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Interaction of Ni(II), Co(II) and Cu(II) with pL-aminobutanedioic acid—
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Comprehensive kinetic study on the interaction of Ni(ll), Co(II) and Cu(II) with pL-aminobutane-
dioic acid has been carried out in the pH range 6.00-7.13 for Ni(ll} and Co(Il) and 2.11-3.11 for
Cu(Il) in 0.1M KNO, at different temperatures 25-40 (£ 0.05°C) using stopped-flow spectropho-
tometer. The complexation reactions have been discussed in terms of Eigen mechanism in which the
loss of water molecule from the metal ion in the ion pair is an important rate determining step. Ex-
perimental rate constants have been resolved into stepwise rate constants and the activation parame-
ters corresponding to different binding steps have been evaluated. The determined values of k, (the
rate constant for exchange of water molecule) compare well with the expected values as determined

by NMR studies.

pL-Aminobutanedioic acid (pL-aspartic acid) is an
important constituent of a large number of pro-
teins, polypeptides and enzymes and is required
for the synthesis of peptides like carnosine, anser-
ine, coenzyme A and pantothenic acid'. It plays
an important role in the excretion of nitrogen
waste as urea via urea cycle? and also it is con-
verted by transamination reaction to oxaloacetic
acid which plays sigmificant role in Kreb'’s citric
acid cycle®. Thus, it is significant both in carbo-
hydrate catabolism and photosynthesis.

Metal ions like Ni(II), Co(II) and Cu(II) present
in body tissues and fluids can interact with pL-
aspartic acid present in blood plasma. Thus, com-
parative knowledge of binding of metal ions by
pL-aminobutanedioic acid can help in the prepar-
ation of model systems.

Review of the literature reveals that earlier
studies** on the complexation of pL-aminobutane-
dioic acid with metal ions were made only at one
temperature, taking into consideration only one
dissociation constant corresponding to NHj
groups. Also, activation parameters corresponding
to stepwise rate constants have not been deter-
mined which are quite important for establishing
the mechanism for the complexation reaction.

In the present kinetic study, we have taken into
consideration all the three dissociation constants
of pL-aminobutanedioic acid to investigate the fin-
er details of the complexation reactions of pi-
aminobutanedioic acid with Ni(Ill), Co(Il). and
Cu(II). The values of water exchange rate con-

stant (ky) alongwith the activation parameters
corresponding to the stepwise rate constants have
also been computed.

Materials and Methods

pL-Aminobutanedioic acid, (BDH, England),
Ni(NO,),.6H,0, Co(NO;),.6H,0, Cu(NO;,),.3H,0
(al. Merck), 2,6-lutidine (Merck Schuschardt),
bromothymol blue (BDH), KNO,, KOH and
HNO; (all AR. grade) were used as such. Freshly
prepared solution of bpL-aminobutanedioic acid
was used for all complexation reactions, and triply
distilled water was used for the preparation of all
solutions. The temperature of the system was
maintained using immersion type thermostat (Ger-
man Model NBE).

Kinetic measurements

The kinetic study was made on Aminco Mor-
row stopped-flow spectrophotometer under pseu-
do-first order conditions ie, [M(II)]>[pL-
aminobutanedioic acid] to ensure the formation of
mono-complex only. The reactions were investi-
gated at different temperatures 25-40 (£ 0.05°C)
in 0.1M KNO,. Transmittance changes in the case
of complexation reactions of Ni(Il) and Co(lI)
with pL-aminobutanedioic acid were monitored at
620 nm using bromothymol blue as pH indicator
and at 600 nm in the case of Cu-pL-aminobutane-
dioic acid. No indicator was used in the case of
Cu(Il) since the absorbance changes were large
enough to be monitored directly.
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In the case of Ni(II) and Co(Il), solutions con-
taining metal ion and the ligand were buffered
with 2,6-lutidine and HCI to make the initial pH
of metal ion solution and ligand solution same
and constant. After mixing, slight change in the
PH (of the order of 0.05 unit) was observed and
the reported values are those of the mixture. In
the case of Cu-pL-aminobutanedioic acid reaction,
pH was adjusted by dropwise addition of KOH/
HNO,. The final pH was taken on radiometer pH
meter (pH M26, Copenhagen).

Transmittance changes for each run were traced
out from the oscilloscope. The values of pseudo-
first order rate constants (k) were calculated
from the linear plots of logA V' versus time. Sec-
ond order rate constants, k,,, were evaluated
from the relation k,, = k. /[M(II) ].

Blank experiments in which (i) metal ion solu-
tion and indicator (solvent in the case of Cu(Il))
and (ii) ligand solution and indicator were mixed,
showed no transmittance change to interfere with
the result.

Results and Discussion

Kinetics of the complexation of Ni(Il) and
Co(Il) with prL-aminobutanedioic acid was studied
in the pH range 6.00-7.13 in 0.1M KNO; at dif-
ferent temperatures 25-40 (% 0.05°C). In the case
of Cu(ll)-pL-aminobutanedioic acid interaction,
kinetic investigations were made over the pH
range 2.11-3.11 to avoid hydrolysis.

pL-Aminobutanedioic acid has two carboxylic
groups and one amino group. Therefore, it i§ ex-
pected that all the three groups should participate
in complexation reactions with Ni(II), Co(II) and
Cu(II).

In aqueous solution, pL-aminobutanedioic acid
may exist as HOOC —C'I;IZ —CH(NH,)—-COO"
(A), OOC - CH, — CH(NH,;)-COOH (B or
HOOC - CH, - CH(NH,)—COOH (C). Accord-
ing to Green and Tong® the ratio of these forms,
A:B:C is close to 28000:1600:1. Thus form
(A) of pL-aminobutanedioic acid is predominant

in aqueous solution.
A dissociation of pL-aminobutanedioic acid can
be represented as follows:
. o
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These different forms of pL-aminobutanedioic
acid (at 25°C, pK, =193, pK,=3.7, pK,=9.63)
can react with M(II) in a stepwise manner as
shown in Scheme 1.
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For the interaction of piL-aminobutanedioic acid
with M(II) ions, overall rate of the reaction can be
written as

Rate = k.. [M(II)][pL-aminobutanedioic acid]

(1)
= k,, [pL-aminobutanedioic acidly ... (2)
= ko’hs{[HO:;J'H—OHH[HO—NH -0-]
+["0O-NH-0"]+["O-N-0"}} ... (3)
where k., = ko, [M(ID)] ... (4)

+ + +
HO-NH-OH, HO-NH-0", "O-NH-0"
and " O—N-0O" are triprotonated, diprotonated,
monoprotonated and deprotonated forms respec-
tively of the ligand.

From Scheme 1, rate can be written as

Rﬂte=k35[_o—N_OM+] P (5)

Applying steady state approximation for the in-
termediates O—NH-OM* and O-N-OM~,
using the value of [O—NH—-OM*] in terms of
[-O—N-OM"*]and on rearrangement we get

[fO-N-OM"]=

+
{kuknl-o ~ NH"O_] + k:sku[_o_ N —O'Ii[M{H)]
ks, k:z[l'r] + kas(Kaa + kss)

. (6)

Using this value of [FO-N-OM"*] in Eq. (5)
we get,
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Table 1—Values of k,;, k,; and k, for the interaction of Ni(IT), Co(Il) and Cu(ll} with m.-axmnobuxanedlmc acid

Temp. Ni(II)}-pL-Aminobutanedioic acid Co(II}-pL-Aminobutanedioic ar:ld Cu(1I}-pL-Aminobutanedioic acid
k;;%X1072 k3 x 1075 k,x107% Kk X107% kyyx 1073 k,x107%  k;;x1072 ki x107% k,x 1077
(M=1s7) (M) T (M7 (MTST) ) (M7 (MTsT) ()

25 0.85 2.08 1.05 385 2.60 1.31 6.10 3.05 1.54
30 1.05 2.19 1.11 4.5 2.70 1.36 6.60 3.13 1.58
35 1.20 2.30 1.16 5.1 2.79 1.41 7.00 3.20 1.61
40 1.45 240 1.21 5.85 2.89 1.46 7.50 3.28 1.65
Rate =
+ ‘c
{kizksskos[” O —NH = O]+ Ky ks kus[_O — N — O " J{M(II)] L 40

Ky kesa[H™ ] + ks (Ky + kss)
. (7

Now, on substituting the values of
[ONHO]and[ONOImtermsof
[HO- -NH- OH] from Scheme 1 in Eq. (7) and
on rearrangement, we obtain Eq. (8).

Ratem {( izkakss Ky Ko[H' 1+ kg KisksK Ko K, )]
kll k32[H+] o h] kid o+ kJS)

[[Ho NH - OH]M(II )1]
H'TP

+
Using the values of [HO-NH-O7}
[ON.HO]and[ONOImtermsof

[HO- NH OH] in Eq. (3) and rearranging we
getEq.(9)

.. (8)

Rate = k, [M(I{[H* P+ K,[H*]? + K, K,[H*]

*
mO-NH—OHq
T -+{(9)
Comparing Eqs (8) and (9) we get

+K,K2K3}x{

kanslH™F + K,\[H* P + K, K, [H* |+ K, K, K5}

- kiakyskss Ky Ko[H' |+ kyskyskas K K K

— .. (10
ka ks [H™ |+ kys(kss + kss) (10

Assuming® that k;s> ky, and k; k;, [H*]<
ka3(k3s + kss), Eq. (10) becomes

{(H'F +K,[H' P+ K,K,[H ]+ K, K, K}

e K, K, [H']

. (11)
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Fig. 1—Plots of k,,{1+K,/[H*]} versus [H*]"' for Ni(II}
pL-aminobutanedioic acid interaction at different tempera-
tures

Since under our experimental conditions, [H* 2
and K,;[H*'J* are negligible as compared to
K,K,(H*] and K,K;K,, Eq. (11) can be written
as

={K1K2[H+]+Kl K2K3} k43K3
o K, K,[H"] =]

Plots of k. {1+ K;/[H*]} versus [H*]"! for
Ni(II}-pL-aminobutanedioic acid interaction are
shown in Fig. 1. The values of k;, and k,; ob-
tained from the intercepts and slopes respectively
of these linear plots are reported in Table 1. The
values of k;, and k,; corresponding to Co-DL-
aminobutanedioic acid and Cu-pL-aminobutane-
dioic acid interaction are also reported in Table 1.

=k, + K12}
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Table 2—Values of activation parameters for the interaction of Ni(II), Co(Il) and Cu(II) with pL-aminobutanedioic acid

Ni(II}-pL-Aminobutanedioic acid Co{II)}-pL-Aminobutanedioic acid Cu(II-pL-Aminobutanedioic acid
AH," 25.1 19.3 8.25
{(kJ mol ")
AS,” -123 -130 - 164
(JK-! mol~!)
AH" 5.27 293 1.79
(kI mol~!)
AS," -125 -131 -574
(JK-!'mol ')

K, at 25°C was taken from the literature’ and
for other temperatures, K, values were calculated
using the thermodynamic relation,

pKp=AH(T,— T))4576 T, T, + pKy, ... (13)
The values of enthalpy and entropy of activa-

tion were obtained from the linear plots of log k/T

versus 1/T. These values for the interaction of
Ni(II), Co(Il) ‘'and Cu(Il) with pL-aminobutane-
dioic acid are reported in Table 2.

According to the general mechanism® for com-
plex formation, the rate law in terms of outer
sphere complex formation constant (K,) and the
rate constant for water loss (k,) can be written as

Rate = K.k, [M(I)][L] ... (14)
The value of K,, can be calculated using the Fu-
oss equation'® and is approximated to 1.98 mol !
dm? at all temperatures of investigations. From
Scheme 1, rate of complex formation involving
water exchange can be written as
Rate = k,,[~0— NH - O~ ][M(II)]
+ kyy[O—N-0~|M(I)]

From the data in Table 1, it is obvious that
k 12 < k43
Thus eq. (15) can be written as
Rate = k,;["O—N-0O"][M(II)]
Comparing Eqs (14) and (16) we get
kg3 =k Ky ... (17)

Knowing the values of k,; and K, the values
of k, at different temperatures were calculated
which compare well with the expected values as
calculated on the basis of NMR data'?, These va-
lues are reported in Table 1.

The values of k, in the case of Ni(Il), Co(II)
and Cu(II), show the highest rate of complexation

e (15)

... (16)

for Cu(Il). The decreasing order of water ex-
change rate constant (k,), Cu(Il)> Co(II)> Ni(II),
can be explained on the basis of CFSE values''.
The differences in CFSE values (Oh-TBP) for
Ni(II), Co(II) and Cu(Il) is 5.73 Dq, 2.55 Dq and
1.09 Dq respectively. Thus activation energy bar-
rier is maximum in case of Ni(Il) and minimum in
case of Cu(II).

In all the cases lower values of AH,;” than
AH,,” (Table 2) confirm that the reaction via kg
path would be fast as compared to k,, path. Also,
k4 values are much larger than k,, values (Table
1). Thus, it can be concluded that zwitterionic
form is less reactive than deprotonated form. This
may be attributed to the strong electrostatic for-
ces of attraction between positive charge of metal
ion and negative charge of carboxylate group.
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