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A theory of double potential step chronoamperometry (DPSCA) is developed for the reversible follow-up
reactions represented as Ox-+nezRed, Red;—iZ, where £ and K are the rate and the equilibrium constants of the

kK
follow-up chemical reaction, respectively. DPSCA is applied to investigate the kinetics of aquation reaction
of [Co(edma),]® (edma: ethylenediamine- N-acetate), which is produced by electrolytic reduction of [Co(edma),]*
in the range of pH 1.5 to 10.5. At pH<(4.5, the aquation reaction of [Co(edma),]® is irreversible. The rate of
aquation reaction is accelerated by hydrogen ions and approaches an upper limiting value (2.1 x 10®s-1). At pH>
4.5, on the other hand, the hydrogen ions do not substantially contribute to the aquation and thus the rate appro-
aches a lower limiting value (4.7 x 102 s~1), which is in good agreement with that obtained in neutral region (4.5<C
pH<7), where the reverse (complex formation) reaction must be taken into consideration. Above pH 7, the
[Co(edma),]® species exists as main species in the solution and thus the kinetic behavior of the aquation is not
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observed.
reactions of labile complexes.

The double potential step (DPS) chronoamperometry
(CA) and the DPS chronocoulometry (CC) are well-
developed techniques for studying the kinetics of
homogeneous chemical reactions of the species, which
may be produced by charge transfer reactions. Schwarz
and Shain! first presented the DPSCA to determine
the rate constant of the benzidine rearrangement
reaction and showed that this technique has a high
potentiality for the determination of rate constants of
follow-up chemical reactions. Christie?? modified the
technique originally devised by Schwarz and Shain by
recording the charge vs. time variations instead of the
current vs. time curves, and this modified technique is
usually referred to as DPSCC. Since then, various
authors have reported several modifications of these
techniques®~? as well as their application to practical
problems.10-20) However, almost all treatments reported
up to date are restricted to completely irreversible
follow-up reactions. The recent paper of Hanafey et al.?’
is only one exceptional one, in which they reported the
explicit finite difference simulation of DPS current,
charge and absorbance responces for 22 two-parameter
electrochemical mechanisms, including the second-
order kinetics.

Recently, we have attempted an application of
DPSCA to the kinetics of aquation reactions of labile
complexes which may be produced by charge transfer
reactions of the corresponding inert complexes. In this
case, if it is desired to perform measurements in a wide
range of free ligand concentrations or of pH, the effects
of the reverse (complex formation) reactions should be
taken into consideration. Then, the follow-up reactions
must be regarded as reversible. In the present paper,
we shall develope a theory of DPSCA for reversible
follow-up reactions in an analytical way and apply it

tt  Present address: Matsushita Electric Industrial Co.,
Lid., 1006, Kadoma, Kadoma, Osaka 571.

It is demonstrated that DPSCA is a useful method for kinetic studies of the dissociation-association

to determining the rate constant of aquation reaction of
bis (ethylenediaminemonoacetato) cobalt(II), which is
produced by electrolytic reduction of bis(ethylenedi-
aminemonoacetato)cobalt(III) (corresponding inert
complex species).

Theoretical

Consider the electrode reaction followed by a first-
order chemical reaction, which is symbolically repre-
sented by

Ox +ne — Red, Red :k_%’_ Z,

where k£ and K are the rate and the equilibrium constants
of the follow-up chemical reaction, respectively. The
plane boundary value problem for the diffusion pro-
cesses corresponding to the above mechanism can be
solved by utilizing the method of Laplace transformation
under the assumption that the diffusion coefficients of
Red and Z have the common value.? Thus, the
concentration of Ox and Red at the electrode surface,
C§ and C§, can be expressed as

_ o L (* [i(u)/nFA]
e v = M
s _ 1 *K+exp[—p(t—u)] .
Ci= T 5 So Vi [i(u)/nFA]du,
with (2)
o = k(1+K), (3)

where C§ denotes the bulk concentration of Ox; the
bulk concentrations of Red and Z are assumed to be
equal to zero; D, is the diffusion coeflicient of Ox; D is
the common diffusion coefficient of Red and Z; i(¢)
denotes the current intensity; A is the surface area of
the electrode; ¢ is the lapse of the time after the beginning
of the electrolysis.

The electrolysis condition of DPSCA is as follows:
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the potential is stepped from some initial value, where
no current flows, to a value which causes the electrode
reaction product, Red, to be generated at a diffusion-
controlled rate. After a given generation time, 7, the
potential is returned to the initial value, where the
electrode reaction is reversed, consuming Red at a
diffusion-controlled rate. Thus, the electrolysis condi-
tion can be expressed by

0<t<7:C8=0, )
T t:Cy=0, ()
For 0<t<z, inserting Eq. 1 into Eq. 4 and solving the

resultant Abel integral equation yields immediately the
cathodic limiting diffusion current, i :
ic = nFA CSA/DO/A/JU- (6)
For t>7, on the other hand, substituting Eq. 2 into
Eq. 5 and noting that the current intensity during the
first potential pulse (0<{t<{z) is given by Eq. 6, we
obtain after some rearrangements
S‘K‘FCXP[—P(t—u)] {_ia (u) + Con/ Do }du
* A t—u nFA LD
Cov/ Do S‘ K+exp[—p(t=u)] |
R = g, (7)
NE 0 A u(t—u)
where i, denotes the anodic current to be measured for
t>1. Here, it is convenient to introduce the dimen-
sionless variable:

§= (t—7)v, (8)

which denotes the portion of the lapse of time after the
beginning of the second potential pulse to the switching
time 7. Further, we introduce new integral variables:
u=t(14+0) and u=7(1+§)(1—2») into the left- and
right-hand sides of Eq. 7, respectively. Then we obtain
after evaluating the definite integral on the right-hand
side of the resulting equation?®

Sf K+exp[—pt(§—0)
0 V(=)

=a{K+eXP[—(m/2)(1+€)]lo<£2f[l+$])}, ©)

] ¥ (v)do

with

¥ (0) = (—infic) + 4/ E[(TFE)s (10)
where I is the zero-order modified Bessel function of the
first kind. (—i,/i;) denotes the ratio of the anodic
current measured at a given time ¢ during the second
pulse to the cathodic current measured at ({—7) during
the first pulse, and will be used for constructing the
working curves, following the suggestion of Schwarz
and Shain.!? Since Eq. 9 is the Volterra integral
equation of the first kind with respect to ¥ (§), its
analytical solution may be obtained in a closed form
by utilizing the method of Laplace transformation.
However, when practically constructing the working
curves by using the analytical solution, it is necessary
to evaluate numerically the definite integral. Such
a numerical method is described in Appendix.
Numerical calculations were performed for various
combinations of the values of K and k7 by means of a
digital computer FACOM M-160, and the values of
¥ (&) were obtained as functions of §. Then, for a given
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Fig. 1. Typical working curves for a series of values of

K at £=1.
K: (1) 3; (2) 1; (3) 0.5; (4) 0.3; (5) 0.2; (6) 0.1;
(7) 0.05; (8) 0.01; and (9) 0.

constant value of §, say §=1, the working curves, i.c.,
(—1afte) vs. kr plots, were drawn for a series of values
of K. As examples, such working curves constructed
for §=1 are shown for a series of values of K in Fig. 1.
Of course, the curve for K=0 is in agreement with
that of Schwarz and Shain.? As can be seen from Fig. 1,
when the parameter £z is increased, the working curves
are at first decreased and then, after passing through
the corresponding minima, they are increased. This
behavior is understandable in view of the fact that
Red may be reproduced from Z by the reverse reaction
during the second pulse. Thus, there arises a problem
that one measured value of (—i,/i.) corresponds to
the two values of kv. This problem may simply be
solved by examining whether (—i,/i.) is decreased or
increased when the switching time 7 is slightly increased.

Experimental

Reagents. Trans-bis(ethylenediaminemonoacetato)cobalt-
(III) chloride dihydrate, trans-[Co(edma),]Cl-2H,0, and
ethylenediaminemonoacetic acid dihydrochloride dihydrate,
Hedma.2HC1.2H,0, were prepared and purified by the
method of Fujii et al.,? where edma~ is an abbreviation of
H,NCH,CH,NHCH,COO-. Sodium acetate and disodium
hydrogen phosphate were purified by recrystallizing twice from
water. All other chemicals used were prepared and purified
by the methods described previously.24

Cell and Electrodes. The electrolytic cell used was all-
glass six neck vessel of the same type as described previously,?®
which was equipped with various electrodes, argon gas inlet
and outlet, and two burets. The electrode assembly consisted
of a dropping mercury working electrode (DME), a saturated
calomel reference electrode (SCE) and a mercury pool
auxiliary electrode (AE), the latter being placed at the bottom
of the cell. The characteristics of DME used were: drop time
=7.9 s and flow rate of mercury=1.45 mgs=1in 1.0 M (1 M=
1 mol dm—3) NaClO, solution at 45cm of the height of
mercury head with no applied potential. The SCE was
connected to the cell throught a junction salt bridge containing"
sodium chloride solution. A glass electrode (Beckman No.
40495) and a Ag—AgCl reference electrode were used for pH
measurements of the test solutions.
= Instrumentation. The pulse experiments were performed
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on the solid state instrument constructed from readily
available components, which consisted of a drop fall detector,
timing control logic circuitry, a pulse generator and a poten-
tiostat. A spike-like pulse, generated at the moment of drop
detachment from the capillary tip, was employed as a trigger
signal for the timing controlling pulse train.?® When the
spike was detected, the AE was disconnected from the poten-
tiostat by means of a FET switch. The measuring device was
a Nicolet 1090A Explorer digital oscilloscope. The current
responces were monitored and stored on it and then the
enlarged current-time curves were displayed on an X-Y
recorder (Riken-Denshi Model F-42CP). No IR compensation
was employed.

The polarograph used for preliminary experiments was the
same as described previously.?¥ The pH measurements were
performed on an Orion Research Model 801 digital pH/mV
meter.

Procedures. All measurements were performed in a
paraffin oil thermostat at 25.040.1 °C. Two kinds of the
solution composition were used: 1.0 mM trans-[Co(edma),]t,
20 and 50 mM Hedma, and 1.0 M NaClO,. No buffer was
added in the pH ranges 1.0—3.5 and 6.5—10.0, because the
ligand present in a large excess was expected to have a suffi-
ciently large buffer capacity in these pH ranges. In the pH
range 3.5—6.5, the acetate (for pH 3.5—5.5) and phosphate
(for pH 5.5—6.5) buffers were used at the concentration of
50 mM. The pH values of the test solutions were changed
and measured following the procedure described previously.?”
Deaeration of the solution was accomplished with pure argon
gas by bubbling through the solution for 1 h before each run
and with a steady flow maintained over the solution during
measurements.

The potential applied to the working electrode was a single
square pulse with an amplitude of 0.55 V and this pulse was
applied at the moment when the mercury drop sufficiently
grew, i.e., 4—>5 s after the beginning of the drop growth. The
initial d.c. level E; was selected from the behavior of d.c.
polarographic reduction waves of trans-[Co(edma),]* as
follows: E;=—0.05 V vs. SCE for pH 1—6, E;=—0.10 V vs.
SCE for pH 6—8 and E;=—0.20 V' vs. SCE for pH 8—10. In
acidic solutions the applied potentials always fell in the diffu-
sion-controlled limiting current region for each depolarizer
species. However, in the alkaline region, the foot of the
mercury desolution wave slightly overlapped with the reduction
wave of [Co(edma),]* species. Thus, data obtained in
alkaline solutions may be less reliable, although several trials
for selection of E; were performed and a blank correction was
made using current-time curves measured in solutions con-
taining no [Co(edma),]* species.

Results and Discussion

The electrode reaction of Co(III)/Co(II)-edma
system may be formally expressed by Scheme 1, where,
(k1) app and (k3),pp denote the apparent rate constants

Application of Double Potential Step Chronoamperometry to Aquation Kinetics of [Co(edma),]®
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Fig.2. Typical plots of the current ratio (—i,/i,) vs. &
under the diffusion-controlled conditions.
Concentration of trans-[Co(edma),]*=1.0 mM. Total
concentration of Hedma=20mM. ([J): pH 7.38,
(O): pH 8.75, (A): pH 10.66. Solid line represents
the theoretical curve calculated by Eq. 11.

B101 and By, are the overall formation constants of
[Co(edma)]+ and [Co(edma),]® species, respectively,
the values of which were determined previously?” as
follows: log f19;=7.51 and log f;g,=14.05.

First, consider the reaction in the alkaline region
higher than pH 7. In this pH region, [Co(edma),]®
species is stable for the ligand concentrations of 20—50
mM and thus the aquation reaction does not occur.
Therefore, the anodic-cathodic current ratio, (—i,/i.),
must satisfy the following equation for the diffusion-
controlled conditions:V

(—tafic) = 1 — [§/(14+6)]'73, (11)
where £ is defined by Eq. 8. Some typical results of
(—1,/ic) vs. & plot for several pH values are shown in
Fig. 2, where the points are the experimental values,
and the solid line represents the theoretical behavior
calculated by Eq. 11. The results show that the anodic
currents are essentially controlled by diffusion of
[Co(edma),]? to the electrode surface. Slight deviations
of (—z,/i;) from theory could be attributed to the
overlapping of the mercury desolution current with
the anodic current of [Co(edma),]°.

Next, the reaction in the acidic region lower than
pH 4.5 will be examined. In this acidic region, the
first step aquation process becomes irreversible, because
the rate of the corresponding reverse process may be
neglected, as can be proved from the concentrations of

of the step-wise aquation processes, respectively. [Co(edma)]* and edma- calculated by the use of the
+
trans- (Co (edma) ,]
(k,) (k,)
[Co(edma)2]° —Llapp [co(edn'na)]*'—ELbi2a [CO(H20)612+
(kp) app (B102/B101) (%2) appP101

Scheme 1.
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Fig. 3. Dependence of the apparent rate constant of the

aquation reaction of [Co(edma),]® upon the concen-
tration of hydrogen ion.
[Co(edma),]® was produced by the electrolytic reduc-
tion of 1.0 mM trans-[Co(edma),]* in 1.0 M NaClO,
solutions containing 20 mM Hedma (open circle) or 50
mM Hedma (solid circle). The solid curve indicates
the values of (k,),,, calculated by the use of Eq. 12
with the values of £,, k/k_,, and £./k_, obtained.

formation constants of complex species and the protona-
tion constants of edma-, log B4, =9.97, log By, =16.71,
and log f45,=18.76.2"  Therefore, analysis of the
current-time curves was made by using the working
curves with K=0 (e.g., see curve 9 in Fig. 1.). The
values of (k;),p, thus obtained for various pH values
are shown in dependence of the hydrogen ion concen-
tration, [H*], in Fig. 3. We see that the apparent
rate constant greatly increases with an increase in [H*],
indicating that the first aquation step is accelerated
by the presence of hydrogen ion. A possible mechanism
for such an acid-catalyzed dissociation of multidentate
ligands may be expressed by Scheme 2, where it is
assumed that the protonation of the intermediate
containing bidentated edma~ is irreversible, because
of the fact that no evidence for the presence of
protonated species was observed in potentiometric
titrations.?”) Similar schemes were previously proposed
for the dissociation of nickel(1I),28) iron(II),2¢:30 and
cobalt(II)31-3% complexes with polyamines such as
ethylenediamine (en), diethylenetriamine (dien), trieth-
ylenetetraamine (trien), 2,2’-bipyridine (bpy), 2,2’ :
6’,2"-terpyridine (terp) and 1,10-phenanthroline (phen),
and the 2,4-pentanedionate complexes3® of chro-
mium (IT), cobalt(II), and ruthenium(II). According to
Sheme 2 and considering stationary-state kinetics for
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Fig. 4. Plot of 1/(ky),pp vs. 1/[H*].
The experimental conditions and the symbols used are
the same as those in Fig. 3.
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Fig. 5. Plot of 1/{(k,/(k1)app) — 1} vs. [H*].
The experimental conditions and the symbols used are
the same as those in Fig. 3.

unprotonated bidentated species, (k;),p, Will be given by

= kalkytk[H])
(kl)lpp - k—a_:kb+kc[H+]' (12)

Equation 12 can be rearranged to

11 ko, )

A A NN (9
At sufficiently low pH where £, <k [H*], a plot of
1/(ky)app vs. 1/[H*] is linear, and k, is derived by
extrapolation to 1/[H*]—0. The graph for the first
step dissociation of [Co(edma),]® is shown in Fig. 4.
The corresponding values of the rate constants derived
from the intercept and the slope are
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ky= 2.1 x 108571
(kefk_y) = 1.9 x 102
Further rearrangement of Eq. 12 yields
[{ka/ (k)app} — 11 = (kyfk_y) + (ko/k_o) [HI*]. (14)
Figure 5 shows the plots of 1/[{k,/(k;) appy —1] vs. [H*],
which is linear as expected from Eq. 14. The intercept

and the slope give the following values for the corre-
sponding rate constants:

(kyk_y) = 2.9 x 101
(kofk_)) = 1.4 x 102

Two values of (k[k-,) obtained from the two different
plots are in good agreement with each other. To
summarize briefly, the rate constant of the first step
dissociation of [Co(edma),]® approaches to a limiting
value (2.1x10%3s1) for pH<(1.3, in which the first
bond rupture is the rate determining step for the
dissociation and the hydrogen ion acts as an effective
scavenger for the detached bond of bidentated edma.
On the other hand, the rate constant is reduced to
another limiting value (4.7 x10%s-!) for pH<4.3, in
which the hydrogen ion does not participate directly
in the dissociation process. We can calculate (k;),,,
at various concentrations of hydrogen ion by the use
of Eq. 12 with the values of k,, ky/k-,, and k.fk-,
obtained. The calculated values (solid curve in Fig. 3)
are in agreement with the measured ones.

Two mechanisms are possible, depending on whether
the first bond rupture occurs on the Co-N bond of a
primary amino group or on the Co—O bond of carboxyl
group, where the rupture of Co-N bond of secondary
amino group is ruled out taking into account the steric
factors. If the first bond rupture occurs on the Co-N
bond of a primary amino group, the dissociation reaction

Application of Double Potential Step Chronoamperometry to Aquation Kinetics of [Co(edma),]?
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proceeds through ‘“‘glycinate intermediate’.3%3) On
the other hand, if the Co—~O bond of carboxyl group
ruptures first, the subsequent dissociation reaction
proceeds via “‘ethylenediamine intermediate.’’37:38) The
both possible reaction paths for the first step of the
dissociation of [Co(edma),]? complex produced by the
electrochemical reduction of the corresponding cobalt-
(ITI) complex can be expressed by Scheme 3, where
edma- and N-N-O- stand for NH,-CH,-CH,-
NH-COO" and Hedma denotes the protonated edma-—.

As being obtained above, the rate constant of the first
bond rupture corresponding to k,. or k,. is 2.1 X 103 s-1,
This value is almost equal to those of the corresponding
first bond rupture of [Co(en),]?* and [Co(trien)]2+
(1.4 10% and 2.1 x 103, respectively).3V Each of these
three cobalt(II) complexes has four nitrogen atoms as
a donating atom. Further, the rate constants of the first
bond rupture of cobalt(II) complexes with edma- or
such aliphatic polyamines as en, dien and trien increase
in the order:3" [Co(en)]**<[Co(dien)]%*<[Co(en),]2*
~ [Co (trien)]?* ~ [Co (edma),]* < [Co (en),;]%+ ~ [Co-
(dien),]2*+. It is likely that in the dissociation of cobalt-
(IT) complexes with aliphatic polyamines and poly-
amine- N-carboxylates the rate constant of the first bond
rupture increases with an increase in the number of
nitrogen donor atoms. From the fact that the rate
constant of the first bond rupture for [Co(edma),]?
is almost equal to those for [Co(trien)]?+ and [Co(en),]?+,
it seems reasonable that the first bond rupture occurs
on the Co-N bond of a primary amino group.

The ratio k./k-,((1.74-0.3) x 102) for [Co(edma),]® is
almost equal to those for [Co(trien)]?+ and [Co(en),]2*
(3.6 x10% and 1.6 x 102, respectively).3? This means
that for these cobalt(II) complexes the hydrolysis
involving protonation is much faster than the re-

0
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Eedma Co ég;] _kb'_, (edma Colt + edma

+
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edma Co é:«é]] __kﬂ> (edma Co]+ + Hedma
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Scheme 3.
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formation of the chelate ring and further for the [Co-
(edma),]° complex the protonation of an uncoordinated
ligand can occur with the same easiness as those in the
[Co(en),]?t and [Co(trien)]* complexes.

The ratio ky/k-, is a measure of the probability for
complete dissociation of a ligand once the first bond
rupture occurred. The value (2.9 x 10-1) of ky/k-, for
[Co(edma),]® is about forty times larger than those
(7.9 10-3)3D for [Co(en),]** and [Co(trien)]**. This
may be due to the difference between the type of the
bond of the still-bound ligand after the first bond
rupture in the [Co(edma),]® dissociation and that for
[Co(en),]*+ and [Co(trien)]?t. In the former the still-
bound ligand has a possibility to make “glycinate
intermediate’ (II) and/or ‘‘ethylenediamine inter-
mediate” (II'), while in the latter the formation of
“ethylenediamine intermediate’’3! can be only expected.
The processes II-IV and II'>IV shown in Scheme
3 may be considered to be similar to the first detachment
processes of glycine (gly) and ethylenediamine (en)
from the cobalt(II) complexes with gly and en, respec-
tively. The rate constant of the first step of the
dissociation of the [Co(gly),] is by ca. 10 times larger
-than that of the [Co(en),]?t.36:39-41)  Simijlarly, the
dissociation of the nickel(II)-glycine complexes is
faster than that of the corresponding ethylenediamine
complexes.?? Thus, the large difference between the
value of ky/k-, for [Co(edma),]® and those for [Co-
(en),]?* and [Co(trien)]?+ seems to eliminate the
possibility of an ethylenediamine reaction mechanism
in the [Co(edma),]® dissociation. This finding is contrary
to the observation of Kodama et al.373% obtained
in their kinetic study of the substitution reactions of
nickel(IT)-edma~ complex with diethylenetriamine- N,
N,N’,N",N"-pentaacetic acid (DTPA). The substitution
reaction of nickel(II)-edma- complex with DTPA
proceeds through ‘‘ethylenediamine intermediates.”

Lastly, consider the reaction in the near neutral
region of pH values from 4.5 to 7. In this pH region,
the [Co(edma),]’, [Co(edma)]*, and [Co(H,0)s]%+
species coexist in the solution, as can be seen from the
concentration distributions calculated by the use of
the formation constants of the [Co(edma),]® and [Co-
(edma)]* species and the protonation constants of
edma=.2" Then the effects of the reverse (complex
formation) reactions should be taken into consider-
ation. It has been well known1-4® that the rate constant
of the first detachment step of the ligand (z.e., dissocia-
tion reaction) of the labile complexes is larger than
those of the subsequent steps. Thus, we assumed that
the second step process [Co(edma)]+2[Co(H,0),]2*
dose not proceed substantially compared with the first
step process [Co(edma),]’2[Co(edma)]+ within the
time scale of DPSCA. Further, the experiments were
mainly conducted under the experimental conditions
where [Co(H;O)¢]?t ion is scarcely present in the
solution. The second step process was thus ignored in
examining the mechanism of overall aquation reaction
of [Co(edma),]®.  Furthermore, the reaction path
through the protonation of the amino group, which
is the main path of the dissociation in an acidic solution,
can be neglected, since the ratio of £ [H*] to k, which
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Fig. 6. Dependence of the measured values of the current
ratio (—i,/i,) on kt for various values of K at £=1.
(@): v=3.0ms, (P): v=47ms, (Q): 7=6.5ms.
(1): K=3.00, [Hedma]=20.0 mM, pH 6.22; (2): K=
0.592, [Hedma]=20.0 mM, pH 5.84; (3): K=0.541,
[Hedma]=15.7mM, pH 590; (4): K=0.173,
[Hedma]=60.9 mM, pH 5.32; (5): K=0.110, [Hedma]
=40.5 mM, pH 5.30; (6): K=0.048, [Hedma]=20.0
mM, pH 5.20; (7): K=0.05, [Hedma]=14.0 mM, pH
5.00. In all cases, the concentration of trans-[Co-
(edma),]* is 1.0 mM. Solid lines represent the theo-
retical curves for various values of K which correspond
to the solution compositions ((1)—(7)).

can be estimated by using the values of ky/k-, and
k./k-, obtained above is sufficiently small at pH >ca. 5.
According to the reaction scheme (Scheme 1), the
apparent rate constant, (k),p, and the equilibrium
constant, K, can be expressed by (£,),,, and [(B143/B101)>
respectively, in which [ is the concentration of free
edma~. In Fig. 6 the experimental values of the ratio
(—1,/i.) are shown as a function of the product of the
rate of the follow-up chemical reaction (k) and the
switching time (r) at various analytical concentrations
of Hedma and pH’s. The value of (£,),,, was independ-
ent of the analytical concentrations of Hedma and pH’s
within the experimental error, as can be expected
from the above mentions. The value of (k;),,, was
estimated to be (4.14-0.6) x 10%2s~1, which is almost
equal to the value (4.7 X 10%s71) obtained in the acidic
region (pH<(4.5).

The results may be summarized as follows: The
mechanism of the aquation of the [Co(edma),]® can be
described by Scheme 1 in the range of pH 1.5 to 10.6.
At pH<{4.5, the process of the detachment of the first
edma~ from the [Co(edma),]® is irreversible and the
rate of this process is accelerated by hydrogen ions
(Scheme 2). The first step of the dissociation of the
[Co(edma),]® is the bond rupture of the Co-N bond
of a primary amino group and the dissociation reaction
proceeds through “glycinate intermediate” (see Scheme
3). In the region of further lower pH (pH<1), the
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rate of the dissociation approaches an upper limiting
value (2.1 x103s-1). At pH>4.5, on the other hand,
the hydrogen ions do not substantially contribute to
the aquation and thus the rate approaches a lower
limiting value (4.7 x10%s-1), which is in good agree-
ment with that obtained in neutral region (4.5<pH<7),
where the reverse (complex formation) reaction must
be also taken into consideration. Above pH 7, the
[Co(edma),]® species exists as main species in the
solution and thus the kinetic behavior of the aquation
is not observed.

Appendix
If we make the following substitution:
7=a/ v, (A-1)
ag=4E. (A-2)
Eq. 10 can be converted into the following equation;
o —_ 2__n2
o Kl O g (gpay — Clotkopm), (A9
0 A =72
with
C(0%K, p7)
=n [K+exp {_m(l;—az)} A (pr[l;—az])]. (A-4)

Equation A-4 can be solved numerically in the following
way:2? First, divide the ¢ -axis into N equal intervals of Ag,
and transform Eq. A-3 into

Zﬁsﬂv 7 )K+exp[—,l)‘t{(NAo')z—7)2}]d77

?=1) (p-1)Ac v/ (NAc)2— 2
= C(N A0 K, ()
with
C((NAa)z,K,pz)
= [K+exp{_ Pf(1+(2NAo)2)} g, (m(1+(2NAa)2) )]
(A-6)

Next, approximate the function ¥ (7)[K+exp{—pr((NAo)*—
7*}] in the interval (p— 1) Ad<p<pAo by its arithmetic mean

7 @ (PA)K+exp{—pr(N*—%) (A0)’]

+Z([p—1]A0)[K+exp{—pz(N*—[p—1]*)(A0)*]}, (A-7)

and perform the integration of the remaining part. Then, we

obtain, after some rearrangements,
¥ (Ao)

_ C((NA0)*K,pr)—¥ (0)[K+exp{ —pr(A0)*} 1H(],1)
(K+D)H(1,]) ’
(A-8)

[c<<NAa)2,K,m>—yr<0>H<MN)

1
(K+DH®,N)

[K-+exp{— pr(Ac)'N*}]— 31 ¥ (pA0) K+

¥ (NAog) =

exp{—pr(A0)* (N2—p)}I[H(N,p) +H (Np— 1)], (A-9)
with
H(N,p) = sin! (%) — sin~! (p ;l),

(A-10)

Application of Double Potential Step Chronoamperometry to Aquation Kinetics of [Co(edma),]°

3071

where

70 < gl (-5)1(2)

The condition A-11 is given by solving the Eq. 9 at £§—0.
Thus, the numerical values of ¥ (¢) can be obtained stepwise
with N=1,2,3,... for the various choices of the parameters K
and pr. Numerical calculations were carried out on a digital
computer FACOM M-160 for a series of values of K and
pv ranging from 0 to 100 and 0 to 10, respectively, by
setting Ag=0.001.

(A-11)
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