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Abstract - The synthesis and study by X-ray crystallography and magnetic methods of two mononuclear and one binuclear 

copper(II) compounds with 2- or 4-aminobenzoate (2amb, 4amb) and 2,2’-bipyridine (bpy) is reported. In 3b the dimeric 

cation, [Cu2 (bpy)2(4amb)2(H2O)(CH3OH)]2+, possesses chelating diimine and bridging benzoate with the copper(II) centers 

in a square pyramidal environment which is asymmetrically filled by one water and one methanol molecule. The compound 

is a typical antiferromagentically coupled complex with a -2J value calculated as 91.0 cm-1. The monomeric compound of 2-

aminobenzoate presents an octahedral metal environment with a chelating benzoate and some water molecules in the crystal 

lattice, while for the corresponding one with 4-aminobenzoate reveals an almost trigonal bipyramidal copper(II) centre with 

the monodentate carboxylate occupying the axial position. In the lattice of the isolated compound there exist some neutral 

molecules of the acid besides water molecules. 
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I. INTRODUCTION 

 

The copper(I1) ion plays a significant role in 

transition-metal chemistry, impacting on areas as 

wide and diverse as catalysis [1-2], bioinorganic 

chemistry [3-5], magnetic materials[6-8], solid statel 

conductors, and other technological applications [9-

10]. The stereochemistry of the copper(II) ion is 

probably the most rich and therefore the most 

interesting to investigate among the transition metals. 

Carboxylate ligands on the other hand are known for 

their ability to coordinate to most metal ions in a 

variety of modes, ranging from monodentate to 

chelate while the occurrence of extra lone pairs on the 

oxygen atoms render it probable to coordinate in a 

bridging fashion between adjacent metal centres 

giving rise to oligo- or polynuclear compounds. 

 

Dinuclear and polynuclear copper(II) complexes with 

one or more bridging carboxylato(−1) ligands have 

attracted great interest due to the magneto-structural 

correlations for spin exchange between the metal ions 

[11] especially after the initial discovery of the 

intramolecular antiferromagnetic interactions in 

binuclear copper acetate monohydrate [12]. Factors 

affecting the magnitude and character of the 

exchange interactions in bridged binuclear transition 

metal complexes have been of particular interest [13]. 

Most of the studied copper carboxylates refer to tetra-

bridged derivatives with the “paddle-wheel” core: 

[Cu2(µ-O2CR)4] [14] or to doubly O,O’- carboxylato 

bridged complexes: [Cu2(µ-O2C– R)2(L)2]
2+

 (where L 

is a neutral bi- or tridentate ligand). Furthermore one 

cannot exclude the possibility of obtaining more 

aggregated structures where the participation of 

secondary donor groups may give rise to interesting 

and complex structures with unique physical and 

chemical characteristics [15-16]. 

In the present study we are dealing with the 

coordination of 2- and 4- aminobenzoates (2amb and 

4amb respectively) in heteroleptic Cu(II) compounds 

where the coordination sphere includes also 

2,2’-bipyridine (bpy). The compounds synthesized 

can be viewed as members of three sub-groups of 

compounds, namely neutral 

Cu(bpy)(aminobenzoate)2,  

 

1, cationic [Cu(bpy)2(aminobenzoate)]
+
,  

2, and [Cu(bpy)(µ-aminobenzoate)(solvent)]
2+

,  

3. The last group of compounds with the metal-to-

bpy-to-aminobenzoate ratio being 1:1:1 presents a 

case of dimeric bridged Cu(II) complexes while the 

other two may be formulated as mononuclear 

compounds. In Figure 1 there are presented the 

compounds studied. In all cases the initial copper 

compound was the nitrate and therefore the 

counteranions are always nitrates. 

 

Fig. 1. The studied copper(II) complexes. The NN chelate 

represents 2,2’-bipyridine. 
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II. EXPERIMENTAL 

 

Materials and Methods 

The aminobenzoic acids, bipyridine and copper 

nitrate trihydrate were p.a. ACROS products and 

were used without any prior purification procedure. 

The solvents used were of reagent grade and were not 

subjected to any further drying process prior to their 

use. Elemental analyses for C, H and N were 

performed on a Perkin-Elmer 240B elemental 

analyzer. Infrared spectra were recorded in KBr 

pellets on a Perkin-Elmer Spectrum One FTIR 

spectrometer with a resolution of 2 cm
-1

 following the 

collection of 16 scans over the range 4000-360 cm
-1

. 

Electronic excitation spectra were recorded in 1x10
-4

 

M solutions in methanol and dichloromethane in 1 cm 

cuvettes on a Perkin-Elmer Spectrum One 

spectrometer and were processed with the Peakfit 

program at the Aristotle University central computing 

facility. Q-band EPR spectra were recorded with a 

home assembled spectrometer. The frequency was 

determined with parallel samples containing a powder 

sample of K3CrO8 used as a standard [29]. 

Simulations of the EPR spectra were performed with 

the SpinCount simulation package kindly provided to 

us by Prof. M. P. Hendrich, Dept of Chemistry, 

Carnegie Mellon University, Pittsburgh, PA, U.S.A. 

Magnetic susceptibility measurements were carried 

out for a polycrystalline sample of 3b with a SQUID 

magnetometer operating in the 5-300 K temperature 

range under a constant 0.1 T magnetic field. 

Diamagnetic corrections were estimated from Pascal 

constants [18]. 

 

X-ray crystal structure analysis 

The diffraction data were collected with the Oxford 

Diffraction KumaCCD (2b) or XcaliburS (2a, 3b) 

single-crystal diffractometers equipped with an 

Oxford Cryostream device. Data collection and 

reduction were performed with the CrysAlis software 

[21]. The structures were solved by direct methods 

with the SHELXS–97 program [22] and refined by 

full–matrix least-squares method on F
2
 with 

SHELXL–97 [22]. The hydrogen atoms from C-H g 

roups were placed in idealized positions and refined 

using riding model. The hydrogen atoms from O-H 

and N-H 

groups were located in electron-density difference 

maps and either fully refined or refined using riding 

model. In 3b one of the nitrate anions and methanol 

solvent molecule are disordered over two positions. 

Molecular graphics were generated with ORTEP-III 

for Windows [23] and Mercury 2.2 software [24]. 

CCDC 772503-772505 contain the supplementary 

crystallographic data for this 

paper.  

 

Synthesis of the complexes 

The mononuclear complexes 2a and 2b were 

synthesized following the procedure described below. 

To a solution of 1 mmol of copper (II) nitrate 

trihydrate in methanol there was added an amount of 

2 mmols of the diimine ligand and the resulting blue 

solution was allowed to react under stirring at room 

temperature for 1 h. To this solution there was added 

a concentrated solution of 1 mmol of potassium salt 

of the corresponding benzoate in methanol and the 

mixture was stirred at room temperature for an 

additional hour during which it turned green. 

Extensive heating was avoided, especially in the case 

of the 2-aminobenzoic acid in order to prevent 

formation of a homocondensation product of the acid 

which has been shown to be catalyzed by the addition 

of divalent transition metals [17]. Addition of 

diethylether to the reaction mixture produced a white 

precipitate which was verified by its IR spectra to be 

KNO3. Slow evaporation of the solution produced 

crystals suitable for X-ray determination. By applying 

metal-to-bipyridine-to-benzoate ratio of 1:1:2 the 

mononuclear complex 1b was isolated and studied. 

The dinuclear compounds 3a and 3b were prepared in 

the same way by using stoicheiometric amounts of 

the diimine and the benzoate. Elemental analyses for 

the compounds are as follows: 

 

III. RESULTS AND DISCUSSION 

 

Of the planned six copper (II) complexes it was not 

possible to isolate a solid product with a definite 

composition for compound 1a after a wide variety of 

reaction conditions and media were applied for this 

purpose. We attribute this behavior to the fact that 

anthranilic acid may form a six-membered 

metallacycle utilizing one carboxylic oxygen atom 

and the neighboring amino group, forming in this 

way under the stoicheiometric conditions applied a 

Cu(anthralinate)2 core to which the diimine is 

difficult to add stoicheiometrically in order to 

produce the desired compound. This sort of behavior 

is verified by the existence of several crystal 

structures where this chelating behavior of 

anthralinate and related ortho- aminocarboxylates is 

observed, as for example in polymeric 

[Zn(anthralinate)2] [25], as well as in heteroleptic 

compounds like [Cu(anthralinate)2] [26], 

[Zn(H2O)2(2-aminoterephthalate)] [27] and 

[Pd(phen)(5-halogenoanthralinate] [28]. 

 

Vibrational spectra 

Asymmetric and symmetric stretching vibrations of 

the carboxylic group were detected at: νas(COO) ) 

1686 cm
-1

 for 3 and 4 and at 1704 cm
-1

 for 2, while 

νs(COO) appeared at 1441-1443 cm
-1

. The difference 

∆ν= νas(COO) - νs(COO) for 3 and 4 is 244 cm
-1

 but 

is 263 cm
-1

 for 2. These values are in accord with the 

bridging carboxylate coordination in 2, 3, and 4 . 

 

Crystal structure of the complexes 

a) Crystal structure of [Cu (bpy)2(4amb)](NO3)2 

(4amb)(2.5H2O) (2a) 
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The asymmetric unit of 2a consists of two 

[Cu(bpy)2(2amb)]
+
 complex cations, two nitrate 

anions and four solvate water molecules (Fig. 1). The 

Cu center is basically six-coordinate with strongly 

distorted octahedral coordination geometry where the 

benzoate unit acts as a highly asymmetric bidentate 

ligand with cis positioned oxygen atoms. 

 

Three N atoms of the two bpy ligands and one O 

atom of the carboxylate group are located in the 

equatorial plane. The Cu-N distances in this plane are 

in the range 1.9848(19) - 2.0585(18) Å. The fourth 

bpy N atom is located in the axial position with the 

Cu-N distance of 2.1940(18) and 2.1795(18) Å in the 

cations A and B, respectively. The mean difference 

between the Cu-O1 and Cu-O2 distances involving 

carboxylate O atoms is 0.690(2) Å and is practically 

the same as in the benzoato analogue of 2a (0.687 Å) 

[32]. The bond lengths to stronger coo rdinating 

equatorial O1 atoms are 1.9922(15) and 1.9869(16) Å 

whereas the c arboxylate O2 atoms occupying axial 

positions are at a distance of 2.6797 (15) and 2.6781 

(16) Å from the copper centers in cations A and B, 

respectively. The bpy ligands in the cations are 

virtually planar and nearly perpendicular, with the 

dihedral angles between their best planes of 82.26 

and 86.25°. The two complex cations have similar 

structures with one major difference relating to the 

orientation of the ortho amino substituent at the 

benzoate ligand. In the cation A, the NH2 group 

interacts via intramolecular N-H···O hydrogen bond 

with the strongly coordinating carboxylate O1A atom 

whereas in the cation B hydrogen bond is formed to a 

weakly coordinating O2B atom. 

 

The geometry of the complex cations of 2a closely 

resembles that observed in two other compounds with 

the formula [Cu(bpy)2(bz)]NO3.H2O [32] and 

[Cu(bpy)2(4Meb)]I.0.5H2O [33] (bz = benzoate; 

4Meb= 4-methylbenzoate) which also crystallize in 

the triclinic P-1 space group with two molecules in 

the asymmetric unit. Moreover this similarity extends 

to the crystal packing of the cations, which is driven 

by similar intermolecular forces. The packing of 

cations in 2a is mostly determined by π-π stacking 

interactions between aromatic ligands and hydrogen 

bonding. The cations A and B form separate columns 

along the y axis via π-π stacking interactions of their 

bipyridine ligands (Fig. 3a). In turn π-π stacking 

interactions between the benzoate ligands and 

bipyridine units occur between cation A and B and 

join adjacent columns extended along [1 0 -1] into 

(101) layers (Fig. 3b). Hydrogen bonding involving 

water molecules and amino groups as donors and 

nitrate anions, carboxylate groups and water 

molecules as acceptors join the crystal components 

into two-dimensional polymeric structure parallel to 

(0 1 1) with an interesting centrosymmetric cyclic 

motif formed by four water molecules and four nitrate 

anions. 

b) Crystal structure of [Cu (bpy)2 (4amb)]NO3· 

(4ambH) · 2.5H O2  (2b) 

The asymmetric unit of 2b consists of three 

[Cu(bpy)2(4amb)]
+
 complex cations, three nitrate 

anions, three 4ambH acid molecules and 7.5 solvent 

water molecules (Fig. 4). One of the water molecules 

(O1W) is disordered across the inversion center and 

has half occupancy. The free acid molecules were 

most probably formed by the hydrolysis of potassium 

4-aminobenzoate. Both coordinated and 

uncoordinated 4ambH molecules were previously 

found in related dinuclear Cu(II) 

 

complexes [24-26] As shown in (Fig. 3) most of the 

crystal components show a pseudotranslational 

symmetry along the [1 0 -1] direction that is mostly 

distorted by the orientation of one of the 4ambH 

molecules (E) and by location of the water molecules. 

The structure of the complex cations is basically 

similar to that observed in 2a. The three organic 

ligands are nearly perpendicular to each other and 

three N atoms of the two bpy ligands and one O atom 

of the carboxylate group form an equatorial plane 

with the fourth bpy N atom located in the axial 

position at a distance longer than that to the 

remaining N atoms. The second axial position is 

occupied by the carboxylate O2 atom which, 

however, in 2b is much weaker interacting with Cu
II
 

than in 2a. The Cu-O2 distances are in the range 

2.893(2) - 2.940(3) Å and are by average 0.974 Å 

longer than the Cu-O1 distances. This change can be 

related to the presence of the neutral carboxylic acid 

molecule which considerably influences the crystal 

packing of the complex cations. The molecule of 

4ambH is involved in π-π stacking interactions with 

the bpy ligand and forms either O-H···O or N-H···O 

hydrogen bond with the carboxylate group of the 

same cation. 

 

c) Crystal structure of 

[Cu2(bpy)2(4amb)2(H2O)(CH3OH)] (NO3)2 · H2O· 

CH3OH (3b) 

The asymmetric unit of 3b consists of the asymmetric 

dinuclear complex cation 

[Cu2(bpy)2(4amb)2(H2O)(CH3OH)]
2+

, two nitrate 

anions (one ordered and one disordered over two 

positions) and solvent molecules (water and 

disordered methanol) (Fig. 5). The two Cu
II
 centers 

are bridged by two bidentate carboxylate groups of 

the 4amb ligands. The coordination geometry of the 

two copper centers is distorted square-pyramidal with 

two carboxylate O atoms of two 4amb ligands and 

two N atoms of the chelating bpy ligand at the basal 

plane and water or methanol molecules at the apical 

sites of the Cu1 and Cu2 coordination polyhedra, 

respectively. The Cu1 and Cu2 atoms are displaced 

from the basal plane towards the apical ligands by 

0.154 and 0.139 Å. Wi thin the complex cation the 

two Cu centers are at a distance of 3.0337(5) Å, 

which is close to th e Cu···Cu contacts of 3.0303(6)-
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3.109(2) Å found in similar coordination cations 

[Cu2(phen)2(4amb)2(H2O)2]
2+

, 

[Cu2(bpy)2(4amb)2(4ambH)2]
2+

 and 

[Cu2(bpy)2(4amb)2(4,4'-bpy)]n
2+

 [34-36]. The two 

virtually planar bpy ligands inclined by 11.51° form 

π-π stacking interactions with the closest distance 

between bpy atoms of 3.470 Å. The crystal packing is 

determined by a network of hydrogen bonds 

involving solvent molecules, nitrate anions, the 

coordinated water and methanol molecules and amino 

groups of 4amb ligands. 

 

IV. MAGNETIC MEASUREMENTS 

 

Variable-temperature dc magnetic susceptibility data 

were collected on a powdered microcrystalline 

sample of 3b in the temperature range 300-5 K under 

an applied field of 0.1 T. The results are plotted as the 

χMT product vs. T in Figure 6. The room temperature 

χMT value is 0.69 cm
3
 mol

-1
 K slightly lower than the 

expected value of 0.75 cm
3
 mol

-1
 K for two s = ½ 

non-interacting spins with g = 2. Upon cooling this 

value decreases to 0.60 cm
3
 mol

-1
 K at ~160 K , 

below which it decreases rapidly reaching to the final 

value of ~0 cm
3
mol

-1
K below 20 K. The low 

temperature value is indicative of a diamagnetic 

ground-state. We were able to successfully fit the 

data using the program MAGPACK [19-20] and the 

spin Hamiltonian shown in Equation (1), with the 

parameters J = -45.5 cm
-1

 and g= 2.06. The ground-

state of the complex was found to be S= 0 with the 

excited state of S= 1 at 91 cm
-1

 above. 

H = -2J S1 S2(eq. 1) 

 

EPR spectroscopy 

The room temperature EPR spectra recorded from a 

powder sample of the binuclear compound 3b is 

shown in Figure 7. The spectrum is readily attributed 

to the S = 1 state of a spin coupled Cu(II) dimer in 

agreement with the magnetic susceptibility 

measurements. The high field part arises from 

 

the Ms = ±1, “allowed” transitions whereas the low 

field part which is much weaker arises from the Ms = 

±2, “forbidden” transitions. The spectrum can be sim 

ulated using the Hamiltonian [30] 

 

Hint = -2J S1 S2 +S1 D12 S2 +β ∑Si gi B + ∑Si Ai 

Ii. (i = 1, 2)(eq. 2) 

 

In the above equation, the first term is the isotropic 

Heisenberg - Dirac - van Vleck exchange interaction, 

the second part represents the anisotropic interaction 

(D12 is a symmetric tensor), the 

 

third term is the Zeeman term for the individual 

Cu(II) ions and the fourth is the hyperfine interaction 

of the electron with the 
63,65

Cu nuclei (I= 3/2). 

In the strong exchange limit the EPR spectra are 

insensitive on J and they depend mainly on the 

anisotropic term, D12. This term represents the sum of 

the contributions of the anisotropic exchange 

interaction and the point dipolar interaction [30]. The 

latter depends on the relative orientation of the gi – 

tensors and the distance between the two copper ions 

(D12 ∝ g
2
/r

3
). An inspection of the crystal structure 

of the compound indicates that the two copper ions 

are symmetrical suggesting that the gi- and Ai- 

tensors can be taken as collinear (g1 = g2 = g, A1 = A2 

= A). No hyperfine lines are resolved in the spectra of 

Figure 7. Apparently, the hyperfine splittings affect 

mainly the line broadening. 

 

By adopting the point dipolar model, the spectrum 

can be successfully reproduced with g⊥ = 2.08, g|| = 

2.28 and r = 2.86 Ǻ (Fig. 7). The distance derived by 

analysis of the EPR spectra is ca. 0.2 Ǻ shorter than 

this determined from the X-ray diffraction. It is 

generally known that the use of the point-dipole 

model to interpret the EPR spectra from exchange 

coupled dimers might not give accurate results for 

distances shorter than ca. 4.0 Ǻ [31]. This is due to 

the fact that non 

Heisenberg interactions might not be negligible. In 

the present case a small anisotropy of the exchange 

interaction (of the order of 0.1 – 0.2 %) may explain 

the deviation from the point dipole model. 

The monomeric compounds 2 revealed S = ½ signals 

with different degree of rhombicity. Resolved 

hyperfine splitting, due to 
63,65

Cu (I = 3/2) nucleus, is 

observed for the largest g1 whereas the other 

 

two components are two small to give resolved 

hyperfine splittings. We have simulated the spectra 

within the framework of the spin Hamiltonian: 

 

Η = β Sg B + I A S (eq. 3) 

 

where β is the Bohr magneton, S = ½ , I = 3/2, and A 

is the tensor for the hyperfine interaction. The 

parameters obtained are g1= 2,27, g2= 2.11, g3= 2.05 

and A1=137x10
-4

 cm
-1

 for 2a and g1= 2,26, g2= 2.08, 

g3= 2.04 and A1=137x10
-4

 cm
-1

 for 2b. The striking 

similarity of the spectra is due to the similarity at the 

binding site of the aminobenzoates studied. 
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Fig. 2. Asymmetric unit of 2a with the numbering scheme. Displacement ellipsoids are shown at the 30% probability level. Only H 

atoms from water molecules and amino groups are shown. Dashed lines represent hydrogen bonds. 
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Fig. 3 Crystal packing in 2a: (a) view of the crystal packing along the y axis showing columns of the cations formed via stacking 

interactions between bpy units; (b) (1 0 1) layers of cations via π-π stackinginteractions 

 
Fig. 4. Asymmetric unit of 2a with the numbering scheme. Displacement ellipsoids are shown at the 30% probability level. Only H 

atoms from water molecules, carboxylic and amino groups are shown. Dashed lines represent hydrogen bonds. 
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Fig. 5. Asymmetric unit of 3a with the numbering scheme. Displacement ellipsoids are shown at the 30% probability level. Only H 

atoms from water molecules and amino groups are shown. Dashed lines represent hydrogen bonds. Methanol solvent molecule and 

one of the nitrate anions are disordered over two positions. 

 

 
Fig. 6. Variable temperature magnetic susceptibility 

measurement for compound 3a. 

 

 
Figure 7. Room temperature experimental and simulations Q-

band EPR spectra from powder samples of 3a. microwave 

frequency, 34.72 GHz; modulation amplitude, 8 Gpp; 

microwave power, m 

 

 

 

 

 

 

 

 

 
 


