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Synopsis. Compounds of formula Cu(XCH2COO)z-
nACl (A=NH,, CHsNH3s, (CH3)2NHz, (CH3):N and X=F, Br)
have been prepared, and characterized by magnetic sus-
ceptibility and IR spectroscopy measurements. Factors
affecting the magnetic moments of copper(Il) salts of
monosubstituted alkanoic acids are discussed.

Most copper(Il) carboxylates have the familiar
bridged copper(Il) acetate monohydrate structure,!-?
and their magnetic properties have been studied ex-
tensively to elucidate the factors which determine the
magnitude of spin-exchange coupling between copper-
(II) ions.

According to the Edwards equation with ‘hard’ base
and ‘borderline’ acid,? their stability constants depend
primarily to the basicities of the carboxylato ligands.
Therefore it seems likely that their magnetic
properties relate to the acidities of their parent acids.
Actually, in some series of dinuclear copper(II) car-
boxylates,4—9 the magnetic moment tends to increase
as the pK, value of the parent acid decreases. This
empirical relationship has been explained in terms of
the inductive effect of the carboxylato substituents,
and is supported by molecular orbital analyses.10.10

However, there exist a few exceptions; e.g., the
room temperature-magnetic moments of copper(II)
haloacetate hydrates? vary from 1.32 BM for fluoro-
acetate to 1.43, 1.54, and 1.49 BM for chloro-, bromo-,
and iodoacetates, whereas the pK. values of the par-
ent acids are 2.66, 2.86, 2.90, and 3.17, respectively.
Since the magnitude of the spin-exchange coupling
in these hydrates may be affected by other factors,
such as the intermolecular hydrogen bonds between
the water molecules in the axial positions and the

oxygen atoms of the carboxylato groups,'2 it is
preferable to accumulate the magnetic data and to
examine the general tendency for the compounds with
the same axial ligands. We have prepared various
ammonium chloride adducts of copper(Il) fluoro-
acetate and copper(II) bromoacetate, and compared
their magnetic data with those of other dinuclear
copper(Il) salts of monosubstituted alkanoic acids
with chloride ions in the axial positions.

Compounds with a stoichiometry of Cu(XCHz2COO)3-
nACl, where X=F or Br and A=NH, CH3NHs;,
(CH3)2:NH2, or (CHs)sN, were prepared by a previ-
ously described method for the corresponding chloro-
acetates.? These compounds were obtained as green
crystals.

The effective magnetic moments of these compounds
(Table 1) were evaluated from the room-temperature
magnetic susceptibilities, corrected for the diamag-
netic contribution of the constituent atoms using
Pascal constants!? with a value of Na=60X10-% emu
mol-! (1 emu=4nX10-6 m3).

For the methylammonium chloride adducts of cop-
per(II) fluoroacetate and copper(II) bromoacetate, the
temperature dependence of their magnetic suscepti-
bilities was measured in the temperature range of
80—300 K to confirm their dinuclear structures. The
results agreed well with the Bleaney-Bowers equa-
tion,!d using the following parameters: g=2.17 and
2]J=—359 cm~1! for the fluoroacetate and g=2.19 and
2J=—300 cm~! for the bromoacetate, respectively. The
IR spectra of the solid compounds show the character-
istic bands in the ranges 1450—1460 and 1625—1660
cm~! connected with symmetric and unsymmetric
COO stretching vibrations of the carboxyl groups.¥

Table 1. Analytical Data and Effective Magnetic Moments at 20 °C
Found (Calcd)/9%,
Compound Hote/BM
Cu Cl C H
Cu(BrCH,COO),-3/2NH,CI 15.07 12.33 11.45 2.46 5.01 1.40
(15.14) (12.67) (11.45) (2.40) (5.01)
Cu(BrCH,COO),- CH;NH,Cl 15.80 8.85 14.84 2.53 3.26 1.41
(15.62) (8.71) (14.76) (2.48) (3.44)
Cu(BrCH,COO),- (CH,),NH,Cl 15.02 8.33 17.09 2.81 3.09 1.43
(15.10) (8.42) (17.12) (2.87) (3.33)
Cu(FCH,COO),-2NH,Cl 19.59 21.77 14.77 3.67 8.44 1.29
(19.58) (21.84) (14.80) (3.73) (8.63)
Cu(FCH,COO),- CH,NH,ClI 21.59 12.34 20.77 3.65 4.95 1.27
(22.29) (12.42) (21.06) (3.53) (4.91)
Cu(FCH,COO),- (CH,),NH,Cl 20.90 12.42 23.88 3.96 4.59 1.26
(21.24) (11.85) (24.09) (4.04) (4.68)
Cu(FCH,COO),- (CH,),NClI 19.88 10.81 29.09 4.92 4.18 1.28
(19.42) (10.83) (29.37) (4.93) (4.28)
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Fig. 1. The magnetic monent at 20°C plotted

against the pK. value of the parent carboxylic acid
for the copper(II) salts of monosubstituted alkanoic
acids with chloride ions in the axial positions; the
fluoroacetates (1—4), the chloroacetates (5—7),9 the
bromoacetates (8—10), the 3-chloropropionates
(11, 12),'® the w-ammonioalkanoates (13—16),9
the butyrates (17, 18),19 and the propionate (19).19

The magnetic and IR spectral data indicate that the
present compounds have the bridged dinuclear struc-
ture similar to copper(Il) acetate monohydrate.!+?

In order to examine the correlation between the
room-temperature magnetic moment of dinuclear
copper(Il) carboxyate and the pK. value of its parent
acid, the data for the present compounds, together
with those of other dinuclear copper(Il) salts of
monosubstituted alkanoic acids with chloride ions
in the axial positions, are plotted in Fig. 1. The mag-
netic moments of the chloroacetates® were corrected
for the difference of room temperature by use of the
Bleaney-Bowers equation!® with g=2.15. As can be
seen from Fig. 1, the magnetic moments of the fluoro-
acetates are much smaller than those expected from
the pK. value of fluoroacetic acid. However, except
for fluoroacetates, there is a linear relation between
these magnetic moments and the pK. values of the
parent acids in the range of those measurements. The
best line has a slope of —0.052 BM and the intercept of
1.31s BM at pK.=4.56 (the pK. value of acetic acid).
The variation of single-triplet separation values
(e.g.,—2J=278, 300, and 320 cm™! for the dimethyl-
ammonium chloride adduct of copper(II) chloroacet-
ate,® the methylammonium chloride adduct of copper-
(II) bromoacetate, and the copper(II) chloride com-
pound with 4-aminobutyric acid,? respectively) is
consistent with this general trend, and agrees well
with the molecular orbital analyses.10-19

It is still unclear why the magnetic data for the
fluoroacetates deviate from the general trend. Porter
and Doedens have pointed out that there is an appar-
ent relationship between the singlet-triplet separa-
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tion values and the group polarizabilities of the
carboxlato substituents.!’® However the ordering for
the above-mentioned —2J values is contrary to the
proposal that lower —2J values are associated with
increasing group polarizabilities. From the study of
19F NMR in the series of fluorochloromethanes,!? it
is known that the fluorine nuclei are shielded in
the opposite manner from that predicted by electro-
negativity considerations. In order to explain these
anomalous chemical shifts, Gutowsky and Hoffman
have suggested the use of higher energy orbitals in
the hybridized orbitals of atoms attached to fluorine
atoms.!®  This idea may explain the small mag-
netic moment observed for the present fluoroacetates,
because the higher energy orbitals interact more
strongly with the electronic system of neighboring
carboxylato group, through which spin-exchange
coupling between copper(II) ions operates. However,
the elucidation of cause and mechanism depends
upon future multilateral studies.
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