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The preparation of Cuf2X-C4H4C0O),*pyNO
(X = F, Cl, Br or I, pyNO = pyridine N-oxide)
and Cu{2BrC¢H,COQ),*picNO (picNO = 2-, 3-, or
4-picoline N-oxide) is described. The spectroscopic
and magnetic behaviours of the compounds are
compared with those of binuclear copper(Il) alkano-
ates. The EPR spectra of the powdered solid are
consistent with spin S = 1. The exchange interaction
parameters are —2J =~ 380 cm™!, except for Cuf2I-
CsH,COQ),pyNO. The structures of the compounds
are discussed.

Introduction

Copper(II) compounds with heterocyclic N-oxides
have been studied extensively because the oxygen
atom of such N-oxides often acts as monodentate or
a bridge enabling the strong superexchange magnetic
interaction between copper(I) ions [1-3]. X-ray
examination of [CupyNOCl,], (pyNO = pyridine
N-oxide) revealed that the dimeric molecule consist-
ed of two distorted tetrahedra sharing an edge with
the oxygen atoms from the pyridine N-oxide ligands
acting as the bridging units [4]. The magnetic suscep-
tibility data for the complex suggested that the spin—
spin coupling occurred by a superexchange mecha-
nism, with the value of —2J = 720 cm™, operating
through the orbitals of the bridging oxygen atoms
[5, 6]. As a consequence of the dimeric structure,
substituents on the pyridine ring have a remarkable
effect on the magnetic properties, the trend in the
singlet-triplet splitting energies parallels notions
concerning the electron-donating properties by reso-
nance of the alkyl group [7]. A few examples of
dimeric copper(Il) carboxylates with a moderate
bond of heterocyclic N-oxides have been done [6, 8,
9] alnd found the singlet-triplet separation about 300
cm .

Hibden and Nelson [10] found that the magni-
tude of magnetic interaction, in the case of copper(il)
acetate compounds of 4-substituted pyridine

N-oxides increased as the basicity of the N-oxide
decreased.

It should by mentioned that no such study of
copper(Il) halogenobenzoates with heterocyclic
N-oxide has been reported. The present investigation
deals with syntheses of heterocyclic N-oxide com-
pounds with copper(Il) 2-halogenobenzoates.
Magnetic and spectroscopic investigations on the
compounds are reported herein,

Experimental

Syntheses

The copper(Il) monohalogenobenzoate
compounds of composition Cu(2X-C¢H4C0OQ), L,
where X = F, Cl, Br or I; and L = pyridine N-oxide
(pyNO), 2-picoline N-oxide (2picNO), 3-picoline
N-oxide (3picNO) or 4-picoline N-oxide (4picNO),
were prepared by treating L in excess with Cu(2X-
C¢H4C00),*H,0 and a small amount of the cor-
responding free acid in hot methanol solution. In
the case of copper(Il) 2-iodobenzoate was used a
mixture of ethanol-ether (1:1). The fine green micro-
crystals which precipitated at about 273 K were
filtered off, washed with cold ether and dried at
room temperature. The elemental analyses of the
isolated compounds are given in Table I.

Spectroscopic Studies

Electronic spectra in the region 1.0—2.8 um™
were measured with a Perkin-Elmer 450 spectro-
photometer and infra-red spectra in the region 400—
3600 ¢cm™! with the UR 10 spectrophotometer. In
both cases the nujol suspension technique was used.
Electron paramagnetic resonance spectra of the
powdered samples were made on a Varian Model E4
spectrometer at room temperature.

1

Magnetic Susceptibility Measurements
The magnetic susceptibilities of powdered samples
were determined at different temperatures by a Gouy
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TABLE 1. Analytical Data.
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Compound % Cu % C % H % N

Cu(2FCgH4CO0), pyNO caled 14.54 52.24 3.0 3.2
found 14.4 51.9 2.95 3.3

Cu(2C1C¢H4 CO0), pYNO calcd 13.52 48.58 2.79 2.98
found 13.2 48.5 2.7 29

Cu(2B:1CgH,4CO0), pYNO caled 11.19 40.85 2.35 2.5
found 10.9 40.0 24 24

Cu(2IC¢H4CO0), pyNO calcd 9.72 35.06 2.0 2.14
found 9.4 34.6 2.0 2.0

Cu(2B1CgH4CO0), 2picNO calcd 11.09 41.94 2.64 2.44
found 11.3 41.3 2.6 2.2

Cu(2B1CgHgq COO), 3picNO calcd 11.09 41.94 2.64 2.44
found 11.0 420 2.6 2.3

Cu(2B1rCgH4COO0), 4picNO caled 11.09 41.94 2.64 2.44
found 11.1 41.7 2.7 2.5

TABLE II. Infrared Spectra.

Compound pasCOO™ 2 »4000™ 2 YNO (No of free )®

(em™ ) (em™) (cm™)

Cu(2FC¢H4C0O0), pyNO 1635s, 1610m 1410m 1230s (1243)

Cu(2CICgH4C00), pyNO 1620s 1405m 1235s

Cu(2BrCgH4 COO),pyNO 1630s, 1620m 1408m 1225s

Cu(2ICgH4CO0),pyNO 1625s 1410m 1225s

Cu(2B1C¢HqCOO), 2picNO 1630s, 1610m 1400 m 1225 m (1242)

Cu(2B1CgH4COO), 3picNO 1620s 1405m 1260s (1280)

Cu(2BrCgH4COO0), 4picNO 1620s 1400m 1205m (1228)

B = strong; m = medium. PRefs. 14, 15.

method standardised with mercury tetrathiocyanato-
cobaltate(Il) [11]. The molar susceptibilities were
corrected for diamagnetism using Pascal constants
[12] and for t.i.p equals 60107 cm?® mol™ per Cu
atom. The effective magnetic moments were calcu-
lated using the expression pegs = 2.83(XpT)Y2.

Results and Discussion

The compounds of Cu(2Br-C¢H,CO0),-L and
Cu(2I-C¢H,4COO0), L are unstable and they decom-
pose slowly in air, but are stable in a desiccator.

The assignments of the infrared absorption
frequencies for the compounds are given in Table II.
Each compound exhibits the carboxylate stretching
frequencies, »,COO™ and »,,COO™, at very similar
energies to those reported for copper(Il) alkanoates
[13]. In each case vyq, the nitrogen—oxygen stretch-
ing frequency, is shifted to lower energy with com-
parison to that of the free heterocyclic N-oxide

(Table II). The lowering of the NO stretching energy
is attributed to a decrease in the N-O bond order
upon coordination. This indicates that heterocyclic
N-oxides coordinate to copper through the oxygen
atom of the NO group.

All of the compounds show in their electronic
spectra a band at ~1.36 um™ (band I) which was
identified with transitions of the copper ion, and
a shoulder at 2.60 um! (band II). The shoulder
should be the characteristic of the bridging system
with antiferromagnetic interaction [16].

Electron paramagnetic resonance spectra of the
powdered samples at 293 K presented the absorption
bands of axially symmetric binuclear species, the
parameters are summarized in Table III. The g and D
values observed for the compounds studied are
similar to those usually found for copper(Il)
halogenocarboxylates [17] .

The magnetic data as a function of temperature
are given in Figs. 1, 2 and Table IV. The susceptibi-
lities may be described by the equation for exchange
coupled binuclear system.
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TABLE III. Magnetic and EPR Parameters.
Compound gl gl Bav DI (cm™) Diamagnetic corrections -2J
1075 (em 3 mol™) (em™ )

Cu(2FC¢H4CO0), pyNO 2.08 2.38 2.18 0.350 -199 576
Cu(2CIC¢H4CO0), pyNO 2.07 2.36 2.17 0.365 -227 392
Cu(2BrCgH4COO), pyNO 2.07 2.38 2.18 0.367 -248 394
Cu(2IC¢H4CO0), pyNO 2.09 2.40 2.20 0.374 -276 342
Cu(2BrCgH4COO0), 2picNO 2.10 242 2.21 0.375 -263 368
Cu(2B1C¢H4COO0), 3picNO 2.08 2.39 2.19 0.373 -263 384
Cu(2BrCg H4 COO), 4picNO 2.11 241 2.21 0.378 —-263 382
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Fig. 1. Temperature dependence of the molar magnetic
susceptibility for the binuclear complexes: Cu(2FCgHg-
CO0),pyYNO (o), Cu(2CIC¢H4CO0),pyNO (o), Cu(2BrCeq-
H4CO0),pyNO (a), Cu(2IC4H4 COO),py NO (o).

2 2
XY~ Nao= | e )iyt
NgZ.o8°
a _x)+( 8impf )X
4kT
where X3P is the experimental magnetic suscepti-

bility corrected for diamagnetism, x-mole fraction of
impurities and N, g, 8, k, T, J have their usual mean-
ing [18].

Algol programs were written and used to inter-
pret the data with an Odra 1305 computer. The g-
values were obtained from the EPR spectra and used
as constants in the least-squares fitting process. The
best fit value of —2J is shown in Table IIl. The
exchange energy (—2J), for Cu(2F-C4H,CO0O0),*
pyNO is the highest in the series.

Fig. 2. Temperature dependence of the molar magnetic
susceptibility for the binuclear complexes: Cu(2B1Cg¢Hg-
C00),2picNO (o), Cu(2BrC¢H4C0O0),3picNO (o)
Cu(2BrCgH4CO0), 4picNO (o).

TABLE IV. Magnetic Moments.

Compound T X) Hetf (B.M.)
Cu(2FC¢H4COO0)2pyNO 302 0.82
Cu(2CIC¢H4CO0),pyNO 297 1.21
Cu(2BrCg H4CO0),pyNO 293 1.20
Cu(2IC¢H4CO0),pyNO 293 1.29
Cu(2B1C¢H4CO0), 2picNO 297 1.26
Cu(2BrCgH4CO0), 3picNO 295 1.18
Cu(2BrCg¢Hy4COO0), 4picNO 294 1.25

The reason for such ‘anomaly’ is not known and
more experimental data will be needed, especially
X-ray analysis, for a better understanding of such a case.
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TABLE V. The Values of —2J, for Some Copper(ll) 2-Halo-

genobenzoate Compounds,

Compounds® -2T (em™!)  Ref.
Cu(2FCgH4C00),+H,0 260 21
Cu(2FC4H4COO0),-A 303 22
Cu(2FCgH4C00), :C4Hg O, 316 22
Cu(2FC4H4COO), -DMF 334 23
Cu(2FCgH4CO0), pyNO 576 this work
Cu(2CIC¢H4CO0), *H,0 245 24
Cu(2CICcH4CO0),-A 309 22
Cu(2CIC¢H4CO0),:C4Hg O, 317 22
Cu(2CICgH4COO), -DMF 317 23
Cu(2CICgH4 CO0), - pyNO 392 this work
Cu(2B1C¢H4C00),+H,0 250 21
Cu(2BrCgH4CO0),-A 306 22
Cu(2BrCgH4C00)4°0.5C4HgO, 331 22
Cu(2BrCgH4COO), -DMF 300 23
Cu(2B1C¢H4COO0), - pyNO 394 this work
Cu(2IC¢H4COO0), «H,0 260 21
Cu(2IC¢H,COO0), -DMF 292 23
Cu(21CgH4COO), - pyNO 342 this work
A = antipyrine (1-phenyl-2-3-dimethyl-5-pyrazolone);

C4HgO, = 1,4-dioxane; DMF = dimethylformamido; pyNO =

pyridine N-oxide.

The spectroscopic and magnetic behaviour of the
compounds support the assumption that the studied
compounds belong to a binuclear structure of the
copper(II) acetate monohydrate type [19]. Copper-
(II) atoms in the structural units Cu,(2X-C¢H,-
C0OO0)4+2L are bridged in pairs by carboxylic groups
while the molecules of L are bonded through oxygen
atoms in the terminal positions.

One of the important trends which has been
noted for copper(Il) carboxylates is for the 2J value
to vary according to the pKa of the bridging acid
[20-24] and with the different terminal ligands as
well as we can see in Table V. The value of —2J for
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the copper(Il) 2-halogenobenzoate compounds with
the oxygen donor atoms of ligands tends to increase
according to the series of terminal ligands: water
< antipyrine < dimethylformamide < 1,4-dioxane <
pyridine N-oxide.
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