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The kinetic study of the substitution

reaction of copper(Il) ions

and zinc(II)-

nitrilotriacetate complexes in acetate buffer solutions has been carried out with the same procedure

as reported previously.
and monoacetato complexes.

The reaction was treated as to proceed through both hydrated metal ions
The rate constants for eight elementary reaction paths, of which

four involve the hydrated copper(II) ions and the others the monoacetatocopper(II) complexes,

were determined at ionic strength 0.23 at 0°C.

The values obtained indicate that all the re-

actions proceeding through hydrated copper(II) ions are faster than the corresponding reactions
proceeding through monoacetatocopper(II) complexes.

Our previous study!> showed that monoacetato-
nickel(II) ions react with nitrilotriacetate (NTA)

*1 Former name: Yu Saito.
Present address: Department of Applied Chemistry,
Yamagata University, Yamagata Technical College,
Zyonan, Yonezawa.

anions faster than hydrated nickel(II) ions do.
Since this was considered to be due to the charac-
teristics of nickel(IT) but not NTA ions, the con-
firmation was undertaken in the present study.

1) N. Tanaka and M. Kimura, This Bulletin, 40,
2100 (1967).
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The substitution reactions between copper(II)
ions and zinc(II)-nitrilotriacetate complexes have
been investigated, and the rate constants for eight
reactions including the reactions between copper-
(IT) ions and nitrilotriacetate anions have been
determined.

Experimental

A solution of zinc(II) nitrate was prepared by dis-
solving a known amount of pure zinc metal in reagent-
grade nitric acid. The preparation and standardi-
zation of all other chemicals used were the same as
described in the previous paper.?

The rate of the reaction between copper(II) ions and
zinc(II)-NTA complexes was determined by the measure-
ment of the polarographic limiting diffusion current
of copper(lI) ions in acetate buffer solutions at 0°C
and ionic strength 0.23. The ionic strength was
adjusted with potassium nitrate. Gelatin was added
as a maximum suppressor by 0.01% in concentration.
The pH of the solution was measured after the polaro-
graphic measurement with a Hitachi-Horiba Model
M-4 pH meter.

Result

In the acetate buffer solution containing acetate
ions up to 0.2M in concentration, the overall
substitution reaction of copper(II) ions and zinc(IT)-
NTA complexes is written as

Cuz+

1 ke Zn3+
CuOAc* » + ZnX~- = CuX~- +1 1l (N
I ZnOAc+
Cu(OAC),

where X3~ means a tervalent NTA anion.
the condition that both Zn(II) ions and Zn(II)-
NTA complexes are present in a large excess over
copper(II) ions, the substitution reaction (1) -can
be treated as a pseudo-first order reaction. The
apparent rate constants of the forward reaction

(1), kapp, were obtained by similar treatments
as given in the previous papers.2—%> The values of

k:pp were obtained as a function of the hydrogen
ion concentration at two different concentrations
of zinc(II) ions and at three different concen-
trations of acetate ions. Their plots against the
hydrogen ion concentration are given in Fig. 1.
Figure 1 clearly indicates that a linear relation
exists between kqpp and [H*], and that the values
of kapp at [H+]=0, which were obtained by ex-
trapolation, are dependent on the concentrations
of zinc(II) ions and acetate ions.

On the basis of the dependencies of the observed
apparent rate constants on the concentrations of

2) N. Tanaka, K. Kato and R. Tamamushi, This
Bulletin, 31, 283 (1958).

3) N. Tanaka and K. Kato, ibid., 32, 1376 (1959).

4 K. Kato, ibid., 33, 200 (1960).
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Fig. 1. k::op as a function of the hydrogen ion
concentration in acetate buffer - potassium nitrate
solutions of ionic strength 0.23 at 0°C. Initial
concentrations are [Cu®*]y app=2.00% 10-%m;
[ZnX-1,=4.35x10-3M; [ZnZ*]gapp=11.68%
10-3m (plots 1,2 and 3) and [Zn2+]y,qpp=6.34
X103 M (plots 4, 5 and 6). Concentrations of
free acetate are 0.048 M for ©, 0.097 m for @,
and 0.196M for Q.

zinc(II) ions, Zn(II)-NTA complexes, hydrogen
ions and acetate ions, which are identical to those
of the substitution reaction of copper(II) ions and
zinc(II)-EDTA complexes,* the following mecha-
nisms were set down for reaction (1).

K
(i) Cu?* + ZnX- = CuX- + Zn?+ (2)
ke
CuOAct + ZnX~- —
CuX- + ZnOAc+* (2%
(i) ZnX- + H+* = ZnHX (3)
Kilh
Cu?* + ZnHX =— CuHX + Zn2+ (4)
Kite
CuQAct 4 ZnHX ==
CuHX + ZnOAc+ (4"
CuHX —= CuX- + H* (5)
zn2+
(i) ZnX- = [ 1 }+ X3- (6)
ZnOAct
kit
Cu?+ + X3- —= CuX- (75
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kit
CuQAc* + X3- — CuX- + OAc-
(7
zn3+
(iv) ZnX- + Ht = { 1 }+ HXz-
ZnOAc+
(8
Kivn
Cu?+ + HX?- = CuHX (9)
ke
CuQAct + HX?- &=
CuHX + OAc- 9"

From the same treatment in principle as in the
previous papers,2=5) Eq. (10) is obtained for the
rate equation for reaction (1).

1

= — [+
né}] Boucoaer[OAC—]"
ki.[OAc-] + (ki + ka[OAc-])[H*]
+{kih+k3[OAc] + (kin + kic[OAc~1) [H+]}
1 + ﬁznOAc[OAc -I ] (10)

[Zn%*]o,app

where,
kit = kitBosones ki = kiinK Zatixs
K = kit BouoacK Zonx, kin = kitn/Kznx
ki = kitteBouoe/Kzaxs kin = kive/(KzaxKux),

k;: = k:-(fcﬁcuou.’(KanKﬂx)
(107
In Eq. (10), the initial concentration [Zn?*],, app
is substituted for [Zn?+],pp.

TasLe 1. RATE constants IN Eq. (10) OBTAINED
AT 1ONIC STRENGTH 0.23 ar 0°C

Rate constant

kip, 5.4 I mol~!sec!
ki 7.6x10 12 mol -2 sec—!
ko ~1x108 12 mol 2 sec=+
k3 ~1x108 13 mol -3 sec~!
k5, 1.60X10-2 sec~!
k3. 3.0%10-! I mol—1sec~!
k;‘ 4108 I mol—1sec—!
ks 2x104 [2 mol -2 sec™!

5) N. Tanaka and H., Ogino, This Bulletin, 36,
175 (1963).
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TaBLE 2. RATE CONSTANTS FOR REACTIONS (2), (2'),
(4), (49, (7), (7"), (9) AND (9') AT IONIG STRENGTH

0.23 At 0°C

Rate constant,

! mol-1sec—!
ki, 5.4
ki 2.,
= ~30
ki ~10
Ko 2.0x 109
ke 1.1x10¢
kun 5x10°
ke 1x10%°

The rate constants in Eq. (10) were obtained
from the analysis of those plots in Fig. 1, and are
given in Table 1.

The rate constants for reactions (2), (2'), (4),
4", (7), (7"), (9) and (9') were calculated from
the relations given in Egs. (10') and are given in
Table 2. The values of Kz,x and K %‘.,Hx which were
used in the calculation are 101°-% and 103-5, re-
spectively. They are the wvalues which were
determined by the polarographic method at
ionic strength 0.2 at 0°C.%> The values of Kyy,
ﬁCnDAc and ﬁCuCOAc): are the same as those used in
the previous paper.??

Discussion

The values in Table 2 indicate that all the reac-
tions proceeding through hydrated copper(II)
ions are faster than the corresponding reactions
through monoacetatocopper(II) ions. This con-
trasts with the results obtained in the case of the
substitution reactions involving nickel(II) ions and
confirms our previous consideration.

With the rate constants obtained in this study,
the ratios of the rate constants for the reactions,

ki
M2+ 4 Xi- = MX- (11)
Kt
'kl‘l\"ll
M2+ 4 HX?2- —= MX- + H* (12)
krvh
may be discussed. For reactions (11) and (12),
the following relation holds.
kitm/kive = (kiim/kive) /K gx (13)
If it is assumed that the treatment given by Bydalek

6) Y. Saito, Ph. D. Thesis, Tohoku University
(1967).
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TasLE 3. THE RATIOS OF THE RATE CONSTANTS FOR REACTIONS (11) anp (12)

Metal Temp., °C o [y knlkvn Investigators

Niz2+ 25 1.25 6.4x104 8x10-¢ Bydalek and Blomster$?
Niz+ 0 0.2 2x104 5x10-¢ Tanaka and Kimura®?
Ni+ 0 0.2 1.,x10¢ 3x10-¢ Tanaka and Kimural?
Cdz+ 25 0.2 1x10-3 Tanaka et al.®

Cuz+ 0 0.23 4% 104 This stuydy

and Margerum™ and Bydalek and Blomster®
can be applied to these reactions, and that the same
reaction intermediates given by the latter authors
for the Ni(II)-NTA reactions,

O 0]
/N VAN
M+ «— N-O- and M+ «—— N-O-H
/ /
O- O-

are formed in reactions (11) and (12), respectively,

the ratio kmm/kvn is considered to be equal to
the value of the acid dissociation constant for

acetic acid, 10-4-7, Then, the ratio kifm/kivs was
calculated to be

Kitm/kive = (ktm/kive)/Kux = 103

Since this relation holds for any metal ion, the
ratio must be the same irrespective of the kind of
metal ions involved. The ratios obtained in the
present study are given in Table 3 together with
the values reported in the literatures. From Table

7) T. J. Bydalek and D. W. Margerum, Inorg.
Chem., 2, 678 (1963).

8) T. J. Bydalek and M. L. Blomster, ibid., 3, 667
(1964).

9) N. Tanaka, K. Ebata, T. Takahari and T.
Kumagai, This Bulletin, 35, 1836 (1962).

3, it can be seen that the observed values are in
an essential agreement with the calculated ones.

In the present and the previous!? studies, the
rate constants for the complex-forming reactions
of Cu-NTA and Ni-NTA complexes were de-
termined. If the rate constants for Cu-NTA

complexes are denoted with kﬁlh(Cu) and kﬁ.rh(Cu)
and those for Ni-NTA complexes with kiim(Ni)
and kiva(Ni), the values of kifm(Cu)/kiiin(Ni) and

kivn(Cu)/kivn(Ni) were calculated to be 2x 10? and
1 x 103, respectively. The values seem to be in an
essential agreement with the ratio of the rate
constants for the exchange of a water molecule
from a hydrated copper(II) ion and a hydrated
nickel(IT) ion, which was reported by Eigen and
Tamm,!0:10 and Connick and Stover.!?
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