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Abstract-The kinetics of polycrystalline iron electrodes has been investigated under different 
experimental conditions, employing solutions of hydrogen chloride in dimethylsulphoxide in the 
presence of KClO, as supporting electrolyte. Anodic E/I curves exhibit active and passive regions, 
the former having a Tafel slope of 2RT/3F. At the lower cathodic polarizations, hydrogen discharge 
occurs and at higher, the electrodeposition of ferrous ion takes place: both reactions have Tafel 
slopes of ZRTIF. Other kinetic parameters obtained include the reaction orders, dependence of 
corrosion potential on HCI concentration, non-steady slopes from decay curves, experimental activa- 
tion energy, etc. 

The interpretation of the reactions is given in terms of a consecutive reaction mechanism involving 
the participation of solvent ions. The reaction scheme is formally the same as already discussed for 
the iron electrode in aqueous solutions to explain the 2RT/3F anodic Tafel slope. 

R&urn-n a dtudie dans des conditions exp&imentales differentes la cinetique des electrodes de fer 
polycristallin avec des solutions d’HC1 dans DMSO contenant du KClO, comme electrolyte inerte. 
Les courbes E/1 anodiques pr&entent deux regions l’une active et l’autre passive. 
pente de Tafel de 2RT/3F. 

La premiere a une 
La courbe E/I cathodique, obtenue ii de bases polarisations, comprend 

la dtcharge d’hydrogene et & des polarisations elev&es l’electrodeposition d’ions ferreux. Ces deux 
reactions sont caract&i&s par des pentes de Tafel de 2RTIF. 

Parmi les autres parametres obtenus fIgurent les ordres des reactions, la dependance du potentiel 
de corrosion de Ia concentration d’HC1, les pentes des courbes E/temp obtenues lors de l’interruption 
de l’electrolyse, l’cnergie d’activation experimentale, etc. 

Lcs r&sultats sont interpr&b moyennant un mecanisme de reactions successives comprenant la 
participation des ions produits par le solvant meme. Lc schema de &action est formehement le meme 
que celui qui fut discute deja pour expliquer la pente anodique 2RT/3F dans le cas des electrodes de 
fer dans des solutions aqueuses. 

Zusammenfassung-Es wurde die Kinetik polykristalliner Eisen-Elektroden unter verschiedenen 
experimentellen Bedingungen in HCl Losungen in DMSO in Gegenwart von KCIO, als Inert- 
Elektrolyt untersucht. Die anodischen E/&Kurven zeigen eine aktive und eine passive Zone, 
von denen erstere eine Tafel-Neigung von 2RT/3F besitzt. Die kathodischen E/I-Kurven zeigen 
bei niedem Potentialen Wasserstoffentladung, w&rend bei hiiheren Potentialen Abscheidung 
von Eiscnionen auftritt. Beide Reaktionen slnd durch Tafel-Neigungen von ZRT]F charakterisiert. 

Femer wurden andere kinetische Parameter wie Reaktionsordnung, Abhiingigkeit des Korrosions- 
potentials von der HCl-Konzentration, Neigung der E/Zeit-kurven bei Unterbrechung der Elektrolyse, 
experimentelle Aktivierungsenergie U.S.W. besthnmt. 

Die Ergebnisse werden mit einem Mechanismus aufeinander-folgender Reaktionen interpretiert, 
bei denen eine Teilnahme von Liisungsmittelionen stattfindet. Das Reaktionsschema ist formell das 
gleiche, wle es bereits fur die Eisenelektrode in wasserigen Lbsungen diskutiert wurde, um die 2RT/3F 
anodische Tafel-Neigung zu erklliren. 

INTRODUCTION 

MOST of the published results on the kinetics and mechanism of iron electrode reac- 
tions, as well as the metallic corrosion processes, refer principally to aqueous solutions. 
There are only few systematic investigations covering the behaviour of metal electrodes 
in melts and still few.er in non-aqueous solvents. 

At present much attention is being paid to establish the role played by the solvent 
in electrode reactions and as far as this aim is concerned, we have attempted to study 
the iron electrode in a non-aqueous ionic solution such as that of hydrogen chloride 

* Manuscript received 27 November 1969. 
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in dimethylsulphoxide. Many reasons favour the choice of the iron electrode reactions 
for the purpose; in particular, the iron electrode reactions have been studied in 
detail employing different aqueous solutions and a good deal of sound information is 
now availablcl-l7 

As far as the solvent is concerned, dimethylsulphoxide is a versatile aprotic solvent 
in which most of the soluble l-l type electrolytes are completely or almost completely 
dissociated.18-20 Because of the basic properties of the solvent hydrogen chloride 
dissolves to a large extent in it. Ferrous and ferric ions can exist as complexes;21 the 
former, as perchlorate having the formula Fe(DMSO),(ClOd,, is rather unstable as 
compared to the latter, whose formula is Fe(DMSO),(ClO&. Both complexes have 
been isolated as solids and studied by ir spectroscopy. 22-24 The complexes involving 
the corresponding halides probably involve co-ordinate bonds between the anion and 
the metallic atom. 

In the present paper the range of potential covering the anodic dissolution of the 
metal as well as the region of cathodic electrodeposition has been investigated. In 
between, at low cathodic polarizations the electrodeposition of hydrogen takes place, 
as already discussed. a5 If the kinetic parameters of the iron electrode and those of the 
hydrogen evolution reaction on iron in HCl-DMSO solutions are known, the probable 
mechanisms of iron corrosion in these ionic solutions can be discussed. 

EXPERIMENTAL TECHNIQUE 

A three-section Pyrex glass electrolysis cell was employed. Each section could be 
isolated by means of Pyrex taps, lubricated with the non-aqueous solution. The cell 
was air-tight and a controlled atmosphere could be kept independently in each section. 
The working electrode was an iron wire held vertically in a Teflon holder. An aque- 
ous saturated calomel electrode was used as a reference. It was placed in a double 
sheath to avoid as much as possible any water diffusion into the non-aqueous solution. 
The counter-electrode was a platinum sheet ca 10 cm2. 

Johnson, Matthey polycrystalline iron wires of 0.5-mm diameter were used as 
working electrodes. The impurity content was: Ni, 3 ppm; Mn and Mg, 2; Cu 
and Ag, < 1. 

To obtain reproducible results the iron wires were electropolished before use 
in a solution of perchloric acid in butylcellosolve, as indicated in the literature;= 
DMSO (Fluka, Hopkins and Williams) was used as solvent. It was first treated with 
alumina and then distilled three times under reduced pressure according to the 
method given elsewhere .20 The purity of the solvent as far as water and traces of any 
other organic substances are concerned was tested with calcium hydride and gas 
chromatography, respectively. 27 The water content was <lx and no traces of 
organic impurities were detected. 

Hydrogen chloride was obtained by dehydrating a concentrated hydrochloric acid 
solution with concentrated sulphuric acid. The purified gas was dissolved in DMSO, 
the latter being kept at the lowest possible temperature as liquid.2sB29 Solutions 
containing ferrous ion were prepared by two different methods, either electrochemi- 
tally, by anodic dissolution of known amounts of pure iron, or by first preparing the 
Fe(DMSO),(C103, complexZ1 and dissolving it into the HCl-DMSO solution. The 
solutions were kept in contact with an inert atmosphere during the preparation as well 
as when passing them from the main container to the electrolysis cell. Hydrogen, 
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nitrogen and oxygen were employed in different runs to saturate the working electrode 
compartment. These gases were purified by using well known techniques. 

Coulometric as well as galvanostatic and potentiostatic techniques under steady 
and non-steady conditions were employed covering for the anodic process a HCl 
concentration range from 0902 to O-125 M and up to 0905 M ferrous ion concentra- 
tion. For the cathodic process 0.005 M HCl solutions covering a ferrous ion concen- 
tration from O-1 to 1 N were employed. All solutions contained KCIO, 1 M as 
supporting electrolyte. The experiments were carried out at 25, 35 and 45°C. 

RESULTS 
1. Coulomefric analyses 

Coulometric analyses were made to establish the anodic efficiency for iron dissolu- 
tion. HCl solutions were electrolysed at different currents and the amount of iron 
dissolved was evaluated spectrophotometrically. 3o A silver coulometer was employed 
to determine the charge passed. In the cd range from 1 x lo3 to 1.5 x lo-5 A/cm2, 
the reaction occurs with an efficiency cbse to 100 % as expressed by 

Fe = Fe*+ + 2 e. (1) 
2. Corrosion potential 

Iron electrodes immersed in hydrogen-saturated HCl-DMSO solutions containing 
the supporting electrolyte exhibit a corrosion potential, E,,,,, which is logarithmically 
related to the hydrogen chloride concentration, c,, according to 

E oom = & + k log c,. (2) 
as shown in Fig. 1. Ek and k are constants. The dependence of the corrosion potential 
on the HCl concentration is given by 

In the following paragraphs the corrosion potential is used as the reference potential 
to define the overvoltage of the working electrode, r. 

FIG. 1. Dependence of corrosion potential on concentration of HCi. 
25°C; 1 M KClO,; pa., = 1 atm. 
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3. Anodic current/potential curves 

To establish any effect of stirring on the electrode process, current/potential curves 
were obtained under three different conditions, namely (i) with the electrolyte solutions 
at rest; (ii) by bubbling hydrogen gas at different flow rates, and (iii) by means of an 
iron rotating disk electrode in order to obtain a definite hydrodynamic. There was no 
difference between (ii) and (iii). There was a definite difference when either (ii) or 
(iii) was compared with (i), particularly when the potentials were so positive that 
passivity interfered in the process. 

Anodic current/voltage curves in the active region are not affected by ferrous ion 
concentration or by the addition of supporting electrolyte or other gases, such as 
nitrogen instead of hydrogen. There is, however, a net effect of the HCI concentration 
and a small effect of stirring, particularly at high positive potentials. 

Experimental potential/log (apparent cd) plots deviate from a Tafel line, as de- 
picted in Fig. 2 for hydrogen-saturated solutions ; the slope of these curves increases 
continuously as the anodic polarization increases. This effect prevents the straight- 
forward evaluation of any kinetic parameter for the anodic reaction. The behaviour is 
often found when the rest potential of the working electrode actually is a corrosion 
potential, when two electrode processes are simultaneously occurring on the metal 
surface and no net external current flows. In the absence of oxygen, the main processes 
are the iron-dissolution and hydrogen-evolution reactions. Hence, the experimental 
polarization curves involve the total current, 1, and in order to evaluate the kinetic 
parameters of the anodic process the anodic partial current must be used. If the 
partial current related to the hydrogen evolution is I,, the anodic partial current, 
I,, is given by 

1, = r - 1,. (4) 

1, can be immediately obtained, since the kinetics of the cathodic evolution of 
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Ro. 2. Anodic Tafel plots. 
25°C; 1 M KClO,; pEr, 1 atm. 

X, CE = 04102 M; 0, CE = 0.02 M; 0, a = O-125 M; 0, cH = O-125 M; CFe = 0305 Ma 
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hydrogen on iron, employing the same solutions, is knowna Figure 3 shows a semi- 
logarithmic plot after the above correction was made. To obtain this result it was 
reasonably assumed that in the active region the partial cathodic current for ferrous ion 
is negligible and that the anodic current for hydrogen dissolution is also negligible. 
In a range comprising l-5 logarithmic decades of current the anodic dissolution of 
iron fits a Tafel line with a slope, bT,s, very close to 2.3 (2RT/3F) V as reported in 
Table 1. At higher anodic polarizations, in spite of the above mentioned correction, 
there is an increasing departure from the Tafel line, due to the onset of the passivity. 

\ \ \I ‘\ 
-5 -4 

-_+_____ 

log Iii, i In A/cm* 

FIG. 3. Corrected anodic Tafel plots. 
25°C; 1 M RCIOI; ma, 1 atm. CH as in Fig. 2. Full lines correspond to an anodic 
Tafel slope, by,* = 2-3(2RT/3F). Dotted lines correspond to the extrapolated 

cathodic Tafel lines for hydrogen evolution, Tafel slope, bT,= = 2.3(2RTIF). 

On increasing the HCl concentration at a constant anodic overvoltage there is a 
net increase of current, Fig. 2. A log/log plot of current density us HCl concentration 
at constant overvoltage yields a straight-line relationship, Fig. 4. By extrapolating the 
anodic Tafel line to the corrosion potential, the apparent corrosion cd, ioorr, can be 
evaluated. From Figs. 2-4, the following relationships are derived, 

Taking into account the dependence of E,,, on cu, the Tafel line for hydrogen 
evolution and the Tafel line for the auodic dissolution of active iron, the semilogarith- 
mic current/voltage curves, in the vicinity of the corrosion potential, take the general 
picture shown in Fig. 5. From this is deduced 

(6) 
Oxygen gas affects the corrosion process particularly by shifting the corrosion 

potential towards more positive values. The rest potential at 25°C in this case lies at 
about -0.39 V(sce). The current/voltage curve, however, in general maintains t 1: 
shape already described in the presence of hydrogen gas. 
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T~s~al. P- DEDUCED FROM ANODE v/I 

CURVES: 25°C. 

CH 
M 

0*002 
0,025 
O-125 

b,, 
V 

O-039 
0*040 
OG4-4 

icorr x lo4 
A/cm= 

9.1 
38 

100 

TABLE 2. P ARAMETERS DERIVED FROM ANODIC NON-SIXADY 
MEASUREMENTS. 2 5°C 

5y x 108 bd x lo8 c, x 10’ 
V V F/cm2 

ca, O-010 M cne, O-005 M 1 M KClO, 

386 72 
221 55 3:; 

166 45 4-7 
103 39 8-O 

m, O-014 M w.=. O-005 M 1 M KClO, 

258 72 2-6 
144 
100 1: 

3.9 
5.3 

73 38 11-S 

-------__I -2- 
. 

-3- 

.4- 

-57 
, 

0 ------+. 
log CT, x IO’ 

FIG. 4. k&log plot Of is,~e OJl m. 

(r) Dependence of i&F,? on a at constant overvoltage, 
(II) Dependence of i,,F, on CH at constant anodic potential K 

25°C; pa,, 1 atm. 
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l30. 5. Tafel lines drawn for the anodic and cathodic processes, slopes bT,a and 4,~. 
respectively. 

(I) ~a, 0032 M; (II) %, O-02 M; (III) e, 0,125 M. 25°C. 

In conclusion, the rate of the anodic reaction exhibits a minus one order depend- 
ence on hydrogen chloride concentration and it is independent of the concentration of 
ferrous ion. The Tafel slope in the active region is very close to 2.3 (2RT/3F)V in the 
whole temperature range investigated. 

4. Temperature efect 

At constant overvoltage a net increase of anodic current is observed as temperature 
increases. From an Arrhenius plot, at different overvoltages, the experimental acti- 
vation energy, AH*, of the anodic reaction is obtained. The latter depends on over- 
voltage as shown in Fig. 6. Its value at the corrosion potential is about 15 kcal/mol. 
AH* approaches a constant value at high anodic potentials. 

5. Non-steady measurements 

In the active region the anodic overvoltage decays linearly with the logarithm of 
time, as shown in Fig. 7 for decay runs started at different anodic overvoltages. 

To interpret the semilogarithmic plots the same sort of correction already indic- 
ated for the steady measurements has to be applied to the anodic potential decay. If 
the anodic decay at current interruption (t = 0) comprises the simultaneous occurrence 
of two reactions at the electrochemical doubIe layer, and these reactions are the oxida- 
tion of iron and the reduction of hydrogen ion, the differential equation that expresses 
this situation is 

CddVW + be exp (as,~oWRT) - bH exp (-ac,EVF/RT) = 0, (7) 

where C, is the differential electrode capacitance, iO,Fe and i,,= are the exchange cds 
for the iron and hydrogen electrodes respectively and d(,,Fe and E,,~ the anodic and 
cathodic transfer coefficients corresponding to those electrodes. If the third term is 
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FIG. 7. Semilogarithmic plot of anodic overvoltage decay. 
25°C; cE, 0.1 M; cRe, O-005 M; 1 M KCLO,. 

Dotted lines correspond to the overvoltage at current interruption. 
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negligible as compared to the second, which is reasonable at the larger anodic polari- 
zations, then the integration of (7) yields the linear v/log (t + 2’) relationship already 
knowna 

From the semilogarithmic plots, the decay slope, bd, and the apparent electrode 
differential capacitance at different overvoltages obtained by extrapolating the straight 
line at the initial decay potential were evaluated. For decay processes from relatively 
low initial anodic polarizations, the decay slope is close to 2.3(2RT/31;) V, but 
it becomes larger when the decay process starts closer to the region where passivity 
onset takes place. 

The electrode differential capacitances at the corrosion potential calculated from 
galvanostatic build-up curves lie between IO to 20 pF/cm2. At low over-voltages, the 
electrode differential capacitance derived- from anodic overvoltage decay approaches 
that obtained at the corrosion potential, but it becomes smaller when the initial decay 
potential approaches the passive region. 

The pseudo-ohmic drop was obtained from the initial instantaneous jump of 
electrode potential. The IR drop is negligible in the present circumstances, taking into 
account the range of current covering the active anodic region. No ohmic contribu- 
tion due to any film formation was detected in this potential region. 

6, Cathodic current/potential curves 

The discharge of hydrogen ion occurs at the lower cathodic polarizations, as 
already reported and discussed in a previous publication.25 After the hydrogen limit- 
ing current is established, at higher cathodic polarizations the eIectrodeposition of 
ferrous ion as iron takes place. The cathodic efficiency for iron electrodeposition 
depends both on the concentration of HCI and the electrode potential. As the former 
decreases the cathodic eficiency increases, and after the hydrogen-evolution limiting- 
current region is exceeded, only iron electrodeposition occurs, at least in the cathodic 
region here covered. 

Figure 8 shows a semilogarithmic plot of a cathodic current/potential curve. 
After correcting for the former reaction, the iron electrodeposition gives a Tafel line 
whose slope, at 4O”C, is nearly 2*3(2RT/J’) V. At a constant cathodic potential, the cd 
increases with the ferrous ion concentration. As iron electrodeposition occurs after 
hydrogen ion is depleted at the reaction interface, its influence could not be determined 
in the present circumstances. Neither hydrogen gas nor solution flow rate have any 
infIuence on the cathodic electrodeposition of iron. The latter affects only the region 
corresponding to the hydrogen-evolution reaction. 

Once iron electrodeposition occurred, the rest potential at current interruption 
was O-4 V more negative than the corrosion potential, this potentia1 being probably 
very close to the Few/Fe electrode potential. The cathodic and anodic Tafel lines 
for the iron electrode reactions intersect at the reversible potential of the iron electrode, 
and this depends on ferrous ion concentration. Unfortunately this could not be 
evaluated with accuracy. The intersection point also defines the value of the apparent 
exchange cd of the iron electrode, i0,Fe, in HCl-DMSO solutions. In the range of 
temperature investigated, it is about lOa A/cm2. 

To conclude, the electrodeposition of iron gives a Tafel slope of 2RT.F and the 
position of the line depends on ferrous ion concentration. 
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log &Fe. i in A/cm2 

FIG. 8. Cathodic Tafel plots. 4WC, cH, O-005 M; cFe, 0.5 M. mn, 1 atm. 
The full line corresponds to the cathodic Tafel line or iron electrodeposition, &,c, 

equal to 2*3(2RT/F). 

DISCUSSION 
I, General considerations 

The kinetics of the iron corrosion reaction in HCI-DMSO solutions indicate a 
clear participation of the solvated proton. Therefore, the rate equations of each 
reaction participating in the corrosion process should explicitly contain the concen- 
tration of the solvated proton. Thus, the cd/potential relationship for the anodic 
dissolution of iron, in general, can be expressed as 

ia.Fe = k.FeCEn” exp (OCa,FeVF/RT)- (8) 

For the cathodic electrodeposition of hydrogen it is 

kc,H = k.HCH- exp (-%,H VqRT)9 

and analogously for the cathodic deposition of iron, it is 

(9) 

be = kc.FeG?CHnE exp (-aO.FeVF/RT). (10) 
Equations (Q-(10) contain the formal rate constants, ki, the concentration of the 
corresponding species, ci , the experimental transfer coefficient, air the electrode 
potential, V, and the corresponding reaction orders, n and m. 

when i&&Fe = k.Fer V becomes the reversible potential of the iron electrode, and 
equating (8) and (10) we get 

%,I% $_ Ocs.Fe = 2%- (11) 

The general expression for the electrode potential is 

V=P-VI, (12) 
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where #” is a definite Galvani potential, and ?yl the potential of the outer plane of the 
Helmholtz double layer. The overvoltage q is defined taking the Galvani corrosion 
potential, &&, as reference potential, as 

Under a steady state corrosion at the corrosion potential, &,,,, iesFe = io,u = iCon 
and equating (8) and (9) we have 

and 
%,Pe 

= nH + %,Bk + ao,Fe 
crnH - nH)- (1% 

Equations @j-(15) are completely general expressions which can be applied to any 
corrosion process involving the participation of hydrogen ions or any species containing 
hydrogen ions. In the absence of experimental results that would allow an unambig- 
uous mechanistic interpretation, those equations can be used to derive probable 
reaction paths, assuming in the anodic dissolution reaction an inverse first-order 
reaction with respect to hydrogen-ion concentration (nu = -1), and in the electro- 
deposition of iron, first order with respect to ferrous ion (nFe = 1). The experi- 
mental results indicate that these assumptions are reasonable. Therefore, on the basis 
of the corrosion potential and corrosion current dependences on hydrogen-ion concen- 
tration and a set of values for nu and ?zFe, the probable reaction paths are limited to a 
few possibilities, already analysed in detail for the iron electrode in aqueous acid 
solutions.6 As the rate expressions derived for HCl-DMSO solutions are formally the 
same as those obtained for the aqueous acid systems the previous mechanistic dis- 
cussion can be extended to the non-aqueous solution. 

Before discussing the probable reaction scheme for the iron electrode in the HCl- 
DMSO solutions, let us consider the properties exhibited by the electrolyte solution 
employed. As is known, the solvent dissociates as follows,a8*53 

2(CH,),SO z [(CH&SO]H+ + (CH,SOCH,)-. (16) 
The ionization of solvent formally resembles that of water, although the correspond- 
ing equilibrium constant is at least four orders of magnitude smaller than that of 
water (&I MS 0 = 5 x 1O-1* mole/l. at 25”(Z).% Lower values of KDMso have also been 
reported.33 

Hydrogen chloride behaves in DMSO as a strong electrolyte in which ionic associa- 
tion occurs to a certain extent at high concentrations.34 The equilibrium constant 
for ion-pair formation is K, = 115-7 l/mole at 25%. Therefore in acid mebia the 
amount of (CH$OCH,)- ion must be very low. 

2, Probable anodic mechanisms for iron dissolution 

Mechanism (i). After the previous considerations, a probable mechanism for the 
anodic reaction can be written 

Fe + (CH&OCH& = Fe(CH,SOCH,),, + e, 

Fe(CH,SOCH,),, rds Fe(CH,SOCH&+ + e, 

Fe(CH,SOCH,)+ = Few + (CH,SOCH&. 

(i. 1) 

(i.2) 

(i.3) 
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Reaction (i.1) may also occur as with the participation of the solvent molecule, 

Fe + (CH&SO = Fe(CH,SOCH,),,, (ii. 1) 

Fe(CH,SOCH&, = Fe(CH,SOC&&, + H&r, + e, (ii.2) 

Fe(CH3SOCH,),d ‘ds Fe(CH,SOCH2)+ + e, (ii.3) 

Fe(CH,SOCH,)+ = Few + (CH,SOCH,)-, (ii.4) 

(CH,SOCH,)- + EC.&, = (CH,),SO. (ii. 5) 

Both reaction schemes are formally analogous as there is always an electron-transfer 
step which is a fast process preceding the rate-determining step, which also involves a 
second electron transfer. The second presentation however appears more realistic as 
it pictures the adsorption of the solvent molecule at the metal/solution interface, 
which probably occurs to a large extent, and avoids the straightforward participation 
in the initial reaction of an ion existing at very low concentration in acid solutions 
(as in mechanism (i)). The theoretical kinetic parameters derived for both anodic 
mechanisms are alike and agree with those experimentally obtained. 

Reaction (ii-l) corresponds to the adsorption equilibrium of the solvent on the iron 
electrode. Taking into account the structural configuration of the solvent moleculeSb 
it may be postulated that its degree of coverage, X,, at anodic overvoltage is large 
(X, -+ 1). The electron transfer according to step (ii.2) yields a surface complex of 
ionic structure, 

Fe(CH$OCH& - Fe+(CH,SOCH&; + ET&,, + e, (17) 

where the charge distribution allows a stabilization of the surface compound. Its 
ionic structure involves an electronic density decrease on the sulphur atom, as the iron 
atom is bound to the rest through the oxygen atom, causing a stabilization of the 
surface intermediate. This is analogous to the stability of ferrous and ferric ionic 
complexes in DMSO solutions where the solvent molecule is likewise bound to the 
iron through the oxygen atom. ti*aa Furthermore, the postulated structure for the 
surface intermediate means a stabilization of the S-C bond by a delocalization of 
the free electrons on the carbon atom. As the metal is mainly covered by solvent 
molecules the degree of surface coverage by the intermediate must be low (Xi + 0). 

The intermediate participates directly in the rate-determining step and the assump- 
tion for its low surface concentration is justified in terms of the low electrochemical 
double layer capacitance at any anodic overvoltage, as deduced from the non-steady 
measurements. The Gnal reaction is a fast reaction corresponding to the solvolysis 
equilibrium of ferrous ion in HCl-DMSO solutions. 

Applying the quasi-steady state method to derive the theoretical kinetic param- 
eters involved in the preceding mechanisms, we get 

dXi -=O=q-~_1-u2=(1-X~kIexp(~J?~/RT) 
dt 1 , (18) 

-k_lXicH exp [ - (1 - 16) YF/RTJ - kzXi exp (p VF/IZT)) 

where vi is the reaction rate for step i in the anodic (+i) and the cathodic (-i) di- 
rections respectively. From (18), 

xi = kl exp (BVFJRT) 
kl exp WFIRT) 

- k_lcH exp [-( 1 - /?) VF/RTJ - k, exp (#? VI/Kf)’ (lg) 
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which, taking into account X, + 0, 

kl exp (BWWI <k_+, exp I-_(1 - /J)VFPUl, 

and simplifying the expression for X,, gives 

(20) 

x, = & exp ( W/RT). (21) 
1H 

Therefore, the reaction rate is 

v2 = k2KcH-1 exp (VF/RT) exp (b VF/RT). 

According to (22) the theoretical Tafel slope is 

(22) 

(23) 

and the reaction order, at constant anodic potential, with respect to the concentration 
of hydrogen ion is 

( ) ahi, _I 
- z!z 

alnc, v 

. (24) 

However, as noticed earlier for the cathodic evolution of hydrogen, V is given by 

and any variation of yl with concentration of hydrogen ion has been neglected since 
the experiments were carried on in the presence of a large excess of supporting electro- 
lyte. The same criterion has been applied as far as the activity coefficients are con- 
cerned. On these grounds, the expression for i, can be written 

In i ~=K’-lnc,+~lnc,+~~=ri. (27) 

The constant K’ embodies all terms independent of cn and q. The reaction order 
derived from (27), at constant r] and yl, is 

-1++=*, (28) 

which corresponds to that actually measured. 
From the postulated mechanism, the equation giving the dependence of the corro- 

sion potential on acid concentration is obtained immediately. Thus, taking the 
following set of parameters, nn = -1, mn = 1, a,& = 3 and a,,u = 4, (14) 
becomes 

(29) 

and 

(30) 
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Finally, applying the same set of parameters to (15) we obtain 

1 
= c* 

2 (31) 

3. Probable cathodic mechanism for iron deposition 

The reverse mechanisms involving the same rate-determining step should be valid 
for the electrodeposition of iron. Thus, starting from the set of parameters mentioned 
above for the anodic reactions, those of the cathodic reaction should take the com- 
plementary values CX,,~, = 4 and ytg, = 1. Furthermore, the former is already 
derived from the experimental results as the steady Tafel slope is equal to 2RT/F, 
and the rate of the cathodic process increases with the ferrous ion concentration. 

Let us then write the probable mechanism for the electrodeposition of iron as 

Fe% + (CH,),SO = Fe(CH,SOCH,)+ + H&, (iii. 1) 

Fe(CH,SOCH,)f + e % Fe(CH,SOCHr&, (iii.2) 

Fe(CH,SOCH,),d + Hs+OIV + e = Fe(CH,SOCH&, (iii.3) 

Fe(CH,SOCH,),, = Fe + (CH&SO. (iii.4) 

The rate equation for the rate-determining step (iii.2) is 

viii.a = ‘hl.2CFeCH eXP [-_(I - W../RTl, (32) 

and on the assumption that /I = *, the theoretical Tafel slope for iron electrodeposition 
is 

(33) 

Therefore, the intersection of the Tafel lines for the iron electrode reactions detie 
both the reversible potential of the iron electrode and the corresponding exchange cd, 
which is of the order of lo-8 A/cm*. 
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