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The procedure that has been developed by P. Mericanm,
lhe ustruc, and Xe. .ndrieu (1) for the detceruination of
kinetic psrametere of simple electrode reactions using
nornal pulse polarography has been tested by applying
the technique to quasi-reversible polarographic electrode
reduction of Zn(II) and, to irreversible polarographic
¢lectrode reductions of Cr(III) and Ni(II)s “The obtained
kinetic parameters have been compared with values computed
with previously cstablished nethods.

an alternative simpler procedurc for the evaluation
of kinetic parameters of simple electrode reactions by
nornal pulse polercgraphy has been . proposed. “he method
has been devised by formulating simultaneous equations
from the logarithmic form of latsuda's equation [2] for
the rate constant and using experimental paranmcters of
the NPP wave, namely, thc half wave potential EVE and
three quarter wave potential Ej/q. This technique has
been tested on the sbove nentioned e¢lectrode reduction
of 2n(II), Ni(II), ond Cr(III). Kkesults obtained are in

good agreement with valucs conputed by other methodse

attempts have also been made to study the effect of

the supporting elcctrolyte concentration on the kinetic

parancterse.
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l. IKNTRUDUCTION

Normal pulsc pelarography (NPP) wns developed ori-
sinally by G.C. Barker [3] as an outgrowth of his work
on square wave polorography. Nowoadays, NFP has become
one of the most powerful and npplicable electroanalytical
techniques because of its higher sensitivity [(4-7]. 4
greet potentiality cf NFPP has been rcecognized also for
the determination of kinetic parameters of sinple elec-
trode reactions thereby lending itself to wider utility
in electrochemicsl studies.

A generel theory of NPP current-potential curve has
been developed by NMatsuda [2] for e simple clectrode re-
nction procueding at the cxpanding pluane electrode.
Other extensive thooreticnl studies have also been made

by various workcrs [8-12].

Following the studies of Parry and Osteryoung [4]
on reversible waves, several papers have dealt with NIF
for stulying the !inetics of simple electrode reactions.
¥ron the current-potential relation of Boerker and
Gardner [12], J.He Christie et. 21 [13] have developed a
nethod for eveluating kinetic parsmeters and they applied
the method to the reduction of Zn(II) in varying concen=-
trations of NaliOz. koryta [14] has studied this systen
by rapid polarogr:s hy. Using the sane current-potential
equation of Berker cnd Gardner, Oldhan and Parry [15]

have also proposcd o logarithmic expression for a totally
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irreversible electrode reduction from which kinetic para-
nevers are determineble. The relation of Oldham and
Parry can also be Jeveloped from the equation of Matsuda
(2. ]« Le. Canacho ct. al [16] have also suggested di-
fTerent mathematical relationships for an irreversible
clectrode reduction from the solution given by Galvez

and Serna [8].

Recently, Pe Mericam et. al [1] have developed a
new graphical proccedure for the determination of kinetic
paraneters of simple electrode reaction by NFPs. The gra-
phical nethodes of these workers heve been devised from
systenatic variation of the kinetic parameters intro-
duced either in closed form scvlutions or in digital si-
nalations. The mcthod has been applied to the reduction
0f zinc in potassium nitrate solution which had already
been used as a teat [17). The possible application of
the nethod for an irreversible electrode reduction has
nlso been suggested [1).

In this work the nethod of P. Mericanm et. al [1] has
been applied anl tested on the quasi-reversible polaro-
graphic electrode reduction of zn(II) in varying con-
centration of NaNO3 that had already been studied by NFP
[13] and rapid polarogrephy [1l4). The test has also been
extended to the pulesrographic electrode reduction of
Ni(II) in varying concentration of KNO; as a supporting
electrolyte.s Ni(II) had been studied [18] by dec polaro-
graphy in O.1 M KH05. Different works on the elcctrode
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kinetics of Zn(II) 2nd Ni(II) ean be found in reference
19. The applicability of the¢ P. Mericam method is also
checked for the totelly irrcversible polarographic
clectrode reduction of Cr(III) in different concentration
of Na0104 as a supporting clecctrolyte. The reduction of
Cr(III) at the Jdropping mercury electrode had been stu-
died as a function c¢f both e¢lectrode potential and
NaClO, concentration by Re. andreu et al. [20]) using

rapid polarographye The rute of reduction of Cr(III) at
Dlils using normal de polarographic method has also been
studied by FeC anson et al, [21], and by R. Parsons and
E. Passeron [22] in an attenpt to scoarch for the poten-
tial dependence of the transfer coefficient. . Various
studies on the c¢lectrode kinetics of Cr(III) hawe been
compiled in reference 19. The validity of the P. Meri-
con et al. method is established by comparing the results
obtained with valucs computed using the techniques of

J.H. Christie ¢t nle [13%] and Uldhan and Parry [15].

In this stuly simpler nmeans of extracting the

kinetic parameters of simple electrode rcactions has

becn proposed. The technique has been developed by formu-
lating sinmultancous cquations from the logarithmic fornm

of Matsuda's equation [2) for the rate constant and the
experinental values of the three quarter wave potential
E3/4 and the half weve potential EVQ of the NPP wave.
The method devised hes been tested on the previously

nentioned gquasi-roversible elcetrode reduction of zn(11)



and the totally irrgvcrsible electrode reductions of
Cr(III) and Ni(II)e The results obtained are in good
agreenent with velues determined by the above nentioned
techniques of J.He Christie et al., Oldhan and Parry,

and P. Mericam et al.

The work has also been extended to the study of the
influence of supporting electrolyte concentretion on the
electrode kinetics from the effect on the experimentally

deternined apparent velues of the kinetic parameters.



2. THEORY

Electroue renctions are heterogenous processes whose
kinetics depend on the rate of charge transfer, nass tran-
sfer, possibly the rate of chemical reactions coupled with
charge transfer, ond other surface reaction, such as adso-
rption, desorption, or crystallization. Because of the
heterogenous nature of electrode prosesses, their kinetics
is profoundly affected by the double-layer structure and
by adsorption of rccctonts, products, supporting electro-
lyte, and any additive. The simplest reaction involvcs
only nass transfer of reactants to the electrode, hetero-
genous electron-tronsfer involving nonadsorbed specics
and nass transfer of the product to the solution. .In this
chapter kinetics of such sinple electrode rcactions and
rnethods of determining their kinetic paraneters by normal

pulse polarcgraphy will be discussed.

2.1 Kinetics of Simple Electrode keactions

Consider a simple clectrode renction, designated

by
——
k
0O + ne == R (1)
[ N
k

where both reactants O and R are assuncd to be

soluble in sclution or in the dropping nercury
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electrode (DME). The rate of the forward recaction

Ve (mol g~1 cm-a) and the backward renction Vy (mol a-l cm_z)

are given by

-
Ve = k co(x=0) - .*L‘c/m_,.‘1 (2a)

\ L AROES
Vb = k CRCKHO) - ia/.nF.l\ (Eb)

— [ T
where k and k are the forward and backward hetero-
genous rate constonts respectively and have a dimension

3

il . - -
of cun s if the concenterations are c¢xpressed in nol cm 7,

The rate constants are dependent on potential, E and

can be expressed as

—— __D_ i ~
k = K exp {4anL ' (33)
RT
SEal e =
k = ko exp r l"'a)nFEJ (5‘b)
L Ro
e ‘T ———. A
where k° and k are the velue of k and k when

E=0, on an arbitrary potential scale and « is a dimen-
sionless parsmeter called cathodic transfer coefficient
which is an intrinsic characteristic of the given

charge-transfer re ction.
4 far more useful potential at which to define the

.0
rate constants is the formal standard redox couple E

where E° has the usunl thernodynanic significance.
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_—i\ h

when E=E°, C_(x=0) = Cp(x=0) und Vg = Vo Thus k = k

and
= - A ;'C. e 1 A
ko exp V In ko exp [Mt]a 1{0 (4)
= R < RT

0
k” denotes the heterogenous rate constant at E® and is

terncd the standard rate constant.

Equation (4) ney be substituted in Egs. (3a) and
(3b)to yield:

— Y
k = k° oxp —"?‘-%MO)E (5a)

s (1) nF(E-E°)
m B oD L—ﬁ;l (5b)

The value of k¥ is charncteristic of a given
electrode process. Its physicnl interpretation is
straight forwerde It is simply a neasure of the kinetic
facility of a redex couple. a system with large kY will
achicve equilibriwa on a short tine scale, but a systen
with small k© will be sluggishe

The cathodic trensfer coefficient, «, which chara-
cterizes the clectrcde kinetics together with ko, deter-
nines what fraction of the clectrical energy resulting
from the displacement c¢f the potential fron the equi-

librium value affocts the rate of ¢lectrochemical tran-
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sfornntions 1In tcerms of free energy-vs-reaction coordi-
nate diagrams [23%,24] it con be proposcd thet the height
of the activation cncergy of the forward reaction is
altered by some froetion a of the total free cnergy
change resulting from the potential difference at the
electrode-solution interfnce when the reduction occurs.
The same assumption requires that the asctivation encrgy
for the reverse renction is nltered by l-a of the tobtal

free energye The volue of o lies between O and 1.
The net rate, Vn, which deteruines the magnitude of
the current i, is given by the difference between the

forward. and reversc rates, so that

— Lt i
Voo = Vg = V= & Co(x=0) = k Cp(x=0) = - (6)
Thus:
— Ca
i = nFa [k C (x=0) - k Cp(x=0)}= i, - i, (7)

Using Egs. (6) and (7) the complete current-poten-

tial equation is written as

- \0 -
§ = Fa kO 0, (x=0) exp [~HEELEEE 2] -
{ b " Sy A

O
CH(xao) EXp [(lha)iz(ﬁ'b ?} (8)

For very rapid electrode kinetics, or Tfor reversible
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processes it can be shown that the general current-poten-

tial relation (£qe (8)) reduces to the Nernst relation:

= _ 5 , BT c°§x=o) %)
nf Cp(x=0)

This class of electrode processes are characterized by
large value of ko, #nd the current magnitude at all

—

potentials is considered to be independent of k°, ky or
ISR

k within the limit of experimental error of method of

neasurnent.

When the electrode kinetics are very sluggish (k°
is very small), the anodic and cathodic terus of Eq. (8)
are never simultancously significant. That is when an
appreciable net cathodic current is flowing, the second
tern has 2 negligibly swmall ¢ffect, and vice versa. For
such kinds of electrode reactions, the reduction process
is solely governed by MEJnnd the oxidation process by
G

k « This type of electrode processes are called totally

irreversible electrode processes.

Electrode renctions are not always very facile or
very sluggish, and the whole i-E charpcteristic must some-
tines be considereds For these types of electrode pro-
cesses called quasi-reversible electrode processes, the
conplete mathematical description requires inclusion of

d h

terns involving both k and k . In this class of
e e

electrode processcs the magnitude of k and k are compa-

rable.
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In experimenval determination of the kinetic para-
nevers, the reccting species in the initial and final
states of the reaction are usually to be located on the
sclution side of the double¢ layer. As a consequence of
this assunption the parsmeters are affected by the
structural change of the double layer. For exanmple the
standard rate constant k° for a given electrode reaction
night be a function of the nature of supporting electro-
lyte or the supporting electrolyte concentration, even
when no apparent bulk reaction involving clectrolyte ions
occurs. These effects can be understood and interpreted
in terns of the variations of the potential in the double
layer regione The basic concepts were described by
J'ruakin [(44] and the effeot is sometimes called Ffumkin
cifect.

Under the assumption that the electrode reaction
proceeds at the outer Helmheltz plane, the Frumkin double
layer effect on the kinetic paramcters is given by the

following equations:

a = o + [(Zo—nat)/nj (BQE/GE) (10a)

o o .
k® = kg oxp [(nxg = 2,) Fp ppnl (10v)
where the parametere with the subscript "t" denotes
the parameters corrected for Fruokin effect, Zo the

charge nunber (with sign) of the species 0, and ﬁ2 is
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the electrical potential of the cuter Helumholtz layer

referred to the bulk of solution.

The overall effect of the double layer on kinetics
is that the apparent quantities, k° and oy are functions
of potential, through the variation of ﬁe with E. They
are function of the supporting electrolyte concentration,
as well, since ¢2 depends on the supporting electrolyte

concentration.

2.2 Normal Fulse Tolarography

In pulsc pelarography a single rcctangular pulse
of short duration per mercury drop is applied late in
the drop life [3-6]. bince the capacitance current
decays much more rapidly than the foradic current,
the current measured at 20 - 40 ms after the pulse
application is esscvntially faradic. The polarogran
is a plot of the faradic currcent produced by the
pulses versus the spplied potentiale analytically
the chief advantage of pulse polerographic nethods
over conventional dc polarography is their ability
to discriminate charging cuarrent. Depending on the
applied voltege function and the method of current
determination, various kinds of pulse polarography
may be distinguished, of which the two most impo-
rtant are differential and normal pulse polarography

(WPP). Wwhat follows is a theoretical discussion

about the latter.
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In NPP the olcetrode is held at a constant, adjust-
able base voltage (El), at which negligible electrolysis
oceurs (Fige 1) sfter a fixed waiting peried T, mea-
sured from the birth of the drop, the value is changed
abruptly to another constant value L, for a short

period.

1 ] |
| | l
'

-
31 Fhrop 1 7 Drop 2 7¥Drop 3 ‘rg

I

Ey =

. a |
1
v\
o B \'
}\i
|
- I

(o] o & QB".E"—?

b

*********** -"‘I"""'l"
L)
1 [
2 l 1
2 A\ P
E ), !

B e 6. ©-
<]

Pige. l. Sampling scheme for normal pulse polarography
(a) rotential programme (b) Current and (¢) Poten-
tial during & single drop's life time
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The potential pulsc is ended by & return to a base value
Iiq e The current is saupled at a time GS near the end of
the pulse, and a signul proportional to this sampled
value is recordeds The drop is dislodged just after the
pulse ends, and the whole eycle is repeated with a seri-
e¢s of pulses of increasing height. The plot is the
output current versus step potuntial hg. The 1/E curve

obtained resembles an ordinary polarograme

H. Matsuda [2] has given a general equation for the
current-potential relation for normal pulsc polarogrophye.
For esfc < Y30, which may be satisfied in usual experi-

nental conditions,

(ii) Cott

L j
gy 8 g (AsVe.) (11)
N.Pf 1 + pr (;8) 2 S5
where
: 9]
naVD C
(i3) Cott = == (12a)
Vm@s
ol A
A2 = k, /VD, + ky /VDy (12v)
A, = (nF/RT) (Ep-Eyp) (12¢)
D
E,, = E° - (RT/nF) 1nl—° (12d)
& oy

Q(,ders) = Vn szes exp ( Ag es)urfc(ﬂ2v053'(120)
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In order to cxamine the behavior of a pulse polaro-
gram, it is convenicnt to derive an eXpression similar
to the log-plot in de polarography.

Considering the liniting case of reversible waves,
3( _!\2‘.’98) is equal to unity within an error of 2%, when
( Agvgs) 2 5« lMatsuda [2] has shown that this inequality

can be expressed as:

(k VO )ND 3 5la%(1~a) (1= (13a)
where
I o AR, )
D = Dj D (13b)

Under such cendition, Eq. (11) can be sinmplified

into

12 . a (1Y ' it &
inpp = (Ldlgoty / (1 + exp (2p)] (14)
or, solving Eq. (14) with respect to Eas

E, = E§2 -~ (RT/nF) 1n [x/(1-x)] (15a)

where

.G . C
x = diypp / Gg)iott (15p)

For normal pulse polarograms of guasi-reversible

and irreversible systens, a new log plot was derived
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by Matsuda [2] using an approximate cquation of @ derived

]

Oldham and Parry [15].

It has been shewn [15] that for any A-VO_ value,
[l (=]

@ (/ALVe_) can be expressed as:
= S

a( /\EVQSJ = £ (16a)

V14:¢ Ave )/ A2
1+ V143( ”2“93'/ A6
where the function E( /\.214'9(_,) can be approximated by:
f e T3 .).
EC AVe,) = 3[1.75 + ¢°( Ajveq)J/q (16b)

Substituting LEqe. (16b) into Lq. (16a) and solving for
AV6

- A - =W2
, Lyl 21}
2 ygs _ V3 175+ O | @ (17)

= 4 | 1 -0

Introducing Egs. (5a) and (5b) into kge. (12b) and

using the definition of D given in Eg. (13b), A, can
ot

be expressed as:

/'\2 . (koﬂ D) [\,Xi/ (_a £ 2 ) & exp f {l-—L‘L) az's ]
(18)

It can be shown (sce sppendix ITII) that the use of

Egse. (11),(17) and (18) yields, upon some rearrangenents,
Z - Ve,

5 ]
g F1.75 + x“(1 + exp(7,)) )
- t (19a)
J

| |
EE:E""-—a—lI:i%‘ln'. xi

o

1-x(Q+exp (¢ r_;'j |

“




=

where

4 x°e_

LT RT
B = Ey $ =2 1D | — (19b)
G iy WD

Bquation (192) is a convenient log-plot for NFP
WaAvVeSs.

Equation (190) can further be simplified for a
totally irreversible waves. The term exp (4 ,) in Eq.
(19a) can be neglccted compared with unity in the whole
potential region concerned. Thus Eqe (19a) will be re-

duced to

(20)

[
-
~J
A0
+
"

S "y

This is the same equation that was previously
proposed by Cldhan and Farry [15]) for totally irreve-
rsible wavesse

The half wave potential of totally irrcversible

waves can be obtained from Lde (20) as

Byp = g 4 -BL 1n | 2.31 k%42 | (21)
ank J VD, -

LEquation (21) shows that the half wave potential for

an irreversible raduction will be a function cf

saupling time, ©_s j.ey drop time governs the tine
(=

senle in de polarography, whereas QS is the equivalent

paraneter in NPP.
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The prceceding relations show that the basis for the
classification of NFF woves into reversible, quasi-reve=
rsible or irreversible applies equally to dc and NFPP.
However, a reversible rceaction in de polarography may be
clagsirfied as quasi-reversible when examined by NPY and
one which is quasi~reversible may be observed as totally

irreversible with shorter tine scale of NPF.

2.% Deternminaticn c¢f Kinetic Pdarameters of Simple

Electrode Reoctions by Normal Fulse Folarography

Various tcechniques of extracting kinetic para-
neters of simple clectrode reactions by NFF have
been Jdesigned by different workers (1,135,151 Jelle
Christic et 2l. [13) have used the current-potential
cquation of Barker and Gardner [12] to devise a
method for evaluating kinctic parameters of quasi-
reversible cluctrode reaction. Using the sanme
current-potential relation of Barker and Gardner,
Oldhanm and Parry [15) have also developed a method
for evaluating kinctic parameters of totally irre-
versible clectrode reduction. These two procedures
cun also be cbtained from the general current poten-
tial equation of Matsuda [ 2] (Equation (11)). Rece-
ntly Pe Mericam et al. [1] have designed a graphical

procedure using computer plots obtained by systematic

variation of kinetic paraneters introduced in the

equation of Matsuda (Equation (11)). & relatively

R
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sinple technique of extracting kinetic peranctcrs by NEP
can also be deduced from the logarithmic form of Matsuda

equation (Equation (19a)). In this seetion a theoretical

discussion of thosc various techniques will be presentede

2.3¢1 Method of J.J. Christie

Introducing Egqs. (12a) and (12e¢) into Eq. (11) and
using the expressicn of A, given in Eq. (18), it can be

shown that

c 0 . &/2 o
aFA C- D %O ~anF (E. —E’\, }
ic z Q S0 ) 6Xp f pod 2
NEE o/2 ¢ = 4
]J11 RT

l

j (22)

2
exp ( ﬁdes)urfc(paves)

Equation (22) obtained from the general cquation
of Matsuda (Equation QL)) is the currcent potential re-
lation for NFF originally developed by Barker and
Gardner [1l2j. Eguation (22) had been used by J.He
Christie et ale. [13] to formulate the technique for
deternining kinetic paraneters of quasi-reversible

¢lectrode reascticii.
since Eqe (11) can also be written as:

.C . ) o 5
Lnep [leexp 2 (Bp-Eyp)l = Va/pVey | exp(A;70 )

i

S C
) gots |
erfe(s,Ve,) | (23)
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equation (23) indicates that the value of /i, V8_ corres-
2 s
ponding to any value of i/:'\..1 of the experimental NPP
polarogranz may be determined from the theoretical plot of
Vio ﬁevgs exp( Aées) erfe ( /Bkes) Vs AEMGS.
From the value of Aeves, a new parancter kVe, defined

by

) T |
nf (1‘2‘ 1/2" J

kve_ = A2¥GS [ l+exp ( (24)
RT -
will be determined.
Using Bgs. (18) and (13%b), Lq. (24) can be re-
written as:
k%ve ~an¥F(Es~E5-)-
kVe_ = g exp | 22 : (25)

h Dg/a.no(l-a)/e RT
Lquation (25) shows that a plot of log k vs E,
should be linear with a slope =(onl/2.303RT). The plot
of log k vs Ey thus gives « fron its slopee At E;a Qe

(25) will be rcduced to

log k = log k° -{a/2)log Dy, - Sliﬁl log D, (26)

" % i) - o PR 0 .
Using the value of log k at Eysy Bq. (26) gives k= if
_R’ and o Vvalues are available.

2.3.2 The Logarithmic Matsuda Equation

L,.B-.C.

A conveniont technique of deteruining the sets of

B ——EEEE
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ot ematamal _ . .
kinetic parzmeters (k° and a) can also be derived from the
logarithule form of Matsuda's equation [2) (Equation (19a)).

Equation (19a) can be rewritten as

—_—
Inky, =1n 2+ 1nbd (27a)
V3V D, 1.75+x°(Lrexp(t 5)) 4774
where a = and b = x ‘ (27b)
4ve, L 1x(leexp({,)) 1€

This relation can be derived from Eq. (19a) by taking
into account the relations given by Egs. (5a), (121),

and (13b).
e
Considering the expression of k2 at EVE and 55/4

e - =¥ (Ey»~E°)- _
k = k° cxp i LVE l (28a)
By2 RT
— -anF(E5/4—EO)§ s
ky = k° cxp ] ‘ (28b)
3 /4 b RT

Eg. (27a) can be wratten cither os

C!-IIF - = wO) ( 29'1)
log k° = Yog & + Log Dt & seesa=i- (B, ~—-E (29¢
i 24 303RT 2

with x = 0.5 and % ,<nF/RD (Eyo-Eyo) (29b)

or

Il}" - "'U )
8 ool \ BB (B B ) (30a
k° = log a + log b + 2. 503RT 3 /4

e m—— T




= O -
with X = 0.75 and £, = nF/RT (53/4-E§2) (30b)

It is possible to ¢btain simultaneous equations fron
Lase (29a) and (302) if the cxperinent: ant

15 (29 (3 . cxperinental Ey, and Ez 1
values of NFP polarcgrar are available. The solution
of the simultenecus equation: yields the set of kinetic

&) -
paraneters (k- and o).

For a totally irreversible electrode-reduction an
expression which enoble one to compute o from the wave
width (E3{f;- Ev4) of NPP polarogram can be deduced.
Toking 1n k, at By, and using Eq. (27a), it is possible

to have the fcllowing relation:

4Ve
{E 4—E_4‘,=—&r—-'ln i..—B-] - _}.{_T-lnko +
3/ / onk V3D, on¥
175432 (Lrexp(s L) y2
RE . 15 % | / i
onk 1-x(1+exp(§ 5))
(85 = E) (31a)
with
! ~T
x = 0025 and ;o = 2= (Byy - Eyp) (31b)
RT
: o
For totally irreversible ¢lectrode reduction k
can be written as
VD
KO i (32)
exp [-Oan (E.- Eo)]
- Pm (4 ———mTTTT




i

Lguation (32) can be obtained from Eq. (12b) by disca-
rding the second termy assuning the effect the backward
(oxidation) process to be negligible and taking into
account Eq. (5a)e Since for an irreversible system exp
({:2) can be negleeted compared with unity Eq. (17) will

also be reduced to

-
]

2. Y2
Vo = V3/4 | x (l:_ll5+_x ) J (33)
X

—

2

Using Egse. (32) and (33) and performing some
rearrenguents, Eqe (31la) will be reduced to the fornm

2 e
: x.ll.2§+x )V

RT 1= Xx! |
Bz — Eyy = 1n| I (34)
5/4‘ Eer anF x" l. E §+x"2 \ ‘/2 J
- { i gd x“2 :

with X' = 0e25 and x" = 0.75. Lde (34) is the sanme

as

o - - BT .029 (35)
L§/4 EV4 e In Qs 02t

Eqe (35) indicates that the wave widith of NFPP
snt for

polarogran to be independent of the rate const:
a totally irreversible clectrode reduction as proposed

by P. Mericam et ale [1]. The experimental wave widith

of totally irreversible electrode re-

Ege {35)s

of NP¥ polarogran
duction furnishes the a value using

§ uico . 3 3 9 1 th ;
For totelly irreversible ¢lectrode reactlons e

D ————
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tern exp (£ 5) in b of equation (27a) can be neglected
conpared with unity. Equations (29a) and (302) derived

from Eq. (272) con thus further be reduced to:

2
log k2 = log & + log r X ll:Zé_i_E ]VE }
L l-x
it —g.nl._( " EO)
2.30580 V2 (3682
o 1 x© 1 Y2
logk alosa.;.log’x‘—._ZLJ ‘f
] L )
anF : -0
o R - E°) (36b)
2.30380 /4

Since x in Bcse (36a) and (36b) is 0.5 and 0.75 re-
spectively (sce equotions (29b) and (30b), Lgs. (36a)

and (36b) will bc simplified to:

log k° = log a + :—%iggg (EVQ 4 %) (37a)

’ nk ~ (o]
log k° = log a2 + 0.358 + —= 3 e b
. 2,303k /%

(370)

The solution of the sinultaneous equations frou
equations (372) =nd (37b) furnishes the values of k°
and a. Equation (372) and (37b) also indicate the
kinetic parameters of irreversible systen can be deter-

nined using EC values without any knowledge of E§2'
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2.%+% Methed cf Cldham and Farry

Uldham and Perry (15) hed developed Eq. (20) of
irreversible waves independent!y of Matsuda's equation
using the current potential relation of Barker and

Gardner [12] (Eqe (22)).

Equation (20) can be rewritten in the form

2. 303D 4. | x2(1.754x%) -

o } oo = E, -E, (38)

BEquation (38) indicates that 2 plot of logl

x”(1.75+x )f vs (=E) of the experimental WFP polaro-
13 4

gran gives a straight line with a slope of (2anF)/2.303RT)
¢nabling one to evaluste we The intercept of the plot is

Eyo ond yields k° on application of kg. (21).

2e%e4  Method of Pe licrican

P. Mericam ot al. [1] have developed systenatic

i 3

nethod of cvaluating kinetic parancters of simple elec-
trode resction using paraneters of casy experinental
access, namely, the half wave potentigl EV2 and wave

ui‘th{m5/4 qulcf NPP polarograile Their method has

been developed by systematic colculation of(Ey, = E)

md(E E,,) fron the sct of kinetic paramcters intro-

3/4

duced into the general current-potential equation of
The calculations wcre perfo-
ndix I.

lintsuda (Equetion (11)).

: in Appe
ried with a compuber using a programue shown in APP
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3 tained depend ; A - (9 ) "
The obtained dependence of (B Lvelﬂnd(h3/4 - Ey,) on
o s - !
log k~ for differcat values of a is shown in Figs. 2a

and 2be

In the reversible situation (log k° > -0.5) no
information can be obtained on the asctual values of k°
and a. In totally irreversible region (log k° < =2.5)
the situation is rather sinple. The experinmental wave
vidth (E3/4 - qu), furnishes the a-value, since the

wvidth (E - EV4) is deternined by a only as shown in

3/4
Fige 2b. It has been reported [1] that expression of

Hq. (35) for the rve width holds truye, The experimental
shift of B, vs the standard potential gives log k°
corrcsponding to the evaluated o value using

Fig. 2a where half wave potential is linearly Jdependent

on log k.

In the quasi=-reversible donain of the electrode-
reactions there is no such sinple relatieonship in eva-

luating kinecbic perepcters as that of totally irreversible

¢lectrode resctionse fThe experinental characteristics of

the NPP polarogrsu depend both on the standard rate con-

stunt and the tronsfer coefficient. Thus the quantitative

evaluntion of the kinetic paraneters using the simple pro-

. > anctions is not
cedure of totelly irreversible electrode reaction

n -
possible. 4 graphical procedure has thus been elaborated

(ko, o) corresponding to fixed

an be evaluated

The pairs of wvaluecs

(EU o Evg) Or/an'ﬂ. (Ea/q_ = ..EV‘!_}_) values €

0
: . o
fron Figs. 2a anl 2b, and plotved in & Tog k- 78
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diagran (Fige 3)e . set of straight lines for the first,
and a set of curves with vertical asymptotes for the
second hed been obteined.

fhe determination of kinebtic parameters from the
experinental NPP polarogran is then streight forward:
the shift of the half-wave potentisl and the wave-width
belong to two-crcosing lines. The intersection coordi-

nates Jefine the set cf log k° and o values (Fig. 3)
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_ Bt
log 'k va a disgrsn st eonstint (E7 = 8?2)

- and constant (E}/¢ = ;Eyq_)- [1]



L
3¢ EXPERIMENTLL

The chemicals used were %n (N05)2 (Riedel de Haen),

Nal0z (analar, BDH), Ni (N05), (Kiedel de Haen), KO,

(unalar, Hopkin and \illiams), Cr (N03)3 (BDH) , HC10,,
(BDE) ond NaClO,(BDH). Polarographic experiments were
perforuned using mercury purified according to procedure

in reference 26.

The Zn(II) solutions were prepared from a stock solu-
tion standardized by EDTA titration with Erichrome Black
T indicator [27). Stock solution of Cr(IIT) (1072
Cr(III)) was prepnred by dissolving Cr(N03)3 in a ten
tines nore concenterated HC1Q, solution [20]. &ll solu-
tions were prepared using doubly distilled water. 4ll
polarograns were run for 0.19 nM Zn(II), 0.20 uM Ni(II),

and 0.2 mMd Cr(III) concenterstions.

Polarograns were obtained with a Metrohn pelarecord
1506, and the NPP ~.clarographic technique with a drop-
tine of 1 second yas achieved with a lietrohn polarographic
stand E505. 4ll messurments were taken at a scan rate of
0.5 nV per second. The experinents were carried out under
thernostatic condition at 25 & 5°C using & water-jacketed

Polarographic cells 4ll solutions were flushed with pure

grade helium for 10 minutes and then blanketed with an
atrosphere of helium while recording the polarograns. ¥or
Zn(II) and Ni(II), potential neasurnents were taken against
the 4g/4gCl, KC1 (setd.) reference electrode. The reference
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electrode conpartuent of the Cr(III) systen contained
supporting electrolyte and the reference clectrole was
Ag/ngCl inmersed in saturated NaCl instead of KC1 to
prevent the precipitation of KCl0,. NFF polarograns
were obtained at a base potential of -0.8V for 4n(II)

and -0.6V for both Ni(II) and Cr(III) systems. The
potential values used were extrapolated from the recorded

polarograms and have an error of T 002 Ve

In the NFP technique the pulses were generated in
the lost 200 ms of each droplife using the Metrohm pola-
record 506 and the current was measured for 20 ns at the
end of erch pulse Juretion. For the determination of &4

liatswla [2) hos leveloped the following relation:

6, = 6; +86/2 (39)

where 8 the time st which the current neasuruent is

ll
starteds

OO: the time duration in which the current is

necsureds
a . - 3 3 I an
Equation (39) is ay;licable when 6; is 1arger th

3/2 o), For our experimental condition where 6y

R b 10 f
180 ns, is great.r than 3/2 £6), 30 183 eveluation O
O, using equation (39) is a justified approcch. The

S
experinental 98 was thus conputed to be 190 10



4.1

4o RESULTS aliD DISCUSSION

vn(II)-Na [0, Systen

Zn(II) wos studied in 0.49M, 1.05M, and 2.45M
NuNOE &5 supl. rting electrolyte. The set of kinetic
paremncters were ceternined using the techniques of
J.Hs Christie, P. Merican and the logarithnic
latsuda equatiocns. The diffusion cvefficient values
used in all tThe three nethods were infinitely dilute
values and were D = DH = 7.2x10"6cm25_1 [25]« The
equations of Tthe varicus techniques enployed in the
nnalysis of the different systems are compiled in

able 1.

4.1.]1 Deternination of Kinetic Parameters

4,1.1.1 Nethod of J.H. Christie

The volue of Ej, used in this techni-
que wos deternined by means of the extrapo-
lation method [13,14,28-30]. Normal de¢ pola-

rograns teken with a droptine of about 6 8

i .

were used to plot log(- j B L ed R
ld ! 1 t

of Eﬁq were cbtained as the potentials a

-1

which the straight line tangent to the log{

s plot ot the nost anodic poten-

) vs b
ey —_— axis
tial intersect the 108 (1 -1)
d
- - T T
See Fige 4 for the deternination of Eyp fo

i alues of
Zn(II)= 0.49K NallOz systere The value

dicated in
T o B et doakame BDE LI {ic



Table 1. EXEquations used for the inalysis of the
Zn(ll)-uauo5 Systens
Method of Equaticns used zquation | sonment
analysis number
46~ - f Used
NiZ for the
= % - mination
of r_2"4 GS
% 5 - nkt' kL -5 ) -1 -
JeH.Christie \ . 3 2 V2 \ Used fcr
kVe_ =\ V6, 1+ex1( = ) 24 e Aatie
5 ruination
of k
O/ - A ! e e
, k“Ve, | —onF(By-Eyo) o Used for
kVeg = exp . Jsetermi-
[0/2 (1-w)/2 ¢ RT nation 01
b ollo - - « (lo
Vs L
i : = - -(X . e Used for
| « 1o ¢ = log lZL = t,/c;' Jlog Dy, = "—'—:{—) log I 20 the lete-
- ruineticn
of log k= i
. e log ':U = log a + log b + .2 - "L‘:/'Z;\—'.ro) 29a
Logarithnlc 2, 303R0 o
natsuda . .
! ; log 1° = logs+ log b + xnt U—’j/q ~-E?) 30a
J..'.r\l’.“-'clull g 5051;:11
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Table 2. The value i ]
nable e values ¢f L“/Q V8 4g/4Ag Cl, KC1 (satd) of
zn(II) RecCuction in Various Concentration of

N»’.‘\TOB

;VB'\J05 E‘I/E

I v
O' 4‘9 "00958
1,05 -0.960
2'4’5 "‘"0' 954

Tied mier o - T r r
Using this experimcntal EVQ‘ the values of 2,

5 )
nF(E - Ey,)
Z = [1 + expi ———-—-ﬁg)_l (40)
RT
at differcnt potentisls were calculated for the
evaluation of } VO e The values of 4 were then nulti-
plied with the corresponding experinental i/iq of the

‘he experimentally obtained NFP pola-
Using the

N¥P polarogran.

rograns arc shown in Figs. 6a, 6b, and 6Ce

relation estoblished in equation (23) (see fable 1),
}‘;3" QS values at different potentials of the NFP polaro-
gran were deternined frou the respective experinental

. _ 2
a (i\ terns ond the theoretical plot of Vix exp(x”)

i
d
erfc(x) versus x shown in Fig. 5.  The values of
. b e
‘*:fb(xa) anl erfe(x) versus X Were obtained from th
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1litecrature [31].

¢ evaluate the kinetic parameters, values of kVOs
wvere calculcoted by dividing the ".=-.2 ygs terne with the
correspending Z vilues according to equation (24) shown
in Teble 1. Log k was conputed from the kVGB terms and
plotted agoinst Ee Using the relation of equation (25)
(sec Table 1), a wns calculated from the slope, slope =
(-an¥)/2.303RT). The value of x° was determined using
log k at Eﬁe obtnined fron the plot of log k vs E and
the relstion of eaustion (26) (see Table 1). * 4pplying
this procedure to Zn(II)-0.49M NalUy the results of
moble 3 znd the log k vs E plot of Fig. 7a were obtained.
Duble 3. The values of \,VO,s KVEg, and log k at Jdiffe-

rent Potentiale of Zn(II) reduction in 0491

NaNO5
3 . " » k

(V) % 2(i/iy) ApVeg KV 6, log
~0.950 2.67 0.877 1.67 0.62? ((J) Zi
-0.970 1.39 0.805 1.20  0.800 g. e
-0.980 1.19 0805 1.19 1.09 0.416
-0.990 1.09 0.812 1.24 _1.156 0-491
-1.010 1.02 04870 1.62 1.58{3 0-614
-1.0%0 1.00 0e 914 2.13 2-}20 . P
~1.04¢ 1.00 0,928 2,58 2.575
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The values of A,Ve : X
The values of A,Ve, Versus E of Table 3 for Zn(II)-

004( b 1.7'..‘-1\T{J systen indi n o 3 aad 4 o
Ik I 3 Syste indicate an initiel decrease of

=

/ SV e

n The W 2 .
ol By Sk PEE lower negative potentials region at in-

creasing negntive volues of E. But after reaching a

ninina, }\2‘-: GS valucs increnea with an increase of -g£ in
the higher negative potentials region. This trend of
}A.;_)V'Gs is the sane os that of J.H. Christie et al. [13]
at saupling times of 20 ms and 40 ns. The value of log
k on the other hsnd shows a linear dependence on E as
shovn in Fig. 72. This dependence of log k on ¥ is in
agreenent with the theoretical prediction of equation
(25). From the plot of log k vs E, k% (en s1) end
were calculated to be 4.34 X 10"3 and 0.21 respectively.

he datn for systems of Zn(II)-1.05 M NaliOy and

zn(1I)-2.45 ¥ NaNO; are given in Meble 4 end 5 from which

the log k vs & plots of 70 and 7c¢ were cbtained. The

and Zn(II)-2.45 M

pairs: (k°, o) for un(II)-1.05 K NaliOy
5 crn Sﬂl, 0021)

NliOg were (eter ined to be (R«19 10"
and (1.89 x 10~2 cn 8™ty 0.22) respectively:
Results of Toble 4 of the yn(I1)-1.05 i NeN0y systen

shows that the trend of A, V6 with respect tc E is the

sume as that of Zn(II)-0.49 U NaNO; system. The linear

also shown in Fige 7Ds Un-

dependence of log k ¢n E is

like the 2zn(II)-0449 U Naki0z system, log k has 1l
poten’cial regions

ow nege-

tive values in the lower negative

which indeed is the source of variation 1D the evaluated
values of the rate constont. The values in Table 5 also



show that A Vg rud log k vs E (Fige 7c) have the same

trende

mable 4. The Values of A V6, and log k at different

potentials of Zn(II) Reduction in 1.05 M NaKO,
E(V) Z z{?\ Nye, ke, Logk
d

_0.960 2.08  0.680  0.72  0.345 =-0.101
_0.964 1.78  0.642  0.67  0.376 -0.064
_0.968 1.56  0.618  0.63  0.403 -0.033
_0.972 1.41  0.6C4  0.60  0.427 =0.009
_0.976 1.29  0.601  0.59  0.45%6 0.020
_0.980 1.21 0,604  0.60  0.49  0.050
_0.984 1.15  0.609  0.61  0.529 0.08
20.992 1.08 0,627  0.64 0,595 0.15%
_1.000 1.04  0.666  0.73  0.702 0. 206
=1:020 1.0% 04755 0.99 0.982 0.352
_1.060 1.00  0.823 130  1.298 0. 470

Table 5.

The Values of,ggVQS,

“otentials of %n(II) Reduction in 2

k‘dgs, and log k

V) 2 2(i/ig) MoV V85 106 k
-0.940 4.120 0.817 .27  0.308 ~0.15
-0.950 2.380 0.662 072 0.3%02 =-0.16
-0.960 1l.614 0.576 0455 0.345 "—0.101
-0.970 1.272 0.555 0.51 0.397 =0.0%
-0.980 1.121 0.578 0.56 0,500 006
-0.990 1.054 0.619 0.63 0.602 0.14
-1.007 1.024 0663 0.75 0.712 0.21
.00 1.010  Oe7il GuER N DGR 0.29
-1.020 1.004 06757 100 0.998 0436
-1.03  1.000 0.803% 1.20 1.195 0.44
S B LY LT - T et o A ano dedd 1,615 057
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4.1.1.2 Hethod of F. Mericon

To adjust the procedure of P. Mericam to the
conditions of our system the following changes in the

progranme of ippendix I were made:

80 C4 = 190E - 3
100 D1 = SQR (.72E - 5)
105 D2 = SQR (.72E - 5)
110 EC = =0.763

These were cone so as to include the experimental

sanpling time es = 190 ns, the diffusion coefficients

2

-5 w1 0

WHE. Theoretical calculations of E° - Iijv2 and E3/4 - Ev4
were then performed for 0.05 < & < 0.5 (with successive

- - 4
ddition of 0.05) and 107 > k° (em 870) 3 107" (with

successive addition of -0.05 to the exponent). The pro-

3 4 4 3 m onD
graumne was run with Wwang nicro computer. The couputer

tine used to complete the cnloulation was 1:30 hrs. From

the computed values,(Eo - EV23and‘E§/4 - qujwere plotted

against log k° at the different values of o, Figs. 8a and

8be

For the application of the technique, the expe-
rinental paremeters of{Eo - Evg}nnde3/4 - By, were

o
e¢xtracted from the NFF polarograle. the values of log k

e : e
at the various values of o for the experimentally obtained

(B° - Byp)end(Bzp ~ By

spective theoretical plots ©

y) were then evaluated from the re-

- o
f Figs. 8a and gb., log k

___#
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wns then plotted ageinst a for these fixed values of

(Eo - Eypjand (Ez sy = Ey)e In accordance with the proposel
of P. Mericam et ale [1) straight lines were obtained for
{Eo - Ly p)and curves with vertical asynptote i‘or{E;,.,/4 -

By yEor gn(II) systems stulied, Figs. 9a and 9b. The

set of kinetic parsmeters were then deternined from the
interscetion coorlinate of the two erossing lines of the
plots of log k° ve « at (E® - Eyp)and (Ex /, - Ey,)of ench
systen. Since the theoretical calculations were performed
at intervals of 0.05 of o and log k°, the obtained re-

sults apre reported with error of L J05¢

Starting with Zn(I1)-0.49 L NaKOy system, the experi-
12 -1{'0— S L D - 0 n-‘.
nental{E® = Eyp)= 04006 V and (i /= Byy}= -0 046 V were
obtained from the NEF polarogran of Fige 6a. after
extracting the corresponding pairs: (log k°, a) from
5 O 2
Figs. 8a and 8b, the plots shown in the log k° vs a die-

gram of Fige Qa were obtained. Lhe values of log

(ko/ cm s-l) and o from the intersection coordinate werc

found to be —2.40 £ .05 and 0.2 % )b respectivelye.

0 ;
In the some way the experimentnl:h - hvz’“ 0.018 V

- EV4 = =0.068 V of the NPP polsrogran of

6b), and the plots of Figs. Ba

vn(I1)-1.05 M NaNOz (Fig.
snd 8b yield the vespective plots in pig. e The VElUSS

1) 2nd o from the plot in Fige

5 and 0.19 % 05 respe-

= b were
of log (k°/cm s 9b we

. +
then evoluated to be _2.61 = .0
ctivelye..

- qu) = -0.076 V

Using (E° - EByp) = 0-018.¥ and (B3 /4

B
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log (x°/cm s~1)

-
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Fig. 9b log :% Vs & dingran Bt (a) E5/4 EV“

¢ zn(II)
E°- = 0.018 V ©
(b) By = Byy = 0,068y} (¢) Byp

B 1.05M and =ce.40K liaNO5 gysteks
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of the LrP polarogram, Fig. 6c and the correspounding
plots in Fige 9P obtained from Iigs. 8a and 8b, the pair:
[log (k°/cm s 1), ol of Zn(II)-2.45 M NN, was found to
be (~2.60 % .05, 0,16 = .05).

4.1.1.3 The Logarithmic Matsuda Equation

mo study the applicability of the technique
deduced from the logarithnic Matsuda equation, simultane-
ous equations for ench systen were fornulated using equa-
tions (29a) and (50a) (see Table 1) and the experimental

- o
va and E5/4 of the NPP polarogramss. The hv2 term found

in the egquation is identified as E® in all the systems.
pince (DQ/DR)‘V2 is almost unity the velue of E® has n
negligible 1iffercnce fron E;Q nccording to equation (124).

nhe assumption is further justified since E$2 obtained at

0
Jifferent concentrations of NaHO5 do not vary from E
Zn2+/Zn.

2 -0
For Zn(II)-0.49 M NaNOz the values of Ey, = B

y = ® from the NEP polarograbs Fig. 6a, were

and B
2 ‘ .
d -0.028 V respectively. Using

cvaluated to be -0.,006 V an

these experimental values, equations (292) and (30a)

yield the following simultaneous equations:

log k° = =2.32 - 02030 (41a)

410
log kK° = =2.113 = 0. Qb0 (41v)

= 123
the valucs of 10§ (k°/cn 8 ) and & calculabe
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vin equations (4la) end (41b) are -2.37 and 0.28 respect-
ivelye.

mo determine the kinetic paraueters of the zn(11)-1.05
M NuHUB systen, the experinental values, EVE - E° = =0.018
V and E5/4 - 59 = -0.058 V, with equations (29a) and (30a)

yield:

log k° = =2.50 - 0.682a (42a)

I

log x°

n

~2.207 = 1,960 (42h)

Logs (ko/cm s-l) and o were then computed to be =-2.66 and
0.23 respectivelye
In the same way as the previous cases, for Zn(II)-2.45

M EnN05 the following simultaneous equations fron

Evz - % = 0,018 V ond E3/4 - ¥° = -0.058 V were formu-
lated:
iog k° = =2,501 = 06820 (43a)
(4%b)

log k° = —20209 - 2.027a

]

mhe pair: [(log k°/cn s"l), a] wos then calculated to be

(=2.65, 0.22)

4,1,2 Discussion

The experimentnl values of the kinetic para-=

neters of the three techniques and the literature
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valucs in the varying concenteration of NaN03 are listed
in Table 6. Comporison of the results shows a reason-
nble agrecment betiveen the values of the three techniquese.
phe agreement of the literature valucs of k° at e, = 20 ms
and 40 ms, with the experimental k% (at 6, = 190 ms)
further consolidntcs the fact thet the effect of 6, on

the rate constant is not 80 gignificant,

In addition to the sinplicity of the technique deve=
loped from the logarithmic forn of mutsuda's equation,
the agreement of 1Us result and the previously establi-
gshed procedures vf Fe Merican et al. (1) and J.H. Christie
¢t nl. [13] demonsirates the reliability of the obtained
volues as well as the validity of the nethod. The re-
sults also confirmi the applicability of the P. Mericon
et nl. technique to the quusi—revorsible electrode re-
duction of zZn(II).

With regard o the effeet of the concentration of

the supporting cloctrolyte on the rate of reduction of

yn(II) the results of the J.H. Christie technique un-
ravels o decrease of x° value with an jnerense of N3N03
concentration implying & deerease in the rate of dis-
charge of 7n(II) ab Dk The value of k° o the logari-
thnic Matsuda's cougticn and the technigque of Fe Mericam

lisclose a differcat tendency jn transition from 1.05 M
to 2.45 N N2N05. this variation in the trend of rate

constant may be bocause of the polarograms of Zn(II)=2:42
Il NaNU, which arc ineonvenient for analysiss This cone

5

—__4
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of the HrP pelarogram, Fige 6c and the corresponding
plots in Fig. 9b obtained fron Figs. 8a and 8b, the pair:
(log (k%/cm s™1)y ] of Zn(II)-2.45 U NalOs was found to
be (=2.60 = 405, 0.16 = .05).

4,1.1.3 The Logerithmic Matsuda Equation

Mo study the applicability of the technigue
deduced from the logsrithmic Matsuda equation, simultane~
ous equations for esch systen were formulated using cqua-
tions (29a) and (30a) (see Table 1) and the experimental
of the NFP polarograms. The E;Z term found

in the equation ie identified as E® in all the systems.

since (D /Dg)Y? is eluost unity the value of E° has »
negligible difference fron E;Q according to egquation (124).

“he assumption is further justified since E§2 obtained at

(0]
different concentrations of NaNO5 do not vary from E

En2+/Zn.
5 o
For Zn(II)-0.49 I NolNOg the values of By, - E

— E° from the N¥P polarograt ¥Fig. 62, were

o0v6 V and -0.028 Vv respectivelye. Using
ations (292) and (50a)

and }:,5/4
evalunted to be =0

these experimental values, €qu

yield the following sinultaneous egquations:

log kKO = =2.32 — ®.205« (41a)

log k° = -2.113 - 0. 946a (41b)

ﬂl ’ T
mthe valucs of 10g (x°/cm 8 ) and & calculated
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via equations (41la) and (41b) are -2.37 and 0.28 respect-
ivelye.
mo determine the kinetic parameters of the Zn(II)=-1.05
jd Nnﬁoa systen, the experinental values, EVZ - £° = -0.018
) o} :
V and h5/4 - EY = ~0.058 V, with equations (29a) and (30c)
vield:

log k® = =2.,50 - 0.6820 (42a)

"

2,207 - 1.960x (42h)

log k°

Log (ko/cm.s-l) and o were then computed to be -2.66 and
0.23 respectivelye

Tn the same way as the previous cases, for Zn(IT)-2.45
A HnNO5 the following simultaneous gquations from
EV2 - E° = 0,018 V ond E5/4 - E° = -0.058 V were formu-

lated:

(43a)

log k% = -2.501 - 0.682x

(43b)

log k° = =2.209 - 2.027«

ihe priss [€1oR ko/cm S—l), o] was then calculated to be

(-2.65, 0.22).

4,1.2 Discussion

The experimental values of the kinetic para-
literature

neters of the three techniques and the
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values in the varying concenteration of NnHO5 are listed
in Table 6. Comporison of the results shows n reason-
able agrecment betieen the values of the three technigues.
he agreenment of the literature valuvs of k° at y. - 20 ns
and 40 ms, with the experimental k° (nt ‘a = 190 ms)
further consolidates the fact that the effect of 98 on

the rate constant is not so significant,

In addition to the simplicity of the technique deve-
loped from the logarithmic form of Matsuda's equation,
the agreement of its result and the previously establi-
shed procedures of k. Merican et al. [1) and J.H. Christie
¢t nl. [13] demonsirates the relianbility of the obtained
volues as well as the validity of the method. The ru-
sults also confiri the applicebility of the P. Mericou

¢t nl. technigue Go¢ the gquasi-reversible electrode re-
duction of Zn(II).

With regard ©o the effect of the concentration of

the supporting cloctrolyte on the rate of reduction of

yn(II) the results of the J.H. Christie technique un-

ravels n decrease of k° wvalue with an 1ncresse of NaNU}

concentration implying a decrease in the rate of dis-

0 .a &
charge of Zn(II) ab Dkk. The value of k=~ oI the logari

'g coqustion and the technique of X Mericam

thnic Matsuda

a d n
disclose a differcat tendency in transition from 1.05
‘ ¢ trend of rate
';.'.n(II)-Z-q-f?

This con-

to 2.45 M NaROz. ihis variation in th

constant may be bocause of the polarograns of

i HnNU5 which arc inconvenient for analysise
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tradicticn of the results nmay be solved if the studies
were performed at higher concenteration of Naﬂoj, for
the studies in more concentrated solution give a proper

insight intc the rcduction rate response [20,32].

The trend of k° observed in the results obtained
using the J.H. Christie technique had also been observed
by Koryta [14] in his study by rapid dé polarography end
by J.H. Christic et al. [13] using NFP at the two
sanpling times of 20 ms and 40 ms. Such dependences of
k° or Zn(II) reduction in varicus types of supporting
electrolyte heve also been shown [19] using different
¢lectrochenical ncthods. For 2zn(II)-Nali0y system it has
been shown [14] thot the decrease of the rate of electrode
reduction of Zn(II) is due to the decrease of the potcn-
tinl Jdifference in the double layer which in its most

port is caused by electrostatic effect of the ionic port

of the double layers

4.2 Cr(III)-NaClO, Systen

In the study of the electrode kinetics of

¢r(ITI) the proposal suggested by P. Mericam et al.
1) for the totally irreversible electrode renction
fhe irrceversibility of the
d of

is applied and tested.
clectrode rocction is checked using the nmetho

Oldham and Parry with a further use of this techni-

m 3 -
que to evalusate the kinetic parancters. The techni

que of the logarithmic Matsuda equation is also
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Table 7.

Ni(II)-KNO, and Cr(III)-NaClO, System¢
-

Equations Used for the .nalysis of the

Method of

anelysis

Equations used

Equation

nuribers

Conment

Oldhan and

Parry

s

_ to. ™
B,,=F° 4 BT 15 2,31 k°f-8 |
4 anF D, |

21

Used for dete-
runination of
log k©

2+ 30317 f“ 2(1 5 2)--rt
=a'") ‘,-i log\ X o? +X !

= Eyp = E;

e

Used for dete-
ronination of
o (lo§ Y vs

E;

Pe Mericam

Used for the
determination
ot o

Logarithnic
latsuds

T S ad et =
L-'!lm.'“v.l cn

2un¥ CL' =)} 1
: RT
B syt = ln 0.029 35
. e - (s
log k° = log 2 + .S iﬂvg - E) S7a
2+ 303RT
o g ank? - 0 27D
log " log a + 0.358 + - (u3/4 E) /

2« 305RT
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cuployed to extract. the kinetic perancters. The equn=
tions of the difforent techniques are listed in Table 7.
The study wes periormed in 0.2, 0.5M and 1K Naclo, .

The values I Jiffusion coefficicnte of Cr3+ and

Gr2+ used in all vhe three nethods were obtained from

literature [21] and were D0r3+ = 5,6 x lO"6 cn2 s"l

34 = 7.9 % 1070 -1,

and

B en® g7t E® (0r?*/cr®*) et the di-
fferent concentration of NaClO4 were determined by Re
sndreu et ale [20] and has values of -0.665 V, -0.650 V,
anidl =0.0645 V versus SCE for 0.2M, 0.5M, and 1M 1\?::-:}10,+ re=-

spectivelye.

4e2s1 Deternination of Kinetic lFarameters

4,2.1el Mcthod of Oldham and Parry

In the study of Cr(III)-NaClQo, system
using the t:chnique of Oldham and FParry, the irre-
versibility of the ¢r(III) reduction in each con-
centration of RaUlU4 was Tirst confirmed using the
relation established in equation (38) (see Table
7). From the respective NPP polarogram, the expe-
rimental i/iy (i/i, = x) at different potentials
were deternineds Log Yy, where

—

[ 202,95 .22
log y = log ;x (170 + X0 (84)

(1 -x) A

% m . ¥, f
was then -lotted agninst (-£). The linearity o
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the plot demunstrates the electrode reducticn to be

totally irreversible (see equation (38)).

The value of o of each systenm was deternined from
the slopey where the slope = (2an/0.0592) V“l according
to equation (38)e The value of Eyp obtained fron the
intercept of the plot of log y vs (-E) should coincide
with the experimental EV2 of the NPP polarogranm accordling
to equation (38)e. The volues of k° of each system were
then calculated using an alternative expression of

cquation (21):

5. | .
P s ; antilog! (hvz - B%) (45)
2e51 \jgs J

\
and the values of the experinental E o tosethcr with

the literature velues of Dy, 5+ and hCr5+/0P

For Cr(III)-0.2M NaGl0,, the plot of log y versus

(-k), FPig. 11 was found to be linenr showing the elec-

. z - e 3 mMha . o
trode reduction to be irreversible. The volue of a was

conputed from the slope, and found to be 0.78. The

cxperinental Ej5 of the NPP polarograu, =0.781 V, (Fige

10a) agrees well with the intercept of the respective

plot in Fig. 11, -0.782 V, in accordance with the theo-

retical prediction of equation (38). Using the relation

: ; alue, lo
of e¢quation (45) =nd the experimental Eyo V Auas Lo

ke

(k°/cm s~1) was calculated to be =4+75

Extending the technigue %o Cr(111)-0.5M NaGl0,
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systeu, the plot of log y vs (-E) shown in Fig. 11 was
obtained. The lincarity of the Plot ogain confirms the
irreversibility of the electrode reduction. The plot
gives a slope of 22.75 so that the value of a = 0,67,
In agreencnt with cquation (38) the value of the experi-
nental E, o of the NFF polarogran (-0.838 V) (see Fig,
10b) and the intercept of the plot ceincide. From equa-
tion (45) and the oxperimental Eyoy log (k°/en s']‘) wns

conputed to be =5.25,

Following the sbove nentioned steps to Cr(III-1M
11:10104 system, the linenr plot of Fig. 1l unravels the
systen tc be irreversible. The value of a from the
slope was evaluated to be 0.62. The experimental EV? of
the NFP polarogran, (Fig. 10c¢) which is the same a8 the
intercept of the plot, -0.864 V, anl equation (45) give

1og (k°/en s"l) to be =5.38,

4e2.1e2 liethod of ¥, Merican

To apply Ghe method of P. Mericam the following

T E
changes were done in the programme of sppendix L.

70 (1 = 96500)/(8.%14 x 298)
80 C4 =190 E - 3

100 D1 = $5QR (0.56 E - 5)
105 D2 = SQR (0.79 E - 5)
110 EO = -0.650

stetement numbers 70, 80, 100, 105 and 110 were
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changed in order to take into account the valuee of n = 1
for the cr2t/cpet systew, the experimental sampling time
O, = 190 ms, the diffusion coefficients Dopd+s D0r2+ nnd
EQp3+/Cr%* = 0,650 V ve SCE. The theoretical calculation
were performed for C.4 < a < 1 (with successive addition
of 0.05) and 20™* > (k°/cn &™1) > 1078 (with successive
addition of the exponent by -0.05). “he snue computor
as in the previous case was used with a computer time of
1:45 hours to complete the calculations. From the caleu-
lated values, the thevreticnl plots shown in Fig. 12 were
obtained.

To judge the applicability of the P. Merican's
nethod to the irrcversible systonm of Cr(III), « of each

systen wes calculated from the experinental weve width

using cquation (35)s The nethod was then crosschecked

by considering the agreement of the theoreticnlly calcu-

lated irreversible valucs of E3/4 - EV4 ot the experi-
nental value of o with the experincntal wave width,

appendix II a. The jpreversible wave width value for

each o corresponls tc the ¥z 4 - Eyy value in the region

wvhere the wave width is independent of the value of log

k° [1]. If the technique was found to be valid fron the
agreenent of the thecretical and experinental results,
unted fron the theoreticnl plot

the value cof k° wos eval )
12.

f Fig.
E® - By, vs 108 k° st the experipental a of Fig

From the oxperimental wave width of the NFF polaro-

n (Figs 108) =0.060 V, the value of a« of cr(II1)-0.2M
Sra . .
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Fig. 12 (E°-B’E)Vs 1ogk° diagran at various a values {or
the smalysin of the Cr(II1)-NaCl0, systems
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Hﬂcloq wns calculated to be 0.76. The theoretical value
of the wave width from appendix II a at a = 0.75 is
-0.059 V. Within on error of a, 0.75 £ .05, o rensonsble
agreenent can be observed between the experimental and
the theoretical wave width. It is thus possible to pursue
our study on Cr(Iil)-0.2li NaCl0, using this technique.
Using the experimentel B EVE value of the NPP poloro-
gram (Fig. 10a), 04162 V,.the corresponding value of log
(x°/en s_l) from the plot of Fig. 12 at o = 0.75 wns

evaluated to be =4.63 £ .05.

The remaining twe systenms of Cr(III) have the sume
experinental wave width of -0.070 V. The experimontal
valuc of o was compuvted to be 0.65. BSince the expoeri-
nental @ of Or(III)-0.5# Nacl0, and Cr(III)-1M NaClQ, is
the srue, it is possible tc assess the applicability of
the method by taiting into account the theorctical wave
o = 0.65 for both systens.

width of appendix II a at

Nhe theoretical value of E3/4 - qu from uppendix II a

is around =0.069 V showing a good agreenent with the

experirental E3/4 - qu, -0.070 V.

> P an of
The value of B = Eye from the NFF polarogran

Cr(III)-0.5M NaClO,y Fig. 105, is 0.233 V, so that log

- SR .
(k0/cn B-%) = =5ed5 %..05: In the snos way B B

' ig. 12 Jdefine lo
0.264 V of Cr(III)-1M Nacl0, and Fig 12 Jdefine 1log

(ko/cm s_l) to be =5.50 1 .05,

4,2.1.% The nggxithnic Natsudae Equation

dy the jprreversible electrode

reanction of
To stu

[ ——————
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Cr(III) the simplified logarithnic Latsuda equations,
Lgse (37a) and (37b) (see Table 7) of totally irrever-

sible systens were used.
For Cr(III)-0.2K NaCl0,, the expérimuntnl(Eve - £9

-0.264 V and E5/4 - Eog ~-0.190 V and equations (37a) and

(37v) respectively furnish the following simultaneous

equations:
log k° = =2.62 - 2.74 o (46a)
log kX% = 2,26 - '3.21 « (46b)

Frowm the solution ¢f the sinmultaneous equntions log
(x°%/en s~1) and o were found to be 4,70 and 0.77 re-
spectively.

In the case of Cr(III)-0.5M NaClO4 the values
B s ot B o: B2 ¢ to be =0.233 V and
ng E- and E5/4 L~ were foun 35
~0.267 V. Using these values and equation (37a) end
(37b) the simultsenecus equations below were goruulated:

log k© = ~2.62 - 3.94 « (47a)

log k° = =2.26 - 4.51 « (470)

The values of log (ko/cm s"l) and « then conputed to

be -5.10 and 0.63 respectively.

i Anecus equ-
Following the same steps, the siwpultan q

ations:
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) > -
log k™ = =2.02 - 4.46 a (48a)

log k° = =226 5.07 a (48v)

were obtained for Cr(III)-1u NaCl0,. The pairs: [log
(k°/cn s_l), o] were then calculated to be (=5.25,
0.59).

~

4.2.2 Jiscussion

The values of log k” and a of the three techni-
ques are presented in Table 8. The results in Tnble 8
show the agreement of the evaluated kinetic parametors
at the various concentration of NaClU4. The reliability

of the values delermined by %he method of P. Mericam is

thus confirmed. fThe sane justification is also extended

to the technique deduced from the logarithnic forn cf
latsuda's equaticne
Similar to 4n(II) reduction in NalC, within the

range of NaClO4 concentration used, an increase in the

supporting electrolyte concentration is acconpanicd with

a decrease in the apparent value of the rate constant for

reduction of Cr(III) as shown in Table 8.
of peducticn of Cr(III)

This result

discloses the fact that the rante
h an incrense of the HnClOu concentration.

cy of the rate re-

dininishes wit
Phis is in agreeument with the tenuen

sponse of Cr(III) cbserved in the works of R. underu

et al. [20] at a concenteration of NaClO, lower than 34



Table 8.

apvarent Values of the Kinetic Irr

creters of Cr(IIl) lLeduction

sor VYarious Conecentrations of Na:lod.

N Lo10 Cldéhiar vnd Isrry Method P, Mericem lethod logomthwic Mztsuda EZyustl
: * log(k® /e - @ 1og(x®/cn e~1) @ 1og(k®/cu g r &
Qe 20C -4.7 078 ~4463=.05 Ue75=405 -4.70 0?77

| |
| G50 -5 25 0.67 ~5.152.05 C.E5%,08 -5e1C 0.63
: 1
1
1.0C =5, 3€ Oolc ~50 50=sCY 0e€5%.C5 =Dell C.29
' |
|
; )

Literature [14,33) values of the pairs: [log (x°/cm a"l). aj at 0.5 and 1.0k of

NaClO, using dc polarographic techniiue are (

respectivily,

=5.09, 0.60) and (=5.10, C.55)
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and others [21,33] using de Polarographic method. Luch
trend of the rate constant wns also observed by other

workers [34,35],

However, the noderate concentration of NnClO4 in
which the study was perforned cannot reveal a clear
picture of the effect cf NaClO4 concentration on the
clectrode kinetics of Cr(III). Contrary to the rate of
reduction of Or(III) at concentrations lower than 3M, R
andreu et al. [20] found that the rate constant was in-
creased noticeably for concentration of HuClOu gregster
than 3li. Thus an appropriate insight into the influence
of the supporting clectrolyte ccncentration on the rate
response of Cr(III) can only be achieved if the studies

were done in a wider concentration range [20].

4.3 Ni(II)uxnoé_Systeu

The applicability of the three tochniques
already employed in the Cr(III)-NaClo, systems were
tested on the electrode reduction of Ni(II) in

: glec-
various concentrations of KHO3 as supporting

trolyte.

i i ara rs were re-
The values of the kinetic paranete

pe ' fHE |: « The
ferred to E§i¢+/ui = ~0.250 V vs NHE [36]

diffusion coefficient of Ni(II) uscd was the value

cn2 s~1 [37je bince the analgan diffusion coe-
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frficient of simple metals are nearly equal to the Jiffu-
siocn coefficient of the corresponding aquo-complex in
dilute aqueous solution [38) it was assuned that

”Hi_ Hg = DN12+ = 0469 x 10_5 cm2 s'l. The snme equ-

ations listed in Table 7 were used for the analysis of

the systen.

Yhe inconvenient nature of the NFP polarograns
obtained at higher ccaceatrations of KNO3 linit our
study of Ni(II) reduction to 0.10, 0.15, 0.20 and Q.26 M
of KHGB. This problem may be due to the two reduction
steps thet Ni(II) shows at high salt concentrations as
stated by Snnborn and Urlenann [39)j. The experimental

WPF polarograms foir the above mentioned concentration of

K10, are shown in Figs. 13a, 13b, 1l3c, and 13d.

3

4.3.1 Determinaticn of Kinctic Parancters

The irreversibility of the Ni(II) reduction in the
different concentrations of KHU3 was checked using the
nethod of Oldham and Perry in nuch the such way as that

1 ; The linearity of
done for the Cr(III)-NaClo, systens. The 11 w

ol a - 4
the plots of log y of equation (44) versus -k of Fig. 1

deduced from the cxperinental data of the respective NFP
- irre-
polarograns) show that the Ki(II)-ENO; systems are

obtnine from the intercept

versible. The value of Ev2
of the

of ench plot coincide with the experinentel Ko

; 4 ti-
NPP polarograms (Figs. 13a, 13b, 13¢, and 13d) Jjus
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fying the relation established in equation (38).

Using the technique of Oldhan and Parry, the values

of o obtained frem the slopes of the plots in Fig. 14 and
: -1 3

k° (em. &™) calculeted using equation (45) were fouad to

be as follows,

Qable 9. Values of k° and a Obtained Using the Method of
Oldhan and Parry for Ni(II) Reduction in Various

Concentiration of KNO3

KINO )
5 0-10 0115 0.20 OH::C*
I

o Oedl 0. 39 0.37 0.3%8

- -10 =10 > A A
k%en s71)  1.69x107%0  2,33x10™° 5.36x10 3,50<).%

In applying the technigue of P. Merican the following

" di =1 ns t_
changes were made to the progranue of sppendix I so [
take into account the following:

=3 2 —l 0 s B - .44 ‘.’
= DNi=O.69 x 10 2 en” 87 EN12+/N1 0447
sanpling

T
Dy 2+

vs ug/agCl, Kci (satd.), and the experinental

tine (9 = 190 ns)e

80 C4 = 190E - 3
100 D1 = SQR (0.69E - 5)
105 D2 = 8GR (0.69E - 5)

=0 e 447

I

110 EO




=

Using the s2ne nicroconputer cuployed in the previous
cases theoretical calculations were perforned for 0.2 - a
< 0.65 and 107 > (x°/cn s-l) > 10712 with successive nddi-
tion of 0.05 to the forwer case :nnd =-0.05 to the exponent

of the latter. The computer tine used was l:45 hours,.
The experimentel velues of E° - EVQ and 13.5/£+ - EV¢+
extracted from the corresponding NP polarograns of each

systen are listed in Table 10.

Table 10e Experinenteal E° - EVE and ]:‘3/4 - E'/‘+ Values
for the Reduction of Ni(II) in the Various

Concentretion of I{NO3

KNO, E° - Bpp By -y
M v v
0.10 06519 -0.056
0ud5 0. 535 ~0.,058
020 0. 545 -0.064
0.26 0. 549 -0.066

Following the procedurc of Pe Merican for irreversible
4 i id from

electrode reaction the values of a were calculatec
) ;ing equaticn
the experimental wave widths of Table 8 using eq |
fl"und to be 0.41‘ Uoj‘“!‘ U.}b‘

35) and their values were .
s 20, and 0.26M of :{NG.5

y . 0.
and 0.35 for Ni(II) in Oely 0el5, 7
The validity of the method Wus then teste

respectivelye
I —
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by taking into account the theorctical irreversible

values of E5/4 - qu from the conmputer output at «
values of 0e35 and 0.45 ghown in Appendix II b. The
values of Bz sy = By, in the irreversible region where
the wave width is independent of k¥ are around -0.063 V
ot @ = 0.35 and -0,055 V at & = 0.40 showing n rensope
able sgreement within the error of o, a £ .05, with the
experinental valucs of Table 10. It is thus possible to
extend our study to the evaluation of k¥ using the
thecretical plots of £ - Eyg versus log k° of Fig. 15
which contains a set of straight lines as in the cnse of
Ccr(III). From the experinental E° - Esp values of Table
10 and the plots at a of 0.35 and 0.40 of Fig. 15 the
values of log (k°/cm s~1) were found to be -9.61 I ,05,
~9.82 £ .05, =9.0% £ .05, ond -9,08 £ .05 for the Ni(II)
reduction in the successively increassing concentraticns
of KHOB.

quations, equations (362)

The logarithnic Matsuda €
enctions were applied

and (37a) for totally irreversible r
Toble

together with the cxpcriﬁentnl results presented in
1l1.

. .0 | B E Eo
fable 1l. Experimental Values of bv2 - E7 and b5/9.p -
for the heduetion of Ni(II) in the Variocus Con

centrations of KHOE-

.0
KNO Bp-E  Bym =
. : "
- 0. 545
1 ~0.535 -0. 565
e 0. 545 ~0.577
0.20 . 4
~0.549 0.5
0.26 |
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For Ni(II)-0.1N KNO; systen the following sinmultan-

eous equations were fornulated:

log k° = =2,58 - 17.53 o (49a)

log k° = =2,22 - 18.41 a (49b)

li

vielding the values of log (k°/cm e~1) and a to be
=9.75 and Q.41 respectively.
In the case of Ni(II)-0.15H KNO, the simultrneous

equations:

log k© = -2.58 - 18.07 « (50a)

=DeB2 = 19.00 o (50b)

log k°

0 . -
were obtained from which the values of log k' /on 8 )

and o were computed to be =8.90 and U.35 respectivelye
) =1 _
Tn the snme way the pnir: [log (x°/cu 87°), ]

obtained from equations (51a) and (51b):
log kO = =258 - 18.41 & (51a)
1b
log kO = =222 = 19.49 & (51v)

be (=8.72, 0.33) for Ni(II)-02M KNOy

nd (52b):

were found to

and from equations (52a) o
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log k°

[

~2¢58 = 18.55 a (52n)

log: K% =ZiovL
9070 a (521'))

the pair was evalunted to be (-8.33, 0.31) for the
renaining Ni(II1)=0e26M4 KNO3 systen.

4.3.2 Discussion

In supporting electrolytes such as alkali-perchlo-
rates or nitrates that do not form complexes with nickel
the reduction of hexaquonickel ion is supposed (40] to
follow an irreversible path due to the fact that the

half wave potentinl is 0.5 V nmore negative than the re-

versible standard petential for the nickel couple. This

is in agreement with cur result deduced using the pro-

posal of Oldham and ¥erry [15J.

To sc¢e the agreement of the velues extracted by

neans of the three techniques, k° and o values of the

three nethods are Jisted in Table 12. For the Ni(II)-
O.1M KHO5 systen & reasonnble agreement can be observed.

he slight variation of the result of P. Mericam can be

explnained in terms of the theoreticnl errors of @,

* ;05 associnted with the

« X .05, and log K%, log x*
ns of KNO3

procedures HOWEVET) at higher concentratio

technique show a gignificant vari

n in the results obtained using

the values of each stion

with a pronouncedl deviatio

the logarithmic Matsuda gquations
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Ni(II) et high salt concentration of supporting
clectrolyte was token to follow « two-step reduction
nechsnise by Sanbern »nd Orlenann [39]) and subsequently
disproved by Girest [41] who censidered, the mechanisn to
be charge tronsfer prececded by a relatively slow dehydra-
tion stepe In view of these facts, the electrode reaction
of Ni(II) is likely to be different from sinple electrede
reactions at the hipgher concentrations of mwﬁ, 80 thot
the anonalies obscrved in the concentrations of KNU5
greater than C.lM by no means Jdisqualify the validity of
the logoarithric Matsudn equation or the technique of

T. Mericanm for electrode reactions.

TI';.&E existence c¢f the abouve nenticned nechanism influ-
ence ensily the wave of the NFP polarogran in the top ro-

gion where the only expcerinental parancter .l::5 /4 in addi-
tion to EV2 used in the lognrithmic Matsuds equations is

found. This shows that the effect of the appearance of

such mechanism have a prenounced impact on the volues of

this technique comprred with the other techniques which

use the experimentnl values of the whole region of the
NFF wave. In addition, the gxaggerated change in the value
of k° of this technique coumpercd with others nay indicnte
the fact that the shift of the sinple glectrode reanction
nechanisn of Ni(II) to other type lies in the transition
of the cuncenteraticn of }{1'105 from 0.1l to C.15M.

c n

Lith regerd to the chinge of the value of k= o8
function of concentration, there is nn incrense with in-



=xle I8 Diyzrent vriues of k° andé 2 for ko aesuctlan of “4(1IY) -
yepious Concenterationy of NQ.
3ot '---.'. S T -_.;i..':b‘;.i.. ":1'«:1 ..-‘-I'I"y 35.'."::."- ,':. "__'. _:.L'.-. 1 ..\..h:l'.u}-':.(‘, L o’ w L
s "l - (&) —l O -1
log k Femes ) a oe(k™ /fon 1) o loglk ™ /em 8 ) l x
o o

L Oe sl ~3.51%.05 Q.40%.05 -

£
.
=]
A
o
.
&
]

-)ob ] O« 29 -9, 821,05 O 4%0% .05 -8.9 Ce35
o Ce 27 =9, 025,05 0.35%.05 -8,92 e 3%

() (&
e
LY
[

—dedt Cs 27 -4,08%,05 C. 555405 -8433

=

—
Litersture [18, vaiues cf log (k®/cm s™1) at E = OV (NHE) and o for the Ni(I1)-C.1K KNO,
systex using dc¢ polarographic technijue are =13,70 and C.40 respectively.
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creasing concentrations of ICHOE in all values obtained
using the three technique with the exception of thnt
evaluated from Oldhem and Parry Technique at the vulue
of O.26M IG-IOB. The variation in the case of Oldham end
Parry can be due to the inconvenient nature of the NPF
polarogran at this concentration of KNU3. The suppo=-
rting clectrelyte dependence of k” which is differcent
fron that observed for the 4n(II) and Cr(III) systenms
nay be due to the arpearancecf 2 different reduction
nechanism with incressing salt concentrations s proposed
by the above mentioned workers. oLuch tendenmcy of the
rate constant had 2lso been cbserved L19) in cl™y Br,
or I~ media ond this cnn be explained in terms of adso-
rption [42,43] of C17, Br 4 or I- which unkes the ¢2 of

equation (10b) more negative, thercby incrensing the

apparent values ol k° with increasing concentration of

the supporting eluctrelytes
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S+ CONCLUSION

The validity of the graphienl procedure thut has re-
cently been established by P. Mericnn et al. [1] for the
deternination of kinetic baraneters of simple electrode
reaction by neornsl pulse polarography has been tested on
the quasi-reversible systen of Zn(II). The method had
been applied to the reduction of Zn(II) in 2M KNOy by the
saue workers, but in this present work the study has been
extended to the reduction of Zn(II) in 0.49, 1.05, and
2e 45l NaNO3. The nethud has been found to yield results
in good agreement with those cobtained using other techni-
ques. 4 proposal had also becn nade by P. Merican et ol.
to use this graphicel procedure for the determination of
kinetic paramcters c¢f totally irreversible clectrode re-
netion nnd the present work has confirmed its applicabi-
lity to the polarcgraphic reduction of Or(III) in NuCl0,
and Ni(II) in KN05- ¢r(III) has been studied in 0.2,y 0«5y
and 1.0M NaClO, an® the kinetic perrmeters obtnined by the

graphical method were found to agree with values evalu-
ated using other techniques. The studies for the Ni(II)

.26 KNOz.
reduction were mice im 0s1s 0s15y 0+204 and O 3

I ; { systea
he values determined for the Hi(1I)-0.1M KOz sy

- : obtained by
were in reasoncble cgreenent with those 0

3 ;bse d at the
other techniques vhereas nnonalies were cbserve
higher concentrations of KNOze

i Iel'ltively mecre Ccnvullicnt nenns Cf 1
4 ;

of sinmple ¢lectrode reection by NFE
o

kinetic paramcter
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has been developed. The technique hasg been deduced fron
the logarithnic fern of Natsuda's equation for the rate
censtant. The equaticn hag been split into two inde-
pendent and separate equations incropo.rnting E,jg and Ej/q
terns as the cnly éxperinental porameturs to be used for
the analysis cf the NPp pularegran.  Sinultaneous equn=
tions were then formulated using the experimental EV.? and
333/4 values and the theorctical relations, fron which the
vilues of the kinetic paraneters were deternined. The
technigue has been tested on the above nenticned quasi-
reversible systen of Zn(II) yielding values in good
agreenent with those cobtained using other nethods. The
nethod has further been sinplified for totally irre-
versible systems. The technique has been applied for

the foregoing reductions of Cr(III) and Ni(II). FKor re-
duction of Cr(II) in all concentration of NaClQy, rea-

: R ted
soneble agreement hes been observed with values evalua

enploying previously established uethods. anonalies he

N : ( =
5till been found for the Ni(II) reduction in all conce

trations of KNO§ except 0.1HM KNOZ,-
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Appendix III

In this appendix the derivation of Eqs (19a) using
Egs. (11), (17), and (18) will be shown.

(11) can be rewritten as
g (A¥eg) = x Qeexp( £,)) (4=1)

with x defined as in Eg. (15b)s

Inserting Eqe (4-1) into Eq. (17), ylelcla

2
= 1. [1
Ave, = 12 1 [ ] fhexp(eg)
2'%s 4 1 | 1-x [lvexp({,)]
(a=2)
% ~ of Eq. (18) can be rewritten as:

' ; ) L I (a=3)
/“2 =(-}E j exp(—a'(z)-‘[hexp(; 2)]5 i

VD
with .-\"1.-, and D defined as in EgS. (12¢) and (13b).
=

1 i 2Qe J"'2
substituting this expression of fp i Fd. (s )

yields, upon some rearrengement y 2 2,
. [ (1.75+X (l+exp(527) l Camtt)
3 o £ = .—'—D-—-‘-—— 2 ! I. }
exp( 06?2) = 4\'9 { {_l-I[l-l-BxP(;,z)J i

I en in Eg. (12¢)
Introducing the definition of o E3V

2
1-75"":2 (1+exP('t2)) l } (n"f’)

. .x RT { [
A=l = e iy X
2 an¥ | 1-x [1+exp( ?2)}

with L defined in Eq. (19b)
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