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Rate constant of the complex formation reaction
depends on the nature of the metal ion, e.g., on the
charge, the electronic configuration, the ionic radius,
and the coordination structure.)? The development of
the relaxation methods has made it possible to study
kinetically on many complex formation reactions which
proceed too fast to be studied by the conventional
method. On copper(II) complex formation reaction,
however, relatively few kinetic studies have been
carried out.2:*) This is presumably because of the fast
rate of the reaction and ease of the formation of hydroxy
species even at relatively low pH’s. The purpose of
the present investigation is to study on the copper(II)
chloroacetate complex formation reaction, which can be
studied at low pH’s, with the help of the ultrasonic
absorption method.

Experimental

Reagent-grade copper nitrate, chloroacetic acid, sodium
hydroxide, and sodium perchlorate were used. The ionic
strength of the solutions was adjusted to 1.0 by an addition
of sodium perchlorate. Ultrasonic absorption measure-
ments were carried out at 25°C by the pulse method over
the frequency range from 5.5 to 220 MHz. Details of the
apparatus have been described elsewhere.®

Theoretical

The metal ion and the ligand are hydrated in an
aqueous solution. In the case of the complex forma-
tion, therefore, two or three-step mechanisms, the
rate-determining step of which is the release of a water

molecule from the metal ion, have been proposed;®
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where M is the metal ion, L is the ligand, state I is
free ions, state II is the ion-pair, and state III is the
complex, and the subscript means that the ions are
hydrated. Step I—II represents the diffusion of the
ions to form the ion-pair and the rate constants, ky,,
ks, seem to be very fast. Step IT—III is the rate-
determining process of the inner-sphere complex
formation. With the assumption that A, ko> kss,
kss, the relaxation frequency, f,, for the step ITI—III
is related to the rate constants and the ionic concentra-
tions by the following form;

2nfr = kyp + kag{1+ka/k1p(Cu+ Cu) } 1 2)
where Cy and Cp, are the concentrations of M and L

respectively. The relaxation absorption is expressed
by the single relaxation equation;

of f2= A1+ (fIfr)*} "+ B ®)

where o is the absorption coefficient, f is the frequency,
and 4 and B are constants.

(1)

Results and Discussion

The concentrations of the species, which were cal-
culated by the use of the formation constants of copper-
(ITI) chloroacetate®) are summarized in Table 1. Re-
presentative absorption curves are shown in Fig. 1.
The relaxation frequencies obtained are also listed in

TaBLE 1. EXPERIMENTAL CONDITIONS AND THE RELAXATION FREQUENCY OF THE SOLUTION
Sample SCu SL Ionic concentrations (10-2wm) £
-1 -1
number (10—t m) (10-1m) L Cu Cul. CuL, CuL, (MHz)
1 1 1 61 65 32 3 — 37
2 1 2 130 43 45 9 3 40
3 1 3 200 30 49 14 7 44
4 2 2 92 107 80 11 2 49
5 2 3 145 79 93 21 7 45
6 3 1 32 236 61 3 — 56
7 3 2 70 183 104 11 2 53
8 3 3 110 144 129 22 5 53
9 3 5 73 300 178 19 3 58
10 3 7 54 475 208 15 2 65
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Fig. 1. Ultrasonic absorption in copper(II) chloroacetate Fig. 2. Plot of relaxation frequency (fy) vs. [1+1/{Ko(Cm+
solutions. The arrows indicate the relaxation frequencies. Cu)-.

Numeral shows the sample number.

Table 1. To ensure that the observed relaxation
absorption is due to the complex formation reaction of
copper(II) chloroacetate, blank experiments were
carried out with solutions containing copper(II)
nitrate or chloroacetic acid in the same conditions.
In no case was a relaxation absorption observed.

The principal equilibria between copper and chloro-
acetate ions at low concentrations are;

Cu2t + ClAc- == Cu(ClAc)+ 4)
Cu(ClAc)+ + ClAc~ == Cu(ClAc), (5)

where ClAc— means the chloroacetate ion. Cu(ClAc)g~
and higher-order complexes may exist, but the con-
centrations are very low. Both of the equations have
been investigated in trying to correlate the experimental
data. In applying Eq. (2) to Eq. (4), the ratio £,/
ka1, which is the ion-pair constant K, can be estimated
using the Fuoss equation.”s®) At ijonic strength 1.0,
K, is calculated to be about 1 for the 2—1 electrolytes.
With the data in Table 1 and K|, f, is plotted against
[1+1H{Ky(Cour*+Coiae-) 1™t in Fig. 2. From the
slope and the intercept of the line in Fig. 2, k,3 and ks
were obtained; k,;=8.5x108sec™!, and k;=1.4X
108 secl. Over-all formation constant, K, can be

6) S. Fronaeus, Doct. Diss. Lund., (1948).
7) R. M. Fuoss, J. Amer. Chem. Soc., 80, 5059 (1958).
8) G. G. Hammes and J. I. Steinfeld, ibid., 84, 4639 (1962).

approximately given by K(1-£a3/kss) and is calculated
to be; 7.1 m~1. Taking into account the uncertainty
of K,, this value is in good agreement with the value
reported in Ref. 6, 8.1 Mm~1, which had been previously
used in the calculation of the ionic concentrations.
On the other hand, the same plots for Eq. (5) do not
show a linear relation. These results suggest that
Eq. (4) is responsible for the present absorption.

By the ultransonic absorption measurements in the
aqueous solution of copper(II) acetate, the rate constant
of water substitution of Cu?t ion is reported?; km,o=
(1—2) X 10° sec™™.

The rate constant k,; of copper(lI) chloroacetate
complex formation reaction obtained above is very
close to the value in the case where the ligand is acetate.
Moreover the rate constant k,; is also close to the water
substitution rate studied by the NMR; £, =3 x10°
sec”l. These facts show that the rate-determining
step of the complex formation reaction is the loss of a
water molecule from the inner-sphere of the metal ion.

As is well known, the d° copper(lI) ion is subject
to Jahn-Teller distortion, and the axial water molecules
are in a great lability. Consequently, the fast water
substitution rate of copper(II) obtained above may be
mainly caused by its peculiar electronic configuration.

9) G. Maass, quoted in Ref. 3.
10) C. W. Meredith, Ph. D. Dissertation.
California at Berkeley, (1965).
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