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The voltammetric detection of intermediate electrochemical
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The application of the triangularly modulated triangular potential sweep technique (TMTPS) to the
Fe/alkaline solution interface yields information about the various reactions involving Fe(II) and Fe (IIT)
film-forming species. Qualitative conclusions are derived about the chemical reactions of both Fe(QH),
and FeOOH with regard to the corresponding ageing processes of these species. The ageing processes
appear to be coupled to the overall electrochemical reaction through a composite reaction pattern
which, in its simplest form, approaches the square reaction pathway postulated earlier to explain the
electrochemical behaviour of the Ni/alkaline solution interface.

1. Introduction

The characteristics of the electrochemical
reactions of iron in alkaline solutions, as well as
the nature of the products formed, have been
studied using many experimental approaches by a
large number of authors. The literature has been
reviewed recently [1-4].

At Fe/1N NaOH or Fe/1N KOH interfaces in
which the impurity level is very low (10°® ppm) no
corrosion of Fe is observed [5, 6]. The potentio-
dynamic characteristics of these systems show two
anodic and two cathodic current maxima after
potential cycling [7]. In the absence of dissolved
oxygen the electrochemical behaviour has been
explained by invoking a series of successive, conju-
gated redox couples principally involving Fe (OH),
Fe(OH), and FeQOH as limiting stoichiometric
species [8-12]. Some of these species contribute
to the development of a new phase at the electro-
chemical interface [12-16]. At a pH above 14 the
yield of soluble species, such as FeO3 or HFeO3,
also contributes to the overall anodic reaction {1,

8,10,17-19] as do processes related to: the oxida-

tion of absorbed and adsorbed hydrogen; the
reduction of either an oxygen-containing species
or a poison on the electrode; and hydrogen
adatom electroformation [7].

At room temperature none of the growth
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theories currently proposed is capable of describ-
ing qualitatively the clectroformation of the
oxide-hydroxide films on carbon steel [20]: the
formation of metastable porous oxides has been
assumed [21], as well as an ageing process related
to the Fe/Fe(OH), interface [8] and composition
changes of the mixed oxide layer derived from the
current transient behaviour of the Fe/alkaline solu-
tion interface [15, 22]. On the other hand,
through the use of complex potential perturbation
techniques, the occurrence of ageing processes
related to the species participating in the various
anodic and cathodic reactions was demonstrated
[4, 23]. The ageing effects were interpreted as due
to the fact that reactants and products involve
non-equilibrium structural configurations in both
the anodic and cathodic reactions.

The present work attempts to establish some of
the intermediate electrochemical processes which
are related to the corrosion and passivation of iron
in alkaline solutions of different pH and ionic
strengths. For this purpose, the electrochemical
interface was perturbed with triangularly modu-
lated triangular potential sweeps (TMTPS) [24—
26] where the frequency of the modulating signal
was several orders of magnitude larger than the
base signal frequency, the amplitude of the former
being much smaller than that of the latter so as to
minimize possible relaxation effects due to the
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anion at the metal surface. When the electro-
chemical interface is perturbed with TMTPS, the
modulating sweep yields directly information on
the characteristics of the electrochemical interface,
e.g., the stability and kinetic response of the
electrochemical species formed, the contribution
of anion specific adsorption, the diffuse double-
layer relaxation and the double-layer capacitance
at the switching potentials.

2. Experimental

The Fe/alkaline solution interface consisted of an
iron wire (Yohnson Matthey, specpure quality) of
0.05 cm diameter and 0.25 cm? apparent area in
alkaline solutions prepared from analytical
reagent-grade chemicals (Merck) and triply distil-
led water. The iron electrodes were mechanically
polished with emery paper of different grades and
with a fine-grade alumina—acetone suspension.
Before each potentiodynamic measurement, the
electrode was held for 5 min in the hydrogen evo-
lution potential region. The electrochemical cell
was completed with a large-area platinum counter
electrode and an SCE reference electrode. The
electrades were placed in individual compartments
which were connected through fritted glass discs
and cup-type glass stopcocks lubricated with the
same electrolytic solution. The cell was provided
with a protected gas inlet and outlet for the
purified nitrogen gas, which flowed through a duct
made of Teflon and glass. The solution was
saturated with nitrogen before each run and kept
continuously under N, gas at 25°C. The follow-
ing electrolyte solutions were used: 1.0 N KOH,
0.1N KOH, 0.1N KOH + 0.6 N K,50, and

0.01 N KOH + 0.66 N K,S0,. The electrode
potentials are given with reference to the NHE
electrode.

The electrochemical interface was first per-
turbed with a repetitive triangular potential sweep
(RTPS) at a preset potential sweep rate (0.1 Vs™
<v<5.0Vs™?) within fixed cathodic (Es o) and
anodic (Es, 5) switching potentials, their values
depending on the electrolyte composition during
the time required to attain a stable £/ profile.
Usually, when a new phase develops under severe
anodic polarization, the corresponding reactions
are accompanied by a change in the electrode
roughness which is reflected in the area of the

voltammograms, although when the stabilized £-I
profile is attained the anodic to cathodic charge
ratio is practically equal to one. At this point, it is
assumed that the electrode surface has reached a
constant real area. Once this was achieved, the
triangularly modulated triangular potential sweep
(TMTPS) was applied at different base signal
sweep rates (0.1 Vs™' <9, <2.0Vs™), modulat-
ing signal sweep ratés (0.8 Vs <7, <80Vs!)
and modulating signal amplitudes (0.03V <

AEL <0.36V).

The electro-oxidation or the electro-reduction of
adsorbed impurities will result in an excess of either
the anodic or cathodic charge respectively, but the
contribution of these processes is expected to be-
come insignificant within a few cycles unless large
concentrations of dissolved impurities are present
in solution. Furthermore, these interferences are
less important in alkaline than in acid electrolytes.

3. Results

3.1. The identification of current peaks and
shoulders in the potentiodynamic E-I displays

Fig. 1 shows three typical £-I displays produced
either with an RTPS (Fig. 1a) or with the complex
sequence of triangular potential perturbations
(Figs. 1b and c). The current peaks and shoulders
are identified by roman numbers following the
nomenclature of previous works [4, 23]. These
E-I profiles are used to interpret the results
obtained with the TMTPS technique. During the
positive-going potential excursion the complex
contour involves four anodic current peaks (I, II,
IIT and I1I"), while during the negative-going
potential excursion three cathodic current peaks
(IV', IV and V) are observed (Fig. 1a). The
numbers with primes refer to shoulders on the
right-hand side of definite current peaks and the
double-prime numbers to peaks or shoulders pro-
duced on the left-hand side of definite current
peaks (Figs. la—c) either in the RTPS or the STPS
after potentiodynamic ageing. The same nomen-
clature applies to the TMTPS E-I profiles. In the
following text the roman numbers refer
exclusively to the RTPS £ profiles and the
roman numbers with either the letter a or ¢
describe the corresponding E-I profiles with
anodic or cathodic contours in the TMTPS.
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Fig. 1. Potentiodynamic £—I contours obtained under different potential perturbation programmes. (a) Stabilized £—1
profile run with RTPS at 0.2 Vs~ in 1N KOH. (b) Potentiodynamic E—I displays run at 0.2 Vs~ in 0.1 N KOH with
the potential programme depicted in the figure. The broken E—I trace was recorded after an intermediate potentio-
dynamic ageing of 0.5 min between —0.84 V and —0.26 V. (¢) Potentiodynamic F—I displays obtained in 0.01 N

KOH + 0.66N K,SO, with an intermediate potentiodynamic ageing of 5 min between —1.08 V and —0.64 V.

3.2. The Fe/1 N KOH interface

The stabilized RTPS E-I profiles (Fig. 2a),
recorded using freshly prepared electrodes
pretreated with an RTPS for 60 min at 0.2 Vs’
between £y . =—1.16 Vand E; , =—0.06 V,
show a small anodic current peak at ~—0.73 V
(peak 1), a shoulder at ~— 0.6 V (peak II), a large
peak at ~—0.33 V (peak III) and two net cathodic
current peaks at ~—0.84 V (peak IV) and
~—0.95V (peak V). A shoulder at ~—0.72V
(peak IV") is also recorded. At potentials more
negative than — 1.08 V the evolution of hydrogen
from the discharge of water takes place and at
potentials more positive than — 0.1 V the elec-
trode tends to become passive [4].

The corresponding TMTPS E-I display (Fig.
2b) is very sensitive to the characteristics of the
potential perturbation. Under properly adjusted
perturbation conditions its fine structure can be
observed. The definition of the current peak
multiplicity is given both by the overall contours
of the £-I displays and by the E-1 trace corre-
sponding to each modulating cycle. In any case
the optimal conditions for peak multiplicity
definition within a particular potential range
depend upon the values of v, vy, and AFy,.

The modulating signal reveals various conjugated
redox systems along the potential excursion, as

well as dramatic differences between the positive-
and the negative-going potential excursions. Thus
the former exhibits four anodic current peaks: a
new one at ~—1.04 V (peak VIa), another at
~—0.72V (peak Ia), a small one at ~—0.56 V
(peak ITa) and a large one at ~—0.31V (peak
IMTa). A small hump (I"a) is also noticed on the
left-hand side of current peak Ia. Of all these
anodic current peaks, only peaks I"a, Ia and Ila
exhibit their corresponding conjugated cathodic
current peaks. I"c is hardly distinguishable as a
hump at ~—0.96 V. Furthermore, at the positive
potential side of peak Ilc, it is most probable that
two additional cathodic current contributions are
included in the —0.85V to —0.35V range. The
negative-going potential excursion presents a broad
anodic current peak (IV'c) whose potential is close
to that of current peak II, and two anodic current
peaks, one (Va) which is located within the poten-
tial range of the anodic hump (VI"a) and another
(VIa) at ~—0.93 V. Correspondingly, there is one
well-distinguished cathodic current peak (IVc)
which coincides with peak IV, and two humps,
one (IV'c) located at the right-hand side of peak
IVc and another, more clearly distinguishable,
(Vc) located at the left-hand side of current peak
IVe.

When the RTPS E-I profiles at 2V s are
restricted between Eg o =—1.23 Vand E;, . =
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Fig. 2. Comparison between RTPS and TMTPS voltammo-
grams in 1 N KOH solution. (a) v=0.2Vs™ ;(b) v, =
02Vsh oym=20Vs!, AEn=0.1V.

—0.12V (Fig. 3a) the anodic current peaks shift
towards more positive potentials and, simul-
taneously, the cathodic current peaks shift
towards more negative potentials. The complex
nature of the current peaks as demonstrated by
the corresponding TMTPS ruans (Figs. 3b and ¢)
makes it difficult to draw reliable quantitative
kinetic relationships from the RTPS data, although
from these results one may conclude that these
processes at least in part behave as slow electro-
chemical reactions. When the TMTPS perturbation
implies a low Um/p ratio, at a constant AEw, (Fig.
4), both the positive- and the negative-going
potential excursions show a remarkable change in
the electrochemical response of the system to the
modulating signal. Thus, in the positive-going
potential excursion the reaction response shows an
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Fig. 3. Comparison between RTPS and TMTPS voltammo-
gramsin INKOH. (@) 2=2VsY(b) o, =2Vs,

Um =50Vs, AE =021V (@ vp=2Vs!, o=
S0Vst, AEm=0.36V.

increasing slowness as the potential increases
beyond — 0.5 V. In the negative-going potential
excursion the same effect is observed when the
potential decreases below — 0.9V or thereabouts.
To study the E—I characteristics in the potential
range of the hydrogen evolution reaction, experi-
ments were made at constant ¥y, and varying
values of AEy, and %, and increasing values of
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Fig. 4. E—I profiles run with TMTPS in 1 N KOH. v, =
02Vs™? o= 0.8VsTtand AEy, = 0.36 V. (a) Complete
E~I contour; (b) positive-going potential excursion; (c)
negative-going potential excursion.
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Es, o (Fig. 5). The negative-going potential
excursion exhibits the cathodic current peak I"c
which correlates to current peak Iin the RTPS
E-I display, but the positive-going potential excur-
sion when Ej . reaches about —1.3V exhibits a
net anodic current peak at ~—1.12 V. This anodic
current peak is probably related to the hardly
distinguishable hump at ~—1.2 V. Both current
contributions should be related either to the H,
evolution or to hydrogen atom intermediates pro-
duced during the cathodic reaction. A Faradaic
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Fig. 5. Comparison between RTPS and TMTPS E—I
displays run in the hydrogen evolution potential range.
@v=02Vs,;,(b) vp =0.2Vs oy =3Vs),
AEL,=0.03V;(0)vb=0.2Vs !, vy, =3VsY

AEp = 0.09V. 1N KOH.

contribution related to the electroreduction of any
possible residual oxidized Fe species can, in prin-
ciple, be disregarded.

The TMTPS £-I displays recorded in a
potential region broad enough to include all the
processes involved in the active to passive
transition of iron, show that the charge passed
during the positive-going potential excursion is
predominantly anodic, while that recorded during
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the returning modulated scan is predominantly
cathodic.

3.3. The Fe/0.1 N KOH interface: the influence of
K380, addition

The E-I displays recorded under RTPS or TMTPS
perturbations with the Fe/0.1 N KOH interface
exhibit, in principle, similar features to those des-
cribed for the Fe/1 N KOH interface, except that
the potentials of the different current peaks for
the diluted electrolyte are more positive than
those corresponding to the 1N KOH sohition
(Fig. 62). By using properly chosen characteristics
of the TMTPS perturbation, one particular aspect
of the reaction can be emphasized with respect to
the other. Thus, for AEy = 0.1V, vy = 20Vs!
and vy, = 0.2 Vs between E5 o =—1.2V and
£, a=—0.2V, the duration of each modulating
cycleis 5 x 1075 and during this time a potential
range of 1 mV is covered. If one assumes that the
average diffusion coefficient of the ionic species in
solution is 107° cm? 5%, then, during 5 x 1073,
the ions at the interface may move either in or out
to a distance of the order of 2.24 x 10™ cm. This
contribution, which corresponds to the relaxation
of the diffuse double layer, adds to the abrupt
jump in current associated with the charge and dis-
charge of the electrical double layer. This is clearly
demonstrated by the current jumps at £ , and
E, . when the direction of the potential sweep is
reversed. Under these circumstances, in the
absence of any ohmic polarization the Faradaic
contributions remain practically unaltered by the
modulating signal. Thus, if only the relaxation of
the diffuse double iayer contributes during the
TMTPS, the E~I contours during both the positive-
and negative-going potential excursions would be
parallel, but when Faradaic reactions are involved,
the contours become appreciably distorted. For an
infinitely fast, nondiffusion-controlled, film-
forming Faradaic process, the charge transfer at
any Uy, should yield E-I contours systematically
distributed along the potential axis, but the sym-
metry is gradually destroyed when the rate of the
Faradaic process decreases. The shape of the F-/
contours should depend, therefore, on the ratio
between the rate of the Faradaic process and the
frequency and amplitude of the modulating signal.
The TMTPS E-I display recorded with a small

L

116 076 03 004
E/Volt

Fig. 6. RTPS and TMTPS E—/ displays recorded in
Fef/0.IN KOH. (@) v=0.2Vs!;(b) vp = 0.2 Vs,
Um =20Vs! AE, =0.06V.

AEy, and a large nm /vy, ratio (Fig. 6b) presents
only a relaxation effect due to the diffusion
contribution in the electrical double layer. On
increasing AEm and decreasing the vy, /vy, 1atio
(Fig. 7) two cathodic current contributions are
noticed during the positive-going potential scan
together with a hardly distinguishable anodic
hump just in the potential range preceding peak 1.
Likewise, the negative-going potential scan
exhibits at least three conjugated redox couples in
the —0.5V to —1.15V range. At potentials within
the potential range of current peak II the electro-
chemical reaction behaves as a completely irrevers-
ible process.

Comparative runs made with 0.1 N KOH
solution in the presence and in the absence of
supporting electrolyte reveal a change in the
relative contribution of the various conjugated
redox systems in the overall TMTPS contour.
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Fig. 7. E~I profile run with TMTPS in 0.1 N KOH. vy, =
2Vs o =20Vs?, AE,m=0.2V.
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Thus, in the presence of the supporting
electrolyte, both the peak I to peak IT and the
peak V" to peak IV height ratios are increased.
The E-I profiles obtained with TMTPS when

E, ais gradually increased (Fig. 8a) show the
genesis of the cathodic current peaks along the
positive-going potential excursion. A faster
response of the electrochemical system is observed
when the £ ,~FE; . potential range is confined to
that of current peaks Ila and Ilc. Then, both
anodic and cathodic current contributions are
larger than those recorded within wider Eg 5—F5 ¢
potential ranges and the fine structure of the
current peaks is hardly distinguishable.

Under comparable TMTPS, the £~/ contours
obtained in the presence of 0.6 N K,S0O, show fine
structure and the corresponding conjugated
electrochemical reactions appear more clearly
defined than those recorded in the absence of the
supporting electrolyte. The presence of the latter
reflects clearly on the influence of AEm, at con-
stant vy, and vy, , to decrease the diffuse double-
layer relaxation effect (Figs. 8b and c¢) and, corre-
spondingly, to achieve a clearer definition of the
different Faradaic contributions along the poten-
tial scans.

The RTPS E-] profile run under comparable
potential perturbation conditions with the
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Fig. 8. Influence of vy, and AEy, on the E—T profiles run
with TMTPS in 0.1 N KOH + 0.6 N K,S0, at v, = 2 VL.
(@) v =25Vs™, AEm = 0.23V; (b) vy = 50 Vs,
AEy =0.23V;(c) vy =50V s, AEy = 0.36 V.

Fe/0.01 N KOH + 0.66 N K,SO, interface is
qualitatively similar to those recorded at higher
KOH concentrations (Fig. 9). The same number of
current peaks and humps are observed, but their
potentials are shifted about 0.120 V towards the
positive potential side when compared to the £~/
display run with the 1N KOH solution. Similar
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Fig. 9. Comparison between RTPS and TMTPS voltammo-
gramsin 0.01N KOH + 0.66N K,SO,. () v=0.2Vs};
®) vp=02Vs oy =20Vs?, AE, =0.3V;(0)
vp=02Vs oy =50Vs! AER =0.15V.

conclusions are derived from the corresponding
TMTPS £-] displays.

4. Discussion

Potentiodynamic runs made with the Fe/alkaline
solution interfaces in the potential range between

the hydrogen and oxygen evolution reactions
reveal a multiplicity of current peaks, both anodic
and cathodic, associated with the participation of
Fe(0), Fe(II) and Fe(I1) species in different
electrochemical reactions [1, 2,4, 5, 8-12, 18, 21,
27]. The corresponding £~/ profile depends upon
the composition of the electrolyte [16, 28, 291,
the alkali concentration [11, 30, 21], the tempera-
ture [2, 10, 21, 32] and the impurity character-
istics of the metal. Thus the presence of Li*
hinders the formation of the passivating species
and decreases the hydrogen evolution overvoltage
[33]. Comparable effects result when the electro-
lyte is saturated with either Ca(OH),, Ba(OH), or
Mg(OH), [29] and when impurities such as Mg, V
and Ti are present in the iron [34]. The compo-
sition and structure of the passivating film, as well
as the formation of soluble Fe(Il) and Fe(IMl)
species, also depend upon the electrolyte concen-
tration and temperature [3, 5, 18, 27, 35-38]. On
the other hand, the results obtained with either
potentiostatic or galvanostatic perturbation tech-
niques, as well as low potential sweep rates,
usually involve a relatively large charge so that the
response of the system is to a great extent associa-
ted with the growth of the passivating layer
[10-12, 15, 20, 35]. Therefore, the mechanistic
conclusions from the previous studies, although
consistent with the present experiments, are
difficult to generalize because the response of the
electrochemical process depends upon the time
scale of the electrical perturbation function.

The conventional RTPS £ displays run
between Eg c =—1.2Vand B , =—0.2V, at
0.2 Vs™}, exhibit three anodic current peaks (I, I
and III), a small anodic shoulder (II') and two
cathodic current peaks (IV and V) and a shoulder
(IV"). In earlier studies the new phase formation
under RTPS perturbation conditions was related
to the presence of different oxohydroxo-
containing iron species under nonequilibrium con-
ditions. The correlation of the different current
peaks with possible conjugated redox processes
was made on the basis of the thermodynamic
properties of the different reactants and products
which are identified through the use of optical
techniques [3, 14, 16]. However, this interpreta-
tion is ambiguous particularly when it is applied to
the initial stages of the film growing process.

Within the potential range where the anodic
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current peaks I and II are recorded, the main pro-
cesses are associated with the formation of Fe(I)
intermediate species and Fe(II) species. The corre-
sponding processes can be discussed in more detail
through the analysis of the TMTPS contours (Fig.
2b). The E-I profile extending from — 1.0 V up to
—0.9V involves relatively symmetric anodic and
cathodic current contributions, which produce a
hardly distinguishable anodic hump at the negative
potential side of current peak I and a broad
cathodic current peak defined at —0.9V. The
latter, as observed in the positive-going potential
TMTPS contour, is closely located in the same
potential range of the cathodic current peak IV. In
this potential range the anodic dissolution of iron
in the electrolyte takes place [27].

The initial Fe(IT) electroformation in alkaline
solutions can be formally described by the
mechanism involving consecutive electron transfer
and chemical reactions [16, 17]. Therefore, the
initiation of the anodic reaction can be formally
expressed as

Fe + OH™ = Fe(OH )4 (1a)

Fe(OH_)ad = FG(OH)ad +e. (lb)

Step 1a represents the anion adsorption equilib-
rium on the metal surface and Step 1b appears as a
fast electron-transfer process in the TMTPS con-
tour within the —1.0V to —0.9 V potential range.
Likewise when the potential limit extends to
—0.8V, the anodic current peak I and the
cathodic current peak at ~— 0.9V are distinguish-
able. The corresponding conjugated redox
processes can be related to the reaction following
step 1, namely

Fe(OH),q = (FeOHJ +e. 2

Reaction 2 has been postulated as the rate-
determining step in the stationary corrosion of
iron in aqueous solutions, either acid, neutral or
alkaline [16, 17, 39-41]. The irreversibility of
Step 2 explains why, in the positive-going TMTPS
contour (—0.7V to — 0.5V range), the anodic
charge is appreciably greater than the correspond-
ing cathodic charge. However, the electrochemical
behaviour of iron in the alkaline electrolytes,
including the fate of the initial Fe(OH),q species
in the formation of either soluble or insoluble
species, is strongly dependent on both the poten-
tial and the electrolyte concentration, as can be

concluded from the recent electroreflection
spectra of iron in the alkaline solution concerning
the strong water-metal interaction at the inter-
face [21, 27, 42, 43].

in the TMTPS contours between —0.5V and
—0.4V, no net cathodic charge is seen, but at
potentials hardly more negative than — 0.5V (Figs.
2 and 3) the cathodic envelope of the positive-
going potential TMTPS E-/ display shows a clear
hump which should be related to the partial
electroreduction of the initial Fe(IIT) species pre-
ceding the appearance of the main anodic current
peak at ~—0.2 V. On extending the potential
towards values more positive than —0.4 'V, a net
anodic charge can be distinguished which corre-
sponds to the appearance of the anodic current
peak in the RTPS £~/ display. This current contri-
bution has already been assigned to the irreversible
formation of Fe(III) species. The major irreversi-
bility, is however, observed at —0.4 V or there-
abouts (Fig. 4). In the —0.3V to — 0.1V range the
electrochemical system exhibits an apparent faster
response but it also involves another anodic
current hump at ~—0.2'V.

The negative-going potential TMTPS E-/
display at 1Vs™! presents the major irreversibility
in the —0.7 V to — 0.9 V range, where the
cathodic current peak IV is well defined although
it is apparently preceded by a small hump at
~—0.75V (Fig. 6). Finally, at potentials more
negative than —0.9 V, the small contribution of an
apparently irreversible conjugated redox system
can also be distingnished before reaching the H,
evolution region. The correspondence of the
anodic and cathodic currents related to the various
conjugated processes is confirmed through the
change of the amplitude and the frequency of the
modulating signal.

The irreversible characteristic of the electro-
chemical reaction is also related to the hysteresis
loop of the E-I display of each modulating cycle.
During the positive-going potential £~/ display,
the irreversibility of the reaction increases when
the potential extends beyond —0.5 V. Otherwise,
during the negative-going potential £~/ display the
greater irreversibility is observed when the
potential sweep extends more negative than
— 1.1V (Figs. 3 and 8). This suggests that in the
potential range of the Fe(II) to Fe(III) electro-
chemical reactions at least two different processes
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can be distinguished. Thus, the E-J response
during the positive potential scan can be explained
through the electro-oxidation of Fe(OH), species
yielding FeOOH species followed by a chemical
reaction which can be formally expressed as:

[FeOOH], + H"+e¢  (32)
o £ |
N [FeOOH], + H +¢  (3b)

where the properties of the reactant depend on its
formation conditions and history. This is denoted
by the subscript ‘av’. The electro-oxidation yields
either the s- (stable) or the u- (unstable) species.
The latter transforms spontaneously into the
s-species. The different species represented by the
chemical formula in brackets should correspond to
complex chemical structures such as those found
for the Ni(OH),/NiOOH redox system. They may
involve a different water content in the film and
also a change of the crystallographic configuration.

The reactions occurring during the negative-
going potential scan can be represented in an
analogous way, as follows:

[Fe(OH)2]u
H* + ¢ + [FeOOH],, /

TSN [Fe(0l))

(42)

(4b)

where ‘av’ denotes the average reactivity of the
Fe(II) and Fe(II) film-forming species, which
depends on the potential perturbation conditions,
and u and s denote again the unstable and stable
species, respectively. The ratio of the s- to the
u-species in each case depends.upon the time scale
of the perturbation function.

On the other hand, the fine structure of the
TMTPS profiles shows the occurrence of relatively
more reversible reactions in the potential range of
Reactions 3 and 4, which can be probably repre-
sented as

[Fe(OH);], = [FeOOH],+H" +e (5)

when the potential moves in the anodic direction;
the reverse reaction takes place when the potential
is swept towards negative values. Cotrespondingly,
as part of the [Fe(OH),]y transforms into
[Fe(OH),]s, the electro-reduction of the latter
according to

[Fe(OH),); = [FeOOH], + H'+¢  (6)

becomes feasible. Reaction 6 should be related to
the more irreversible profile located at potentials
lower than —0.94 V. Consequently, Reactions 1 to
6, including new phase formations and probably
phase transitions, account for the large number of
conjugated redox systems found in the transient
response of the Fe/alkaline solution interfaces.

The conversions of the u-species into the
s-species play a definite role in the ageing of the
oxygen-containing species produced at the electro-
chemical interface. Therefore, the overall electro-
chemical reactions related to the Fe/KOH solution
interfaces, in the concentration range between
107 M to 1 M involves the participation of electro-
chemical and chemical reactions in a reaction path-
way which essentially is similar to that recently
proposed to explain the electrochemical behaviour
of the Ni/KOH solution interfaces [26, 44-46].

Nevertheless, the present results preclude estab-
lishing any correlation between the different
species and the structure of those recognized
through the application of optical techniques [3,
14,16, 22, 47]. The ageing processes which are
assisted to some extent by the potentiodynamic
perturbation, are in part related to the change of
the volume ratio in the solid phases involved in the
electrochemical conversions. In the literature this
effect has been referred to the marked porosity of
the Fe electrode, as the volume of the solid phase
expands about four times during the conversion of
Fe into Fe(OH), [48]. But the main ageing effects
may be due to a dehydration and simultaneous
Fe(II) formation in the hydrated films. The
creation of anionic vacancies would increase the
overall polarization resistance, as in the case of the
electrical conductivity of FeOOH [49]. A
mechanism of this type probably applies to the
hydrated oxygen-containing films anodically
formed on the iron group metals.
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