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Synopsis. Copper(1I) compounds: CuCly[CsHsNCHs-
CO0]-:3H20, CuCl;[C5H5N(CH2)»COO]-2H20 (n=2, 3),
and CuClz[CsHsN(CH32),COO], (n=1—3) were prepared.
Then they were characterized by means of magnetic suscep-
tibility and IR spectroscopy. The equilibria between mono-
and dinuclear species in their aqueous solutions were stud-
ied using magnetic susceptibility measurements. The ten-
dency for adopting dinuclear species in water increased in
the order: pyridinioacetate<3-pyridiniopropionate<4-pyri-
diniobutyrate.

Most copper(Il) carboxylates have copper(II) ace-
tate-type dinuclear structures’® not only in the solid
state but also in such organic solvents as ethanol, chlo-
roform, cyclohexane, and benzene.>—'! In water, on
the other hand, they dissociate to a considerable ex-
tent into mononuclear species.®®% So their aqueous
solutions have been presumed to contain mono- and
dinuclear species in equilibria. We attempt here to
elucidate the factors affecting such equilibria, partic-
ularly those which involve the electronic properties of
the ligands. For this purpose, amphoteric carboxylate
ligands'?!® seem to be suited because of their high sol-
ubilities in water and because we can easily control the
electron density on the carboxylate group. We thus pre-
pared and characterized the copper(II) compounds with
w-pyridiniocarboxylate and measured the magnetic sus-
ceptibilities of their aqueous solutions.

The pyridinioacetate, 3- pyridiniopropionate, and
4-pyridiniobutyrate ligands were prepared according
to the general procedure for the reaction between
pyridine and haloalkanoic acid.'*'® Their compounds
with copper(II) chloride were prepared by methods
similar to those for the analogous ammoniocarbox-
ylate derivatives.!>'® An aqueous solution contain-
ing copper(II) chloride and appropriate pyridiniocar-
boxylate in a 1:1 or 1:2 molar ratio was allowed
to stand in a refrigerator for a few days. Result-
ing precipitates were recrystallized from water or eth-
anol/water (1:9 by volume) to yield pale green crys-
tals CuCly[CsHsNCH5COO]-3H20,'® brown crystals
CuCl;[CsH5N(CH;),COO0]-2H20 (n=2, 3), or green
crystals CuCly[CsHsN(CH;),,COO]s (n=1—3). These
products cannot be the pyridine adducts of the reac-
tants, Cu[Cl(CH,),,CO0]32-2C5HsN,'™ since both com-
pounds differ entirely in colors and magnetic proper-
ties (vide infra). The magnetic susceptibilities of the
solid compounds and their aqueous solutions were mea-
sured with a Gouy balance at 20 °C. For calculations of
their effective magnetic moments per one copper(II) ion,

the susceptibility data were corrected for diamagnetic
contributions using Pascal constants'® and for tem-
perature-independent paramagnetism using a value of
0.75x1072 m3 mol~!. For compounds (2), (4), and (6),
their variable-temperature susceptibilities were deter-
mined over 80—300 K. The IR spectra of the solid com-
pounds were recorded using nujol mulls in the 4000—
600 cm™! range.

The 1:1 compounds of copper(Il) with pyridinio-
carboxylate, (1), (3), and (5), showed magnetic mo-
ments of 1.73—1.84 BM at room temperature (Table 1)
slightly larger than the spin-only value 1.73 BM for a
single electron, indicating that they have weak spin-
exchange couplings between the copper(Il) ions. On
the other hand, the 1:2 compounds, (2), (4), and (6),
showed magnetic moments of 1.34—1.39 BM, similar
to those of well-characterized dinuclear copper(II) car-
boxylates, and showed COO stretching bands at 1665—
1605 and 1455—1435 cm™!, characteristic of bridging
carboxylate groups. Furthermore, their susceptibility
variations with temperature were able to be simulated
by the singlet—triplet equation'® when the following pa-
rameters were used: 2J=-294 cm~! and g=2.16 for
(2),2J=-310 cm~! and ¢=2.17 for (4), and 2J=-320
cm~! and g=2.16 for (6). These magnetic and IR spec-
tral data indicate that compounds (2), (4), and (6) have
copper(II) acetate-type dinuclear structures. The eval-
uated singlet—triplet separations (—2J) are consistent
with the well-known correlation between the —2J values
of dinuclear copper(II) carboxylates and pK, values of
their parent carboxylic acids,'?1320:21) gyggesting that
the exchange couplings in the present dinuclear com-
pounds are operating in mechanisms similar to those in
other copper(II) carboxylates.

Since both of the mono- and dinuclear com-
pounds and their related compound CuClz[CsHsNCHo-
COO]J3/2*» were isolated from aqueous solutions, such
solutions may contain mono- and dinuclear species in
equilibria. In order to study solution equilibria in-
volving the copper(II) compounds with pyridiniocar-
boxylate, we determined the magnetic susceptibilities
of aqueous solutions of compounds (2), (4), and (6) at
20 °C. The range of copper(II) concentrations studied
is 0.2—1.3 moldm~3 (Fig. 1). The marked dependence
of magnetic moments (ueg) on copper(II) concentra-
tions (ccy) provides direct evidence for equilibria be-
tween species differing in the number of copper(II) ions;
we assumed that the equilibria involved only mono- and
dinuclear species with pyridiniocarboxylate (L),
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Table 1. Analytical Data and Effective Magnetic Moments at 20 °C
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Compound Found (Caled)/% Jre /BM
Cu C H N Cl
CuCL(CsHsNCH,COO)(H20)s (1) 1948  26.1  4.00 432 219 1.84
(19.51) (25.8) (4.02) (4.30) (21.8)
CuCly(CsHsNCH,COO), (2) 1532 415 348 691 175 1.39
(15.55) (41.1) (3.45) (6.85) (17.4)
CuCly(CsHsNC,H,COO)(H:0); (3) 1971  30.1  4.05 437 221 1.76
(19.76)  (29.9) (4.07) (4.35) (22.0)
CuCly(CsHsNC,H,COO); (4) 1452 438 411 638 165 1.36
(14.55) (44.0) (4.15) (6.41) (16.2)
CuCly(CsHsNC3HeCOO)(H20)2  (5) 18.96 324 447 414 208 1.73
(18.93) (32.2) (4.50) (4.17) (21.1)
CuCly(CsHsNC3HgCOO), (6) 1363 468 480 599 156 1.34
(13.67) (46.5) (4.77) (6.03) (15.3)
bonds to stabilize the dinuclear species more than the
| 95 mononuclear species. In addition, the increase in hydro-
’ phobicity enhances the relative stability of the dinuclear
! 50 species, for it destabilizes the dinuclear species less than
' the mononuclear species.
b3
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