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The kinetics of the substitution reaction of nickel(II) and copper(II)-nitrilotriacetate com-
plexes and that of nickel(II) and cobalt(II)-nitrilotriacetate complexes in acetate buffer solu-

tions have been studied by a similar method in principle to that reported previously.

The re-

actions were treated as to proceed through both hydrated metal ions and monoacetato com-

plexes.

The rate constants of eight reaction paths, of which four involve hydrated nickel(II)

ions and the others, monoacetatonickel(II) complexes, were determined at ionic strength 0.2
at 0°C. The backward reactions were found to proceed also through eight reaction paths in
which the dissociation of Ni(II)-nitrilotriacetate complexes is rate-determining. The values
of rate constants obtained for the forward and the backward reactions indicate that all the re-
actions proceeding through monoacetatonickel(II) complexes are faster than the corresponding

reactions through hydrated nickel(II) ions.

A number of previous studies on the substitu-
tion reactions involving metal-ethylenediaminetetra-
acetate (EDTA) complexes indicated that the re-
action rate decreased with increasing concentra-
tions of acetate ions.!=# However, Tanaka and
Sakuma® found, in their studies on the complex-
forming reaction between nickel(IT) and EDTA,
that the reactions proceeding through acetato-
nickel(IT) complexes are faster than the correspond-
ing reactions through hydrated nickel(II) ions.
Recently, Bydalek,!®> who studied the effect of
acetate ions on the substitution reaction between
nickel(IT) and copper(II)-EDTA complexes, obtain-
ed a similar result to that reported by Tanaka
and Sakuma.?”? It seemed to be interesting that
the effect of acetate ions on the reactions involving
nickel(II) ions is opposite to that on the reactions
involving some other metals.

In the present study, substitution reactions
between nickel(II) and copper(II)- and cobalt(II)-
nitrilotriacetate  (NAT) complexes have been

*L  Formaly name is Yu Saito, and present address
is Department of Applied Chemistry, Yamagata Uni-
versity, Yamagata Technical College, Yonegawa.
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investigated in acetate buffer solutions at ionic
strength 0.2 at 0°C, and the rate constants of the
paths in which the reactions proceed through
hydrated nickel(II) ions and monoacetatonickel(II)
complexes have been determined and compared
with those of the corresponding reactions of other
metal ions.

Experimental

The preparation and the standardization of the
solutions of nickel(II) nitrate,!'> cobalt(II) nitrate,12
copper(I1) nitrate!®> and nitrilotriacetate!’> were made
by the same procedures as described in the previous
papers cited. All other chemicals used were of the
analytical reagent grade.

The rates of the forward and the backward reactions
between nickel(II) and copper(II)-NTA complexes
were determined by the measurement of the increase
and the decrease with time, respectively, of the polaro-
graphic diffusion current of copper(II) ions in acetate
buffer solutions. In the case of the forward and the
backward reaction between nickel(II) and cobalt(II)-
NTA complexes, the diffusion current of nickel(IT)
ions was measured with time in acetate buffer solutions.

Current-time curves were obtained with a Yanagimoto
Graphrecorder with an applying potentiometer equipped.
The dropping mercury electrode had an m value of’
1.23 mg/sec and a drop time ty of 5.3 sec in an air-free
solution containing 0.1 M potassium nitrate and 0.1 m
acetate buffer at 25°C at —0.5 V us., SCE.

Measurements were made at 0°C in acetate buffer

11) N. Tanaka and K. Kato, This Bulletin, 32,

516 (1959).

12) N. Tanaka and H. Ogino, ibid., 38, 439 (1965).
N. Tanaka, K. Kato and R. Tamamushl, thid.,.

13)
31, 283 (1958).
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TABLE 1.

Forward reaction
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CHARACTERISTICS OF THE SUBSTITUTION REACTION BETWEEN Ni(II) anp M(II)-NTA coMPLEXES

Series . _ - Apparent initial
No. [H+] [Nit*loapp  [MX-lo  [M2*loapp  [OAc-] i " 0.smn)
1 varied const. const. const. const. linear to [H*]
2 const. varied const. const. const. proportional to [Ni2*]y app
3 const. const, varied const. const. proportional to [MX~],
+ const. const. const. varied const. linear to 1/[M2*]g app
5 const. const. const. const. varied increase with [OAc~]
Backward reaction
Series ’ I - - Apparent initial
No. [H*] [M2*]g app [NiX~]o [Ni**]Jo,app [OAc~] rate (27 0,app)
6 varied const. const. — const. linear to [H*]
7 const. varied const. — const. linear to [M2* ]y app
8 const. const. varied — const. proportional to [NiX~],
9 const. const. const. varied const. independent of [Ni*]j app
10 const. const. const. — varied increase with [OAc~]

solutions of ionic strength 0.2, being adjusted with
potassium nitrate. Gelatin was added as a maximum
suppressor by 0.019;, in concentration in the case of the
measurement of the copper wave, while polyoxyethyl-
enelauryl ether (LEO) was added by 2106 m in con-
centration in the case of the measurement of the nickel
wave. The pH of the solution was measured after the
polarographic measurement with a Hitachi-Horiba
Model M-4 pH meter with a glass electrode.

Results

In a solution containing acetate ions up to 0.2 M
in concentration, copper(II) forms mono- and
diacetato complexes,!*> whereas nickel(II)!1> and
cobalt(IT)!%> form only monoacetato complexes.
If copper(II) and cobalt(II) are represented with
M(II), the overall substitution reaction between
nickel(IT) and copper(II)-NTA complexes and

that between nickel(II) and cobalt(II)-NTA
complexes are expressed by
Ni2+
1 + MX- 2
NiOAc+
M2+
NiX- + 11} (1)

M(OAc), (2= m+

where X?- means a tervalent NTA anion.

The concentrations of simple copper(Il) and
simple nickel(Il) ions that can be determined
polarographically are apparent concentrations,
i.e., [Cu*]4p, and [Ni2*],,, respectively, which
are given by

14) N. Tanaka and K. Kato, ibid., 33, 417 (1960).
15) N. Tanaka, M. Kamada, H. Osawa and G.
Sato, ibid., 33, 1412 (1960).

[Cu?*]upp = %[Cu(OAC)ﬂ"'”)*] (2)
and
[Ni“]ﬂpp — Eiu[Ni(OAC}ﬂQ—nﬁ] (2!)

Under the present experimental conditions, the
rate of the substitution reaction between Ni(II)
and M(II)-NTA complexes was so slow that the
apparent initial rates of the reactions, 4[Cu2+] 50/
At and — A[Ni?+], 4pp/dt for the forward reactions
and —d[Cu?* ]y 4pp/dt and A[Ni%+]y 4pp/dE for the
backward reactions, were able to be determined
accurately, where the subscript 0 means the initial
state.

In Table 1 are given the characteristics of the
substitution reactions between Ni(II) and M(II)-
NTA complexes which were obtained from the
preliminary measurements of the apparent initial
rates of the forward and the backward reactions
under varied conditions.

From these characteristics the reaction mechanism
of the substitution reaction between Ni(II) and
M(II)-NTA complexes was considered as follows:

kIh
() N2+ + MX- = M2+ + NiX- (3)
a7
kre
NiQAct + MX- —
kp
MOAc* + NiX- (3"
(i) MX- + H* = MHX (4)
kit
Niz*+ + MHX = M2+ 4 NiHX (5)
kit
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e
NiOAc* + MHX —=
klte
MOAc+ + NiHX (5')

NiX- + H*+ = NiHX (6)
M2+
(i) MX- = {u } + X (7)
M(OAC) -+
#+
111k
Niz+ 4+ X3- =— NiX- 8)
kit
*z’fc

NiOAc+ +. X3- =

'tH!c

NiX- 4+ OAc- (8"
M2+
(iv) MHX = 11| } + HX2- (9)
M(OACc),G-n+
it
. IVh
Niz+ 4+ HX?- — NiHX (10)
krvn
it
Ve
NiOAc*+ + HX?- —
krye
NiHX + OAc- (10"

In the present treatment, it was assumed that the
equilibria between hydrated ions and acetato
complexes were maintained while the substitution
reactions took place. Then, Eqgs. (11) and (12)
were obtained for the rates of the forward and the
backward reactions, respectively.

5'+0 epp = [MX_]D[Ni2+]0.spp

PP ] 4+ Brioac[OAc-]

+ kn[H*] + k2[OAc-][H+]
+ (k3h + k3[OAC-] + ki[H*]

. k+[OA ~1rEL %ﬁMCOAc)ﬂ[OAc—]ﬂ
de AC ]I_ .]J [Mz_‘_]o'&pp

(11)

{k;; + ki :[OAc-]

where
k. = kit Bxioaes
k3 = kﬁ’c}gNiOAcK;{IHX, k3 = Fiin/ Kyx,
ks = kﬁfﬂﬁNjOAchMX; kin = k.}kn,f'(K;[xKHx],

+ +
ks = kiveBxioac/ (KuxKux) (117)

v 0,000 = INIX=1o{ (k7 + A [OAC™] + & [HY]

+ + o H
kan = kinKmux,
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+ k3, [H*][OAc-]) -, [M?2*]o,app
2 Brcoaeo[OAcT]"

+ ki + knr[OAc—] + ka[H*]
+ k;[OAc—][Hﬂ} (12)
where

kic = kI Bxoacs

- - H - - H
k2 = kicKninx Buoacs kin = kiviKninx,

- - H
kor = kmKniax,

ki = kiveKNinx (127)
In these equations, the initial concentrations,
[Ni2*]o,apps [M?*]Jo,apps [NiX-],, and [MX-]p
are substituted for [NiZ*]app, [M?*]app, [NiX~]
and [MX-], respectively. The changes of their
concentrations during the period of the measure-
ment of the initial rates of the reactions were
considered to be negligibly small under the ex-
perimental conditions.

Equation (11) indicates that, if the values of
0% g, app/ ([Ni2+]g, app[MX~],) are plotted against
1/[M?+]4.4pp under the conditions at which all
quantities but [MZ2+], 4pp, are kept constant, a
straight line should be obtained with an intercept
at 1/[M2+]g 4pp=0 given by

1 + +
_———(k k1 [OAc—
1 + Brioac[OAc] (ki + ki[OAc]

+ kn[H*] + k3[OAc-][H*]) (13)

and a slope given by

n
33 Bucorcn[OACTT"
I + Brioac[OAc™]
+ ki[H*] + k3 [OAc-][H*]) (14)
Therefore, if the values of the intercept and the
slope obtained at varied concentrations of hydrogen
ions and acetate ions are plotted against the hydro-
gen ion and the acetate ion concentrations, the
values of the rate constants in Eq. (l1) can be

determined.

The same is applied for the backward reactions.
According to Eq.(12)the plots of v = o, app/[NiX = Jo,app
against [M2?+]y 4pp give a straight line with an
intercept at [M2+]y upp=0and a slope expressed by

ki + ki [OAc—] + kun[H*] + ki [OAc~][H*]

(k3y + k3 [OAc-]

(15)
and
. ! (km + k1[OAc™]
% Bacorer.[OAc—]™
+ kap[H*] + k2 [OAc—][H*]) (16)

respectively. The rate constants in Eq. (12) can
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be determined from the values of intercepts and
slopes obtained at varied concentrations of hydro-
gen ions and acetate jons.

Determination of the Rate Constants of
the Forward Reactions. The apparent initial
rates of the forward reaction of the substitution
reaction with Cu(II)-NTA complexes, 4[Cu?* ]y, app/
4t, were determined under the conditions given
by series No. 4 in Table 1 but two different con-

M~!sec!

{(4[Cu?*]o,app/ 46)[([CuX ~Jo[Ni2* Jo,app)} x 107

0 5 1‘0 l‘:"\ 20 25
(1/[Cu®*]o,app) X 1073, Mt

Fig. 1. (A[Cu*1o,appl40)/([CuX~Jo[Ni®*Jo,app) as
a function of the reciprocal of [Cu?*]p app in
acetate buffer - potassium nitrate solutions of
ionic strength 0.2 at 0°C. Initial concentra-
trations are [CuX ~],=2.0 x 10~ #Mand[Ni*+]; app
=0.9010-3m. The pH values of the solutions
are (1) pH 5.43, (2 and 6) pH 5.24, (3 and 7)
pH 5.04, (4) pH 5.51 and (5 and 8) pH 4.82.
Concentrations of acetate ions are 0.05m for
@ and 0.10m for O.

y
i r T T T
& |
i 3 i
bl ° o
<Z
Oi’,_' -, 2
Te L o] )
-u"!l'f §
+0 -
=25 'z 3 1
=
S L
+I = % ! 1
T %t o .
21 -
%E 1?’./ ]
] r
| ot L . L
poral 05 10 15 20
[H*]x105% m
Fig. 2. Eq. (13) as a function of the hydrogen
ion concentration. The conditions are the same
as for Fig. 1. Concentrations of acetate ions

are 0.05M for curve 1 and 0.10mM for curve 2.
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T T B T

4+ ki [OAC-1)[H*]) X107, sec~1

1+ Bnioac[OAc~] (ks +k5c[OAcT]
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=
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=
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a1 \ . .

0 05 10 15 20

[H+]x10% M

Fig. 3. Eq. (14) as a function of the hydrogen
ion concentration. The conditions are the same
as for Fig. 1. Concentrations of acetate ions
are 0.05M for curve 1 and 0.10M for curve 2.

centrations of acetate ions. The values of v* app/
([CuX~-]o[Ni2+]y,app) were plotted against 1/
[Cu2+]g 4pp according to Eq. (11), in which
A[Cu2+]y 4pp/dt was substituted for v+ app and
Cu for M. (See Fig. 1). The intercepts at 1/
[Cu?+]p,app=0 and the slopes of the plots corre~
spond to Egs. (13) and (14), respectively, which.
were plotted against the hydrogen ion concentra-
tion according to Egs. (13) and (14), respectively.
These plots gave straight lines as are shown in
Figs. 2 and 3, from which the values of the rate:

T T T T T

—(4[Ni2*]o,app/ 4D)[([CoX ~Jo[Ni2*Jo,app)

0 00 2w e = Ay
1/[Co**]o,app, M~1
—(4[Ni2*]p,app/4)/([CoX~1o[Ni®*]o,app)

as a functions of the reciprocal of [Co**]y app
in acetate buffer - potassium nitrate solutions of

Fig. 4.

ionic strength 0.2 at 0°C. Initial concentra-
tions are [CoX~],=4.35% 1073 m and [Ni2*] app
=1.98x10-4M. The pH values of the solutions
are (1 and 2) pH 5.17, (4) pH 4.80 and (3 and
5) pH 4.52. Concentrations of acetate ions are:
0.05M for @ and 0.20m for Q.
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TasrLe 2. RATE coNsTANTS IN Eq. (11) OBTAINED EOR THE SUBSTITUTION REACTIONS
AT 10NIC STRENGTH (0.2 aT 0°C
Reaction Rate constant*
i kin ke k2 ke kh ks ki ki
Ni2+ - CuX- ~2x10-4 ~1x10-2 610 2x10%  1.6x10-% 4.8x10-7 1x10-2 4.,x10-2
Niz+ - CoX - ~Ix1073 ~1x1072 B8.3x10 4.,x10® 1.5x10-% 6.9x10-* 5.0 78.4

* Units of rate constants:
kic; IBmol-3sec1 for kj,.

TABLE 3.

sec! for k;;; Imol-1sec—! for kj,, ki, and k5 I2mol-2sec~! for kj., ;) and

RATE CONSTANTS FOR FORWARD REACTIONS OF REAcTIONS (3), (3'), (9), (5"), (8), (8"),

(10) anD (10') OBTAINED AT IONIC STRENGTH 0.2 aT 0°C

Rate constant, [ mol—1!sec!

Reaction )
system K, K ki ke Kiumn Kiie ko Kive
Nit+ - CuX - ~2%10-4  ~4x10-%  2x10-2  2x10-' 5..x10¢ 7.,x105 4 8

Niz+ - CoX - ~1X1073  ~5%1073 2.4x10-2 6.,x10-1  8.,x10+ 1.;x100 4 24

constants in Eq. (11) were determined (Table 2).
The rate constants for the reactions (3), (3'), (5),
(5"), (8), (8"), (10) and (10') were calculated with
the aid of the relations given in Eqs (11'), which
are given in Table 3.

The same treatment was applied for the sub-
stitution reactions between Ni(II) and Co(II)-
NTA complexes. The values of the apparent
initial rate v+, o5, divided by [CoX~]o[Ni2+]o app
which was measured as — 4[Ni2+]y, qpp/dt, were
plotted against 1/[Co?*]g, app (Fig. 4). The straight
lines in Fig. 4 indicate clearly that Eq. (11) holds
also in the case of the substitution reaction between
Ni(II) and Co(II)-NTA complexes. From the
‘intercepts and the slopes the rate constants in Eq.
(11) and those for the rate-determining steps for
-~various paths were claculated by the same procedure
as in the case of the reactions of Ni(II) and Cu(II)-
NTA complexes. The values of the rate constant
-obtained are also given in Tables 2 and 3.

The formation constants, Bycoacys and Kyx,
and the equilibrium constants, K,y and Kyx,
which were used in this calculation are given in
‘Table 4. All the values but Kgyx were determined
by the polarographic method at ionic strength
0.2 at 0°C. The thermodynamic constant Kyx
which was determined by Hughes and Martell!®
.at 0°C was used after correction for ionic strength

TaBLE 4. FORMATION AND EQUILIBRIUM CONSTANTS
AT IONIC STRENGTH 0.2 AT 0°C*

log Kc.gx 9.8 ‘BNIOAG 2.4
log KNIX ”.13 ﬁcgoJ“ 27
log Kcux 12.54 Bcuoac 33
log KGomx 3.5 Beucoaed: 50
log KNinx 3.4s pKpx1® 9.9,
log KGunx 3.5

* Details will be published elswhere.

with the aid of the extended Debye-Hiickel equa-
tion.

Determination of the Rate Constants of
the Backward Reactions. The apparent intial
rates of the backward reaction (v7¢,.pp) Wwere

20

- — b — —
=g o = L L = o

— {(4[Cu2*]g,app/4E)[[NiX ~]o} x 108, sec—!

.

L

| i
0 0.5 1.0 1.5 20
[Cu2*]o,app X 104, M

Fig. 5. —(4[Cu2*]p app/dt)[[NiX -]y as a func-
tion of [Cu2*]y 4pp in acetate buffer - potassium
nitrate solutions of ionic strength 0.2 at 0°C.
Initial concentrations are [Ni2*]y app=1.47 %
10-3m and [NiX~],=348x10"¢m. The pH
values of the solutions are (1) pH 5.65, (2) pH
5.70, (3) pH 5.40, (4¢) pH 5.24, (5) pH 5.28,
(6 and 9) pH 4.98, (7) pH 5.13 and (8 and 10)
pH 4.88. Concentrations of acetate ions are
0.05m for @ and 0.10mM for Q.

16) V. L. Hughes and A. E. Martell, J. Am. Chem.
Soc., 78, 1319 (1956).
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measured for the substitution reactions of Ni(II)-
NTA complexes with Cu(II) and those with Co(II).
The plots of v7g app/[NiX~]y versus [Cu?+]g app
for the substitution reaction between Ni(II) and
Cu(II)-NTA complexes and those of v~y 4pp/
[NiX-], versus [Co?*]g,app for the substitution
reaction between Ni(II) and Co(II)-NTA are
given in Figs. 5 and 6. The straight lines of those
plots indicate that the reaction mechanisms ex-
pressed with Eqgs. (3) to (10") operate also in the

=]
L

o
\
o
1

(ke + ki [OAc =]+ (ki + ki [OAc-])[H*]} x 108

{(4[Ni2*]g,app/dt)/[NiX 1o} X 105, sec—!

[

%%ﬁ

=]
L]
.

6 8 10 12
[Co2*]o,app X 10%, M

Fig. 6. (4[Ni2*]g,app/d4t)/[NiX~]y as a function
of [Co?+]o,app in acetate buffer - potassium nitrate
solutions of ionic strength 0.2 at 0°C. Initial
concentrations are [Ni?*]y gapp=3.1X10-5Mm and
[NiX-]p=9.7¢10"#m. The pH values of the

2105

backward reactions. The intercepts at [Cu?+]y app
or [Co®+]y 4pp=0 and the slopes of those plots
are treated according to Eqs. (15) and (16), respec-
tively. Examples are given in Figs. 7 and 8 for
the substitution reactions involving Cu?* ions.

The rate constants in Eq. (12) were obtained from
the plots, and the rate constants of the backward
reactions of reactions (3), (3'), (5), (5'), (8), (8"),
(10) and (10') were calculated with the aid of
the relations in Eqgs. (12') and are given in Tables
5 and 6. Various constants given in Table 4 were
used also in this calculation.

L

1
0 05 1.0 15 20

1

[H*]x 105, M

solutions are (1 and 3) pH 4.87, (2 and 5) pH Fig. 7. Eq. (15) as function of the hydrogen ion
4.75, (4 and 7) pH 4.51 and (6, 8 and 9) pH concentration. The conditions are the same as
4.37. Concentrations of acetate ions are 0.05M for Fig. 5. Concentrations of acetate ions are

for @, 0.10M for O and 0.15M for &.

0.05m for curve 1 and 0.10 M for curve 2.

TaBLE 5. RATE CONSTANTS IN EQ. (12) OBTAINED FOR THE SUBSTITUTION REACTIONS
AT IONIC STRENGTH 0.2 aT 0°C

Rate constant®

Reaction

system kn k. K k. Kiiin Kitte o by
Cu?* - NiX- ~2x1078 ~1x10-2 ~2x108 ~5x10* 8.,x10-7 8.4x10-¢ 2.5x10-1! 6.0
Co?* - NiX - ~Bx10-% ~2x10-8% ~6x10 ~8x10° 1x10-% 1x10-3 2,1x10-2 4.0

* Units of rate constants: sec~! for kzrs; [ mol-1sec™! for ki, kite and k-;'e; I2mol-2sec-1! for kic, k24

and kic; I3 mol-3sec! for k2.

TABLE 6. RATE CONSTANTS FOR BACKWARD REACTIONS OF REacTIONS (3), (3'), (5), (5'), (8), (8"),
(10) anp (10') at 1oNnic STRENGTH 0.2 AT 0°C

Rate constant*®

Reaction

system kin k. k1t ik ki kire kv krve
Cu?* - NiX~- ~2x10-3% ~4x10-¢ ~1 ~5x10-1 B.,x10-7 8.5x10-¢ 8.,x10-% 2.0x10-3
Co?* - NiX~ ~8x10-+ ~7x10-% ~2%x10-2 ~1x10-! 1x10-¢ 1x10-% 7.0x10-% 1.3x10-3

* Units of rate constants: sec—! for ki and kive; I mol-tsec—! for kim, krc, ki, kir, kirr and kive.
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TABLE 7. RATE CONSTANTS OF SUBSTITUTION AND COMPLEX-FORMING REACTIONS INVOLVING NTA-COMPLEXES
Rate constant
Reaction Tgrap. # f ky Researcher
I mol~1sec-! I mol~—1sec—1
kr
Ni?*+CuX~- — NiX~+Cu?+ 25 1.25 — 1.39x10-3 Bydalek and Blomster!®
kp 0 0.2 ~2x10-4 ~2%10-3  The present authors®
kg kp, sec™!
Ni++X8- — NiX- 25 1.25 4.8x10% 3.5x10-6 Bydalek and Blomster
kp 0 0.2 5.6 x 104 8., x10-7 The present authors®)
0 0.2 8., x 104 1x10-8 The present authors®
kr
Nit+ +HX2- — NiHX 25 1.25 7.51 1.5%1074¢> Bydalek and Blomster!™
kp 0 0.2 4 8., %1073  The present authors®
0 0.2 4 7.0x10-*  The present authors

a) Obtained from the reaction systems Ni2+ - CuX~ and Cu?* - NiX~.

b) Obtained from the reaction systems Ni2* - CoX~ and Co?* - NiX-.

c) Calculated by the present authors using the value of 4.34X10~! I mol-!sec~! for the reaction,
NiX- + H* — Ni** + HX?-, which was reported by Bydalek and Blomster.!??

— T T

25%- o 1

20L

10

33 Boucoacon[OAc—]*
® 108, M~!sec—!

2
n=0
o

0.5 1.0 15 20

Ky ki [OAc™ ]+ (ksp+ k7 [OAc-][H*]

(=1

[H+]x 105,
Fig. 8. Eq. (16) as a function of the hydrogen
ion concentration. The conditions are the same

as for Fig. 5. Concentrations of acetate ions
are 0.05M for @ and 0.10m for Q.

Discussion

The rate constants, ki, kittes kiva, kive, kit

ke, kive and kiy. for the reactions,

Niz+ + X3- = NiX-

NiOAc* + X3~ = NiX- + OAc-

Niz+ + HX?- = NiHX

NiOAc+ 4+ HX2- = NiHX 4 OAc-
have been determined in the studies of two different
substitution reactions between nickel(II) and
copper(II)-NTA complexes, and between nickel(IT)
and cobalt(IT)-NTA complexes.

These determinations were made with four
independent systems, Ni?+ - CuX-, Ni?* - CoX~,
Cu2+-NiX -, and Co?* - NiX~. The values of the
rate constant obtained with the systems Ni?+ - CoX -

and Co?+-NiX~ are in agreement with those obtain-
ed with the systems Ni2+ - CuX - and Cu?+ - NiX-.

(See Tables 3 and 6). The ratios kzm/kum and

kiva/kivs for the reaction between Ni2+ and X3~
and that between Ni?+ and HX?2- are 10'°-* and
1047, respectively. These values are compared to
the formation constants for NiX- and NiHX,
which are 10!1-13 and 10472, respectively. The
ratios of the rate constants are in satisfactory
agreement with the corresponding formation
constants.

Recently, Bydalek and Blomster!” reported on
the kinetics of the substitution reaction between
hydrated nickel(II) and copper(II)-NTA complexes.
The measurements were carried out by the spectro-
photometric method at ionic strength 1.25 at
25°C. Their results are given in Table 7 together
with the results obtained by the present authors.
Considering the difference of the experimental
conditions, it may be said that the values obtained
by Bydalek and Blomster are in essential agreement
with the corresponding values obtained in this
study.

The rate constants in Table 3 indicate that all
reactions proceeding through Ni?+ (hydrated)
ions are slower than the corresponding reactions
through NiOAc+ ions. Similar phenomena have
been known in the complex-forming reactions of
Ni(II)-EDTA complexes,” and the substitution
reactions between nickel(II) and copper(II)-
EDTA complexes.!®> Bydalek'®> reported that
NiOAc* ions might have a larger water-exchange
rate than aquonickel(II) ions and therefore NiOAc+*
ions may react faster than hydrated Ni2* ions with
copper(II)-EDTA complexes.
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