simultaneous presence of T} and TU is larger than
the sum of the two separate effects.

The simultaneous presence of TU, Tl and a tensioactive cation (like Cs* or tetra-
methylammonium) induce ¥, potentials which are still considerably less negative —
with corresponding larger effects on electrode kinetics.
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Mechanism of Reduction of the Hydrogen Ions

As already stated (see also Fig. 5), the effect of TU on H30* reduction cannot be
explained in terms of the ¥ mechanism common to all the other systems: the rate
constants are indeed enhanced, instead of the expected decrease. Experiments
have been carried out in 1M-NaClO,. For [H,0*] = 4. 107* mol/l, [TU] has been
explored from 0 up to 0-45 mol/l (Fig. 13).

In another serie at constant [TU] 0-25 mol/l, [H;0*] has been varied from 5. 10™*
to 5.10% ml/L.

As shown by Fig. 13, the overvoltages start to decrease, as soon as the concentration
of TU exceeds a threshold value of the order of 10™* mol/l. The effect is important:
at a given potential, the apparent rate constants may increase by more than three
orders of magnitude. At very high TU concentrations, the slopes d logy/dE tend
to be somewhat steeper (larger apparent a coefficient). At constant TU concentration,
the apparent rate constants for a given potential are essentially pH-independent
(order 1). Experiments performed with TU using an eudiometer cell show that
hydrogen is essentially the reaction product.

/9876 54 321
-2 | | -3
10 g 15 ’

"2 1og[TU] 0
FiG. 13

FiG. 14

Effect of TU Concentration on the Tafel
Plots for Reduction of Hydrogen Ions

1073M-H,0%, 1M-NaClO,, TU: 1 0,
25.107% 31073 45.1073, 5 1072,
65.1072,71071,825.107%, 945,107
mol/l. Ein V (s.C.E.).

Effect of TU Concentration on the Rate
Constants for Reduction of Hydrogen Ions
at —1:25 V (s.C.E.)

IM-NaClO, + 4.1073M-H,;0%.
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Since no prewaves are observed (which should indicate that a bulk prior reaction
is the controlling step), it can be deduced that the rate-determining step is the electron-
transfer, assisted by the adsorbed surfactant molecules.

Strictly speaking, the net current is always the sum of the two contributions due
to the “normal” and the “catalytic” paths. However, TU concentration for which
mechanisms are both significant is restricted to the range 5.107%—5. 107> mol/l.
(For such low concentrations mass transfer of TU toward the surface can no longer be
neglected; this complication however hardly affects the proposed mechanism, which
is based on the behavior observed at higher conccntrations.)

From the bilogarithmic rate constant — TU concentration plot (Fig. 14}, it ap-
pears that the two processes have equal rate constants for [TU] = 2. 10”* mol/L.

When TU concentration is large enough to render both the effects of the normal
part and of the mass transfer of the surfactant negligible, the rate-constants are
satisfactorily expressed by the following general equation

(l-—a«)F

oF
is0+ = Kowru(l — @)exp ,:— E(E — Eo)] exp |:_ 2T

with

xﬁs:| (for @ ~ 1).

ko =107 cms™!, o =050 (s.CE. scale)

At sufficiently negative potentials, the limiting Henry isotherm is obeyed and
variations are negligible. The apparent rate constants are thus directly proportionnal
to the concentration of TU .

At less negative potentials, and high TU concentration, the Frumkin isotherm
prevails, and the Henry approximation is no longer valid (At — 1-0 V (s.c.e.) and
[TU] = 045 mol/I, this brings a correction factor Aln v of about —0-18). Simul-
taneously, the variation of 5 with [TU] becomes significant (220 mV). Both effects
are cumulative: for the given conditions, they should theoretically decrease the ap-
parent rate constant (from its linearly extrapolated log value) by a factor Alog x
of about —0-35. Taking this correction into account, it is possible to reconstruct
a hypothetical Tafel line (dotted line of Fig. 13) which is less steeper, and presents
the same slope as one observes at more negative potentials.

Comparison with the rate expression for hydrogen evolution in absence of TU,
indicates that rate constant on covered area is increased by a factor of about 103,
This enhancement is obviously caused by the well-known catalytic effect of sulphur-
containing compounds, very commonly observed at the dropping mercury electrode.
Additional experiments — now under progress — have been made with various
substituted thioureas (methyl-TU, ethyl-TU, dimethyl-TU, phenyl-TU etc...). Ty-
pical Tafel plots (Fig. 15) indicate that, at constant bulk concentration, the cata-
Iytic action increases with the molecular weight of the surfactant. It seems however
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likely that the “intrinsic” catalytic power of these compounds is basically the same,
and that the observed variations mostly reflect differences in adsorbability (Traube
rule).

1
log X

Fic. 15

Effect of Various TU Derivatives on the Tafel Plots for Reduction of Hydrogen Ions
1 Phenyl TU, 2 2-methyl TU, 3 ethyl TU, 4 methyl TU, 5 TU. Ein V (s.C.E.).

CONCLUSIONS

With the obvious exception of depolarizers which are ejther complexed or catalytically
reduced by thiourea, the influence of this surfactant on electrode reactions can be
satisfactorily ascribed to its simultaneous action on the diffuse part of the double layer
and on the extent of free surface. B

The fact that the observed variations in rate constants can be quite accurately
predicted on the simple basis of the Frumkin and Gouy—Chapman theories indicates
that the thiourea adsorption essentially affects the electrode charge-density, which
in turn controls the structure of the ionic double layer.

There is no convincing evidence that the presence of the surfactant alters by 1tself
the prevailing local water structure. It should however be mentioned that the fact
that structure-destroying anions like nitrate or perchlorate are less adsorbed when
thiourea is present may indicate that thiourea is somewhat acting as a local structure-
maker, able to expulse to a certain extent incompatible structure-destroying ions
(under this line, it is perhaps relevant to note that the reduction of the hydrophobic
tetrathionate ion is less enhanced than it should be expected). Thiourea may be con-
veniently used to modify the diffuse double-layer structure, while maintaining both
electrode potential and jonic composition constant — a possibility also afforded
by some amalgams. This circumstance constitutes by itself a useful diagnosis crite-
rion, in order to evaluate to what extent the electron-transfer step is or not preceeded
by a fast ion-pairing reaction.
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It must be stressed that the influence of thiourea on electrode kinetics is intrinsically
different from the usual behavior displayed by other surfactants — which mostly
inhibit reactions by blocking the electrode surface. This difference reflects that
thiourea molecules can only assume a covalency-induced “rigid” orientation, at any
potential or coverage, in contrast with the other “soft” surfactants, which are merely
obeying the imposed eclectrical field, by modifying their average orientation, taking
which also depends their interactions with the solvent and between themselves.
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