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The rate constants for the formation of the diprotonated bimetallic complex of copper(II) with 3,3’-bis[ N, N-

bis(carboxymethyl)aminomethyl]-o-cresolsulfonphthalein (XO) have been determined by the stoppedflow method.
Cu

The results are interpreted in terms of the reactions, Cu+LH,=CuLH, == Cu,LH, and Cu+LH,=CuLH,}

Cu
H & Cu,LH,+H. The over-all rate constants, &, and k, for both reactions are determined to be
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ky==(3.6-£0.3) X 108M~1s~* and k,=(8.741.3) X 108 M1~ at 25.0 °C and [=0.1 M.

During a search for establishing the solution chemistry
on the metal complexes with XO,'-% it has been found
that copper(II) ion forms the diprotonated bimetallic
complex Cu,LH, with XO in solutions containing an
excess of copper(II) ion to XO at pH 3.5—5.5. The
structure of the complex has been proposed to be four
nine-membered and two eight-membered rings.?

In the present paper it is examined by the stopped-
flow method how the unfavorable large-membered
chelate rings affect the complexation reaction of copper-
(IT) ion with XO.

Experimental
Materials. Reagents: All chemicals used are of analyt-
ical grade, unless otherwise specified. ~ Water is deionized and
distilled.

Xylenol Orange: The acid form of the “pure” specimen?5)
is used. 1x10-*M stock solution of XO is prepared by
weight.

Copper(II) Perchlorate: Copper(II) perchlorate is prepared
from recrystallized copper(II) chloride by heating with a
small excess of perchloric acid. Perchlorate is recrystallized
twice from water. The solution is standardized by EDTA
titration using PAN as indicator.

Sodium Perchlorate; The purified salt) is heated at ca.
200 °C to prepare anhydrous salt. The concentration of
the solution is determined by weight. The ionic strength of
the solution is adjusted to 0.1 M with the sodium perchlorate.

Buffer Solutions: They are prepared from 1.0 M acetic
acid and 1.0 M sodium acetate.

Measurements. The rates of complexation reaction are
measured at 574 nm, the maximum absorption of Cu,LH,
complex,? with a Union Giken stopped-flow rapid-scan
spectrophotometer Model RA 1300 and their signals are
stored in an image dissector and then recorded on a Rigaku
Denki transient recorder.

The pH values of the solutions are measured with a Radio-
meter pH Meter 4d (Copenhagen) equipped with a glass
electrode Type G 202B and a saturated calomel electrode Type
K 401.

All measurements are made at 25.0+0.2 °C by circulating
thermostated water from a Lauda Type K 2R Electronic with
a circular Duplex pumps.

Results

Figure 1 shows the plot of ke, the apparent first-
order rate constant, against the total concentration of
copper(II) ion for the total concentration of XO,
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Fig. 1. Plot of £, against the total concentration of
copper(II) ion at various pH values in the formation of
Cu,LH, for T,=1.60% 10-5 M, at 25.0 °C and I=0.1
M. pH: a) 5.364-0.04, b) 5.174-0.03, c) 4.9740.03,
d) 4.704-0.04, €) 4.274+0.07, and f) 3.874-0.09.

TL.=1.60x10-*M at pH 3.87—5.36 at 25.0 °C and
I=0.1 M. As kypeq is the first-order with respect to
copper(II) ion at each value of pH, the following
equation holds

kovsa = ke[Cu] + Ky (1
where k¢ and k4 are the forward and the reverse rato
constants of the reaction, respectively.

In the above pH region, the protolytic equilibria
of the ligand are

LH, + H = LH,; K, = 1087 @)

LH, + H = LH; K, = 10*%, (3)
where K; and K, are the acid-association constants®)
of the ligand at 25.0 °C and I=0.1 M.

The kinetic data are consistent with the assumption
that the formation of Cu,LLH, proceeds via two paths in
Egs. 4 and 5 and that the protolytic reactions of Eqgs. 2
and 3 reach equilibria much faster than the metal
complex reactions

Cu
Cu + LH, —= CulLH, <¥’__ Cu,LH,; £, (4)
Cu + LH; — CulLH, + H
Cu
——= Cu,LH, + H; %, (5)

where CuLH, is a terdentate intermediate 4 in Fig. 3.
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Fig. 2. Plot of k(14 K,[H]) against the inverse of hy-

drogen ion concentration in the formation of Cu,LH,
at 25.0 °C and 7/=0.1 M.

The forward rate of the formation of Cu,LH, is
given by
d[Cu,LH,]/dt = k,[Cu]C,
= k[Cu][LH,] + £,[Cu][LH,], (6)

where
Cy, = [LH,] + [LH;] + [LH,], (7)

and &, and k, are the over-all forward rate constants
of the reactions for (4) and (5), respectively.

From Eqs. 6 and 7, the formation rate constant k¢
is expressed by the equation

ke = (k1+k2Kl[H])/(1 +K,[H] + K, K,[H]?). (8)

Plot of k¢(1+K,[H]) x 103 against [H]-1x 105 gives
a straight line (Fig. 2). From Eq. 8 the relation k(1 -+
K,[H])=k,+k,/K,[H] holds in the experimental pH
region. The intercept and the slope give the values of
ky and k,/K,, respectively. The values of k, and &k,
are evaluated to be £;=(3.6+0.3) x 108 M-1s-1 and
ky=(8.741.3) x 103 M~1s~1 at 25.0 °C and /=0.1 M.

Discussion

From equilibrium measurements it has been found
that copper(II) ion forms the diprotonated bimetallic
complex with XO,? while from kinetic measurements
of the complexation reaction of copper(II) ion with
XO, kopsq is found to be the first-order with respect to
copper(II) ion. These facts indicate that on complexa-
tion of copper(Il) ion with XO two copper(II) ions
do not simultaneously react with two different coor-
dinating sites of XO but successively react with them
to form the diprotonated bimetallic complex. Thus
following mechanisms are considered (Fig. 3).

Using steady-state approximation for species 3 and 4
(3’ and 4), and assuming rapid equilibria between
species 1 and 2 (1’ and 2'), and assuming k,;[Cu]>£,,
(K 5[Cul>k y5) and kgy>ksy (K30 >k's,) one gives the
expression for the forward rate constant at each value
of pHin Eq. 9

ke = k3K o K5 Kog[ Cu][LH, ]
+ k3 KoK K3 Cul[LH;]. 9)

From Egs. 6 and 9,

ky = kgo K Ko Koy (10)

Mutsuo YAMADA

[Vol. 49, No. 7

C
Ko K, ,"OH"O
Cu + LHy % CuLh = Cuo= ¢

1

faz N CU~ kg
oy 0 ca
(=P
ky O ks
Q,
Ko CL\LO"' 0 HO ’:\ 4 5
- O= Y H ( R
k-ld
3
Fig. 3. Proposed mechanisms of the formation of Cu,-
LH,.
ky = k3o KooK, Kys. (11)

As the value of the product K ,K,, is approximately
estimated to be 78 M-! from the stability constant
of the copper(II) acetate,” the value of the product
k34 K5g is calculated to be 4.6 x 104 s71. If K,, is estimated
from the ratio of the copper(II) complexes with malonic
acid” and acetic acid,” K, is calculated to be 4.6 x 103.
Thus kg, is approximately evaluated to be 10 s~

It is due to the small value of kg, that the value of &,
(3.6 108 M~1s~1) is smaller by approximately 3 orders
of magnitude than those of the rate constants of the
normal substitution reaction of aquo copper(II) ion
with the ligands.

It is found that the formation of large-membered
chelate rings reduces the rate of the substitution reaction.

Kustin et al. have termed the reactions like this
““sterically controlled substitution,” the rate has been shown
to be ligand dependent.®

The author should like to thank Professor M. Fuji-
moto for general discussion and reading the manuscript.
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