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The kinetics and the mechanisms of the electro-
philic substitution reaction of the metal-ethylenedi-
aminetetraacetate(EDTA) complex have been
studied for several different reaction systems.!—9
These metal-ion exchange reactions are all shown
to proceed through the reaction of the entering
metal ion with the EDTA complex and through
that of the dissociated EDTA anion with the enter-
ing metal ion. Recently, similar electrophilic
substitution reactions have been studied with trans-
1,2-cyclohexanediaminetetraacetic acid (CyDTA)
in place of EDTA.2:1-12) In this case, there was
no direct reaction between the entering metal ion
and the CyDTA complex. This behavior was
confirmed in the present study. In most cases, a
metal-CyDTA complex has a largen stability con-
stant (from 1 to 3 larger in the logarithm scale) than
the corresponding EDTA complex.!® Therefore,
the dissociation reaction of CyDTA complexes may
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be expected to be considerably slower than that of
the corresponding EDTA complexes. This expec-
tation was also examined in this study.

Experimental

The solutions of disodium CyDTA and copper(II)
nitrate were the same as those described in previous
papers.1*19  The cadmium(II) nitrate solution was
prepared by dissolving pure cadmium metal in nitric
acid: it was standardized against a standard CyDTA
solution by amperometric titration.

The apparatus and procedure were also the same in
principle as those described in the previous papers.14:15

Results

The overall reaction in acetate media is represented
by:

cu2+
1} Vit
CuOAc+ + CdCy?- —
1
Cu(OAc),

CdOAc+
} 1

CuCy2- + {Cd&

Where Cy%- denotes a tetravalent CyDTA anion.
The forward reaction rate was obtained by the
polarographic measurements of the copper(II)-
ion concentration with the time. The copper-ion
concentration that can be determined is an ap-
parent concentration, i.e., [Cu?t],,,=[Cu?*+]+
[CuOAc*]4[Cu(OAc),]. Under the present
experimental conditions, the forward reaction of
Eq. (1) was so sluggish that the initial rate could
be determined accurately. When the copper ion
is present in a large excess over the cadmium ion,
the initial rate was independent of the copper-ion
concentrations, but it was proportional to the
concentrations of the Cd(II)-CyDTA complex
and the hydrogen ion (see Figs. 1, 2, and 3)
On the other hand, when the cadmium ion is pre-
sent in a large excess over the copper ion, the rate
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Fig. 2. V;*/[CdCy%-]; as a function of the con-

centration of copper ion at ionic strength 0.2
and 25°C.

Initial concentrations are [CdCy?-];=2.25 mwm,
[Cd?+]; app=6.3 mm and pH 4.95 for curve 1,
and [CdCy?-];=1.12mm, [Cd?+]; app=3.3X
10-2mM and pH 5.42 for curve 2.

was proportional to the concentrations of the copper
ion as well as those of the Cd(II)-CyDTA complex
and the hydrogen ion, and the rate was inversely
proportional to the concentrations of the cadmium
ion (Figs. 1, 2, and 4). These results indicate
that the reaction between the copper(II) ion and
the cadmium(II)-CyDTA complex proceeds through
the following reaction paths;

kgdCy

CdCy?- + H+ = HCy%- + Cdz+ )

hydrogen ion concentration at ionic strength
0.2 and 25°C.

Initial concentrations are [CdCy2?-];=1.12mm
and [Cd2*];,app=3.3x 10-2mm for O,
[CdCy2-];=2.25 mm and [Cd?*]; app=6.6x 10-2
mu for @, and [Cu?*]; 4pp=>5.03x 10-! mm for
O and @.

(—A4[Cu?*]; app/4t)x 107, M sec-?

[H+]x 105, m

Fig. 4. Initial rate as a function of the hydrogen
ion concentration at ionic strength 0.2 and 25°C.
Initial concentrations are 2.25 mm, 5.38 mm and
2.50x10-*mm for [CdCy2-];, [Cd?+]; app and
[Cu2+]; app respectively.

kHCy

Cu

=— CuCy?- + H*+ ®)
kH

CuCy

Cu?* + HCy3-

Determination of the Rate Constant of the
Dissociation Reaction of the Cadmium(I)-
CyDTA Complex. When the copper ion is
present in a large excess over the cadmium ion, the
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TaBLE 1. RATE CONSTANTS OF THE REACTION (at 25°C)
k
M2+ 4 HY3- —= My?- + H+
kb
. Rate constant, [ mol-1sec—1
Reaction u Method Researcher
system % %
f ]
Cd-EDTA 0.1 6.4x10° 3x 10%* Ey/, Aylward, Hayes!®)
Cd-EDTA 0.5 2.3x10° 1x108 @ Matsuda, Tamamushiléb)
Cd-EDTA 1.6 1x10° 7.6x10% NMR Sudmeier, Reilley?¢c)
Cu-EDTA 0.2 3.0x10° 7.1% Pol Tanaka, Kato3D
Cd-CyDTA 0.1 1.4x10° 41.4 Sp Smith, Magerum!?
Cd-CyDTA 0.2 1.1x10%* 32.8 Pol The present study
Cu-CyDTA 0.2 3.3x10° 2.1% Pol The present study

* Calculated by the author using the relation of ks/ks=KyyKuy.
E,/, refers to the analysis of the half wave potential of polarograph, ¢, the phase angle behavior, NMR,
to the nuclear magnetic resonance, Pol, to the polarographic diffusion current measurement, and Sp, to

the spectrophotometry.

rate-determining step is the dissociation reaction of
the Cd(II)-CyDTA complex. Therefore, the rate
is expressed as Eq. (4);

A[Cu?*];,app

B At
where the 7 subscript indicates the initial state.
The initial rate was obtained as a function of the
hydrogen-ion concentration at two different concen-
trations of both the cadmium-CyDTA complex
and the cadmium ion. The results are given in
Fig. 3. Figure 3 clearly indicates that the value
of kfycy can be determined from the slope. The
value of kgdcy was 32.8 [ mol—1sec™.

Determination of the Rate Constant of the
Complex-forming Reaction between the Hy-
drated Copper(Il) Ion and the CyDTA Anion.
When the cadmium ion is present in a large excess
over the copper ion, the relation of k6sY [Cu2t]«
KESY [Cd2+] is satisfied. The following rate equa-
tion can then be deduced:

_A[Cu?*]i app
At

= Vi* = kGycy[CACy?>~1;[H*] (4)

= V;* = kg [Cu+];[HCy3-1;

[CdCy?-1;[Cu2+

]i'ﬂDPr +
(G 1; 20 [H*] 5

=k

k= kg\(fy X
1 + Bcaoac[OAcT]
KcacyKucy(l + Bcuoac[OAc—] + Bcuoae,[OAc]?)

_ o 1+160.04
= Fou” Tom.2 5 10-11.70(1 4 52 X 0.04 + 93 % 0.042)

= kIO % 1.37x10-8 (5"

16) a) G. H. Aylward and J. W. Hayes, Anal. Chem.,
37, (1965). b) K. Matsuda and R. Tamamushi, This
Bulletin, 41, 1563 (1968). c) J. L. Sudmeier and C. N.
Reilley, Inorg. Chem., 5, 1047 (1966). d) J. Koryta and
Z. Zabransky, Collect. Czech. Chem. Commun., 25, 3153
(1960). €) T. Fujisawa and N. Tanaka, Nippon Kagaku
Zasshi, 87, 965 (1966). f) N. Tanaka, R. Tamamushi
and M. Kodama, Z. Phys. Chem. (Frankfurt am Main),
41, 141 (1958).

The initial rate was obtained as a function of the
hydrogen-ion concentration(Fig. 4) and also as a
function of the concentrations of the copper ion
(Curve 1 in Fig. 2). The rate constant, k5", was
determined to be 8.0 x 10° / mol-sec~? from Fig. 2,
and to be 8.7x10° [/ mol-'sec™? from Fig. 4.

Discussion

Several workers have studied the kinetics of
the dissociation or formation reactions of copper-
EDTAS32:¢,4:Y) and cadmium-EDTA®) complexes.
A few of their representative data are given in
Table 1, together with the present results on the
CyDTA complexes. The rate constant of the com-
plex-forming reaction does not show any large
differences between EDTA and CyDTA, nor be-
tween cadmium and copper. However, the dis-
sociation reactions of CyDTA complexes are much
slower than those of the corresponding EDTA
complexes, and the dissociation-rate constants of
the cadmium-CyDTA and -EDTA complexes are,
respectively, 16 and about 1000 times larger
than those of the copper-CyDTA and EDTA
complexes. These facts indicate that the rate of
the dissociation of these complexes is dependent
on the stability of the complex. In the present
case, the ratios of the stability constants are;

Keueyasn/Kcueata) = 10%-3/10%-7 = 10*-¢ and
1019-2/1016.4 — 1028

There were two noticeable conclusions for com-
paring the kinetic behavior of the CyDTA complex
with that of the EDTA complex; (1) although
are direct reactions between the copper ion and
EDTA complex, there were on appreciable direct
reactions between the copper ion and the CyDTA
complex, and (2) there was a close similarity between
the hydrogen-ion reaction with the two complexes.
This kinetic behavior is consistent with that of the
other metal-CyDTA and -EDTA complexes.
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