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Electroreduction of 4,S-Diiodoftuorescein in Buffer Solution Containing
Different Alcohols of Surfactants at Dropping Mercury Electrode*

M. M. GHONEIMt, Y. M. TEMERK & K. A. IDRISS
Chemistry Department, Faculty of Science, Tanta University, Tanta, A.R. Egypt

Received 3 January 1977; accepted 1 November 1977

The polarographic reduction of 4,5-diiodoftuorescein is investigated in buffer solutions (pH
2-11) containing different monoprotic alcohols and cationic, anionic or non-charged surfactants.
Values of I, and Et of the reduction waves are found to depend on the nature and proportion of
alcohol and surfactant. The nature of the waves and the electrode reaction are also investi-
gated. Radius of the reducible species and the kinetic parameters (KII., I'1G* and a) of the elec-
trode reaction have been determined and discussed.

THE polarographic reduction of fluorescein and
its di- and tetrahalo derivatives hz.ve earlier
been shown to proceed according to two main

mechanisrnsv+, In the first mechanism the re-
duction of furan ring by a two-electron process
was envisaged. The reduction may proceed either
along a single or two waves depending on the PH of
the medium and the nature of the reducible species.
The second mechanism involved uptake of four
electrons, two of which were consumed in the re-
duction of the furan ring ;0 nd the other two for the
reduction of o.r.other electroactive centre in the
molecule, such as C-halogen bond5,6 or the pyrone
ringl-4. The current due to the reduction of the
second electroactive centre increr sed from fluores-
cein to dichloro- to dibromo-, to diiodo-derivatives--",
i.e. its height increased as the polarity of C-halogen
bond decreased. Our experimental datal-4 ere r.ot
in favour of the reduction of the halogen atoms.
The reduction of the pyrone ring W8S corsidered in
some ca ses to be connected with the e.dsorption of
the reduction product at the electrode surfacet-",

The presence of organic solvent or surfactants
largely hindered the adsorption of organic'' com-
pounds at the electrode surfr ce. Thus it seems of
interest to investigate the effect of these subst: nces
on the electro-reduction of 4,5-diiodofluorescein
with a view to recogniz ir.g the secor.d elcctror.ctive
centre.

Materials and Methods
4,5-Diiodofluorescein (BDH grade) solution,

O·OIM with respect to this compound ar.d also with
respect to N<lOH wrs prepr.red. Universr l buffer
solutions of pH 2-11·5 were prepared according to

Britton and Robinson 7. Aqueous-alcohol mixtures
of different pH values between 2·0 end 11·5
were prepared. The alcohols such [S methar.ol,
ethanol and n-proparol were purified by the recom-

*This paper is dedicated to Prof. Issa Mostafa Issa, Head
of the Chemistry Department, Assiut University, on his 54th
birthday.

[To whom correspondence should be addressed.
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mended methods", Triton X-100, dodecylbenzene-
sulphorute (DDRS03N,,) rr.d dodecylr mineper-
chlorate (DDACl04) solurior.s (1%) were prepared
r.s given before".

The apparatus, electrolysis cell ar.d working pro-
cedure were the sr me r.s previously giver,3. The
characteristics of the droppir g mercury electrode
were: m=I·973 mg/sec end t=4·7 secjdrop (open
circuit) a.t 49 cm Hg.

Results and Discussion
The polr rogrr ms of 4,5-diiodofluorescein (5·66

X 10-4M) in solutior.s of pH 5·15-9·0 were found to
consist of three waves in addition to a prewave at
less negative potential'. The prewc.ve W2 s attributed
to the adsorption of the reduced fOJm of the de-
polarizer. At PH ~ 9·5 the polarogrrms consisted of
only two reduction waves, the height of the second
wave was four.d to be double that of the first wave
at pH~ 11·0.

The polarograms obtained in the presence of
.-..35% methanol consisted of three waves within
the pH range 4-9·5; above PH 9·5 only two waves
are obi; ined. The height of the second wave
increr sed, t the exper.se of the first wave till PH 11·0.

In the presence of ':"35% ethanol the polarograms
consisted of two mr in reduction waves in the pH
rar ge 2-11·5, in addition to a small wave in between
the two wr.ves in acidic or neutral solutions only.
At PH .-..10·0 the height of the second wave bec2~e
double that of the first then triple at pH ~ 11·0.
The sr me behaviour is observed in presence of
",35% n-prop8Lol.

In preser.ce of 25% methr.r.ol, 16% eth.mol or
12% n-propanol, the polarographic maximum ob-
served in pure buffered aqueous solutions! was
completely eliminated. This revealed that the
alcohols r ct r s ma xima suppressors and the
efficacy of the alcohols which JS maxima suppressors
followed the: n-propanol>eth<'nol>metha.l,ol. This
is in accordance with expecta tior.s, sir.ce the surface
activity of alcohols increases r s the chain length
increr ses.
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The effect of varying the alcohol content of
alcohol-water mixtures was studied at PH values
5·12 and 11·0. At pH 5·12 increasing proportion
of alcohol shifted the E1/2 of the first main wave
to less negative potentials whereas that of the
second to more negative values. However, at
PH 11·0 the shift of E1/2 of the first wove wr.s more
towards negative potentials 2S compared to that of
the second wave on if-creasing the alcohol content.
At the same time, the il at all PH values decreased
in the same direction. This can be explained on
the basis of the f;,ct ths t the adsorption of de-
pola rizer at the electrode surface decree ses as the
proportion of the alcohol increases, leading to er.sier
reduction at the first wave. At the same time,
because the reduction of the pyrone ring is enhanced
by adsorptiont-", the increased proportion of alcohol
leads to less e<sier reduction c.t the second wave
which causes an E1/2 shift to more negative potentials
in solutions of pH<7·0.

On the other hand, the effect of the surface active
agent Triton X-I00 (non-charged) and dodecyl-
amineperchlorate (cationic) on the polarograms is
almost the same being restricted to: (a) large decrease
of il at all pH values especially in acidic media, and
distortion or elimination of second waves in some
cases and (b) the shift of E1/2 to more negative values
(Fig. 1). Dodecyl benzenesulphonate (anionic) has
little effect on il and E1/2 of the waves. However,
in the acidic media and in the presence of 2 X 10-2 %
Triton X-I00 or 8 X 10-3 % dodecylarnineperchlorate
the reduction waves become more or less rudimentary.
This may be attributed to the complete covering of
the electrode surface and herce the transfer of
electrons from the electrode surface becomes difficult.
This phenomenon is not observed in alkaline media
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Fig. 1- Polarograms of 4,5-diiodofiuorescein in aqueous
medium of pH 5·12 in the presence of different concentra-
tions of dodecylamine perchlorate (DDACIO.) [DDACIO.

X 103: (a) 7%; (b) 5%; (c) 3%; (d) 1%; (e) nil]
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Fig. 2 - E1/2 versus pH profile for the first wave in aqueous
(curve a) and aqueous-alcohol mixtures containing 35 %

of methanol (b), propanol (c) or ethanol (d)

because surface active <gent is less adsorbed at the
electrode surface.

In general, the presence of alcohols, and not the
surfactant, prevents the adsorption of the depolarizer
species at the electrode surf" ceo Her.ce the electrode
reaction becomes more den and its treatment can
be achieved in a more quantitative manner.

E1/2 and il versus PH profiles - The plots of il
against pH of the medium for the two main reduction
waves in the presence of .......,35%alcohols, are Z or
S-shaped curves, indicating that the electrode
reaction is governed by the rate of proton transfer
which becomes slower at higher pH values. The
descending or r.scending part of the il versus PH
curves shifts to lower pH values in the presence of
alcohols. This implies that the rate of proton
transfer becomes slower in the presence of alcohols,
As the proportion of alcohol increases the H+ ion
activity decreases, her.ce the rate of proton uptake
slows down.

The plots of E1/2 against pH for the first wave
(furan wave) in the presence of different alcohols,
consist of three segments (Fig. 2). From the slopes
of these curves, the number of H+ ior.s (ZH+) in-
volving in the electrode reaction can be calculated
using Eq. (1).

0·0596.E1/2/6.pH = ---.zH+ ... (1)
ocna

Substituting the values of an; obtained from the
slopes of log (i/id-1) versus E plots, values of ZH+ in-
volved in the reduction of furan ring are found to be
.......,2 (at PH ~ 9) and zero (at PH ~ 10). Since the
electrode reaction ir volves two protons and two
electronsl-", the ZH+/na can have the values 2, 1 or
0·5 depending on whether one or two electrons and
one or two protons are involved in the rate deter-
mining step. The most probable «-values listed in
Tables 1 and 2 show that the number of electrons
and protons involved in the rate determining step
are equal. Accordingly the rate determining step
in the main electrode reaction should involve one
electron and one proton. The changes in the values
of 6.E1/2/6. pH along the first and second segments
at pH ~ 9 may be attributed to the changes in the
values of the transfer coefficient (oc). Since at
PH >9·5, Et of the first wave is but slightly in-
fluenced by pH, it is assumed that H+ ions are not
involved in the electrode reaction properl-'.
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TABLE 1- KINETIC PARAMETERS OF THE ELECTRO-REDUCTION OF DnODOFLUORESCEIN IN SOLUTIONS OF pH 5-12 AND
11·0 IN THE PRESENCE OF SURFACTANTS

Surfactants (!:ilij t. IX ItJi. t.Gt K;"D-l Remark
log (i/id -- i) ---------- em/see kcal

Type %w (V) na = 1 na = 2

pH = 5·15

Triton 0·0 0'090 0·65 0·33 3·1xl0-t 78·6 1·3 xl0-8 1st wave
0·250 0·24 0·12 1·0 xl0-7 69·9 4·1xl0-6 2nd do

2·6 xl0-a 0·100 0·59 0·30 3·9 xto-8 72-2 1·6 xl0-6 Ist do
0·192 0·31 0·15 1·0 X 10-8 75·7 4·1 X 10-8 2nd do

1·5 xl0-2 0·100 0·59 0·30 1·0 X10-7 69·9 4·1 xto-4 1st do
0·217 0·27 0·14 1·0 X10-8 75·7 4·1 X 10-8 2nd do

DDAClO, 1 xlO-a 0·147 0·40 0·20 3'9xl0-7 66·5 1·6 xl0-4 1st do
0·143 0·41 0·20 2·5 xl0-8 84·9 1·1 xl0-7 2nd do

7·5 X10-8 0·100 0·59 0·30 3·1 X10-8 72-8 1·2 X ro- 1st do
0·143 0·41 0·20 1·2 xl0-9 81·0 4·9 X10-7 2nd do

DDBSO.Na 1 X10-1 0·094 0·63 0·31 5'Oxl0-9 77·4 2'Oxl0-8 Ist do
0·233 0·26 0·13 5'Ox10-" 71·6 2'Oxl0-' 2nd do

8'7x10-1 0·106 0·55 0·28 1·2 X 10-8 75·2 4·9 X 10-" 1st do
0·145 0·41 0·21 2·5 X10-10 8408 1·0 X to-7 2nd do

pH = 11·0

DDAClO. 0·0 0·080 0·74 0·37 3·1 x10-n 95·9 1·3 xl0-· 1st do
7·0 x10-' 0·089 0·67 0·34 4·2 X 10-12 95·2 1·7 X10-· Ist do
1·1 xl0-' 0·092 0·64 0·32 2·1 X10-11 91·2 8·5 X 10-0 1st do

TABLE 2 - KINETIC PARAMETERSOF THE ELECTRODEREACTIONOF DnODOFLUORESCEININ SOLUTIONSOF DIFFERENT
pH IN THE PRESENCE OF ALCOHOLS

pH {t.E/t. log(i/id-i)} IX KJi. t.Gt Kp. D-l Remark
V em/see kcal

na=l na=2

35% METHANOL-AQUEOUSMIXTURE

4·0 0·132 0·45 0·28 3·9 X10-5 54·9 1·6 xl0-2 1st wave
5·12 0·147 0·40 0'20 2·3 X 10-" 62·1 9·3xl0-4 1st do

0·185 0·32 0·16 8·2 X10-9 76·2 3·4xl0-6 2nd do
7·0 0·167 0·35 0·18 9·8 xl0-7 64·2 4·1 X10-4 1st do

0·185 0·35 0·18 8'2xl0-9 76·2 3·4 X 10-" 2nd do
9·15 0·111 0·53 0·26 4·9 X 10-10 83·2 2·0 X 10-7 Ist do

0·270 0·22 0·11 1·9 xto-7 68·3 7·8xl0-7 2nd do
10·0 0·104 0·57 0·28 2·5 xto-ll 90·7 1·0 X 10-8 1st do

0·213 0·28 0·14 2'2xl0-9 79·5 9·0 xto-7 2nd do
11·1 0·089 0·66 0·33 6·8 x10-1lI 93·9 2·7 xl0-9 1st do

0·154 0·38 0·19 5·4 X 10-1• 83·0 2·2xl0-7 2nd do

16·5 % ETHANOL-AQUEOUSMIXTURE

2·28 0·222 0·27 0·14 4·6 X 10-' 54·5 1·9 xl0-1 Ist do
5·12 0·170 0·35 0·17 3'Oxl0-6 57·9 1·2xl0-3 1st do

0·256 0·23 0·12 1·0 X 10-1 69·9 4·1 x l 0-· 2nd do
7·5 0·170 0·35 0·17 9·8 xl0-7 64·2 4·0 X 10-' 1st do

0·370 0·06 0·03 1-1 x10-8 63·8 4'5xl0-4 2nd do
11·2 0·217 0·27 0·14 1·8 x IO" 62·7 7·4 X 10-' 1st do

0·330 0·06 0·03 1·4 X 10-7 69·1 5·8 xl0-6 2nd do

34·5% ETHANOL-AQUEOUSMIXTURE

2-6 0·110 0·48 0·24 3·1 xl0-6 55·7 1·3 xl0-' 1st do
5·12 0·098 0·60 0·30 3·0 X 10-" 73-0 1·2xl0-' 1st do

0·189 0·31 0·15 5·3 xl0-9 77·3 2·4xl0-8 2nd do
9·55 0·111 0·53 0·27 5·4 xl0-1O 83·1 2·2 xl0-7 Ist do

0·294 0·20 0·10 1·5 xl0-1 69·0 6·0 xl0-' 2nd do
11·20 0·106 0·56 0·28 1·3 xl0-1O 86·6 5·3 X 10-8 1st do

0·208 0·28 0·14 1·2 xl0-9 82·0 4·9 xl0-7 2nd do
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The foregoing results indicate that the reduction
of 4,5-diiodoflnorescein can be represented 2S given
before'.

Medium effect on il-- Plots of total il a.s a function
of the concentration of surface e ctive r gent indicate
a decrease of il on increasing the concentration of
surface active agent and then attains a constart
value at 4x 10-3 % Triton-X-I00. This behaviour
inacdites that the reduction current decree ses as the
electrode surface is grr dually covered with adsorption
layer of surfactant till complete covering, where il
attains a minimum value. The adsorbed layer of
surface active agent prevents c.pproe.ch of the
reducible species to the electrode surface. When
the 8dsorbed film approaches a complete monolayer,
reduction of the electroactive species ma y occur
outside this film through electron emitted from the
electrode. This opinion finds support from the
plots of log ijlog h, which are linear with slopes
~ O:55 at low concen tra tions of the surface active
agent. At higher concentrations the slope values
a re ..•....0·4, indicating partial kinetic contribution for
the electrode rea ction under these conditions.

The reduction current at constant pH is found
to decrease with increase in the alcohol content of
the medium. This may be attributed to the changes
in the effective diffusion coefficient. Decreased
diffusion coefficient may result either from increased
viscosity (l)) or char.ge in the size of the solvated
species, and since in different cases these two effects
may tend either to reinforce or compensate each
other, a quantitative interpretation of the separate
influence of each is not a simple matter.

For diffusing particles that are large compared
to the solvent molecules the Stokes-Einstein relation-"
predicts that ial)!=constant where the change of
diffusion coefficient (D) is due solely to changes in
viscosity. However, if the change of D is also
partly due to a change in the size of the solvated
species it is evident that the product id l)1 will not
be constant. In the present study, the product of
i l)1 increases in alkaline medium (PH = 11·0), but
decreases in acidic medium (PH=5·0) with increasing
proportions of alcohols (Fig. 3). Matsuyamal-
attributed the inconstancy of the id l)l values to
changes in the effective size of the diffusir.g species
caused by changes in degree of solvation, and to
partial association of the redu.cible anions with
cations which appears to be favoured by increasing
alcohol content.

In our investigation, the increase of id l)l in
alkaline medium can be ascribed to increased diffu-
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Fig. 3 - Plots of ia 1)1 versus wt % alcohol (a.b - propanol;
b, d - ethanol; e - methanol) for the first wave at different
pH values [curves (a, b) at pH 5; and curves (c-e) at pH 11]

sion coefficient 85 a result of a decrease in the volume
(or radius) of species diffusing to the electrode
surface. This may result from the destruction of
the aquo-layer surrounding the reducible ion. On
the other hand, the decrease of i« l)1in acidic solutions
may be due to the increased volume (or radius) of
the reducible species due to the solvation of these
species by the molecules of the organic solvent.
The difference in behr viour can be explained by the
fact that the reducible species exist in alkaline
media 8S dianions which are less solvated by alcohol
molecules compared to the species in acidic solutions
which are the monovalent anions or neutral molecules
(PK1=3·75 a.nd PK2=4·75)l2.

The radius of the diffusing species can be cal-
culated from the experimental data using Eq. (2)3013.
r=K2ji~ l) .. , (2)
where r is the radius of reducible species (in cm)
and K=n cm2/3t1/6 X 2·99 X 10-4 and equals 13·6 X 10-6

under the experimental conditions. The values
thus calculated <'fe given in Table 3. The data
indicate that the changes in the radii of the reducible
particles depend on the pH of the medium, nature
and proportion of alcohol in the medium.

Medium ~ff~ct on E1- The observed shift in El of
the reduction waves to more or to less negative
potentials, on changing the proportions of the
o~g,nic. solvents, was attributed to the changes of
dielectric constant of the medium, the interfacial
ter.sion and solvation of species+s,

The dielectric constant, E, decreases as the
proportion of the organic solvent increases. The
decrease in £ prevents the mobility of the species
and favours the formation of associated ion. This in
turn. leads to a lowe;ing of the negative charge
density on the reducible species and hence to an
easier reduction, i.e. leads to a shift of Ei to less
negative values. This is a common phenomenon
observed in acidic media, while in alkaline media
E. shifts to more negative values. The variation
of El with £ is given by Takahashi-s relation
(Eq. 3)

1 1
EHS) = E1(w)-K. £(w) + K. £(s) ... (3)

where w = water, and s = solvent. If the dielectric
constant is t~e dominant factor, the shift in E1(s)
would be ~ Iinear function of 1/£(s). This is not
the case in the present study (Fig. 4).

The abnormal behaviour in the shift of Ei of the
first ~ave at PH > 10, which corresponds to the
reductlO~ o~triphenylcarbonium ion, to more negative
values, indicate that the electrode reaction needs
highe~ energy in the presence of organic solvents
than In pure aqueous medium. Since the formation
of the triphenylcarbonium ion is connected with
the existence of the divalent anion-" and the addition
?f the organic solvent leads to ions association, it
IS exp~cted. that the participation of the triphenyl-
carbonium IOn rn the electrode reaction is lowered.

In general the addition of organic solvents to
water causes complete destruction of the normal
structure of water. The destruction of the associr.ted
molecule~ readily influences the hydration layer
surrounding the IOns, leading to a shift of El to less
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TABLE 3 - VALUES OF illTjl/2 AND RADIUS (r) OF THE REDUCIBLE SPECIES AT pH 5·12 AND 11·0 IN AQUEOUs-ALCOHOL
MIXTURES

[Depolarizer cone.= 0·56 mM]

Alcohol pH Methanol Ethanol n-Propanol
% ---------

idYJl/2 1OS,. idYJI/2 108y idYJl/2 108y
«(.LA) (em) «(.LA) (em) «(.LA) (em)

Nil 5·12 7·2 3-57 7-2 3-57 7·2 3-57
11·00 5·9 5·31 5·9 5·31 5·9 5·31

4·0 5·12 7·18 3-59 6·91 3-87 7·3 3-47
11·00 5·84 5-42 5·97 5·19 6·2 4·81

12·3 5·12 7-24 3·53 7·66 3-15
11·00 5·91 5·30 6·28 4·69 6-43 4·47

16·5 5·12 7·33 3-44 6·31 4·65 7·35 3·42
11·00 5·98 5·18 6·43 4·47 6·61 4'23

25·5 5·12 7-66 3·15 6·24 4·75 6·93 3-85
11·00 6·28 4'69 6'57 4·29

35·0 5·12 7·91 2·96 6·11 4·95 6·93 3-85
11·00 6·28 4·69 6'85 3-94 6·93 3-85

-0·75

·0·10
>
~

I&J

-0·65

1·3

Fig. 4 - Plots of E1I2 versus 1/£(5) for the first wave at pH 5
in (a) ethanol and (b) propanol

negative values. Thus, it seems that the destruc-
tion of the hydrated la.yer and solvation of ions
through organic solvents, exhibit an important
influence on El values. Accordingly, the observed
shift in Es, with increasing proportions of organic
solvents, while keeping the pH of the medium con-
stant, is due to the net resultant effect of these
two factors.

Electrode reaction - The behaviour of 4,5-di-
iodofluorescein reveals that it is related to the
category of organic compounds where Ei and il are
pH-dependentI6. This pH-dependent reaction can
be either a chemical transformation which is not
probable for the compound under investigation or
an acid-base reaction, which is influenced by pH
as shown in Eq. (4)

Kd
HA~[(dA-+H+ ... (4)

The ratio of the height iHA of the first wave of the
acidic form to i1 could be expressed by the Koutecky
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equation-" (5)

0·886 Jkrtl [H+]
. /. KI1HA 11 = ----=....:..-"----

1+0,886 Jkrt1[H+]
Kl

which can be modified in the form

PH = log (il-:iHA) + log 0·886 Jkrtl
1HA KI

Th I f 1 il-iHA . .
e pot 0 og -,;-, - cs a function of pH, taking

-HA

the c~rrent of the first wave to represent the
reduction of .HA. is linear, indicating that the
electro~e r~actIOn I~1Volves~n acid-br se equilibrium.

Considering the informations given by Zuman-",
and the results of the present work, the sequence
suggested for the electroreduction of the furan
centre of 4,5-diiodofluorescein through the uptake
of two electrons would be Ceo,11+, eo, H+) which can
be represented as shown in Scheme 1.

E
(Oxidizedp= + e-"";' P(x+l)

... (5)

Scheme 1

In media con~dining sufficiently high [H+] the
rate.?f protonat~on (K1) is high leading to a low
stability of the Intermediate (P~x+l)-). Thus the
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two steps involving the electron transfer would
proceed at the same rate and c.ccordingly E1 will
not differ much from E2• The reduction of furan
ring under such conditions will comprise one wave
with a height corresponding to two electrons (at
pH ~ 9).

If the [H+J is not sufficient to achieve the
protonation of the intermediate (P~+l)-), the second
reduction step is only achieved at higher energies,
i.e, at more negative potentials. This leads to the
reduction of furan ring through two waves each
corresponding to one electron. The retarded wave
overlaps the pyrone wave <It pH > 9·5. The de-
crease in the height of original furan wave is due
to slower rate of protonatior of the intermediate
radical anion" (Pix+1)-). This is substantiated by
the fact that the il versus PH plots are typicr.l dis-
sociation or association curves either Z or Svshaped.
The lowering of il of the first wave, e.s is obvious
from il versus PH curves, starts at lower pH values
with increasing proportion of the alcohols in the
medium. An increase in alcohol content causes
a decrease in the activity of the protons. In other
words the protor ex charge with the reducible species
becomes slower as the polarity of the medium is
decreased by the addi tion of a high proportion of
the alcohol-", Thus the dissociation of the pro-
tona ted intermediate will be easier in the presence
of alcohols. The lowering of if of the furan wave
is ascribed to the increased stability of the P~X+1)-
species. Accordingly, it is possible to calculate
the equilibrium constant (termed protonation con-
stant Kp) of the reaction (Eq. 6) using Eq. (7)
and ana lysing the if versus pH curves e.s given
previously'', The values obtained in c.queous medium
35% methanol, ethanol and n-prop2nol amount
to 10·2, 10·0, 9·75 and 9·6 respectively. These
results indicate thr.t PKd values ere dependent on
the nature and proportion of the alcohol in the
medium. These values were found to decrease on
increasing the proportion of the ;:lcohol due to de-
creased H+ ion activity

Kp
Pr'+1)-+H+ ~ P1Hx- ... (6)

[PtHxJ«, = [p~x+1) J[HX J ... (7)

Kinetic parameters oj the electrode reaction - Values
of some kinetic parameters of the electrode reaction
were calculated at different pH values and in the
presence of varying proportior.s of alcohols or
surfactants. Values of rate constcrit (K/i.) and

c.ctivation energy (LlG*) were calculated using the
equationsv-" (8) ar d (9) respectively.
log Kf~ = log (i/id-i)E=O(NHE) + log (D1/2jO·87 t1/2)

... (8)
and
LlG* = 5778·8 (5'097-10g Klh)E=o(NHE) ... (9)

Representative results are given in Tables 1 and 2.
These values indicate that the different kinetic
parameters (K;;', LlG~ Kf~ D-1/2) are influenced by
pH of the medium, nature and proportion of the
alcohol 2nd surfactant, The values of Kf~ D-1/2

reveal that the electrode reaction is mainly governed
by the rate of electron transfer, i.e. it is essentially
kinetic. Values of Kf~ ar d AG* indicate that as
the PH or alcohol and surfactant proportion
ii.creases, the reduction process becomes more diffi-
cult. Atthe same time, values of transfer coefficient
(IX) indicate that the electrode reaction proceeds
irreversibly. The degree of irreversibility depends
on pH of the medium, nature and proportion of
organic solvent and surfactant.
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