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simultaneous hydrogen evolution. Addition of boric acid makes it

smaller as the hydrogen evolution associated with nickel

deposition is largely avoided.

CONCLUSIONS

An anodic peak obtained for the oxidation of

codeposited hydrogen, makes it possible to asses the extent of

hydrogen evolution occuring in the process of nickel deposition.

Progressive diminution in its size, brought about by the

additions of boric acid, indicates that boric acid inhibits

hydrogen evolution.
Cyclic voltammetry, in recent years, has led to the

development of a rapid and novel method, in the monitoring of

electrolytes. The present study provides similar scopes for

nickel electrolytes employed in the plating as well as

electrowinning processes. It would be possible to estimate the

impurities and other constituents present in the electrolyte by

generating cyclic voltammograms and analysing their features.
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Abstract

The concept of the electrophoretic effect in
electrolyte solutions and the way it has been presented in
the literature is critically discussed.
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The interpretation of thermodynamic and transport
properties of electrolyte solutions leads to models
concerning the structure of those solutions and concepts
about the hydrodynamic behaviour of ions moving through
their media. One of those concepts is called
electrophoretic effect. However, it has been presented in
the 1literature in a variety of different ways, sometimes
not equally clear.

The term electrophoretic effect firstly appears in
the literature in 1932 [1] as follows:

"There are two different effects to be considered,
namely the direct transfer of electric forces between the
ions and a hydrodynamic effect, the so-called
electrophoresis. The later effect was recognized by Debye
and Huckel, while the former had been expected for a long
time by those familiar with the properties of
electrolytes.

The electrophoresis is most simply described and
estimated for the case of electrical conduction where, for
an electric field E,

ko = 0; ki = esE (i = I, .. s)

Portugaliae Electrochimica Acta, 11 (1993) 297-304



— 298 —

atmosphere of an ion of charge e;j will contain the
{gial eleciric charge -ej and conseguently be.sub]ect ti a
total force -Ecj in the field E. This force will be taken
up by the liquid in which the ions o? thg atmosphgre ta_\re
embedded, and cause hydrodynamic motion in the direction
of the force -Ecj. For an estimate of the effec?, we may
assume the entire charge -ej of the at@osphere s1tu§ted at
a distance equal to the mean radius I/k, un}formly
distributed on a spherical shell. Thgn accord}ng Eo
Stoke's law, the interior of the sphere will move with the

velocity
bv; = -Ee;j/6énnk 1 = -Eej k/6mn {25 1:6)

n = viscosity. The liquid that immediatgly surrounds
gg:rﬁentral ion wigl be moving with thg ve}oc1ty N2 apd
this ion, as it migrates in the electric field, must swim
in a countercurrent of the magnitude (4.1.6). ;f the ion
had no atmosphere, it would move with the velocity

kj/p; = Eej/p;
i i ject to a force
Surrounded by an atmosphere, the ion is subject t
kj - Akj; but the velocity corresponding to this force,
namely

(kj - Akj)/0;

i i i i hood moving
describes the motion relative to a neighbor .
with the velocity Avj, so that the net velocity will be

vi = Avy + (ki - AKkj)/pj
or in the particular case of electric conduction

Eej; - Ak Eej k
V:| S ememm————— ) g o
Pj énn

Since then, prominent researchers in the field of
‘electrolyte solutions have referred ?o the effect as may
be seen in the following citations, given by chronological

order:

Harned 1947 [2]

"When an electrolyte diffuses into a solvent, poth
ions travel with the same velocity, a phenomenon requlrgd
by electrical neutrality. In this case, glect;ophore31s
occurs because as the ions move in one direction, they
take positions previously occupied by the water mo}ecules
which in a system at constant volume must move 1n tbe
opposite direction. The calculation of the electrophoretic
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effect will require therefore an estimate of the volume
force acting on the water molecules". ... "Consequently,
this estimate of the electrophoretic effect can only be
expected to approach validity at low concentrations of
electrolytes. Deviations due to ion-solvent and other
short-range ionic interactions may be expected at higher
concentrations and at the present time there exists no
means of computing their magnitudes".

Stokes 1953 [3]
"The theory developed by Onsager and Fuoss results in
an expression for the diffusion coefficient D of a dilute

electrolyte solution, which may conveniently be written as

D= (1+cd 1ln yt/dc) (D° + A1 +A2)

Here . A1 and A2 are small concentration dependent
corrections to the Nernst limiting value DO, and originate
in the electrophoretic effect, i.e., the transfer of

velocity from one ion to another via the solvent. On
working through the theory as presented in references (1),
one finds that A1 and A2 arise, respectively, from the
first and second terms of the expansion of an exponential
function..."

Adamson 1954 [4]

"Since there is no net motion of the system, the
volume forces on the ions and on the solvent must cancel
on the average, but due to the ion atmosphere there is a
local force excess in the vicinity of each ion. Onsager
and Fuoss considered that the force excess arising in a
given spherical shell imparts a velocity increment to the
medium as though the shell were a Stoke's law sphere. The
correction to the diffusional velocity which results is
known as the electrophoretic effect. Longsworth strongly
supported this treatment although it has been questioned
by Van Rysselberghe and, recently, Harned has commented
that the theory may be either wrong or incomplete for the
higher valence type electrolytes".

Harned and Owen 1957 [5]

"... the theory of the diffusion of a single
electrolyte in dilute solutions has been developed in
detail. In this case, electrical neutrality requires that
both positive and negative ions move with the same
velocity. Under these conditions the ionic atmospheres
suffer no deformation and the time of relaxation effect
vanishes. Further, since the electrolyte moves in one
direction and the solvent by replacing it moves in the
opposite direction, an 'electrophoretic' effect exists".
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Robinson and Stokes 1959 [6]

There are two main effects of the interaction between
the electric charge of the ions: ;hese are ;Ee
electrophoretic effect and the relaxation effect. . e
electrophoretic effect arises in thg fo}low1ng way . . en
an ion moves through a viscous med}um }t tends. to rag
along with it the solution in its v1c1n1§y. Nelghpouréng
ions therefore have to move not in a stationary medium bu
with or against the stream accordipg as they are moving ;n
the same direction as the first ion or oppositely. The
effect will clearly be concentrationjdependent, fglllng.gg
zero at infinite dilution, and. its computathn W1't
require the wuse of the distribution function, since 1
involves the distances between ions".

Moore 1963 [7]

"A second electrical action that lowers the mobl}lty
of the ions is called the electrophorgtic effect. ?he ions
comprising the atmosphere around a given central ion are
themselves moving, on the average in. the. oppoglte
direction, under the influence of the applied fle}d. Since
they are solvated, they tend to carry along w1?h them
their associated solvent molecules, so that there is a net
flow of solvent in a direction oppo$ite.to the motion of
any given (solvated) cent;al ion, wzlch is thus forced to
"swim upstream" against this current.

sw1mTh2 steady sgate of motion of an ion can be found by
equating the electric driving force to Fhe sum of t?e
frictional, asymmetric, and electrophoretic retardations".

Pikal 1971 [8]

"The electrophoretic effect is a hydro@ynamlc effegt
which is due to a local volume force in the 11qg1d
surrounding an ion. Thus, a given ion does not move with
respect to a medium at rest, but due to the_ presence of
the ion atmosphere, migrates in a medium wblch is itself
in motion. For convenience we shall consider the one-
dimensional case. The -final result for ?he Q1ff351on
coefficient is equally applicable in three dimensions”.

Robbins 1972 [9]

"The electrophoretic effect. The migration of an ion
through a solution tends to carry along solvgnt mglecu}es
in its wake. Ions travelling in the opposite d}rect}on
have to move against this solvent flow, a situation
referred to as the electrophoretic effect. As the system
is diluted, ions and their associated solvent molecules
become more widely dispersed, there is less bldeance“ to
the motion of a given ion, and A rises as c diminishes".
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Tibor Erdey-Gruz 1974 [10]

"The other phenomenon arising from electric
interaction of ions is the electrophoretic effect; the
fact that the water molecules in the immediate vicinity of
ions move with them and other water molecules are also
carried along by them is responsible for this phenomenon.
Namely, the ions move in a flowing medium that carries
them more or less away. Due to the presence of the ion
atmosphere, positive ions restrict the movement of
negative ions to a greater extent than that of positive
ions, while negative ions have a greater effect on the
positive ones in their ion atmosphere. If positive and
negative ions move in opposite directions, the
electrophoretic effect also appears in the increase of
frictional resistance and in the decrease in mobility. On
the other hand, the co-current movement of ions of
opposite charge can give rise to an increased mobility by
this effect. (...)

The electrophoretic effect in diffusion also alters
the mobilities of ions, but in a different way than in
electric conduction. In diffusion, the interaction of the
ionic charges slows down the ions of higher mobility,
while it accelerates those of lower mobility.
Consequently, the electrophoretic effect increases the
mobility of ions of lower mobility and has a reversed
effect on the faster ones in the given electrolyte. If the
mobilities of different ions are identical, the
electrophoretic effect disappears".

Bockris 1977 [11]

"The term electrophoresis is generally wused to
describe the migration of particles of colloidal
dimensions (10 to 10,000 A) in an electric field. It is
appropriate, therefore, to describe the migration of the
ionic cloud as an electrophoretic effect.

The interesting point, however, is that, when the
ionic cloud moves, it tries to carry along its entire
baggage, the ions and the solvent molecules constituting
the cloud plus the central ion. Thus, not only does the
moving central ion attract and try to keep its cloud (the
relaxation effect), but the moving cloud also attracts and
tries to keep its central ion by means of a force which is
then termed the electrophoretic force Fe".

Horvath 1985 [12]

"The electrophoretic effect arises from electric
interaction ions. As a consequence of the interaction,
water molecules are also carried along with the moving
ions. The electrophoretic effect influences the mobilities
of ions. The interaction of the ionic charges slows down
ions of higher mobility, while it accelerates those of
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lower mobility. There is no electrophoretic effect on ions
i tical mobility (Stokes, 1953). ) ) o )

of 1d$ﬁe diffusion coefficients of ions in infinite gllute

solutions can be calculated from the Nernst equation”.

Wright 1988 [13]

"We also have to consider_the.efﬁect of the soi;gg?
on the movement of the ion and its ionic atmosgheg?n e
an applied field. This is discussed under the hea g

ic effect. ) )
electagggorgz ion moves, it carrigs its ionic atmoiphegg
with it. This ionic atmosphere is made up, 1nl p?gn, o
ions which have the same chgrge as the centr? o D
will move in the same direction as the centl_rah 1ill ]
an external field. It also cgntalns ions Whlﬁ W e i
an opposite charge, and will move in the joje]
dlrec%éonéhe central reference ion and an ion of hoppg;;ge
sign in the ionic atmospherg are passing eac oOSité
solvent will be pulled along with eacp ion buﬁ in quwill
directions. So the central referegce ion of_t el?alin thé
in effect, 'see' solvent strgamlng past }tse . ne
opposite direction, and this1w1}l eiirgoznv1scous g
reference ion, slowing _ 1. ) )
by C??tiié central reference ion anq an ion of like s%gg
in the ionic atmosphere are passing each othe:i:r,1 o
differing speeds of the two ions will cause %tiﬁamiog o
the solvent past the central reference ion. I ?on o
the ionic atmosphere ii over%ikéng Egﬁgregsregﬁg sélvent
ion will e pulle a ) .
;:£Z;$2§3 past it in the same direction, rESUltlzgiéE ?2
increase in its velocit¥.t;f tpe gent;gi0:§£:§:nc Jon 33
overtaking the ion o e ionic und'the B
experience a viscous drag by the so}vent aro earomie
ion which will make this sqlvent app ]
iﬁgﬁzﬁheii were, 1in Tffect, moving in the opposite
i i to the central ion.

d1rec¥;22e effects are covered by the gene;al 1t§r2
'electrophoretic effect', and thgir ngt effeit is aignzc
to slow the ion down, resultlng in a ower0 e
conductance than would be expected if there were n

atmosphere".

In our point of view the concept sbould clﬁariy Thgz
the following ideas: when an iop moves in an e”ec(gg yat
solution, it drags along its "ionic qtmogpherg oS
least part of it, depending gn o?r gﬁ£1n1§;g2ro iois ie

; the movemen (o] :
3EQZZ§EZ£31§ affected. This is understood in the g;:ag§§
and Fuoss [1] paper, but not so clearly shown in s
the other descriptions above cited.

i i bove is more of
Of course, it may be said that the a I
an hydrodynamié effect than an electrophoretic effect.
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However from the history of the evolution of the concept,
we understand that initially it was termed as
electrophoretic effect when studying electric conduction
where we actually have an applied external electrical
field which creates a situation similar to the previously
known phenomenon of electrophoresis (e.g. in paper
electrophoresis). In diffusion we do not have an external
field, but the fact that ions move with different speeds
creates an internal electric field; equations may then be
applied to attempt to quantify it. Therefore there has
been a tendency to keep the name "electrophoretic effect"
for such treatment. Such fact, may justify Horvath's [12]
indication that "There is no electrophoretic effect on
ions of identical mobility". However, even in such a case,
we still have the ions moving along with its "ionic

atmosphere" which consequently affect movement of other
ions.
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SUMMARY

Voltammetric studies were carried out on gold electrode to identify the
oxidation products of elemental sulphur in alkali solutions. The oxidation of
HS™ and §,°" is reversible followed by oxidation to sulphur which gets
incorporated in the hidrous films on goid. Fitting occurs when the film break

and the pitting susceptibility of gold increased with alkali concentration. On the
sulphur covered gold surface, no oxygen reduction was observed and H,S

evolved along with hydrogen.

KEy WORDS: Sulphur electrochemistry, Voltammetry, Gold electrodes

INTRODUCTION

Towards the development of porous iron electrodes for use in Ni-Fe
alkaline batteries, an activated iron electrode was developed [1]. The activation
of the porous iron electrode was carried out in 6M KOH solutions containing
32gpl elemental sulphur by passing various cathodic currents. The improved
performance of these electrodes prompted us to study the oxidation behaviour
of sulphur in high alkali solutions. In order to identify the products of oxidation
of sulphur, voltammetric studies were carried out on gold which offers an
extensive potential range over which there is no interaction of gold with water.
A few studies were reported on the Au/ $% and Au/ SO, interactions in aqueous
solutions [2-4]. Place exchange mechanism with the formation of surface oxides
[56], Au/O? may lead to similar process on Au/S?" or breakdown of passive
oxide film may take place in presence of sulphur. The paper presents the
oxidation products of sulphur and their effects on gold surface.
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