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A moderately soluble phase is formed in the
copper(II)—aspartic acid system. It was prepared
from copper(II)oxide and L-aspartic acid by
Lifshitz and Schouteden,! who assigned the
formula CuA-4H,0 to the air-dried compound.
The aspartate(2-) ion is denoted by A. The
compound can also be obtained by mixing solu-
tions of Cu?* and hydrogen aspartate ion (HA")
as described by Kirson and Barsﬂy According
to their analytical results, it contains 3 mol water
of crystallization. They also observed a strong
dependence of the solubility on pH. The optimal
pH for the formation of the crystals is about 4.
The easily soluble compounds Cu(HA),-0.5H,0
and K,CuA,-H,0 have also been prepared from
solutions of Cu(Il) and aspartic acid of the
appropriate compositions.’

The complex formation between copper(II)
and aspartic acid in ,aqueous solution has been
extensively studied,® but the formatlon of a
precipitate has seldom been reported Obviously
the solid has a narrow range of existence when
the components are present in moderate concen-
trations (1—5-10" M). A slow rate of precipita-
tion may also contribute to the fact that the
formation of copper aspartate is seldom
observed. In the present work the solubility
equilibria of the title compound have been
determined, which will permit a more complete
description of the important copper(II)—aspartic
acid system.

* On leave from the Central-South Institute of
Mining and Metallurgy, Changsa, Hunan, People’s
Republic of China.

0302-4377/84 $2.50
© 1984 Acta Chemica Scandinavica

Acta Chemica Scandinavica B 38 (1984) 327-344

Method of investigation. Solutions of the gener-
al composition 0.25 M Na*, H H*, A hydrogen
aspartate, (025 M+H-A) NO;~ have been
equilibrated with CuA.4H,0(s). H is the total
(analytical) hydrogen ion concentration with
HA™ and H,O as reference levels. Hydrogen
aspartate, rather than the aspartate ion, has been
chosen as component since it will be a predomi-
nant species in the aspartic acid—aspartate sys-
tem at the pH used in this investigation. The total
concentration of this system is denoted by A.
Since the water activity is constant, the solid
phase will often be written CuA(s) to simplify
formulas. In the equilibrium solution the total
concentration of Cu(Il), B, and the free hydro-
gen concentration, h, were determined.

Chemicals and analys:s CuA.4H,0 was pre-
pared by neutralizing a mixture of Cu?* (0.012
M) and H,A (0.018 M) with sodium hydroxide at
75 °C. 0.8 mol of OH™ were added per mol of
H,A. On cooling to room temperature needle-
shaped, blue crystals were formed, which were
kept in contact with the mother liquor for one
week before filtration. Analysis of the air-dried
material yielded Cu—A—-H,0=1:1:4.

Sodium nitrate (Merck p.a.) and aspartic acid
(Fluka), D and L forms, were recrystallized from
water and dried at 105 °C before use. Nitric acid
(Merck p.a.) was standardized against KHCOs.
Copper nitrate standard solutions were prepared
from recrystallized Cu(NO3), (Merck p.a.) and
analyzed by electrogravimetry.

The copper content of the equilibrium solu-
tions were determined by differential pulse polar-
ography after acidification of the sample with
HNO;. The method of standard additions was
employed for the quantification.

Apparatus and experimental details. The ex-
periments were carried out as solubility titrations
in the 6pparatus described by Olin and
Wikmark.® The start solution had the composi-
tion A=0.005 M and H=0.001 M. The titrant was
a0.005 M solution of HA. The equilibration was
followed by a copper-selective electrode (Radio-
meter F3000 Selectrode) and a glass electrode
(Ingold 10201). A Metrohm 437 Ag/AgCl elec-
trode was used as reference electrode with ionic
medium in the salt bridge. The electrodes were
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standardized with solutions of known Cu?* con-
centrations in the ionic medium. Potentials were
measured to +0.1 mV. The copper selective
electrode was well suited for monitoring the
changes in the free copper concentration but not
for accurate determination of this concentration,
as described previously.® The time for equilibra-
tion was 1—2 h. When stable electrode potentials
indicated that equilibrium had been reached, two
samples were withdrawn with a time interval of
about 30 min. No significant difference in solubil-
ity (within 2 %) was observed between the two
samples indicating that equilibrium had been
reached. This was further confirmed by another
experiment in which the equilibration was
allowed two proceed for an additional 24 h. No
increase (<0.2 %) in the copper(II) concentra-
tion was observed.

The polarographic determination of copper(II)
was made with a home-built automated voltam-
metric instrumentation.’

All experiments have been performed in a
thermostated room at 25+0.3 °C.

Results and Calculations. The complexation of
Cu?* by aspartic acid leads to the formation of
the complexes CuA, CuA,, CuAH, CuA,H, and
CuA,H,.® The intrinsic solubility of CuA(s) is
fairly high (5-10* M), which leads to large
solubilities at pH values above or below the
solubility minimum. These properties of the
Cu(II)—aspartic acid system make it difficult to
determine the stability constants of the com-
plexes and the solubility product of CuA(s)
simultaneously. In the following we shall there-
fore assume that the stability constants of the
various aspartatocopper(II) complexes as well as
the protonation constants of the hydrogen aspar-
tate ion are known.®

The complexation equilibria will be written

Cu?*+pHA =CuA H, +rH*; r=p—q (1)
CuA H, n"
qu=_[__l;?q]__ 2

where b is the free concentration of Cu(Il),
[Cu?*], and a is the concentration of HA™. The
solubility of CuA(s) is governed by
CuA(s)+H*=Cu?*+HA" 3)
and the solubility product equals

ki=balh )

The protonation constants of the hydrogen aspar-
tate ion are defined by

HA +nH*=H,,,A; n=1,2 5)
HyiiA
pi= Bl ©

The mass balance relations are

A=A, +S=a+Y Blah™+ Y p B b K™ (7)
n p.q9
B=S=b+¥ B, b h™* ®)
p»q

S is the solubility of CuA(s), A, the total
concentration of aspartic acid in the start solution
and A, the corresponding quantity in the equilib-
rium solution.

When eqns. (7) and (8) are combined and the
sums are expanded the following equation is
obtained

A,=a (1+pPh+Bh?)+Sx

[ BoodP+ i@k + Broa®h 2~ 1
{ Bria+Bra*+ Proah™ + Broa®h 2+ Brya®h +1

(C)

From each experimental point A,, S and k are
known so that a can be calculated from eqn. (9).
Next b is found from eqn. (8) and k; calculated
from eqn. (4). In these calculations the following
values of the stability constants were used (n,
logB); (1, 3.653); (2, 5.636); (p, g, logB,,); (1,
1, 2.753); (2, 2, 4.32); (1, 0, —0.905); (2, O,
-3.517); (2, 1, 0.65).

The results from a solubility titration with
L-aspartic acid, L—H,A, and Cu(L-A)-4H,0
are collected in Table 1. The value of the
solubility product, defined by eqn. (4), obtained
with the optically active form of the ligand was
pks=2.362+0.006.

Studies were also performed with racemic
ligand, (D—A+L—A). The solid obtained may
be racemic, Cu(D—A,L—A)(s), or spontaneous
resolution may take place with the formation of
Cu(D—A)(s) and Cu(L—A)(s) as separate
phases. If stereoselective effects are absent in the
formation of the bis-complexes in solution, it is
readily shown that the calculation of a and b for
racemic ligand can be performed in exactly the
same way as was done for optically pure ligand. A
will then correspond to the sum of the total
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Table 1. Solubility titration of Cu-aspartate- 4H,0. A start solution with A,=0.005 M and H,=0.001
M was titrated with a 0.005 M aspartic acid solution. The notations used in the table are defined in the
text. Except for the first point, the data appear in pairs. The first set refers to the results obtained from
the sample taken when stable electrode potentials indicate that equilibrium has been reached. The
second set refers to a sample withdrawn about 30 min later.

S-10%M ~log h

a-10°M

b-10%M pk.®

eqn. (9) eqn. (8) eq;. 4)
0.914 4.270 3.872 0.597 2.366
0.924 4.256 3.849 0.625 2.363
0.932 4.253 3.847 0.631 2.359
0.964 4.133 3.630 0.875 2.365
0.967 4.134 3.631 0.877 2.363
1.006 4.036 3.428 1.141 2371
1.018 4.037 3.429 1.152 2.366
1.073 3.958 3.243 1.449 2.371
1.113 3.959 3.244 1.499 2.354
1.152 3.893 3.079 1.788 2.367
1.150 3.804 3.082 1.780 2.367

@ Mean pk, (£0)=2.365 (0.005).

concentrations of D- and L-aspartic acid. From
the data we may calculate the concentration
quotient Q=bah~". When both Cu(D—A)(s) and
Cu(L—-A)(s) are present as separate phases we
expect Q=2k;. For a racemate with the prop-
erties of an ideal mixed crystal we expect Q=k%.
Experimentally, p0=2.036+0.006 was found.
Since pk; is 2.362+0.006, spontaneous resolution
occurs. This was further corroborated by X-ray
powder photographs of the solids obtained from
optically active and racemic aspartic acid, respec-
tively.

The fact that Q is somewhat larger than 2 k% for
crystals prepared from racemic ligand indicates
that lattice defects are present and increase the
solubility. This could also be the reason why it
was more difficult to prepare well-shaped crystals
from the racemic form of aspartic acid.

By combining the value of k} with the forma-
tion constant of CuA(aq), (log B1o=—0.905), the
intrinsic solubility of CuA(s), which is equal to
the numerical value of the equilibrium constant
for the reaction CuA(s)=CuA(aq), is found to be
5.4-10* M. In complexation studies the condi-
tions A/B=1 or 2, and B=1-10"> M are often
used. With optically pure ligand a broad su-
persaturation range is then present as shown in
Fig. 1.

The solubility of CuA.4H,O would conven-
tionally be represented by the reaction scheme
CuA(s)=Cu®**+A?* and the corresponding solu-
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bility product, k;=[Cu?*] [AZ]. k, will be esti-
mated by combining k% with the dissociation
constant of HA™, k,. With pk;=9.61 determined
by the hydrogen electrode in 0.25 M NaCl,’
pks=12.0 is obtained. Since the numerical values
of protonation constants do not vary much with

C%10+3/M
) Supersaturation

cu?

|
)
1
: CuR
|
|
|

.25

3 4 5 6

Fig. 1. Distribution of copper(II) calculated with
the equilibrium constants given in the text for
B=0.001 M and A=0.002 M. The species CuA,H
and CuA,H, have been left out since their
concentrations represent at most 3 % of B. The
range where CuA-4H,0 is present as solid phase
at equilibrium is indicated.
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the nature of the inert anion when the total
molarity is maintained constant, this estimate is
probably very good.
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